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RODUC TION. 

IN offering to the Public the present portion of the Asiatic Researches 

in a distinct and separate form, and in thus deviating from the mode of 
publication which the Society has hitherto adopted, it  appeapears expedient 

to state briefly the circumstances which have led to the present arrange- 

ment, and the motives by which it has been recommended. 

Towards the close of 1827, several members of the Asiatic Society, 

who felt an interest in scientific enquiries, and who conceived that the 

ordinary Meetings of the Society were held at intervale too remote, and 

for purposes of too miscellaneous a nature to be calculated to promote 

scientific investigation, were induced to consider the most effective means 

to be pursued for the special furtherance of that object. On referring to , 

the Minutes of the Society, it appeared that on the 7th of September, 

1808, it was resolved, that " a Committee should be formed to propose 

such plans, and carry on such correspondence as might seem best suited 

to promote the knowledge of Natural History, Philosophy, Medicine, Im- 

provements of the Arts and Sciences, and whatever is comprehended in 

the general term Physics ;" and a Committee was formed accordingly, and 

Meetings were held, but they had for sometime past been discontinued. 

The formation of the Committee was, therefore, recalled to the notice of 

the Society, and on the 2d of January, 1828, it was resolved at a General 

Meeting, that the Physical Committee should .be considered as in 
b 
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existence, and for the same purposes as formerly, exclusive of Medicine, 

for which a distinct Institution had already been established. Resolutions 

were, at the same time passed, empowering the Committee to elect its 

own officers, to frame its own rulee, and to publish its proceedings as a 

distinct portion of the Asiatic Researches. 

Upon the organization of the Committee, communications were in- 

vited from various parts of Hindustan, and the Papers consequently re- 

ceived, are now offered to the public. They are printed in the same form 

and type as the Asiatic Researches, of which they are an integral por- 

tion ; but they are so far distinct that they need not be necessarily incor- 

porated with the Literary Transactions of the Society. By giving them 

a detached and separate existence, i t  h;rs been thought that they would 

be more likely to attract the attention of the readers to whom they are 

chiefly addressed, or individuals engaged in scientific pursuits, than if 

they were associated with matters which are more especially addressed 

to literary men, or to the general reader. 

The subjects to which the attention of the Physical Class of the Asia- 

tic Society is principally directed, are the Zoology, Meteorology, Miner- 

alogy, and Geology of Hindustan. To acquire an accurate knowledge of 

facts by observation and experiment, and to apply those facts to a synthe- 

tical explanation of particular phenomena, is the object of all Physical 

science. I n  those branches to which the attention of this claw is particu- 

larly directed, facts may be accurately recorded even by the unscientific 

enquirer ; the connection of these facts and the deducing therefrom general 

conclusions, must be left to those whose habits of scientific combination 

and accuracy have qualified them for carrying on this last step in the process 

of induction. I t  was principally with the hope of collecting and recording 

with precision, facts, t4at this Class has been established. Scattered as  are 
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our countrymen in the East, over so large a portion of the surface of the 

earth as yet unexplored by science, the most common observer can hardly 

fail to notice phenomena that may be important for the purpose' of Physi- 

cal Research ; " observationes fiunt spectando id quod aatura per ee ipsam 

sponte exhibet." B o s c o v ~ c ~ .  Few apparently as are. the labourers in this . 

vast field, it seems but little understood how competent those few are to 

make the most valuable additions to our knowledge. The Physical 

Class hopes to encourage the spirit of enquiry by the assurance that the 

labours of the observer will be no longer in vain. I n  order to aasist 

persons mpractised in Geology, the Physical Class are about to 

republish DR. FITTON'S instructions for collecting Geological specimens 

with additional directions, which they are anxious to distribute as 

extensively as possible to all who have an opportunity of collecting speci- 

mens and forwarding them to the Society. I t  is with sincere gratification 

that the Membere of this Class are enabled to state, that although a year 

and a few months have scarcely elapsed since its re-establishment, 

communications have been received, affording ample materials for a colitii 

nuation of these Transactions, and that they have lost no time in placing a 

second part in the hands of their Printers. 

I t  may be necessary to add a few words upon the mode adopted in 

the following pages of expressing native names in Roman characters, es- 

pecially as they are mostly the names of places, which often assume a 
very different character in the text or maps of the present publication, from 

that which they wear in the most improved maps of ARROWSMITH or other 

Geographers. The system here adopted is that which is describes by 

SIR WILLIAM JONES, in the first volume of the Asiatic Researches, and 

which has been followed with very few exceptions in all the subsequent 

volumes, as well as in the Transactions of the Royal Asiatic Society and 

of the Literary Society of Bombay. The orthography of the common maps ' 
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follows no rule whatever : the greater part of the names have been written 

down accordiilg to their fancied sound, and without any regard to their ori- 

ginal characters, or to their signification. They are consequently in general so 

expressed that, to a native ear, they would be unintelligible, and they cease to 

convey what, in their correct form, they very commonly imply, some circum- 

stances of interest respecting their history or origin, their topographical 

site, or peculiarities of soil, climate, and natural or manufactured produce. It 
would have been as idle as unphilosophical therefore to have adopted the 

forms of these names vulgarly expressed, especially in opposition to the 

practice followed by the highest authorities. Their enunciation will be 
sufficiently correct by attention to a few simple rules.* 

* Thus-1.-The Consonants should be pronounced aa in English. , 
2.-The Vowels as in Italian, the long Vowels being distinguished by an accent over 

them. 
There is one exception to the Italian mund of the Vowels, that of the short A, which takes the 

sound it has in adorn, amend, and similar verbs; or a8 in America, or that of u in Sun, &c. 
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GENERAL OBSERVATIONS 

ON THE 

G E O L O G Y  O F  I N D I A .  

-- 

BY JAMES CALDER, Esa. 
- 

IT is singular to observe that, while England is ever ready to engage in 

 enterprise^ to explore the secrets of nature, even in her most inaccessible 

retreats in other quarters of the globe, she should have shewn such 
supineness and indifference respecting the Natural History of her eastern 

dominions. 

In  the colonial possessions of other nations, the whole &Id of nature 

has been explored and described by scientific and enlightened travellers ; 

whilst, in India, it has been almost entirely neglected, with one splendid 

exception, in which the munificent patronage of the East India Company 

has enabled a distinguished Member of our Society to make magnificent 

discoveries in the vegetable kingdom. May we not hope that the same 
patronage may be extended to other departments of Physical Science, and 

that, as Indian Botany has found its LINN~EUS, we may yet see the trea- 

sures of the Animal and Mineral kingdoms unfolded to us by a HUMBOLDT, 

and a CUVIER. 
B In 



In  the field of Geology, indeed, some steady progress has been made, 

which the superintending care of the lamented VOYSEY promised to ripen 

into a rich harvest: fatally, however, for science, this ardent philosophic 

inquirer was a martyr in the cause to which he was devoted. His loss 

can only be duly appreciated by those who are aware of the great local 

knowledge and experience which he possessed, added to his general scien- 

tific acquirements, which so peculiarly qualified him for the task he had 

undertakep. The labors of DR. VOYSEP (which, had life been spared to 

him, a short period of time would have matured,) are not altogether lost. 

Some of his journals are in the possession of those who know how to 

estimate their value, and who, it is hoped, will be enabled to present the 

matter they contain to the public in as perfect a form as the incom- 

plete state of the materials will permit. Availing ourselves partly of these 

materials, and of the scanty notices already in print, and the communica- 

tiom of the few valuable explorers now zealously engaged in scientific 

remaroh, a few remarks may here be offered, by way of conveying some 
generd view of the little we can yet pretend to know of the geological 
mtliller of the v a t  field in the centre of qhich we are placed. 

Casting our eye over the map of India, we are struck with the grand 

4 extenel= mountain ranges which brm the principal boundaries. On 
&e north we have the stopendous chain of the Himah~a, extending 

fiam the confines of China to CdsRir, and the basin of the O m ;  that 
vast m a d a t i o n  af sublime peaks-the pinnacles of our g l o b i s  w, 

extensive, that a plane, resting an elevations of 21,000 feet, may be stretch- 

ed in me direction as far a6 the Hidw CoA, for upwards of 1000 miles, 

above which rise loftier summits, increasing in height to nearly &000 feet 
mare. Primitive mku alone have been found to compose all that h a s  

y e t  been explored of the elevated portion of that chain; gneiss being, 

according to Captain HERBERT, the predominating rock, along with g r a d e ,  

mica-shist 
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aha-skist, hwdende-sbict, chlmide-slate and crystudline &me-she; on these 

repose clay-slate, and flilcty-slate, and towards the base we find sand-stone 

composing the southern steps of the chain, and forming the N. E. bamer 

of the valley of the Jurnnrr and Ganges, by which, and the diluvial plains 

of Upper Hindostan, this great Zone is separated from the mountain 

ranges of the peninsula. The opposite, or southern boundary of t h i ~  

valley, is of the same rock. Advancing to the south, we come to three 

inferior mountain ranges, on which the peninsular table land of India 

may be said to rest, or more properly, to which it owes its peculiar ferm 

and outline. We may consider these ranges separately, as the western or 

H a r ,  the eastern or Coromandel, and theeentral or Vindlig(a. 

The principal in elevation, and nzost remarkable in continuity of 

extent, is the western tange, which commences in Cantksh, and runs along 
the Malabar coast, within a srhnrt distance of the sea, in an unbroken. 

chain, to Cape Cornorin, excepting where it is interrupted near its 

southern extremity, by the great h m  which opens into the valley of 

Koi&t&r. Thedirection.of this imge deviates but little from north and 

south, bending a little eastward towcuds its southern extremity ; its elwa- 
tian increases a8 it advances southward, the highest points being probably 

between latitudes 10' and 15" N. where peaks of granite rise to 6~00 feet 

and npwards." The northern extremity of this range is entirely covered 

by part of the extensive overtying trap formation, to be more particularly 

described hereafter ; extending, in this quarter, front the sea-ahore of the 
northern 

In Mr. Bttbiagton's paper, in the 5th volume of the Geologid Society's Transactions, tbe 
height of one peak, & w o n  hill, is stated to be 7000 feet above the sea, and in a recent descrip- 
tian of tbe Nilgiti rgioa, by Dr. Smith Young, the peak of Dodcqpcc, eituated between 11" and 
1 2 O  S. Latitude, and 76" and 7 7 O  E. Longitude, ie said to rise te an elevation of 8700 feet-it is 

to be regretted that we hnre ne published report of height4 by actual geometrical or barometrical 
meaauementa, ef the pincipal muad& 0E the maunzain rangee of the pePinsula. 
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northern Concad, to a considerable distance eastward above and beyoud 

the Ghats, as far perhaps as the river Tumboodra and Nagpore. These 

rocks assume all the various forms of basaltic trap, passing from the 

prismatic and columnar (of which some fine specimens are to be seen 

opposite to Bassin, near Bombay) into the globular, tabulur, porpiy- 

ritic, and amygdula'dal; the two latter containing an interesting varie- 

ty of included, minerals peculiar to such rocks. The landscape here 

exhibits all the characteristic features of basaltic countries. The hills 

rising abruptly in perpendicular masses of a tabular form, or in mural 

terraces, piled on each other, like great flights of steps leading to some 

giant's throne, are frequently separated by immense ravines-the whole 

clothed with luxuriant forests of teak and other trees, producing some of 

the most beautiful and romantic scenery of India. The elevation of this 

part of the range seldom exceeds feet ; but advancing to the south, 

its height gradually increases, and gra11it.i~ mcks begin to re-appear, rising 

above the surface between 17" and 18" N. Latitude, and from thence, proba- 

bly, continuing to form the summits of the chain, with little interruption, 

all the way to Cape Comorin. In  nearly the same parallel of latitude, this 

trap formation is observed to terminate also on the sea-coast, a little to 

the north of Fort Victoria, or Bankot, where it is succeeded by the iron- 

clay or laterite,* (a contemporaneous rock associating with trap) which 

from 

* We owe the first notice of this interesting Rock, which may, perhapa, be considered as pe- 
culiar to the Geology of this country, to Dr. Francis Buchanan, who gives the following description 
of it in his travels, vol. 3, p. 440. sL  What I have called indurated clay, is not the mineral so called 

by Mr. Kirwan, who has not described this of which I am now writing. I t  seems to be the Argilla 
a s  Lapidea of Wallerius I. 395, and is one of the most valuable materials for building. I t  is diffused 
" in immense meoses, without any appearance .of stratification, and is placed over the granite that 

forms the basis of Malayala. I t  is full of cavities and pores, and contains a very large quantity of 
iron, in the form of red and yellow ochres. In the mass, while excluded from the air, it is so eoft, 

" that any iron instrument readily cute it, and i8 dug up insquare masses with a pick-axe, and imme- 
sL diately cut into the ahape wanted, with a trowel, or large knife. I t  very soon after becomes aa hard 
as as brick, and resists the air and water much better than any bricks that. I have seen in India. I 
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from thence extends as the overlying rock, with little interruption, to. the 

extremity of the peninsula, covering the b e  of the mountains, and the 

whole of the narrow belt .of land that separates. them from the sea, 

exhibiting a succession of low rounded hills and undulations, and r e p -  

ing on the primitive rocks, which occasionally protrude above .the surface, 

as at Malwan, Calicut, and some other points, where granite,, for a short 

space, becomes the surface rock ; ftom. the main land, the laterite 
passes over into Ceylon, where it re-appears, under the name of Kabaik, 
and forms a similar deposit, of some extent, on the shore of that island. 

Passing onwards from the western, or Msahbar coast, round the extremity 

of the peninsula, we leave this extensive iron-clay formation, and crossing 

the granitic plains of Travancore, which are strewed with enormous blocks 

of primitive rocks, we arrive at the termination of the chain. Here the 

eastern and western ranges appear united, and, converging to a. point with- 

ip about twenty miles of Cape Cornorin, .end abruptly at the Arnboli pass 

in a bluff peak of granite, probably about 2000 feet high, from the base 

of which a low range of similar rocks, forming a natural barrier to the 

kingdom of Travancore, extends southward to the sea. I t  is .to be re- 

marked however, that the junction of the two great lateral ranges, (viz. 

the Malabar and Coromandel,) seems to take place at the Nilgherry hills, 

which rising into the loftiest summits of the peninsula, form the southern 

boundary 

6' have never observed any animal or vegetable exuvia contained in it, but I have heard that such 
66 have.been found immersed in ite substance. As it is usually cut into tho fonn of bricks for build- 
'6 ing, in several of the native dialects, it is called the brick-stone (Itice Culla). Where, however, 

by the washing away of the soil, part of it has been exposed to the air, and has hardened into a 
86 rock, its colour becomes black, and its pores and inequalities give it a kind of resemblance to the 

&in of a. person affected with cutaneous disorders ; hence, in tlie Tarnul language, it ie called Shuri 
Cull, or itch-stone. The most proper English name would be Laterite, from Lateritis, the appel- 

" lation that may be given to it in Science." It is observed also on the shores of Sumatra and the 

Straits of Malacca, reposing on granitic rocks, particularly at Malacca, where that formation extends 
many miles inland, correspondbg, in all reepecte, with that of the Malabar Coast. 
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bd~adary of the great table-land and the northern barrier of the n?mark- 
able valley of Koimliatur, from the opposite side of which proceede the 

continuation of the mountain ehains in ohe central range to the southern 

extremity, as already described. The whole of this western chain, and 

the narrow coast which lines its base, is remarkable for the absence of 

rivers and vallies of denudation, and, consequently, of alluvial plain8 or 

depogits of any extent. The precipitous  ides of the mountains rising in 

m e  places, (to the south of Qoa,) almost from the sea, are, neverthelesls, 

covered ia general by forests of the tallest trees and impenetrable jun- 
gles, which admit of gaining but a vague and scanty knowledge either 

of their geological festurm, or the mineral treasures with which they may 
abound. 

The Islaad of Ceylon pments SO much the appearance of having 

once formed  pa^ of the Contineht of India, and there is such a striking 

similarity in the nature of its principal rocks (which are chiefly primitive,) 

to those of the mainland immediately opposite to it, that some notice of 

its geological Etructure shoatld not hem be omitted, of which Dr. Davy's 

valuable work affords the follof ing interesting and scientific description. 

In Ceylon, nothing is M be observed of that d e r  of succession of 

rocks that occurs in Saxony and England, and many other parts of 

Europe. Uniformity of formation is the most remarkable feature in the 

geological structure of the Island ; the whole of Ceylon, with few excep- 

tione, consists of primitive rack unconnected with any other class of rocks, 

exclusive of those of very recent formation. Another remarkable geolo- 

gical circumstance is, that though the varieties of primitive rock are ex- 

tremely numerous, almost infinite, yet the species are very few and eel- 

dom well defined. 

" The 



" The rdost prevailing apecies is gmnite or @s, the mole lin&d 
Me g w t a  rock, ~~ rock, a n d h i d e  rock, and a Eew others which 
may be conbidered uhder the head of embedded minerals. 

" The varieties of granite and gneiss are innumerable, paasing often 

.from one into another, and assuming appearances for which, in small 

mmes, it would be difficult to find out appropriate names, depending on 

composition and the proportions of the elements--or additipn of new 

ingredients ; regular gramate is not common, graphic gralsite still rarer, it 

dceurs at Trincomalee-neither is sienite common, i t  occurs in the Can- 
dyan provinces. Well fhmed gneiss is mare abundant than granite, it 

\ 

frequently consists of white felepar and quartz in a finely crystalyzled 

state, with layers of black mica, containing numerous crystale of light 

coloured garnets. A similar rock is found on the opposite Continent, i~ 
the mountains at Cotallurn, and aaords one amongst other evidences of 9 

cohrmity,  if not indentity, in geological character. Both the grmite and 
gwiss of Ceylon, are much madifid by an excress or deficiency of one or 

other of the ingredients. When quartz abounds in a fane granular state, 

the rock l o t h  like ocand-dslre. When f e b p w  or &laria abound, it W- 

quires a new external character. Tiis variety is common, and in s o w  

places i t  contains so much of h e  minepals that it may be aalled acfttktrda, 

orj;G+r rack. When eak p d l s  in gneis, (which is =re) it a q w m  I 

not d y  the appearance, but very much the stsllctum of miw &e. 

The more limited varietiai of primitive rocks, as qwart~,  h b M ,  
and d o h i t e  rock, seldom occur in the form of mountain massea. The 

rocks of recent formation are Eillte-stolas and d - s t m e .  The former is w- 
fined ta the northern s h e  of tbe Island, w h m  it appears to be still b- 
irrg ia the cordshallows of the adjoining sea. The o t h ,  ( sd -s tone)  a 

rock of pretty general o c m n c e  ahng the rehorn of the Island, whicb it 
may 
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may be said to surround by an interrupted chain chiefly between high 

and low water mark." The further 'detailed description of these rocks 

given by this scientific observer, and his accoul~t of the rich variety of 

beautiful minerals abounding in that Island, will be found highly interest- 

ing and instructive. 

Proceeding on to the eastern side of the peninsular, and northward, 

along the foot of the mountains, we observe a country differing very con- 

siderably from the Malabar coast in appearance and geological charac- 

ter. The plains of the Coromandel coast form rather a broad though 

unequal belt of land between the mountains and the sea, exhibiting the 

alluvial deposits of all the rivere and streams that descend from the 

southdril portion of the table land. The mountain chain that forms the 

eastern bounaary of the peninsula, begins to diverge eastward where its 

continuity is interrupted by the valley of Koimbatur (already mentioned) 

Prom thence it breaks into a succeesion of parallel ranges, inferior in 

elevation and in unbroken continuity to the western chain ; and in the 

further p'rogress northward, after branching off into subordinate hilly 

ranges, occupying a wide tract of llnexplorerl country, and affording vallies 

for the passage of the great rivers, that drain nearly all the waters of the 

peninsula into the Bay of Bengal, this eastern range may be said to ter- 

minate at  the same latitude as that of the commencemer~t of the western. 

Granitic rocks, (principally sienite,) seem to form the basis of the whole 

of these eastern ranges, appearing at most of the accessible summits, 

from Cape Comorin to Hyderabad. Rbsting on the granite, gneiss, and 

mica-shte, that form the sides and base of the mountains, are sometimes 

seen clay-slate, IbornbEende-slate, flinty - state, chlorite and talc - slate, and 
primitive or crystdine lime-stone, affording, in 'some places; rn&bles 

of various colours, as in the district of Tinnivd2jr, near Cotallurn, where 

grcrnite is 'observed rising above the surface, in remarkable globular 

or 
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or concentric lamellar concretioae, and in apparently stratified masses, 

forming low detached hills, the strata of which dip at an angle of about 

45" to the S. W:* Partial deposits, of the overlying rocks exist in this 

district, and of the black cotton soil, supposed to be produced by the de- 

composition of trap rocks. In  the neighbourhood of Pondicherry, there 

are beds of compact sh l l y  1 k - s t m ,  and some remarkable siliceous petri- 

factions, chiefly of the tamarind-tree, which have never been well described. 

The bed of the Caveri, or rather the alluvial deposit8 in the vicinity of 

Triclrimpg, produce a variety of gems corresponding to those of Ceylon : 

in general, however, the surface of the level ceuntry, as far north as the 

Pmnar river, seems to consist of the debris of granitic rocks, and 

plains of rorarine sund, probably left by the retreat of the sea, with 

ea s iona l  alluvial deposits, and partial beds of iron-thy, and detach- 

ed masses of other rocks of the overlying class. In approachihg the 

Penmar river, the irm-cZq formation expande over a larger surface, and 

clay-slab and sad-stone begin to appear. In the hills behind NelZore, 

are found specimens of a very rich copper ore, yielding from fifty to sixty 

per cent. of pure metal, according to Dr. HEYNE, besides argentiferous 

* These appearances, hitherto considered foreign to the nature or aspect ofgranite rocks in 
o w & s  of the globe, might be deemed questionable here, did they wt coincide with similar 
appearances throughout the peninsula, and remarkably so with those of the Ceylon granites as thus 
described by Dr. DAVY. " In structure, the granitic varieties most commonly exhibit an appearance 
'' of atrati6cation. I t  is not e u y  to dedde with certainty whetha tbie appearance is to be attri- 

buted to the mass being composed of strata, or of large laminae or layers. I must confess I am 
" more disposed to adopt the latter notion. I have found some great masses of rock decidedly of 
" this structure;-massee almost insulated, quite bare, several hundred feet high, in which the 
" same layer might be observed spreading over the rock, iike the coat of an onion ;-and which, if 
" only partially exposed, might be considered a strong instance of stratification ;-and, if examined 
" in different places, on the top and at each side, might be considered an extraordinary instance of 

the dip of the etrata in opposite directiom. Witb this hypothesb of the structure of the rocks, 
'' the appearance of stratification in all the granitic varieties may be' easily reconciled.". 
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I t  is to the observations of Drs. HEYNE and VOYSEY, that we owe all 

the information we yet possess of the.vallies of the Penrsar, the KrisRna, 
a d  the Godavert rivera. This interesting tract of country is not more re- 

markable as the ancient source of the most valuable productions of the 

mineral kingdom, being the repository of the Golconda diamonds;-than 

for the extraordinary geological features which it presents. The Nelle 

Mall0 range of mountains, .in which the diamond- breccia is found, is 

described by Dr. VOYSEY, as exhibiting a, geological structure, that can- 

not easily be explained by either the Huttonian or Wernerian theories, 

the different rocks being so intermixed with regard to order of posi- 

tion, each in its turn being uppermost, that it is difficult to give a 

name to the formation that will apply in all places: the clay-slate forma- 

tion is the namehe has adopted, under which are included clay-slarte, every 

variety of slaty lime-stone, sand-stone, breccia, jinty-slate, hom-stone- 

shte and a tufaceous lime-stone, containing, embedded in i t  fragments, 

(rounded and angular) of all these rocks-all passing into each other by  

such insensible gradations, as well as by abrupt transitions, as to defy 

arrangement, and render description useless. I t  is bounded by  granite, 

which passes under it, and forms its base, some elevated points, such as 

Naggey Nose, having only their upper third composed of sand-stone and 

quartz, while the basis is generally granite or sienile. 

The rocks above enumerated, with beds of compact lime-stone, re-- 

bling lias, of various colours, and the addition of the iron-clay and basaltic 

rocks, occupy extensive portions of the valleys of the Krishna and Boda- 

vwi, covered in some places by the black trap soil ; a sienitic granite how- 

ever, composed of hrrddende, and sometimes mica, with quartz, felspr, and 

garnets, interspersed, forms the basis of the ranges that separate these' 

rivers. From Cmzdapilli northward, the granite is often penetrated, and  

apparently heaved up by injected veins or masses of trap and dykes of 
green-stone. 



green-stow. We hope soon to be enabled to lay before the Society, a de- 

tailed description of these formations, accompanied by sections of the 

strata between ~ a d r a s  and Hyderabad. The watera of the Krishm and 

Gorlaveri expand as they approach the sea; dividing into numerous 

branches, and depositing their alluvial contents during inundations over 

the low level tract that separates them : these deposits consist, according 

to Dr. HEYNE, of a black earth, resting on indurated marl, and composed 

partly of the debris of trap rocks, but chiefly of decayed vegetable matter, 

yielded by the extensive forests through which these rivers flow. Here 

may be noticed a characteristic difference that marks the alluvial deposit9 

of the principal river of the south-the Caveri. This river, flowing in a 
long course through the Mysore country, over an extensive and generally 

barren surface of granitic rocks, with scarcely any woods or jungle on its 

banks, aeems to bring-down little or no vegetable alluvium ; but a rich 

clay, p ~ d u c e d  by the felspar, which predominates in the granites of 

the south, intermixed with decomposed calcareous conglomerate, render- 

ing the plains of Tanjore the most fertile portion of the south of India. 

Passing on to Vizagapatam and Ganjam, granitic rocks, chiefly syenits 
t 

and gneiss, predominate, and are occasionally covered by laterite. The 

granite of Vizagaptam assumes a new and singular appearance, being 

small-grained, and intermixed with amorphous garnets, in rounded grains, 

or specks. This peculiar rock passes into' the Province of Cuttack. 

The only information we possess regarding that interesting district, 

is derived from Mr. STIRLING'S valuable paper in the last volume of 

the Asiatic Researches. Rocks of the granitic class form the basis and 

principal elevations of this district; some of them are remarkable for 

their resemblance to sand-shne, and abounding in imperfectly formed 
garnets, disseminated throughout, with veins of steatite. Here some  trace^. 

of coal have recently been dimovered, which 'is likely to be produc-: 

the ,  and gold is found in the sands of the HaEoliadi, brought down. 
probably 
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Dr. VOYSEY distinguished a pkytolitlrus, a calamite, a lycopodium, and one 

specimen of a gigantic species of patella. The shah passes into slate-clay, 

above which succeeds a g r iQ ,  micaceous, hownish-grey, sand-stone, here 

and there becoming indurated and slaty-this forms the surface rock all 

over the coal district, rising into low round - topt hills and undulated 

grounds. In the coal pits (three in number,) which have only yet been 

sunk to a depth of about ninety feet, seven seams of coal have been met 

with, one of which exceeds nine feet in thickness : ,the quality of the coal 

(H fb n&m~onsumed \largely in and about Calcutta,) somewhat resem- 

ble& t U l i W h r h n d  coal, but leavee a' larger proportion of ciadms and 

i ;  .rfrodseding. northward and westward, from Baolcwa, and the Da- 
rrrbrlriaires, ,.the road to Benares passes over granitic rocks, of which the 

ranges of hills on the left, and the whole country, as far as the Sm and 

round by ShirgMti and Gaya, is probably composed. On approaching the 

Sow river, and crossing the hills behind Sasseram, sand-&one begins to 

appear, and continues to be the surface rock, with probably only one con- 

siderable interval, all the way to Agra, forming, as before noticed, the 

southern barrier of the valley of the Ganges and Juvnna ; that z n t d  oc- 

curs in the low lands of Buradelkhand, where the remarkable isolated hills, 

forming ridges, running S. W. and N. E. are all granitic, the high lands 

being covered with sand-stone. This brings us back to the rocky plains of 

Upper Hindustan, and to the last of the three principal mountain ranges 

first alluded to. The Vindhya Zone, crossiiig the Continent, from east to 

west, may be said to unite the northern extremities of the two great ranges 

already described, which terminate nearly in the same parallel of latijude, 

forming, as it were, the base of the triangle that elevates the table land 
of the peninsula. This great chain, yielding little in classical character 

to the Himcilaya, intersects the heart of the country, and is distinctly 
E traceable, 
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traceable, even in our very imperfect maps, running about S .  75" W. from 
the point called the Ram,gerh hills, towards Guzerat : this range has numer- 

ous divisions and a multitude of names, almost every district giving a change 

of denomination, but to the eye of a Geologist who considers things on an 

extendedscale, there is a parallelism in the disjointed parts, and a general 

connection and dependance on the central range ; the substrata prove this 

fact, for in every case they preserve that parallelism. The great surface 

formations of central India and the Dekhin, are the granitic, (including 

always gneiss and sienite) the sand-stone, and the overlying rocks ; the latter 

exceeding in their extent those of any other country. The basultic trap 

formation extends northward all over Malwca and Sdgar, and eastward 

towards Sohagpur and Amerakantak ;* thence proceeding southward b y  

Nagpr,  i t  sweeps t h e  western confines of Hydaabad, nearly to the 

fifteenth parallel of latitude, and bending to the N. W. connects with the 

sea near Fort Victoria, as already noticed, composing the shores of the 

Concan northward, all the way to the mouth of the Nerbadda, covering an 
area of upwards of 200,000 square miles. I t  overlies sand-stone in the dis- 

trict of Shgar, and hence may be inferred, that a portion of it a t  least is 

.posterior to sand-stone: it possesses the common property of trap rocks in 
general, viz. that of changing the nature of every other rock which comes 

in contact with i t ;  and in the district of Sctgar, it is always associated 
I 

with an earthy Jim-stone, which seems to have undergone great change, 

strongly indicatipg the agency of heat. According to Captain FRANKLIN., 
the sand-stmte deposits are very regular both in their deposition and 

geological character, and cannot well be mistaken; their general pa- 

rallelism to the horizon, and their saliferous nature, appear to.him to 

identify them with the new red sand-stone of. England, whilst the ~ e d  ~rurrk, 

and 

* It is expected, that the limits of this eastern deposit of trap will soon be more acurately 
determined by Captain FRANKLIN. 
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and its s~~erixicurnbent variegated .or mottled variety, (called by Werner 

barnter-sand-stein,) together with & deposib of Zdas Jim-stow, place the 

matter almost beyond a doubt. In using the term new red sand-stme, haw- 
ever, it must be understiod, as it is in England, to comprise all that series 

of beds which intervenes between the Zias lime-stme and the coal vniwmres; 

admitting which, he conaeives that the water-falls of &&-, ,which 
occur in the lowest steps of the Vi~zdhya range, will afford a series d for- 

mations corresponding perfectly with those of England; and to that 

school, therefore, our attention s h o d  be directed, in oder  h arrive at 

raatisfact.org conclusions repjading it. 

On the western side of India it  is, as we have seen, mvered by over 

lying rocks, as at Shgar : it appears, however, fisnking the large primitive 

branch which rums to Udqpur, on the side of ,Gazerat ; and to the n o d  

it  sweeps into the desert to an unknown extent. A paper of Mr. Fraaer's, 

in the London Geological Transactions, prove3 this fact, even if we had 

not the maresubetantial evidence of rock-salt, which is there produced in 

abuGdance. 
I 

The next of the great surface rocks of central India, is large-grained 

p i t e ,  frequently passing into gneiss, generally composed of qssartz, fib- 
cololsred felspar, a little brown or black mica and hornblende; it varies, how- 

ever, in appearance, and also in the proportion of its constituents ; bat, 

generally speaking, it  contains large crystals of felspar, and is, cmequent- 

ly, much subject to decomposition ; Captain FRANKLIN has specimens 

shewing its unequivocal passage into green-stone, and, in some instances, 

it resembles peen-stone porphyry, as in a small water conme a t  the foot of 

the Bairarng* G h t ,  in B u ~ k ~ :  it sometimes also, he observes, 

reeemblea.+t&, and, in many cases, it would be &&cult to decide 

whether it be granite or sieniEe; this circumstance renders i t  desirable that 
it 



i t  should receive further examination: it extends all over the southern part 

of the peninsula, after the trap and sand-stone disappear, and it lies so 

near the surface that it is constantly protruding through the superior 

strata all over India, all the valleys of denudatioi bring it to light, and 

the plains of BundeZkhand are entirely composed of it; the veins of quurtz 

rock, with which it is constantly associated, forming, in general, the spine 

of the hills. 

The vallies .of denudation are almost the only places where the pri- 

mitive strat~jied rocks can be obsemed with advantage, and even there i t  

is rare to obtain a good section of them; it is not because they do not 

exist in India, as in other countries, it is because they are, for the most . 
' 

part, buried beneath a mass of superincumbent trap ; still however, there 

are occasional spots where they are fouild in situ, as in the U d a y p r  

branch of the primitive chain, the small primitive ramification on the 

verge of the trap near JabcrZpur, and many other places not necesclary 

to mention ; but the vallies of denudation sometimes exhibit a series, as  in 

the bed of the Nerbudda river, at Berag-erh, near Garrali, and it is there 
chiefly that these rocks can be studied advantageously. 

With regard to the rocks of more recent formation than sand-sfone, 

Indiaispeculiarly barren ; but this circumstance, above all others, renders 

its geology interesting-if it be in reality so, whence does such a rernark- 

able distinction proceed? the reply may comprehend a solution of t h e  

most important phenomena of the science. 

The I& formation is as yet known only from Captain FRANELIN'S 
researches; he has found it in Becndelkimnd in sitzs, reposing on red mark, 

or neb ~ e d  sad-stone ; its general geological character appears to cor- 

respond with the same formation in England, and its light-coloured or 

moat 
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most compact otuisties have been found to answer some useful purposes 

of lithography, although none has yet been discovered equal to the true 

lithographic stone of Europe. Neither oolites nor circrlk, have yet been 
discovered by Captain FRANK~IN,  although he has traversed not only the 

range of hills, at the foot of which the lias is found, but the whole adjoin- 

ing country, and the absence of these rocks in the tract that has fallen 

~ d e r  his examination, forms, in his opinion, a remarkable peculiarity. 

This, therefore, is one of our great objects of research, viz. to ascertain 

whether in all other parts of India, the oolitic and later regular foma- 

tions are thus wanting, nor should the concretionary rocks be exdoded 
from this enquiry ; of t h a e  the most remarkable is that singular calcare-. 

ens deposit called, in the Bengal provinces, kankur, and known by other 

rurmcs in the south of India. I t  appears in a variety of forms and in 

different rektive positions in different places. Sometimes in nodales, 
gi!&&r,coorcpleto'~, or rolled masses, scattered over the surface of valleys 

and rocky plains ; at other times in horizontal beds and layers, at various 

depths in the alluvial deposits of the rivers and plains of Hindustan. Its 

prmalen~e is very extensive, although less abundant in the southern quar- 

ter of the peninsula ; neither has it yet been observed on the Malabar Coast,* 

and in Bengal it appears to be bounded to the eastward by the Gandak 

river. From its peculiar appearance in some places it has been considered 

is$, and by some mineralogists would, perhaps, be classed under that 

&nomination. Common kankar, on analysis, is found to contain the ele-, I 

merits of oolite and chalk. May not this concretionary formation therefore, 

which seemspeculiar to India, be the ruins of what, under different circum- 

stances, might h e  become regular oolitic strata ? Captain FRANKLIN 
observes, 

* It should be remarked, that the prevailing Laterite of that coast is charac!erised by a propor- 
don of Calcanour matter in its composition. 
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observes, that these irregular beds 'of kankar, which are found foliowing 

every water course, and forming its banks, have often the appearance I of 

having been deposited under circumstances peculiarly unfavourable to 

regularity; and it may be asked, to what agency but that of running and 

turbulent water can such appearances be satisfactorily ascribed ? 

The absence of those ~ e g u l a r  formations which are known to exist 

in other countries is, however, a geological question of the first import- 

ance that must not be'hastily taken up or hypothetically assumed, and 

nothing but reiterated and satisfactory proof of their non-existence ought 

to be considered admissible. A careful discrimination is also necessary, 

so as not to confound with clsalk, the numerous steatitic deposits which are 

known to exist, and are used in India as substitutes for i t  ; the oolates in- 

deed cannot well be mistaken, because their peculiarity of structure 

readily points them out ; but the most important of all distinctions are, 

geological position and assncintion, wi t.hni~t attention to which all, observa- 

tions will necessarily lose much of their value as useful facts. 

With regard to organic remains, (the most interesting of all the  

branches of geological science,) it is to be feared that India is not likely 

to prove a prodyctive field. The coal strata, when public spirit and 
enterprise shall excavate them, will, probably, afford other varieties of im- 

pressions of vegetables and fishes, besides those already mentioned, and 

the lias lime-stone may contain specimens of the saum' tribe ; but hitherto, 

the most striking phenomenon in Indian geology is the almost to ta l  

absence of organic remains in the stratified rocks and in the diluvial soil. 

Slu;crks'-teeth and palates, are found in the diluvian banks of the Ganges. In 
the lime-stones and alluvial deposits of Syll~et and Caclsar, the interesting 

researches of Mr. SCOTT, have discovered nummulites and other shells, 

which appeared to Dr. VOYSEY to be diluvian, or even of modern existence, 

live 
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live sheIls of exact resemblance to them being found in the vicinity, 

with the exception of n~namulites. Silicified-wood has been found inathe 

diluvium of Calculta and JebbeZpur ; but bones of animals have never yet, 

we believe, been discovered either in diluvium or in stratified rocks. In  
this branch however, the extensive deposits of fossil bones recently dis- 

covered in Ava, apparently antediluvian, and perhaps the yet unexplored 

caverns in the Eiw-stone strata of SyZlet, Cacisar, and Asam, promise a 

field for future successful research. Of the alluvial delta of Bengal, 

the bed of the Ganges, and the country to the eastward of it, we are a t  

present unable to add anything of importance to the information given 

by Dr. ADAM, Mr. SCOTT, and Mr. BENSON, in their interesting commu- 

nications already published, nor do we possess as yet sufficiently con- 

nected materials for giving even a superficial view of the geological out- 

lines of the clountries to the north-wegt, but we may look to eome zealous 

explorers now actively employed, for an early extension of our geological 

knowledge in that direction.* Thq Bombay Literary Society will, no 

doubt, be able to collect much interesting information from that quarter, 

especially as i t  is understood that the coal field long since discovered in 

Cusch, by the late Captain MCMURDO, is now likely to be worked. 

I have saidnothing about the lead mines of A*, nor of the ores of that 

and othir metals that have been discovered and worked, in foimer times, 

in various parts of India, particularly the extensive and important class 

of iron ores, which abound almost every where, and in greater variety 

than, perhaps, is to be found in any other c0untry.T 
From 

-. . - 

* Specimens said to be from the Province of Cutch, have been seen by Dr. H A ~ D I E ,  which 
lead him to expect that we shall, in all probability, discover, in that quarter, some of the newer clam 
of rocks posterior to the lias, which are in so remarkable a degree wanting in other quarters of India. 

t Captain FRANKLIN hau been engaged in examining the iron we. of the valley of the Ner- 

d a ,  and Captains COULTHARD and DICKSON, in the districts of Sugar and A M ,  have fur- 
nished interesting communications, which will appear in our Researches. 
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From the above desultory observations, it wodd appwr, that the 

Geology of India is far leas complex, than that of most other countries, 
of the Geology of which any thing is known. I t  is said* that, in- 

stead of twenty different formations, as in England, there are in 
India only four, viz. The gradic ,  the sand-stow and cky-slate, the 

trap, and the dikvial; with their respective subordinate rocks, each 

of which formations possesses characteristics in common, that strong-, 

ly mark their cotemporariety. This conclusion, however, requires some 

We have the prirnay aeries, both stratified and unstratifi- 

ed, in complete succession. We have the transition class-the carbmifert 

ow order, and also the secoulary class-nor does there appear to be any 

thing anomalous, until we ascend in the series to the ovsrlying rocks of 

the trap family ; these rocks, as has been shewn in another part of thia 

gaper, form the most striking feature of our Geology, and as some of 

them at least are proved to be of a later epoch than s d w  sad-stone, 

it is apparently to the period of their formation (whatever may be their 

origin,) that we must refez the commencement of anomalous appear- 

ance&. 

In this view of the Geology of India, therefore, our safest plan will 

be to confine ourselves as much as possible, within ~imple rules: and to 

@uch terms of nomenclature as may least embarrass the subject. The best 
writers in the Transactions of the Geological Society of London, seem to 

have very generally adopted the synoptical arrangement, which is givea 

in the introduction to Conybeare, and Phillips's Outlines of the Geology 
of England and Wales ; and i t  is to be presumed that they have done so 

after due consideration. The English Geologists have certainly s h e h ,  

that  

* By the late Dr. Voyeey in a letter to Dr. Ahel. 
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that they are less inclined to theorise than those of other countries : in- 

deed, the series of their rocks is so complete, that they have not needed 

it :  their labours have consisted in the accumulation of facts, and the 

scene of their operations being so confined, compared with the extensive 

field in other countries, they have been able to visit almost every forma- 

tion with minute investigation This we have no present hope of being 

able to accomplish in India; but we may, nevertheless, follow their exam- 

ple in the simplicity of our arrangement, and in the precision of our no- 

menclature ; and it would seem that our adoption of the synoptical arrange- 

ment above mentioned, as far as practicable, by leading to an uniformity 

in our pursuits, and, what is still more irnyortant, to an identification of 

our principal Geological Strata with those of Europe, will preserve us 

from many errors : it will, besides, prove advantageous in rendering our 

descriptions more intelligible to all persons in England, who may be in- 

terested in the Geology of India. 

N O T E .  

The occurrence of basaltic veins, traversing the granitic rocks of Central a id  

Southern India, is not unfrequent, and has been'partic~larl~ noticed by Dr. VOYSEY. 

I n  travelling from Madras to Mangalore, many years ago, I observed one of those 

veins possessing peculiarities that may render its description somewhat interesting to the 

Geologist. I t  occurs in the rocky bed of a small detached branch of the river Caveri- 

at a spot distant about two miles west from the fort and island of Seringapatam ; here the 

prevailing rock is BIENITIC GRANITE, which, On the left bank, rises in nearly a perpendi- 

cular face to about Meen or twenty feet above the stream. In this rock, there is a vertical 

dyke, or win of compact basaltic trap, ten or twelve feet broad, and of uniform thickness 

(its sides being parallel) from top to bottom-a small vein of black scdy hornblende, about 

two inches in thickness, traverses the sienitic rock, obliquely, and it is,distinctly perceptible 

that this vein has been disrupted by the whyn dyke, for, in the midst of the basaltic veii, there 

G are 
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are frag&ents of the &itic rock ; s o n  of t h k  from on= to two feet in diameter, *hi& 
, contain portions of the hornblende Yrin, so perfect and entire as to indicate.the precise spot. 

from which they must have come; and it is particularly remarkable, that all these fragments 

appear to have been carried upwards, considerably,above the leva1 of the hornblende vein 

which, with its containing rock, is obviously of anterior origin to the trap vein-a fact 

that is also indicated by the superior induration and partially scorched appearance of the 

sienite along its line of contact with the basalt. 

The following sketch represents the appearances here described :- 

A-The main rock of the bed and bank of the river, sieniticgranite. 

%The basaltic vein. 

C-The hornblende vein. 

D-The bed of the river. 

a. b. c. d.-Fragments of the main rock, containing portions of the hornblende vein 

evidently forced upwards. 

e. e.-Other fragments of the main rock, without the hot.nblende vein. 
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G E O L O G Y  
OF A PORTION OF 

B U N D E L K H A N D ,  B O G H E L K H A N D ,  
AND THE 

DISTRICTS OF SAGAR AND JEBELPUR. 
--TII 

BY CAPTAIX JAMES FRANKLrN, 

First Bmgal Cavaly, M. A. S. 

(READ FEBRUARY ji, 18%) 

H ~ v r r o  lately had an opportunity of examining the Owlogical feai 
h r e s  of a portion .ef the provinces af I&ndeZkITland and Bw&ZI%hd, anand 
a h  of the districts of &gar and JBbe€pur, I have peat pleaswe in sub- 

mitting the result of my observations $0 the ihiatic Society, and 1 beg 
to offer to their notice, the lime-stone formation, which is f m d  on the 

sunirnit of the second range of hills, as it appears to correspond with the 

Zias Ziw-stw of England, and I .am not aware, ;that this formation has 

heretofore been shewn .te exist in Endia. 

The tract tyf countsy to 'be hem? described, is a portion of the .nor- 

thern s t ep  af she KindlCya mountains; for, althaugh .the ranges of hiUs 
have 
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have separate names, such as Bindhchal, Bandair, Kymur, &c. which 

serve for local distinction, yet viewing them as Geological portions, they 

must necessarily merge in the common denomination of that great zone 

of which they are component parts. 

I commenced my route at Mirzapur, a place of considerable traffic 

on the river Ganges, and asceilded the first range of hillsiat the pass of 

Thra. The tract between these two places is not interesting in a 

Geological point of view, being covered with alluvium, which either re- 

poses upon beds of kankar, or is intimately intermixed therewith, and 

near the hills, the kankar is found by the excavation of wells, to repose 

on sand-stone. 

The first range of hills is composed entirely of sand-stone, horizon- 

tally stratified, consisting of fine grains of quartz, cemented by clay, a n d  

coloured more or less by the red oxide of iron ; i t  is occasionally compact, 

but its general character is rather friable, than compact, and it sometimes 

contains galls of clay : it is also saliferous, as is evident from the plains 

below being saturated with salt, and also from the salt works, on the 

banks of the Tm river; in many parts, it has sufficient cohesion for ar- 

chitecture, and is quarried near to the Thra pass for that purpose: con- 

necting these circumstances, therefore, and a comparison of it, with 

specimens of the same rock from England-it appeared to me to corres- 

pond with the new red sand-stone. 

From the crest of the Thra pass, to the foot of the second range of 
hills near Knttra, the whole tract is a platform, varying only from a per- 

fect level, by occasional protrusions of the rock, which form small collines, 

and sometimes hills ; this platform increases in elevation towards the south- 

west; in the part where I passed, exceptimmediately on thecrest of the hills, 

common 
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conixuon kankar is very prevalent, either intermixed with the alIuvium, 

or in beds, as in the channel, and on the banks of the Bcrilan nudi a t  

Baronda, where it appears to be indistinctly stratified-and contains 

fragments of sad-stone : this part of the range is not rich either in mine- 

rals or metals ; but another portion of it, near Pannul, is remarkable for 

containing diamonds, and still further west, are the exteiisive iron mines 

of Katola. 

I ascended the second range of hills a t  the pass of Kattra, and found 

near the top of it a stratum of rPed and bluish green slaty mark interstra- 

tified with sad-stone, in thin laminae, and surmounted at the top by va- 

riegated sand-stone; these beds resembled the red mark of England, and 

in furtherance of the conjecture that they may be so identified-I will 

add that salt is manufactured in the village of Kattra. The slaty mark 

rested upon- massive beds horizontally stratified, resembling, as far as I 
can judge from description, Dr. MACCULLOCH'S lowest sand-stow, 2d Div. 

F. the upper part of which was schistose, containing a little mica and 

tinged slightly green, but the lower part was massive, and coloured by 

the brown oxide of iron. 

The summit of the second range is a platform, like the former, vary- 

ing only from a perfect level by the same description of undulation which 

I have described above ; like the former also it increases in elevation to- 

wards the south-west, a d  in order to examine its composition, I visited 

all the water-falls between the Kdtra  pass, and the T m  river. 

The first of these cataracts is near the village of BiZohi, about twelve 

miles west of the pass of Kattm, the fall of water is three hundred and 

ninety-eight feet, and the escarpment is nearly perpendicular, the lowest 

bed is a thin stratum of fine argillaceous saad-stone tinged deeply by 

H the 
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the red oxide of iron and containing ntica disseminated in small particles ; 

upon it reposed a bed of siliceous sand-stone, tinged green, and inter- 

calated with slate clay, or shale, of the same .colour; these beds were 

compact and' hard, but upon them was a thick stratum of variegated 

sand-stone, having an argillaceous cement, which continued to the sur- 

face. 

From the cataract of Biloli, I to that of Bowti, ten miles 

further west; this waterfall is exceedingly picturesque, not so much from 

the fall of water, which is four hundred feet, as from the extent of the 

cirque ; the lowest rock is greenish white arenaceous sand-stone, not quite 

so compact as that of Bilohi, though, perhaps, it may be a continuation 

of the same, and upon it, (commencing a t  the depth of three hundred feet 

below the surface), is a variegated or mottled stratum, then follows a li lac 

red, or purplish stratum, which becomes more and more light coloured, 

so as to approach salmon colour, before it reaches the surface. 

, The enormous masses of kankar , which have been rolled down by 

torrents into this chasm, are very remarkable; the surrounding fragments 

of sand-sto~te, are all worn, or their edges rounded by the attrition ofwater; 

but these masses' remain unaffected, and continue to defy both the force 

of the stream, and the ravages of time. 

From Bozdti, I proceeded to Keuti, twenty-four miles further west ; 

here the fall of water is two hundred and seventy-two feet, and the depth 

of the escarpment three hundred and twenty feet: the lowest stratum of 

rock is the variegated or mottled saled-stone mentioned above, and upon 

it reposes the lilac red, or purplish stratuni, which last, commencing at 

the depth of two hundred and fifty feet, continues to the surface, varying 

only in consolidation, and becoming lighter in colour. 

From 
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From Keuti, I proceeded to the cataract of Chachai, where the fall of 

water is three hundred and sixty-two feet; b i t  here is no other rock than 

the lilac red, or purplish stratum, which varies as at  Bouti and Keuti, 

both in colour and consolidation as it approaches the surface. 

From Clmchai to the cataract of the Tons river, is a short distance ; 

the volume of water 'is greater than in the other cataracts, but the fall is 

less, being only two hundred feet, and the rock resembles that of Chachui 

so exactly, that it needs no further description. 

These cataracts, though there is nothing stupendous about them,' 

have still enough of .interest to recommend them to the notice of travel- 

lers, and they have the advantage of being easily approached; they are 

sufficiently magnificent to occasion a slight impression of awe mingled 

with pleasure, at first sight, and this feeling is perhaps enhanced, 

by coming on the brink of the precipice almost unawares ; they are 

also very picturesque, and deserve the talents and skill of an able artist. 

In  a geological point of view, they are more interesting, for, from 

their composibion, it is evident, that the whole range of hills in which 

they are situated, is a mass of sand-stone, they shew also, that there is a 

valley in the subjacent strata in this part, by exhibiting distinctly the 

plane of inclination of the variegated stratum, which being uppermost at  

Bs'Zolri, central at Boubi, lowest at Keuti, and disappearing below the 

surface at C k h a i ,  plainly denotes a subsidence, the axis of which is, 

perhaps, somewhere about the Tons river, and this appears to be the 

thickest part of the formation. 

From the cataract of the Tons river, I proceeded via Sirnmenya, Bir- 

s i n h p ~ ,  Hat,lri, Solrawel, and Nagound, to Lolrargong, and met with no 
other 



28 ON. THE GEOLOGY 

other rook than sand-&tone, sometimes femginous, sometimes slaty, and 

sometimes containing mica, until I airived a t  Hat&, where it changed 

to argillaceous lias lime-stow. 

At Biminhpr, in the bed of the small river which runs near the 

town, is a stratum of red mark or ad-stone, containing laminae of c&- 

spar, distinctly interstratified ; at Sohwel, red marle underlies the lime-stone 

above-mentioned ; a t  Nagound, in the bed of the Omeron river, its lower 

and central beds are exposed to view, containing fragments of fossil wood, 

also fragments of stems of ferns, and one piece exhibited, what I took 

for an impression of the gryphite shell, which is peculiar to this formation ; 

at Marhar, near the tank of the old village, i t  reposes on red marle, in com- 

formable stratification ; and a t  Lolliurgmg, tlm wells of the cantonments 

exhibit its upper or slaty beds, reposing upon smoky grey line-st-. 

From Lohargmg, I proceeded, via M e h a ,  Ghysabad, Hattah, Nar- 
siahgerlb, and Patterfya, to Sdgar. 

The first part af the route, was over an alternating succession of lime- 
stone lowlands, and sand-stone collines, which continued as far as the Kkn 
river, the bed of which is red mark and stad-stone; afterwards, the same 

alternation occurred to Battah, where the liune-stmereposes on red wrle,  in 

the banks of the Smar river, as it does also a t  Narshlrgerh, in a small 

ravine north of the fort ; but there the mark is almost entirely green. At 
Pattedyu, it corn= in contact with trap rocks, and is thereby changed both 

in appearance and nature ; those portions which contained most s i k ,  are 

coiiverted into chert, and it is curious to see specimens, one half of which 

is  chert, and the other half still retaining the property of effervescing 

with acids, 

The  
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The general aspect of this lime-stone is dull and earthy ; its stratifi- 

cation is horizontal, or nearly so, and always conformable to the m r l e  or 

sad-stone on which i t  reposes ; its lower beds are thin, and separated by 

argillaceous partings ; and some portions of it, particularly the white va- 

riety, are sufficiently compact for Lithographic purposes : the middle beds 

are usually of a dark smoky grey colour, always exhaling a strong argilla- 

ceous odour when breathed upon, and sometimes containing fragments of 

petrified wood, and of the stems of ferns, asmay be seen at Nagourad; and 

it is this variety which burns into strong Zim, and has the property of hard- 

ening under water : the yellow kind is generally compact, usually dendritic, 

and if polished like the Cottarn marble, might be used for ornamental archi- 

tecture ; its external surface frequently presents branches and prominences, 

resembling (as Mr. GREENOUGH express= it) the interlacings of ivy, and 

in this state it might be used for rustic architecture. 

This lime-stone appears to be the same as the Zius Zim-stow of England, 

and the specimens I send herewith, shewing its ordinary varieties, will 

enable the Society to judge how far my co~lclusions are well founded. It 

extends all over the platform of the second range of hills, covering it with 

a thin stratum, the continuity of which is only interrupted by occasional 

protrusions of the red m r l e  or sad-stone, on which it reposes, and as these 

sand-stone collines are generally sterile, from want of soil to cover them, 

the liars formation becomes an object in agriculture, because it occupies 

the low lands, which retain moisture, and are covered with rich soil. 

After passing the town of Pattariya, I came upon the overlying rocks, 

which I designate by the general term of trap; the hills on the left of 

the road are composed of those rocks, and after ascending the pass of 

Puttdriya,  I met with no other rock than trap, between it and Shgar. 

I The 
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The upper'part of the trap of Sbgar, like that,of Patteriya, is fre- 

quently globular, the nuclei of the decaying masses varying in size from 

an egg, toa large bomb-shell ; and their decomposing concentric lamellae, 

being generally very thin, and often very numerous ; the best specime~ls 

are too heavy to send, but that which accompanies this paper, will per- 

haps serve to explain my description. 

Under the stratum of globular trap which usually occupies the 

highest part, is a bed of indurated uwckm, or amorphdus trap, of a 

rusty brown colour ; sometimes scoriform, or of a small cavernous 

structure, and sometimes columnar ; but this last form I have only observ- 

ed in the beds of streams, or on the borders of the formation ; under the 

amorphous trap is a stratum of lime-stone, white as chalk, which is observ- 

able a t  Sdgar, and in .the hills near Pattariya. 

I have termed this white rock earthy lime-stone, because I know not 

what other name to give it ; its principal component is carbonate'of lime, 

and next to that is ahmine; it also contains s&x, and when it abounds, the 

rock is converted into chert: felspar does not seem t~ be abundant, and 

though the rock occasionally assumes the texture of indurated clay, and 

sometimes, though very rarely, the hardness of cli~k-stone, yet, generally 

speaking, i t  appears aa if partially calcined, and when the trapwith which 

i t  is associated reposes on sad-stone, as is the case in the district of Sdgar, 

it contains nodules of sand-stone imbeddedin it ; the accompanying speci- 

mens exhibit its most ordinary changes above the surface ; but several wells 

have been dug at  Shgar, and its changes below the surface are shef  n in 
a second series, sent herewith, one of which appears to be almost pure 

alumine; rr thin japery stratum sometimes intervenes between the wackm 

and .the l ime-she .  

Below 
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Below the tlim-otone at  Sdgar, is a stratum of aqgdaloid, containing 

cnlc-spar, and a few zeolites, which resembles the td-stone of England ; i t  

there reposes on sand-stone, but I have not met with it in situ in any other 

part except some indistinct vestiges near Jysinhnugar, nor can I '  state, 

upon any authority, that the position here described, is applicable else- 

where. 

From Saugor, I proceeded southward, via Jysinhunagar to T d u -  

kaira, and met with no other rock than trap (with abundance of chlce- 

duny, semiopal, mealy zeolite, cachlong, agates, jaspers, and heliotrope 

strewed upon it,) until I descended the rangc of hills which forms the 

northern barrier of the valley of the Nermada river. 

This great valley is favourable for throwing light on the primitive 

rocks of the central chain, where the force of receding water appears to 

have swept away the upper, and exposed to view the lower and older 

strata ; many inferencev may hereafter be drawn from a careful examina- 

tion of this valley, but i t  would be premature to hazard any conjecture at 

present. I will, therefore, only observe, that the whole mass of overlying 

rocks which I have just passed, reposes on red mark, or sand-stone, as is 

apparent in the bed of the Barana river, about one mile north-east of Ten- 

dukaira, and all along the foot of the hills in .that direction. 

Its associate, the earthy lime-stone, here becomes a rock which general 

ly appears half calcined; but its property of effervescing with acids is not 

destroyed, except in a few instances where it has become highly indurat- 

ed ; i t  fuses readily with a moderate heat, and operates as a flux when 

mixed with clay ; and in this part, i t  almost always contains fragments of 

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

After 
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After demending the hills; and advancing about .three miles into the 

valley, a new field opens ; the older rocks are laid bare and exposed to 

view, and instead of horizontal stratification, they become highly inclined, 

sometimes perpendicular, and altogether unconformable to those which 

I have just passed ; I shall not here mention the iron mines of Tmdukaira, 

because a satisfactory account of them would swell this paper too much ; 

but I will observe one circumstance which may, perhaps, be acceptable to 

travellers-the conical hill, situated about one mile and a half westward of 

Tendukaira, is an isolation of trap, and its summit was once crowned with a 
cluster of basaltic columns of a greyish green colour ; but some violent effort 

of nature, such as an earthquake, has dislocated them, and they now, even 

in their ruins, present an object worthy of the notice of a traveller. 

From Tendukaira, I made a detour to G a r b  Kota, to meet the Agent 

of the Governor General, and my route thither enabled me to lay down 

the eastern boundary of the trap formation ; a reference to the map, there- 

fore, will best explain the result of this part of my route. I always.found 

the trap in association with earthy lime-stone, and the whole series repos- 

ing upon red ~narle, or sand-stone. 

From Garh Kob, I returned to Great Deori, and proceeded across 

the Bandair hills to Jebelpur. 

After quitting Dmi, the rock was trap for about three miles, and 

then commenced the sand-stone of the Barrdair hills, which continued 

uninterrupted, until I descended the eastern escarpment of those hills, 

which again brought me into the valley of the Nermcada river. 

The sand-stone of the Bandcrir hills, is mottled (red, speckled with 

white spots or streaks), its stratification is horizontal as far as the eye 

Can 
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can judge, and it appears to correspond with the hnter sand-stein of W ER- 
Nea, and, consequently, with the new red sand-stomof England; the same 

hills are composed of the same sd-stone, opposite to Nagolcnd, Lohnr- 

gum, T i p ,  and Qhysabad, and there can be no doubt that the whole is 

a maae of the same kind of sd-stone, varying, perhaps, in appearance, 

but not in character ; and it would be interesting- to examine whether 

there are any traces of an oditic formation on their summits. 

After pruceeding about three miles into the valley, I came upon the 

ridge of the K p u r  range of hills, which here begins to break, and soon 

dieappears below the surface; in this part it is composed of silicious grit- 

stone, which evidently passes under the sandstone of the B a d a i r  hills, 

but to the south-west of this point, near Hirapur, the rock becomes more 

compact, and still further west, opposite Ghgre', it  is intermixed with 

schistose limestone, which contains mica, and, perhaps, green talc. 

Between this range and Jebelpur, is a broad valley, covered by a 

thick stratam of allzsviua, which required much more ' minute investiga- 

tion than my hurried route enabled me to bedtow. 

The town of Jebedpr is situated a t  the foot of a range df granite hills, 

which, perhaps, might be termed syenitic granite, as its composition is flesh- 

aoloured j.&pr, smoky quartz, a little black mica, and much Irorn-bkde. 

I have traced it for thirty miles, in which space it dips below, and rises 

above the eurface several times, and there the rock becomes well defined 

grade, and is partictilarized by its tendency to exhibit logging-stm: it 

ie muoh subject to decomposition, from the quantity of felspar i t  contains. 

Prery formation subordinate to granite is to be found in tbis neigh- 
bourhood. Gneiss, containing A o r n b W ,  and partially decomposed, so 

K as 
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as to acquire a &piform appemance, is in the bed of the .iVeerp~& rirer, 

at T h a r a  Ghat; Mica-schist is at Ramnugar, and all along the low range 

of hills, which runs from thence towards hnzaida. Hornblende-sohist 

k in the hills, between the villages of Bhowra and Pareri; takose, and 

argbllaow-soihists in the bills between B h r a  and Marod,  and in the 

bed of the river between Lamita and Beragarh, a series of strata are 

laid bare, exhibiting gleeiss at one extremity, and from it, a regular gradation 

of micctceous and argillaceous-schists, to schistose limestone, quartz-rock, 

and the beautiful snow-white dolomite, which is described in the following 

paragraph. I cannot here omit to recommend to any traveller, desirous 

of observing these strata, ts walk along the edge of the river Emm 
Lawita, to the water-fall of Beragmh, from whence he may e i h w  PO- 

ceed in a w o e ,  through a aarrew channel, excavated by the ternrent, a d  

enjoy a speatacle, far exceeding any description I can give of it, or he 
, may return by the ruin% of Tripurapuri, which are near the village d 

Tw, and examine the remains of the ancient capital of Garha Mandla. 

The Dolomite is new the w a t e ~  fall; it hag been called tw iae i t e  and 

alabaster, both of which it sesembles ; bus fnom its geo;laghal coaaswtiona,, 

as well as its composition, it is evidently a dolomite, and its most refrac- 

tony portions, if pulverized, wi1.l deruesce, with &Jute& nitric, or muriatic 

mid; a few miles further west, it effervesces f d y ,  and is friable, almost 

c d l i n g  between the fingem, and contains crystals of Trenaakith; but 
a t  Beragwh, being intima.tely associated with q u u ~ ~ t z ~ m k ,  it coola.hs 

more or lesa s i b ,  and! the snow-white 'vapiety, which ~esembles alhbuatm, 

seems to be an aggregate (PE hlonaite and pare e a r t z :  this variety tiw3.~ce- 

ly effervesces without being pulverized, but it takes a fiae palish, and 
is quarried for various purposes, such as slabs for floors, or tables, and i t  

might well be used for ornamental architectute, or  even fm : i t  

is tritvwed, in many parts, by veias d clilmibs soAkptq. 

From 
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From Jebelpr, I returned to TduiEairtr, by another route dong  the 

metalliferons range of hills, which it was my business to examine ; but 

I refrain from giving any account of its mines, for the same reason which 

I have alledged in my account of Tendukaira. I must almsdefer sending 

a map of this portion, which I have c o n s t d  on a larger scale, in or- 

der to shew the position of the mines, until a future opportanity ; ia the 

mean time, I may obaeme, that a part of the southern barrier of the d- 

ley of the N d  river (like the northern, opposite to TtlDd&air+ Sir- 

mow, &.) is composed of trap rocks, the eontour of which I have laid 

down to the extent of eighty miles, and I trust, that a future opportuni- 

ty will enable me to complete tbe whole. 

The result of my inquiries respecting this eastern deposite of ovm- 

lying rocks, in, that i t  extends southward, as far as C k p a ~ c h ,  or 

Seoni, and thence eastward, towards Mandela, A@antak, and Sohqpoer; 
but whether i t  unites with the great central mass, I could not learn; 

it is somewllat harder than the trap of Sdgar, but does not essen- 

tially differ from it  in character, as the accompanying specimens will 

shew ; but i t  differs greatly in its substratum, which is  hem gn;cnite m 
gneiss. 

In  the re-entering angles of the trap hills, the occasional re-appear- 

ance of the primitive range may be traced, and in a cluster' of suuh hills, 

about one mile south of Bograi, the pock is composed of mica, quartz, 

compact f e l p r ,  and chlorite, intimately ihtermixed in  fine grains, and 

somewhat friable; in the same hills aleo, is a conglomerate of the 

same formation, containing qmrts - p b h h ,  much rounded, and worn 

by the attrition of water, but no fragments of green-stone or basalt, 

although the hills in question are nearly surrounded by rocks of the hap 

family. 1 1 '  

After 
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After passing Bograi the valley expaah, and is covered by thick 

alluvium, through which the doZumite occasionally crops out for a short 

distance ; but with that exception, no rocks appeared above the surface, 

until I amved at Kshimrpani, where the hills are composed of stratified 

quartz rock, sometimes granular, but more frequently compact, and con- 

taining fdipw, the strata are highly inclined, and sometimes perpen- 

dicular, and as there is no other kind of rock, between KsAirgopani aad 

T e n d h i m ,  except the isolated sandstone hill of R m j m :  this brings 

me back to the sad-stons and trap formation of the &gar district. 

To this catalogue may be added a very curious calcareous conglome- 

rate, which is found in the beds of most rivers, whose sources, or whose 

channels are in trap countries ; I have observed it in the bed of the Soaat 

river, north of Reilt, and in other places ; it occurs also plentifully in 

the Nernda river in variour parts; but the largest mass I have seen of it, 

bs near the Jansi Ghat. 

I t  is composed of rounded fragments of wacken, basatt, sandstone, 

quartz, and occasionally of other rocks, varying from the size of a pea, to 

that of an ordinary grain of sand, cemented by calcareous matter, and 

when the particles are fine, the rock in some respects resembles calcareous 

sad-stow, and has suflicient cohesion for architectural purposes; its stra- 

tification is always horizontal, the coarse parts being lowest, and it re- 

poses on the subjacent stratum, be the rock what it may, for it is evi- 

dently the latest formation ; thus at Beragarh it may be seen in the high 

banks of the river, reposing upon the primitive strata, and itself covered 

anly by alluvium to the depth of thirty feet. 

I have not met with a description of this rock by any author, and yet 
it cannot be considered strictly local, for it is evidently a conglomerate, 

fortned 
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formed from the detritus of md-stone, and overlying rocks, which appear 

to be its chief constituents, and, consequently, must be of considerable 

extent in this country. 

Haring thus given a description of my mute, and a brief compen- 

dium of my observations as they were made on the spot, I will now ven- 

ture a few general remarks on the conclusions I have drawn from them, 

and should I inadvertently lean to either side of a disputable queati&, 

I intreat that it may not be attributed to design : I am not learned enough 

in the science to  become an advocate for any party : a few lessons when 

in England, and the great volume of nature have been my chief guide, 

and to record facts, to lay down strata correctly, though not minutely 

on a map, to extract that which is useful or profitable in the science, 

is all I aim at, and the train of investigation which this requires, imper- 

ceptibly leads to an acquaintance with books, which gives facility of dis- 

crimination and description, even though the depth of the science may be 

wanting. 

The W e  Dr. VOVSEY observed, that he had reason to believe, 

p a d y  from personal observation, and partly from specimens obtain- 

ed from other sources, that the basis of the whole peninsula of India 

is p k t e  : he had traced it along the coast of C o r d d ,  lying under 

iron-clay ; also in the bed of the G0dawt.i river, from R h j m M r i  to 

Nandsir, and he had specimens from the base of the S&Ui hills 

of Nagpr, from Travarnkur, Tiimmelli, Salem, and B e ; "  to this 
may be added Mr. STIRLING'S account in his memoir on Cuttack, 

where he says, a the g r d t e ,  where my specimens were principally 

collected, appears to burst through an immense bed of laterite (iron-clay,) 

rising abruptly at a considerable angle." These are recorded facts on 

the southern side of the central chain, and on the northern side, it may 
L be 
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be observed, that the plains of Bundelkhnd, attest that graiite is there the 

basis rock. 

Though I am convinced that granite is very near the surface, in many 

parts of the tract which has fallen under my observation, yet it is evi- 

dent, that there is a series of primary stratified rocks, intervening be- 

tween it and the secondary formations, as in -other parts of the world, 

though there is reason to think that they are often wanting ; the flanks 

of primitive rafiges of hills almost always exhibit a series of these 

rocks, and as an instance, I refer to that which is laid bare in the 
bed of the Nermada river, between Lamaita and Beragarh, these strata 

are not intermixed, they present a series of beds from gneiss upwards, 

each in its place, graduating one into another imperceptibly, and all 
preserving the same dip, direction, and parallelism, without any tendency 

to derange each other, and they are found on the spot, where the river in- 

tersects the primitive range of Jebelpr. 

In this part of India, however, the primary formations are so exten- 

sively covered by secondary and overlying rocks, that vallies of denuda- 

tion alone expose them to view; and under that impression I observed in a 

former paragraph, that many inferences may hereafter be drawn from a 

careful examination of thevalley of the N e m d a  river, and I may also add, 

from a careful examination of all great vallies of denudation, which, like 

that of the Nermoda river,exhibitaview of the primary strata, by removing 

the superincumbent beds uuder which they were buried. 

The sand-stone formation is the next which attracts notice; its thick- 
, 

ness is, of course, variable, it is four hundred and twenty feet, at the BmtH 

cataract; and from the compactness of the rock, at the bottom of that 

water-fall, I am disposed to think that it does not extend far below; there 

can 
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can be no doubt, however, that it is thicker near the Ch&i and Tons 

cascades, and the Band&ir hills must be still more so ; it appears to com- 

prize most of the-varieties of Dr. MACCULLOCH'S synopses of lowest and 

some of his superior sund-stones, whilst the general parallelism of i ts  stra- 

tification to the horizon, and its saliferous nature, well enough identify i t  

with the new red d - s t o n e  of England, which comprises all those beds 

that lie between lias lime-stone and the coal measures. 

The lias lime-stolee formation is exceedingly curious, for, whilst in other 

countries it forms mountainous tracts, and occupies extensive portions of 

the earth's surface, it is here a mere plastering over the surface of red 

murk or sand-stone, and I should doubt whether it ever attains the thick- 

ness of rr hundred feet. I have not met with it in any other place than on 

the summit of the .second m g e  of hills, and it may there be seen in 

the low lands, and in the beds of small rivulets, but in the large rivers 

it appears to have been swept away, as their channels are worn down to 

the subjacent sand-stone, and perhaps, in some cases, to the primitive 

strata. 

The overlying rocks of the S6gar district appear to be the flcetz-trap 

of WERNER ; they are not cmly the most extensive, but, considered as 
geological ph~nomena; they are the most important in that district, and, 

perhaps, in India. The prevalence of opinion regarding their origin is 

now, indeed, inclining to a modified volcanic theory, and as their extent is 

truly astanishing, I feel persuaded, when their correct outline shall have 

been ascertained, that the representation alone will be correvpondently 

striking. As far as my observations have extended, f have never been 

able to reconcile my ideas of it, to the Wer?terian theory alone; I have 

seen it meandering round isolations of sad-stone,  and resting against 

them in a manner which could not have occurred, had its origin been 

such 



40 ON THlZ GEOLOGY 

sukh tb is described in that themy, withoat covering the sand-rbw a h .  

I t s  k n m n  effects on other rocks, which come in contact with it, are aleo 

striking  circumstance^ ; but as India posseslles advantages over all other 

countries in the ihveetigation of this subject, it would be premature in- 

deed to draw inhences before we are in possession of the facts, which 

alone will enable us to arrive at a satisfactory conclusion. The thickness 

of this formation we have it not in our p o n r  to obtain, as it is con- 

stantly variable ; in the centre of India, it occupies the summits of the 

lughest mountains, and at Bombay, it descends to the level of the sea ; 

i t  repeels indiscriminately upon every rock, from gmnite upwards, and it 

is quite impoesible to fix on any average : it is useful, however, to find 

out the rock on which it reposes, and its inferid level in the tract under 

examination ; thus, for instance, at  S d p r ,  i t  reposes on sad-stme, and 

its inferiot. line, in that district, is about 1350 feet above the sea, and ~ E I  

this is also the superior limit of tias, it follows, that the trap of Sdgar is 

xmequirocally posterior to s d - s t m ,  and may be either just pmvious 

to, or contemporaneous with, or posterior to lids, the latter of which, I 
apprehend, will be found to be the case. 

!€hew are two kinds of basaltic rocks in the district of Je&lpur, 

which are clearly distinct formations; the oldest variety is that which 

penetrates the graywacke stratum in the bed of the Ne&a river, near 

the village of Lamaita. This stratum, though not above fifty yards thick, 

is intersected by innumerable green-stme mias and nodules, always mn- 

ning in the direction of the strata, and as they do not occur in any of 

the adjoining formations, they must, f presume, be a t  least as old a s  

that rock ; the other basalt is an overlying rock, like that of S&r, but 

it reposes on granite or instead of sand-stone, and appears to con- 

tain a greater proportion 4 augite. 

The 
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The calcareous conglomerate must be classed, in point of time, a t  

least with the tufae, and other' calcareous formations, such as common 

kaakar, 80 prevalent in India: it is generally admitted, that these sub- 

stances have been deposited from water, in rapid motion, holding the 

matter in solution, and under circumstances unfavourable both to crystal- 

ization and regular deposition, and it has sometimes occurred to =, 
that the matter of which they are composed, may, in other countries, 

under more favourable circumstances, have been deposited in regular beds 

and strata, such as the oolitic formation of England ; and I am the more 

inclined to think so, from finding the Zias stratum so thin ; also from its 

upper slaty beds being in general wanting ; and further, from not having 

hitherto discovered any traces of a regular oolitic, or any later regular 

formation. 

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

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

to lius, if future research should prove it to be the case, are undoubtedly 

remarkable features in the geology of India ; and I cannot help thinking 

that they may, hereafter, be the means of explaining some of the most 

imbr tant  phenomena in the seience, pro-vided the facts of the case are 

well and justly ascertained. 

Barometrical 
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Barometrical observations made on the route from Mirzapr  to . > 

Scigar. and thence to Tendukaira. and Jebelpur. with heights above the 

sea deduced therefrom. together with the Latitudes and Longitudes of 

the respective places . 

1820 

November . . 24 

46 

28 

a7 

28 

29 

'so 
December 1 & 2 

S 

.......... Lalganj. 29 GG 

................ Barounda. 
Kattra. ............ 29 67 

........ Hanmanna. 28 79 
.......... Bilohi fall. 28 89 

.......... Bouti fall. 29 04 

.............. Gerh. 29 00 

Keutifall. .......... 29 19 

Chacbai fall. . . . . . .  29 06 

...... t Tons fall. deduced 
from the m e .  .. I 

Simeriah. . . . . . . . .  29 04 

........ Birsinhpnr. 29 00 

Hathi. ............ 28 99 

............ Sobawel. 29 00 

Nagonnd. .......... a8 97 

Girwar. ............ 28 86 

Lohargaon. .......... 28 80 

Ditto above Calcutta. . . . . a * . .  

Mehewa. .......... 28 86 

Tigra. .............. 26 94 

Garreho. .......... 28 90 

Hatta. ............ 28 66 

Nvinhgerh ......... 28 71 

Bfkairi. .......... 28 76 

Saipnr. ............ 29 67 
Pweneah. ........ 48 54 

...... Sbgar. (tent) 28 10 

Ditto above Calcutta. . . . . . . .  
Ditto Tom. . . . . . . . . . . . . . .  
Ditto Cantonmentn. . . . . . . . .  
Ditto Residency. .......... 

604 feet 
.......... 
6% feet 

1219 ,. 
1128 .. 
1000 .. 
1036 .. 
92s .. 
990 .. .. 
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NOTE.-From the 24th of February, and throughout the whole of the month of March, and part of April, 
the weaiber wan very unsettled, mining at intervals, and this unsettled state war followed by great heat in May 
and June, which became excerrsive in the beginning of July. The Thermometer at  Tendukaira ranging from lW 
to 1990 in the sun, and from 10SO to lleO in the ahade, which rendered Barometrical obsewatim for height, t w  
uncertain to be relied upon. 

APPENDIX. 

H n ~ o m .  

1943 feet 

3094 ,, 
1851 ,, 
17% ,, 
1616 ,, 
1158 ,, 
1704 ,, 
1706 ,, 
1676 ,, 
IS46 ,, 
1360 ,, 
1623 ,, 

1584 ,, 
1394 ,, 
1646 ,, 
1396 ,, 
1426 ,, 
1396 ,, 
1468 ,, 
1470 ,, 
l5O0 ,, 
1477 ,, 
1423 ,, 
1560 ,, 

LATITUDE 
NORTH. 

o I I I  

23 37 12 

!B SO 17 

85 !B 37 

23 23 66 

23 17 60 

aJ 10 40 

23 17 19 

23 34 . 18 

21 34 91 

43 47 26 

49 18 60 

23 97 45 

23 23 48 

2 5 a 4 8 8  

21 19 45 

23 16 36 

23 10 30 

23 09 20 

23 10 40 

4S 19 15 

23 49 00 

23 24 15 

TEER. 

60 

71 

61 
74 

71 

75 

76 

70 

74 

67 

66 

60 

79 

81 

79 

81 

84 

75 

81 

80 

76 

1 84 

LONGITUDE 
EAST. 

o I I I  

78 33 30 

78 19 00 

78 41 40 

78 49 45 

78 63 10 

78 68 10 

79 04 65 

79 04 60 

79 06 IS 

79 07 SO 

79 01 45 

78 55 90 

79 11 55 

7 9 2 0 0 0  

79 a6 00 

79 W 45 

79 40 30 

79 61 45 

79 68 16 

80 02 10 

80 08 50 

80 14 SO 

DATE. 

l8W 

January .... 4 

Morning. ... 6 

Evening .... 6 

Ja rm~ry  .... 6 

Evening .... 6 

7 to 10 

19 

21 

23 

23 to 84 
26 

20 

27 

28 

PO 

51 

February .. 1 

2 

S 

4 to 10 

14 to 18 

19 to 90 

41 to 22 

85 to % 

PLACE. 

Jysinhnagar, ........ 
.......... Oarreah, 

Tandah, ............ 
............ Ghano, 

Sehajpur, .......... 
........ Tendukaira, 

............ Dobl, 
QtDeor i  , .......... 
Chaudpur, ........ 

........ Gara Kota, 
............. Beilli,. 
............ Rangir, 

Chandpur, vide above, 

Qt. Deori, vide above. 
Khiari, .......... 
Bynsa, ............ 

........ Satmapor, 
Pattedah, ........ 
Natwara, .......... 
Teor, .............. 
Jebelpar, .......... 
Ditto Cantonments, 

Ditto Residency, 
Pannagerh, ........ 
Pouri, ............ 
Majgowa, .......... 

BAR. 

28 00 

!27 90 

28 10 

8% 10 

28 60 

28 70 

28 32 

28 SO 

28 45 

28 06 

28 60 

28 47 

, 

28 47 

28 67 

28 61 

8% 67 

28 66 

28 64 

28 60 

. . . . . . . . . . . .  
. . . . . . . . . . . . . .  

28 68 

28 62 

28 5% 
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T H E  barometrical observations of the accompanying table were in every case, not par- 

ticularised, derived from a mean of several during the day, and sometimes as at ~ d ~ d r ,  
Tendukaira, and Jebelpur, from a mean of severnl days; the mercury of the barometer 

was taken out, the tube oleaned, and fresh mercury purified by Mr. Prinsep, of Benares, 

substituted at that place ; after which it was compa;ed with his barometer, and as a check 

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

I 

I t  was constantly hung up in my tent, and the detached thermometer suspended in 

the shade in the open air, and I always waited, until the attached thermometer agreed with 

that which was detached, or in other words, until the quicksilver of the barometer had 

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

My method of calculation is that of Dr. Hutton, checked, indeed, by that of Dr. Ro- 

binson, but never altered, because the results were nearly equal, and my point of reference 

and comparison was a station of the grand trigonometrical survey at Sdgar, wbch is 8195 

feet above the level of the sea. 

I ascertained by measuring a base line, that this station was 250 feet higher than the 

tent where my barometer was placed, and a mean of fourteen observations gave 1933 feet 

for its elevation above the sea according to Dr. Hutton's method, 1933+250=2183, dif- 

fering only twelve'feet from the geometrical result ; and as I have used the same barometer 

and the same mode of calculation throughout-if twelve feet be added to each of the items 

of the table, they will, I conclude, be nearer the truth, because I have greater coddence in 

the geometrical results, than in those of the barometer. 

The 
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The stations of the W W k d  suwey, afford an excellant opprtunity of cornpa- 

fiSon and check, and provided they are refmed to at moderate intervals, it matters but 

little what formula of calculation is used, if it is constantly the same, as the results 

greatly vary, if the barometer is also the same, and the observations are carefully made. 

The average height of the first range of hills betwan Tcbw pass and Kattra pass is 

about 530 feet above the sea ; that of the second range, between the Kattta pass and 

Lokargaon, 1050, and between Loliorgam and the foot of the hills near Pheriya, about 

la00 feet, gradually ascending. 

The average height of the highest parts of the third range, or Bandair hills, ascertain- 

ed geometrically from Lohargaon, T@a, and Garreho, is about 1700 feet, and as they are 

the same, deduced barometrically at S a w p  and Pdteriya, they are evidently a plat- 

form, like the first and second ranges, varying only from a p e h t  level by the undulatione 

described in the account of them. 

The junction of the Sonar, Bearmi, and K h  rivers, is about 1000 feet, ascertained from 

T i p  and Garrrho ; the source of the Sonar, is 1950 feet, and its fall 950 feet in a course 

of 110 miles ; the source of the Beami, about 1700 feet, ascertained from Samaspore, and 

its fall to its junction with the Kbn, 700 feet in 105 miles; the source and fall of the Kin 

river is nearly the same as the Beami, though its course to the point of junction is only 

seventy miles, but there is a cascade in this river at the Piperiya Ghat 

The highest line of Iias limestone, is about 1350 feet, and the loyest near Hat&, 

about 1070. The lowest level of trap in the &gar district, is near Patterzya, about 1350 

feet, and its highest is the summit of the highest hills ; of sand&-, the highest level is in 

the vicinity of Shgar or Raisen, and its lowest the foot of the Td*n pass ; but these Id 

levels have reference only to the trnct which has fallen under my observations, and by no 

means apply generally. 

T h e  cantonments of Lohargaon, are about 1260 feet, those of w a r ,  about 1980 feet, 

and those of Jebelpur, about 1470. The Residency of Jebelpur, is about 1500, and that of 

&gar, about 2050 feet above the sea 

The 
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The latitudes have all been obsei-ved by myself, chiefly from meridional altitudes of 

the sun, w b n  avdabit., and when not, from observations of the stars, taken with a good 

--t, by the method of reflection ; the longitudes are from a large map of my own 

survey. 

With regard to the geological map, having previously surveyed a great portion of 

the tract, I may, with some confidence affirm, that the topographical features are accurate, 

;md so also are the outline delineations of trap and sand-stone; the tias required i more 

minute survey than my time afforded ; the outline of its extent is correct enough, but the 

sand-stone collines, which protrude through it are, in a great measure, conjectural ; and the 
b 

primitive strata are comprised under one distinctive coIour, as it would have required minia- 

ture minuteness to have delineated them, under separate heads ; the strata of Beragmh, for 

instance, comprise a series from gnkss to dolomite in a space of two miles, and a delineation 

of them would have represented a ribband, with all the colours of the rainbow, rather than 

a geological arrangement, in a map of so small a scale. 







THE TRAP. FORMATION 

O F  THE, . . 

S A G A R  . D I S T R I C T ,  
Bnd of those Districts Westward of it, as far as Bhopalpur, on the 

Banks of the River Newns, in Omatwura. 

BY CAPTAIN S. COULTHARD, 
Of the Bengal Artillery. 

-A GENERAL idea of the number of sand-stone hills, rising through the 

-trap formation of the district about to be described, may be formed from 

the number of villages ; for, although a few villages may be seen,. situ- 

ated on the slopes of trap hills, the natives, as far as possible, have 

avoided placing their habitations on rocks of this formation, and there 

being fully as many sand-stone hills, without villages, as trap with them, 

it may safely be said, that there are as many isolated patches of sand- 

stone in these districts, as there are villages. 

At Pa~&hamotagar and Satphruh, places marked in the accompanying 

sketch, there is the lias, and about nine miles west of those places, or at 

Sanwa, the trap and sand-stone. The same may be said of Pattariya 

and 
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and Garakota, on the right hand, and Shahpur, one march on the left, 

or westward ; and then, if a line be drawn between these places as res- 

pectively mentioned, leaving the nameless rivulet as it occurs between 

Shahpur and Pattariya, in the liaw, and also continue this line south- 

ward to the red sand-stone hill, which overhangs Tendukaira, in the 

vale of the Deori, there will be a tolerably correct eastern boundary 

given to the trap formation of Sdgar. 

The vale of the Deori is of an older formation, than either the lias 

of the Hattah district, or the sand-stone subjacent to the trap of Scigar. 

That red rock, which has been alluded to as skirting the Deori, 

near Tendukaira, hao its accompanying trap hills, and these, in their 

pnera l  direction, bend their course to Hasambad; indeed at  Sirmow, or 

soon after passing south of that place, the road from Shgar to Hasambad, 

descends this trap range, and afterwards continues at  their feet, on 

the south side, the whole distance to Hmanabad. Let it be added to 

this, that the road for fifteen miles south of Hmanabad, or as far as 

Petraotah, is on the alluvial matter of the N d ,  a deep black basal- 

tic mould, and that a t  Petrccotd, a hilly country again occurs, consist- 

-ing of primary rocks, contingent on the granite of Shhpur,  Nim-i, 
and Bitdl, and then there is a definite bounding line on the south. 

If  the cantonment of Bhpi'pur, on the right bank of the river 

Newas, be taken as a point, and a line be drawn from that point to the 

Nermada, so as to pass between Sultanpur and Dewas, such line will 

cut through the eastern part of the trap formation, described by cap ta in  

DANGERFIELD, it9 that officer marks both those places in his sketch ; in- 

deed, that which is under description by me, is a mere continuation to 

the eastward of the newest floetz trap formation, named by that officer, as 

occurring 
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occurring in the upper plains of M h ,  or to speak qtill more correctly 

as to direction, it is a shoot up north-eastward from it. 

With regard to the northern line of demarcation, I cannot be so sa- 

tisfactory and clear. If a line be drawn from Biropal'r to Sermj, it 

will pass through the formation, under review, but as to how far this form- 

ation extends north of such a line, I have no precise information. The 
Mcrltuun pass is of sand-stone, and I believe this rock en& some- 

where between the crest of the pass and the village of Naret, not far 

removed from its northern foot. The granite is at 2'ei.i. An iron ore 

is worked to a considerable extent at  a spot intermediate between 

Dluuniini and Maroswa ; D h d d  has the trap and eand-stone; and 

the trap ceases five miles and a half south of Rimpmr, whilst the bare 
sand-stone, freed from any overlying mam, continues until it may be 

seen resting on matter incident to the primary rocks, at .U&apur, and 
where, too, it ceases entirely. Nearly ip this direction will be the 

northern limit of the trap formation, as laid down in the accompanying 

sketch, but much confidence i~ not to be placed in it ; the boundaries, 

however, to the east, west, and south; may be offered as sufficiently 

accurate. 

I t  is eighty-four miles from BAupal~ to BhiZsa, and seventy-two 

from Bhika to &%gar, and twenty more bring us to Shahput; and this 

line, though not a straight line, is sufficient to give a general idea of 

longitudinal extent. Hirapur, in the northern quarter, cannot be less 

than seventy miles distant from the southern boundary, givea to the 

sketch; and the whole of this extensive area is occupied by the newest 

ffQtr trap formation of WERNER, subjacent to which is the new xed 
, 

sand-stone, 'shooting up frequently from below through the overlying 

rock. 
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It is a hilly tract throughout ; but it may be better understood if it 

be said, that at Scigar, in its neighbourhood for eight or ten miles around, 

and also in every part south of Shgar, within the prescribed limits, and 

as far west as Hasambad, may be seen ranges of low hills extremely 

clustered, though always detached, bending about in their short course 

towards all points of the compass, and thus forming valleys of every con- 

ceivable form, though not Commonly of any great extent, and never dif- 

ficult of access. But if the view be extended beyond the l~leighbourhood 

af Sdgar, towards the east, or the west, or the north, expanded valleys will 

gradually meet the eye, whilst the hills recede from it  sinking in the hori- 

zon'as they surround valleys farther removed from Sdgar, until these 

valleys are enlarged into extensive undulating plains, studded over with 

isolated trap hills, occasionally of a conical, commonly of no determinate 

form, whilst ever and anon, a short range of the same, deviating little from 

a straight line, will have its beginning, and its ending, within view. . 

' These valleys and these extended open plains, are every where com- 

posed; near the surface at least, ,of a trappean or basaltic mould, blackish 

in color, which reposes either on a bed of basalt, or on a bed of compact 

wacken. This compact basalt, or compact wacken, is either of an uniform 

ovate form, or else it is in angular pieces of' middling size, and underneath 

these, as their occurrence may respectively be, lies an amygdaloid decom- 

posing and decomposed, and which, as a retentive clay, keeps up  the 

water near the surface, and it is so met with throughout this tract. 

As to the trap hills, there is no occurrence of a bold bluff escarpment 

belonging to them, their sides anaends are always sloping and rounded, 

and, as far apl the angle subtended from the summit is concerned, of easy  

ascent. Their surfaces are thickly strewed over with masses of basalt 

or wacken, imbedded in a basaltic or wacke clay, and differing only i4  size 

and 
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and f& in difirent places, in a trifling degree. From one hundred, and 

twenty to one hundred and fifty feet above the edge of the contiguous vale, 

may be said to be the general height of those that rise above the rank of 

swells and knolls, whilst a-hummock, a cone, or something of a truncated 

cone, occurring in their otherwise even outline, and whidh serve to cha- 

racterise them from their sand-stone companions, partially increases the 

elevation. 

The sand-stone rock is very prevalent, as a mere mound or rise, oon- 

stantly having a village upon it, and situated often on the plain ground, 

oftener on the edge of the plain ground, with a trap hill partly resting on 

it. In particular parts of the country, however, ranges of sand-atone hills 

occur, equalling, though never exceeding, in height and extent of range, 

those of the trap, whilst they are to be easily distinguished from them by 
their general evenness of outline; by their having vertical or precipitous 

escarpments at  their ends, and on their sides to within' twenty or thirty 

feet of the top ; by the fallen masses lying about; by often sharply-de- 

fined, castellated, and mural appearances on their summits, and, in short, 

'are to be distinguished by all that which has been remarked of them as 
exclusive, when occurring in other countries. They never appear inter- 

stratified with any other mineral, when they ocaur in the tract of coun- 

try under review. 

And these swells and hills of sand-stone and of trap, most particularly 

tbe former, may often be observed sterile and bare, shewing nothing but 

some coarse grass during the eeason of the rains, which gives to them, a t  

that time, a tinge of green ; but the vast majority of them are ever thickly 

cloathed with vegetation, consistingof plants, and shrubs, and fbrest trees 

of stunted growth, in particulars only differing from those of constant and 

every-where occurrence in India, and which have often been numbered 
and 
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and described. Ad lastly, the flat and osmpressed surfaces of both kinds 

of hill, are often of considerable breadth, and on the summits of the trap 

hills, not those of the sand-stone, more especially in the angular parts 

of the trap hills, as they bend about, may be seen a patch or cultivated 

spot. 

With regmd to the general level of this land above the sea, I may 
observe that there is a peak shooting up from a trap range to the eastward 

of Raisen, which attains an elevation of something more than 2500 feet; 

but the hills of Raism are much less, so also is the sand-stone range of 

hills on the north bank of the Ne~madd at Hasambad. Shgar, upon the 

whole, is the highest part in this tract. The centre of the cantonments 
at &gar is 1983 feet above the level of the sea by the barometer, and the 

hill at the mint of Sdgar, which is about a mile &om the l ~ a  named point, 

is something more tban 2300 feet by trigonometrical calculation. I bave 

befare remarked, that Sbgur and its neighbowhood is a confined hilly tract, 

and that towardis the east, and the west,and the north, the aauntry opeas ; 

d it ia, in fact, taking &%gar as a radiating point, in those directions that 

the land opens that the general elevation of it above the sea dmreases ;- 
but not so much westyard or towards Biropcsdpw-, as the general eleration 
of the upper plains d Mdwa, is 1650 feet, and Omutwura, in which Bh- 
plpur  is situated, belongs to those plains ;-neither is it so much towards 

the lower lias formation of the Hattah and Garakota district, or eastward, 

because the elevations there are, in general, about 1600 feet. I t  isin the nor- 

thern quarters that the principal, and a mpid diminution in height is to be 

observed, hr the Maltom pass, nearly due north of Sdgar, and six and thirty 

miles distant, is only 1000 feet above the level of the sea, by trigonometci- 

oal cakulation;-29monj, to the westward of north fmm the same plaee, ia 

800, and Hirapzcr, to the eastward of north, between lOaO and 1100 feet, 

by the same calculation. From all this it is to be infened, that the elevation 
about 
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about the central point of &gar is from 1800 to 2600 feet, and that in 

a northerly direction the land declines considerably,-and much more in 

that direction than it does towards the east or towards the west. In  addi- 

tion, if it be observed that the primitiv'e range skirting the alluvium of the 

Nemulda, south of Hasanabad, was found to be on a general equality as 

to heighth, with the trap and sand-stone rocks of Sdgar, whilst the granite 

range of BundeZkRd, on the northern limits, is at least 1000 feet lower than 

those rocks of Sdgar, a point nearly midway between the two-named pri- 

mitive ranges, all is said, it is hoped, that need be, to assist the idea as 

to what is the general elevation above the level of the sea of the trap and 

sand-stone under review. 

There exists so strong a family likeness between all the trap rocks of 

this formation, that it may safely be said, was chemical analysis resorted 

to, a nearly similar result would, in almost every case, be obtained. I t  

is always every where an earthy homogeneous deposit, by which is to be 

inferred that there does not occur in it any rock of a definite, or nearly 

approaching to a definite, crystalline structure : neither a coarse-grained 

iasalt will be found, nor a syenite, nor a green-stone, shewing distinctly 

ih constituent simple minerals, nor is there indeed either a clink-stone or 

clay-stone. I t  appears as a closely allied family of basalts of a very fine 

pain, of wackens and amygdaloids, all others, of the long list of trappean 

locks, may be thrown out of consideration, as of no alliance and of no 

murrence here. 

No. ] . O f  the few varieties there is one basalt which has been said* 

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

* By Dr. VOYSEY, I believe. 

P 
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with the description given of that mineral. I ts  colour is greyish-black, 

-its lustre is slightly glimmering, and it has a flat conchoidal fracture, ' 

and is difficultly frangible. I t  is not here the rock of most common 

occurrence, but I name it first, and marked it No. 1, because it is the 

hardest. I t  does not rise above the surface, but occurs in beds where 

the masses are of an uniform, egg-shaped figure, perhaps a foot and a 

half in their longest diameter, or i t  occurs in beds, where the masses are 

angular pieces, or cubes disfigured, not much exceeding a foot in mea- 

surement any way, and closely set together without cement.-It r~eems 
to be little liable to external decomposition, and its surface, which is 

smooth and entire, is coloured a yellowish white. 

No. %-There i~ another basalt differing little from the last, except 

that i t  has not the same tenacity, and its colour is soot black. I t  occurs 
only in angular pieces. I mark it No. 2. 

No. 3.-Is another in colour like the last, but still softer, and which 

splits, with a moderate blow, at  natural joints, into small four-sided prisms, 

coated with a blueish coating, like that often seen on newly wrought iron 
-It is in the mass amorphous. 

No. 4.-Is a five-sided prism. When the bed of a rivulet or river is 
composed of angular, pieces of basalt or wacken set together in a paw- 

ment-like form, the surfaces exposed to the double effects of intense heat 

and moisture, will appear cracked into a variety of prismatic forms, and 

occasionally it will appear such as No. 4. 

All these rocks seem to be, though not wholly, yet essentially eom- 

posed of an intimate mixture of felspar and hornblende in an earthy date ; 

and the latter, or hornblende, is the mineral that characterises all the harder 

kinds, 
I 
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kinds, whether compact or amygdaloidal, whether they are basalts or 
*kens, for their colour is black, or black only slightly modified :-The 

structure is always massive,-a laminated specimen could not be obtained. 

But the principal rock, throughout this formation, is that represented 

by No. 5. I t  is what is termed a compact indurated wacken, in colour 
black, with a very distinct bfownish tinge. When first fractured, its sur- 
face has a much more glimmering appearance, than the basalt, but unlike 

the basalt, exposure to the atmosphere, soon changes its surface into an - 

earthy dirty whitish colour. I t  is often very tough, very refractory under 

the hammer, but its fracture is flat and dull,--not sharp and splintery, or d. 

approaching to the conchoidal. I t  occurs in pieces, in length, breadth, 

and depth, pretty nearly the same, a foot in measurement, and which are 

set closely together, so as to form something like a stratum in the hills,- 

or in the vallies as the base of the basaltic mould; and i t  is also the pre- 

aominating variety in those hills, which are of such constant and general 

wcurrence, consisting of large rounded and angular masses, thrown up to- 

aether in the utmost confusion, with very little clayey matter intermixed; 

-and lastly, it may often be seen abstracted and alone, in something like 

Iwge uniformly ovate masses, having a brownish and wrinkled exterior, 

apd imbedded in a sombre reddish brown clay No. 5, ie taken from a hill 

of the last kind. 

No. 6 will exemplify the same where set as a stratum. 

No. 7 is also the same kind of wacken, but it is decomposing with a 

nucleus of undecornposed black matter, and the superficial and decom- 

poeiag part is a light yellowish brown;-further stages of decomposition 

might easily have beea shewn to where the whole matter is changed to a 

greyirh colour, and chips off into fragments like pieces of a s k l l  bomb- 
shell, 
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shell, or to where the whole mass is nothing but a soft easily workable 

clay, shewing however still the curved lamellar structure, and what it once 

must have been. 

No. 8 has an aspect much resembling basalt properly so called, but 

its fracture is flat and sluggish. 

A cellular, or honey-comb mass, will often occur intermixed with any 

of the foregoing,-the cells of which are externally empty, and internally 

filled with powdery whitish oxide of iron, which immediately falls out 

when the stone is fractured, such is No. 9. 

No. 10 is wacken, with much olivine interspersed. 

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

specks and splashes. 

No. 12 has rather more of a blueish grey than a black caste, probablj 

from the felspar rather exceeding its usual proportions. 
1 

I t  is much to be wished that the term basalt collld be extended so & 

to include all those rocks named wackens for although there is so* 

slight diversity of fracture and frangibility, and some little variation m 

colour, yet a difference in name seems quite uncalled for in regard to them 

and only calculated to mislead.-However thus much may b e  said, t lat  

those rocks in this list named basalt, are strictly compact,-no casual 

mineral will be found imbedded,--whereas the wackens on the other hgnd, 

whilst they are sufficiently compact to exclude any other term than dom- 

pact, are seldom quite entirely so. An accidental mineral of the kinds 

incident to amygdaloida, may aImost always be detected in them, and this 

too, 
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too, together with the similarity of paste, serves to connect them with 

these amygdaloidal varieties, which, as elsewhere, in trap formations, 

Bere most commonly occupy the lower positions. 

No. 13 is an amygdaloid whlch has been thwght to resemble the 

toadstone of England. I t  has a black homogeneous paste containiilg 
chalcedonies, calcareous spar, and green earth. The former are often 
geodes c,oated externally with calcaieous spar, and internally lined with 

minute crystals of quartz with calcareous spar filling up the cavity. 

Where green earth occurs in the same cell with siliceous crystals, the lat- 

ter appear in a decaying state. The size of these imbedded portions do 
not, in general, exceed a nutmeg, although the chalcedonic geodes, &. are 

~ometinies a little elongated to the extent of three or four inches, and their 

bides are compressed. 

No. 14 has the same paste as the former, though mfter, and except- 

ing green earth, has the same imbedded minerah ; and when these are of 

r moderate and usual siae, very pretty specimens of the whole rock are 

aorded, but in general this variety of amygdaloid envelopes very large 

azed portions;-a cylindrical geode of amethystine quartz was found 

neasuring thirteen inches in length by two and a half inches in diameter. 

It W ~ S  coated internally with beautiful quartz crystals, with cakareous spar, 

as stated in the previous specimen, filling up the cavity, and this mineral 

alu, coated the geode externally, and was seen much in splashes in the 

pate proximate to the cell. As r e g d  these amygddoids, it would seem in 

prqortion as the contained mineral is large, so is the containing matter soft 

andfriable, though still retaining its colour, a b h k ,  when fresh bctured. 

No. 15.-Paste as before enveloping green earth, chalcedonies, and 
zeolites, the latter predominating. 

Q No. 
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. . No. 26.-Has a paste of a blueish grey colour, and appears almost 

completely saturated with calcareous spar ; though much softer, than any 

of those previously mentioned, it possesses greater induration than Nos. 

17 and 18. 

* 
No. 19.-Is an amygdaloidal mass, consisting of innumerable pea- 

form nodules of calcareous spar, cemented together by a thin cement of 

basaltic or wacke clay of a light colour. 

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

from the paste any other mineral. 

No other trap rocks, than those I have mentioned, are here of obvioua 

and constant occurrence, a t  least if any other varieties exist I saw them 

not.-With regard to the simple minerals contained, calcareous spar is tht 

most abundant, green earth, chalcedony, and quartz, are also very preva- 

lent, but the zeolite minerals may be quoted as scarce. Well defined 

jasper is rarely seen, but something above an indulated clay, what may bc 

termed semi-formed jasper, is of constant occurrence, so is hornstone ; an( 

both these last are to be found independant, but they are more general17 

lying contiguous to the limestone from which they are derived. Tb 
Iron clay so easy to be met with every where, would hardly ever satis& 

the mineralogist, for it is for the most part amygdaloidal, and not a sim~ie 

mineral. I t  sometimes rises to the rank of a poor earthy red ore, andit 
is as such worked near Barseah, near Raisen, and at  the sourceb of he 
Dasaon, &c. Olivine throughout is every common,-but I have naer  

procured either a crystal of hornblende or of augite. I 

But to the trap, not to the sandstone, belongs a hard white enthy 

lipnestone, harsh and gritty to the feel on the fresh fracture, a d  in *hich, 

rather 
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rather sparingly, are imbedded small ronnded particles of calcareous 

spar of a yellow colour. I t  belongs to the trap, and it is, moreover, ever 

attendant upon it throughout its range. Near the surface, or where it is 
in immediate conjunction with other matter, it may be found varying in 

colour and varying in the quantity of spathose matter. Very frequently, it 

will be of an ash colour, and the spathose particles, which are white and 

thickly set, forms the majority of the maas. Other specimens are red- 
'dish, brick red, deep chocolate, or brownish black ;--others again might 

be produced, of which it would be difficult to say whether they were 

limestones or amygdaloids ;-but always in proportion as it is cdoured so 

is it the more clayey, gritty and impure,-more affected by foreign matter 

than that substance, which I have described, m the principal and charac- 

teristic rock. 

This limestone rock is never found in the valleys, it is confined to 

the hills, and low swells, and generally forms the basement stratum in 
them, ascending somewhat above the level of the contiguous valleys. A 

etratum of this kind, is always sufficiently obvious in a hill possessing i t ;  

ftr along its sides, or at  the ends, either a white patch mouldering by'the 

veather immediately catches the eye,--or large rolled and angular pieces 

$and about, of a greyish colour, and very discernible 'from the blacker 

tmp ; though the continual line of the stratum, where it juts out to day, is 

net easily to be distinguished, the knobs, and exposed parts being gene- 

rdly covered with a blackish crust, and also intermixed with masws of 

inha ted  trap, and other more earthy matter, debris of the same, slid 

d o n  from above. A white patch of this limestone, mouldering by the 

weather, is the source, from whence comes the particles of k u n k ,  found 

intermixed with the black basaltic earth of the neighbouring valley, in 

euc~proportion, as to add increased fertility to i t ;  and if a rivulet mean- 

ders through that valley, and such is generally the fact, patches made up 
of 



GO THE TRAP FORMATION OF 

of aggregated particles of the same, will here and there be found, and this 

i t  is which the native families pick out and work into lime. Where the grey 

coloured, large, rolled, and angular masses occur, there it is  that a hornstone 

and jasper is to be found, though not both together in the same spot. The 

introduction of silica is of course the cause of the wholeness, and indura- 

tion of those masses, which easily effervesce, but endless gradations are 
to be seen between these, and the two other minerals just named. If  in- 

durated clay, and semi-formed jasper are the derivations, the colour of 

these will, for the most part, be deep yellow; if green earth is the consti- 

tuent of a neighbouring amygdaloid, the specimens will offer two colourb 

.green and yellow, or yellow freckled with green. The hornstone variel 

much, from deep chocolate to straw yellow, from flesh coloured to nea r l~  

white. The flesh coloured hornstone, or chert, and the specimens shewing 

the lime-stone passing into this flesh coloured hornstone, or chert, found 

at Bapyle, about seven miles westward of Scigar, resemble exactly the 

same subetances brought from the lias of the Hattah district, or eastwar' 

of Shgar ; and this, together with the yellow fragments of lime-stone, of r 

tooth-like form, and somewhat dendritic aspect, also found at Bapy&, a 
well as elsewhere, is the fact that has much tended to increase the ider 

that the lime-stone of the trap of Sdg-ar, and districts adjmnt, is t b  

lower lias half calcined, and disguised by the trap. 

Some specimens of that which I have called the characteristic lim- 

stone will not (effervesce at all, whilst others do so, but very weakly ; bt 

still oftener the acids take effect with sufficient briskness. Often he 

stratum of lime-stone is broader than the trap, which reposes upon it, snd 

upon the mbunds, and swells of lime-stone at the foot of the hills, otca- 
sionally will be found, a spot solely occupied by innumerable small %ag- 

men& of spathose matter. These fragments are of a striated and rdiat- 

ed structure, and appear as if they had been purposely broken by the 

hand, 
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hand, and clustered together to the exclusion of any other matter ; how- 

ever, it must be added, that some specimens of this species of spath are 

seldom wanting wherever the lime-stone rises to day, indeed the crys- 

talized matter of this formation, when not imbedded in other substances, 

seems mostly to present itself with either a fibrous, striated, or radiated 

structure, and it is in its nature not pure and translucent. 

A calcareous cement in these trap vallies, and rlear a streamlet, is of- 

ten found forming trap tuff, that is, found uniting small pisi-form speci- 

mens of all the rocks, incident to this tract, into a mass, or bed of some- 

times considerable induration, the surface of which will attract the eye 

by its rusty iron brown aspect, and its sterility. 

I t  remains for me to describe the sand-stone underlying the trap, and 

so very often rising up through it, in the shape of hills, and swells. It is 

in no instance, that I have seen, interstratified with any other rock. Red 

marl, or clay, is sometimes to be seen alternating with it, in thin streaks, 

resembling the same rock under the lias of Hutta, &c. Galls of clay, or 

lithomarge, may frequently be found imbedded ; and as to its colors what 

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

namely, they vary from a dark chesnut or chocolate, through red, reddish 
and salmon coloured, to nearly white and white. Massive kinds often 

lhew two colors,-seldom more than two, and these two colors are a grey- 

i h  white, and a deep chocolate, or it is a deep chocolate speckled with 
white spots. The slaty varieties, on the other hand, are exhibited cloud- 

el, streaked transverse to the structure, zoned, green, brown, red, 'ochre 

ydlow, orange yellow, &c. &c., are, in fact, seldom exhibited, otherwise 

than with much diversity of shade and color, except perhaps a green va- 

rie-y. These slaty kinds are extremely rnicaceous, and the colors in the 

streaked varieties above alluded to, change a t  the line of cleavage ; and 
R lastly 
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lastly, the eye never perceives any inclination worth . mentioning, or va- 

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

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

gards the constituent, angular and tabular masses of these sand-stone 

rocks. All this leads to the decision, that the rock in question is the new 

red sand-stone, and the lower division of that formation as defined by 

MACCULLOCK, otherwise the principal compact rock is by no means so 

tender as to be unfit for economical purposes. On thecontrary, i t  is.a hard, 

glassy, splintery substance, evidently composed of fine grains of sand held 

together by a solution of silica, and assuredly not a free working stone, 

though it is squarred with some difficulty, and failure, into appropriate mass- 

es, and every where used as the common building material. Varieties of less 

frequent occurrence, and differing little from the principal rock, except in 

being so-what softer, are hewn for the architectural pllrposes of the 

small temples of worship, and chisselled to produce alto reliero represen- 

tations of the various Deities, &c. 

The trap mantles round a t  the feet of all these sand-stone hills, and 

renders them isolated as far as regards the surface of the land. The an- 

gular masses composing the hills, differ much in measurement, whilst they 

are set together very closely in a horizontal position ; or if any remarkable 

interval exists between the masses, where the vertical separation occurs, it 

is generally empty, no clay, no debris, nothing will be found. The massive 

bi-colourdblocks are not confined to any particular spots, they are casua 

every where ; and the same is to be said of the slaty species, for a neg 

of this latter will now and then be seen with an immense mass of tk 

common characteristic massive kind resting upon it ; though at Ma~w&i, 
Satgerh, Garspur, Bilsa, and Narsinhglier, there would appear to be a 

continued stratum, occupying a place in the whole line of the hil1,'at 
- each of these places. Often a t  the ends of th;e hills, there is a Uuff 

ragged 
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I ragged perpendicular escarpment, and of course the rock is expoeed from 
the base to the summit. Oftener there is a very easy slope, both a t  the 
ends and along the sides from the edge of the trap, that is the base of 

the hill, to within twenty or thirty feet of the top -from this the rock 

continues upwards precipitous and rugged, and the crest is gained only 

after difficulty and search for particular points. The matter that gives 
the slopes described, is merely and exclusively the debris of the parent 

rock; and the vegetation, which clothes the surface, springs up be- 

tween the fragments, time and the elements having worn off matter from 

those fragments, and so generated something of a soil beneath them. 

. 
I might have mentioned before that the principal quartzose sand- 

stone, that which I have described, when first fractured, and brought from 

the quarry, is of a beautiful sky blue, which soon by exposure turns to 

such as the specimens shew it, a salmon color or flesh color, or slight mo- 

difications of these. The slates of Satgerh, if they split off less than two . 
inches and a half thick, are too friable and are thrown aside as waste. 

Some of the quarries are already abandoned, and the whole appear to have 

been commenced about half way up the hill, on the crest of the more slop- 

ing part, at  the eastern end, and thence along both sides to some distance. 

A slow fire of stout sticks of green-wood, is placed on the inner side of 

the table worked, which a t  length cracks i t  down about a foot, and as a 

vhole, it is then tapped into parts of the required length and breadth for 

pving, eves of houses, kc.  It is the slates of Almwbsi that answer for 
I 

roofi-ng, these are generally something better than half an inch thick, and 
thy  are Bexible, that is to say, the effects of the sun warp them, so much 
so that if put on with a cement, they crack and break. Filhally I may 

adi, that a thin covering of refuse and stoney stuff, crowns the summit, 

resting upon table-shaped pieces, which repose on larger cubic rn-6, 
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perpendicular, or overhanging at  the sides and ends of the hill. To the cubic 

masses succeed a stratum of slate, after which again the massive in large 

blocks ; both these covered by the debris, which I have spoken of, as form- 

ing an easy slope to the sides and ends of the hills, easy as to the length, 

but of troublesome ascent, because of the looseness of the component ma- 

terial. Such is the hill of Satgerh, surrounded on all sides by the trap, 

and such too is the predicament of every sand-stone hill, throughout this 

trap formation, with exception to a continuous stratum of slate, which of 

. course is comparatively of infrequent occurrence, though small nests, or 

patches of it will always be found in almost every sand-stone hill exhi- 

' bited through the trap. 

A conglomerate or breccia, having an argillo calcareous paste, colour- 

ed red by the oxide of iron, and enveloping angular pieces of various sizes 

of the proximate rock, will often be found at  the feet of these isolated 

sand-stone hills if a streamlet winds its course near; or there will be at  

such points, pudding-stones, and breccias, varying in color and aspect 

from this described, and occasionally too in having an argillo siliceous 

instead of a calcareous paste ; but neither these nor that just described, 

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

the trap tuff. 

Whether a well be sunk in the trap, or the sand-stone, the water if 

always found at  a very easy distance. I t  may often be come upon, even dup 

ing the dry season, within three feet of the surface in the vallies ; some- 
times it will be so low as twenty-five feet, whilst the medium is abolt 

twelve, and from that to fifteen. I t  is the toad-stone that limits the d q h  
if the well be excavated in the trap ;-the sand-stone is of itself sufficient- 

ly consolated and retentive if the shaft has been sunk in it. If  the elge 
of a hill or swell is pierced, of course the vertical height - of such sweL or 

hill 



hill must be added to the measurement just given, for instance the well 

on the edge of the hill at  the mint of #&gar. 
a 

L 

The surface of the slope, where this well was opened, was thickly 

strewed with large black wacken boulders, and these continued for some 

little depth below the surface, wveloped in a dark reddish rusty ferruginous 

wacke clay, succeeded by a bed, ten or twelve feet thick, of large angular 

pieces of a deep chocolate coloured baqaltic hornstonc, underlied by a bed 

of clay, which yellow clay or lithomarge formed indeed, a sort of 
\ 

coating or lacing to the superincumbent hornstone. To these followed a 
stratum of limestone, similar to that of the cantonment wells of $dgar 

rest* upon the softer amygdaloids, which I have numbered : In these 

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

fkom the snfface. 

The following are the strata met with in a well in the cantonment of 

S&gap on a swell of trap. 
F'. In. d 

...... ...... Rubbish and soil, .... I t3 

lndwated wacken in angular pieces of uniform arrangement, 10 6 

Wacke changed by calcination into a species of puzzalana, 1 o 
A thin black streak (rather remarkabk) a vegetable deposit, 

hanged by calcination, so aa to disintegrate and fall to pieces 0 38 
.... . . . a  ...... ...... ia water, 

A white, hard, earthy limestone, sometimes effervescing weak- 

lywith acids, sometimes not at  all ; small yellow specks of cal- 

I 
camus apar are seen in it, and occasionally a concretion of a 23 o 
p-lish grey colour occurs, violently affected by  dilute mufiatic 

.... ...... aciq ...... , 1. ....) 

s Wacken 
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I?. In. 

Wacken with fibrous carbonate of limeand ditto in veins with , 
ealcedony , .... .... . . . . .... 1 

An nmygdaloidal wacken similarto t h e t o a d s t o n  England, 6 0 

I Total-to the mter ,  40 34 

The djfferace .in depth. that.oecurs in the vallies, before the water is-, 

attained, arises from the f o m  of .the vallies being- always concave, an& the 
basaltic black momlddeepest in the central parts. The soil, yhateuer is 

its occurring- thi-s, mast be ~ierced ,  and-also the indurated wackm 

or bp~klt, which ever i t .  may be, and then the water is found msting W- 

wacke7 clay or amygda1oid.-The sand-stone keeps up the water ewn to) 

a higher level than the amygdaloids of the val1ies;-and the occurrence 

of either of these rocks forms all the phenomena of water in these dis~icts .  

Ihroceeding from the centre of the cantonments of SLgar, and tmvel- 

ing westward, you descend and .cross the flat, which is the general' p rad -  

ing. gmund; and .at.ita. confines, you come to a small isolated rise of sand- 

stone on your right; on which is built a btjsah godown andl a bungalow, 

and on the left,&ridge, a lxaadt from the sand*stone forlrling fihe basin of the 

S@ar lake ; pasaing .the town, mdaa little beyond the wall, on the western 

side, a rivulet is crossed; then the road leads by a gentle asceat f a  

two miles, to a low- swell of trap, through a gorge or opening in which yan 
C 

enter the valley of Bapyke) and find a1 trap range close on your left, a d  

one of sand:stone. on your rigbtt, five ar six1 hundred yards removed, fom- 

ing the souahetnand northera sides of the valley. This valiep is the WG-, 

tice ground of the Artillery, and must be at  least threemiles in lengh. 

At the western extremity another range of sand-stone occurs, either end of 

which 
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which range is within view, though it is elomgated N. and S. to m e  haue 
extent- A high rugged romantic hermnack, capped, i n  .a picturesque 
manner, with a disproportioned mass resembling a mrkhg-stone, is join- 

ed by a low neck to the main sand-stone lange here, and p r t l y  on ,the de- 

clivity of the main sand-stone, and partly on the low neck is situated .the 

village of Bapyk; opposite the hummock, only separated .by a rlitde 

broader space than is occupied by the intervening road, ,thetrap range, 

the southern boundary of the valley, comes to a point, where (is %seen the 

lime-stone, and the 6lesh coloured cherty mattter, foaming ,a belt round the 

base of the hill, and lying about in i a r p  mhritish and greyish mas-.-- 

The trap range does not expire at &is p i n t ,  i t  merely, insteadtaf oont i  

n u i q  as it had dsne hewtofore in am least and west dimtion, terns .su& 

denly to the south, d sweepiw round cbo .mest again, ffmm by .eo 

doing another large valley, dmg &he aarthern &&~af which yxm proceed 

on tke route after feaviag Bapyle. The ~ i v e r  39adm.k c~cmsed at  sSP&#.d, 

thirteen miles fnnn Sdgcar, md t k  GhlmlcicoR, anather village locctnrs, 

the vhole way being on the trap, and the road at a llittle ddistance from 

the trap and sad-stone hills, onril at length you @balky ascend the 
sand.&tme hill of M k r ,  twenty six mihstfrm ;Siipr.-ThiR;h1lis.dgs 

shapd, lengthened eat east and west,land &%he r e s t  endithe. fort is p l a d  
ur t k  bnnk of a high perpendicular cliff, at the base of dhiah cliff itow8 

th-e Bna t b  nohh. To Soross the Bhu you descend the ridge 

$ sad-atone before yon reaoh %he .fort, turn out of' the village dawn to 

tie *t, northwar& into the low ground. The fodd of the stream 

iafiued 4 q . p  masses of -dPstone, and is *to the tramlkr, par- 

tidarly at v q  troublesome to -pass.--After geiniog thelwest bank 

faween miles over an iundalating tract, lhaving a gentle a*enrt, brings 

yol to  Bagrode, where cornmencea a trap Rage on the emit of wlrieh 
p u p ~ ~ c e e d  to within three miles of 6%zrspecr. Duping this ' course. \you 

see b your right a vety extensive )plain, *studded over with t ~ p ,  -and 
sand-stone 
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sand-stone hills of various forms and aspects, and among these the yema&- 
able sand-stone hill of fih, with its summit presenting the appear- 
ance of a hill fort d l ,  with its buildings within. The route by !&mda 

from Rat@er to SiZsa is often taken for wheel carriages, to avoid the 

pass of Garspur. This pass, the summit of which is about three miles 

from Garspwr, occurs in colasequence of the road descending the eouthern 

side of the chain, the crest of which it had hitherto occupied in an east 

a d  west direction. The chain too here becomes forked, one limh stretch- 

ing south west in a straight line, though not with perfect continuity of 

existence, to near Raisen, the other proceeding directly west to the Betooa. 
the angle thus formed the mad demends diagonally, and is extreme- 

.ly rough. It is covered, froln the highest part to the lowest; with large 

doBular and angular masses o f ,  compact and amygdaloidal indurated 
waken, sf a k k  oolour, whilst the enveloping clays, in some parts 

of the line of d ~ c e n t ,  appear yellow, in others a dirty reddish brown; and 
there likewise occur eLt least two strata of the characteristic hard vhite 

lime-stone, the one rather above the c e n k ,  the other near the bottom. 

At the bottom or base of the hill there are collected innumerable masses 

of the same black boulders acs belong to the hill, intermixed with pieces of 

black horn-stone shewing veina of white quartz ; also knobs of indurated 

cky,  or semi-formed jasper of a yellow color, or yellow and green two 

colors ; botryoidal andmammillrrtedlumps of a yellow horn-like chalcedony 

decaying, and variegated by the green earth contained ; geodes of a pseudc 

amethystine quaxte, often 6lled completely with confused crystallieationr 

of the same, intermixed with balk of either a yellow, or pure and tran.o 

parent calcspar ; thin tables of quartz ; small flattened pieces of commm 

chakedsay ;-thin tables of quartz, white and opaque alternating in Icy- 

ers with chalcedony greenish grey and translucent, and coated exter- 

nally, on the flattened sides with crystals of quartz small and brillisnt, 

and oher similar siliceous a d  calcareous matter, (the latter not sepgate 

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

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

I force of time and exposure. The moment you are clear of this fallen mat- 
ter a t  the foot of the pass, you step on the sand-stone, which is exposed 

to-day in the whole axillary part, the bounding trap ranges resting upon , 
It. I t  is uneven, much covered with fragments ; swells and hillocks ap- 
pear upon it, and amongst these that on which is placed the village of 

Garspur, higKer than the rest somewhat, but not so high aa the contigu- 

ous trap. I t  is situated about a mile and a half from the foot of the pass, 
and it possesses some little length, or at its foot the road runs about half a 

mile, in a W. S. W. direction. After 1eavi;lg the red ground, and coming 

on the Mack soil again, the sand-stone still continues to attract occasional 

attention, protuding up through the trap, until you have passed the dis- 

tanceof four miles. From this point, for twenty miles, there is a general in- 

clination of the trap land to the Betwa, the hills being farther, and farther 

remowd from the view, as you advance in the large open cultivated plain; 

a t  the W. S. W. extremity of which stands Bhilsa on the east bank of the 

Betwe. Here the sand-stone occurs as a large plat of some hundred yards 

diamder, generally even with the trap ; but in the central part, it sudden- 

ly rise up, and forms a curious clump about one hundred and twenty feet 

high and flat a t  the top, where there is just snBcient area for a Mos- 

I& tomb, and another amall building or two, remarkable in the distance 
h r n  their white appearance. I f  Bhilscc be taken as a point, and a radius 

dsix miles swept about the west bank of the Betwa, it would evety where 
paas over aand~stone hills ; they are much cluetered thereabouts. Khanu- 

k a d  where is seen a very anciently sculptured rack is situated amongst 

h9.q The town of Bhilsa is placed on the east bank of the Betma, 
bemn i t  and the aolitary sand-stone rise alluded to. In a N. \V. dirw- 

tion a bed of iron clay slopes off this risd, so that the Betwa and the 
Sh:, which jobs the Be#@a a little nortllwud, cuts through it, and the 

I T angle, 

rn 



angle, formed b y  the junction of the rivers, is occupied by i t  ; but, after 
having gained the west bank of the Bliczs, it is soon lost, The road 

now continues on the trap, the hills for six miles being solely of sand- 
stone ; more west than this i t  is merely a trap plain on which oc- 

curs Kamkwa, twelve miles from Bhilsa. Beyond Kmkera,  the route 

being now to the northward of west, the plain still continlres for five 

miles, and then you ascend and cross a range of globular trap hills, die- 
tant from Barsia ten miles, with nothing remarkable in the interval. 

Barsia is  on a large mound of amygdaloidal iron clay, sterile and bare 

in some parts, apparently highly productive in other5 ; in the immediate 
vicinit). of the town it  is gravelly and red in aspect. Four miles in ad- 

vance, or a t  Rtinugerl&%', this clay again presents itself, rises even to the 
rank of an ore, and is as euch worked, and the produce sold sufficient for 

the purposes of the bazar of Barsiac. Immediately m n d  Axaxw~la 

the sand-stone hills shoot up. K h b e ~ w ,  sixteen miles from B a r k ,  
is on the trap ; the Sumera, a small stream, winds about the village,waeh- 

ing out its m y  through large blocks of wacken and basalt The .kt is 
built of egg-shaped masses of the latter, truncated at m e  eind, which end 
is set outwards, something like the flint with chalk to be seen in some d 
the ancient houses of Hampshire, such as Chawton-house and F a r k i d  

WaHop, though the stones here used are four times as large as a c o r ~  

lpen flint. Between KuZuloera and Narsinhgerh (a march of feurtap 
mass) you pass the Pawa and Phrbati, only worthy of notice as sHer- 

illg in tlmir beds the trap a d  basalt covered with a whitish coati%, aid 
cracked in to various prismatic shapes. The sand-stone range at  Nwsi+&- 

gerh runs directly N. and S. beyond the reach of sight. The v i l l q  is 
situated in the deepest part of a circular hollow formed by the p.&l 

winding of the hills, and the trap has there found its way, though a b e -  

ment of sad-s tone completely occupies the narrow throat or antlance 

over which the r o d  leads into the hollow. The trap is composed ofballs 

decomposing 
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decomposing of the concentric lamellar kind, and the water in a well, 

where this trap was identified, was fifteen' feet from the suxface in the 

month of June. Rising out of this hollow you go up a very long and steep. 

ascent of sand-stoiie, and when tbe crest of the hill is gained, there is but 

a trifling comparative descent on the west side to reach the trap. The 

apace beaween this and B h p l p r  has .nothing of interest, .the ,country is 

more undulating, and more q e n ,  hills and hillocks ape less seen. The 
h a  and D6da rivers, occurring befare you reach Bll~insa, differ no- 

lthing from the Parwa and Pdrbali, M t 4 ~  does )the Nepuas in advance 

at BHopalpw. )It is (fifteen miles frsm Narsinhgerh to Bheiprgp, and ten 

.more brings *you to Bbpa@ur on the ballks of (the Newas, avd!to an ex- 

#tensireabed of basalt (the Rowlay Rag,) not rkipg above the, surface ; thirty- 

six niles bey~nd~tbis~point  in the tdilection of J?a#gn ,and Koda, i. e. a t  

Bhada the trap formation ceases. I t  is seventy-two miles from Sdgar to 

Bhika, and eighty-two from Bhilsa to B h o p a w .  I n  (the first part the 

wallits and low ,lands are generally pretty mell. cleared and cultivated ;- 

in the latter rhey are wild and their.ferti1it.y neglected,,they are~overgrown 

xvith brush-wood and jungle, tandruultivatioa, a t  least dong the (line of 

rna&, is only seen in small patches about the villages, $ust suffiaient for 

the slpport of the inhabitants. 

)Departing .from Bl&iLPa and taking %he route to H a d b U ,  the 

rand4tone hill of Raisen is,met with at  the distance of fifteen miles. It 

is in shape like that of Rcitprh, but the highest point is the a eatst end, 
and the fort islperahed upon it facing that quarkr. 'It is very conspicu- 

01s for many miles arolmd, and said to have been built by the celebrated 

,King of Ayodhyb, as a place of refuge from the temporary anger of his 

bretber, and that the hill arose at his desire, but whether with the aid of 

an igneous or aqueous power the upheaving was accomplished is ~f cQurse 

the question here requisite. BwAor the next stage, asib ,nitme intpartfl, 

is 
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is the entrarice to a dense forest of timber trees, crowning the summits, 

and sides of a very long winding sand-stone range, upon which the 

road passes through C h i k W  Kuliagerhi, and Akalpur, or a distance 

of twenty-four miles, and in a westerly direction, and then turns south or 

down the slope of the hills twenty miles, through Nezer Ganj and 

Chouka to the alluvium of the Nert~wda. The road descending is ex- 

tremely rugged, and occasionally slippery from the size and position of 

the slabs, it is in fact nothing more than a water course : I t  is sixty- 

eight miles from Bhilsa to Hasandba'd. The edge of the alluvium 

is three miles from the Nermnda. The sand-stone peeps to day a t  

Husa~icEba'd, and is seen ho more. Fifteen miles over the black basaltic 

mould or alluvium brings you to Petraota, where commence primordial 

rocks, ending in the granite of Nimphi, ShaI&pr, and Beitail.* 

I ought to have stated, that the trap range branching off at  Gaspur, 

epproaches very near to Raisin, and a t  Banchor forma the emtern 

boundary of the small valley there ; and then after bending about, in a 

southerly direction, and skirting the sandstone, it proceeds eastwaris by 

the source of the Desaon, S S m ,  +c., forms, in fact, the southern 

boundary of the trap formation as described. 

Northwest of Sdgar, or in the direction of Seronj, and north, or in 

the direction of Jlaltoun, still the country is precisely the same, excepl 

in the latter case, the sand-stode hills predominate. Eastward of Sbga 
the trap is a t  Sanowda,-so ie it at  Shahpur, or a march beyond, a d  

ceases only near the nameless rivulet between that place and Patkariak. 

North-erst 
I 

* Between Kaisla and the Bhma sVadi there is conl. The Towa Nadi should be followtd to 
WUW, ot uhtil it ia shewn from whence it receivee the Ooal fragments found in its bed. 
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North-east of Sdgar the sand-stone often appears, but only as swells . 
rising little above the general level. The trap prevails until you have 

passed Sanwa, three miles and a half, there it ceases entirely, distant 

from Shgar forty-five miles. From Sarawa east to Sdtpri3.a and Panchvn- 

w a r  in the lias, it is not more than nine or ten miles, and these places 

are about the same distance from Hirapr ,  due north of them. A section 

made from Brapur to either of these places, and from them to Sanwa, 

would be highly interesting, and most probably establish clearly the 

relations of the granite, conglomerate, new red with its overlaying trap, 

and the lower lias. 

Where the trap ceases, it does so abruptly. I t  poesesses a vertical 

thickness of about sixty feet, and it has been cat down to make the slope 

easy for the road. At the foot of this short pass, which is still very steep, 

is tht sand-stone supporting the trap ; and this sand-stone is not now a 

hard, glassy, difficultly frangible, splintery substance ; it is become a fine 

grained, white, saccharine mineral, with a flat even fracture, coloured ex- 

terndly a light red.; and with the exception of one fall, about half a mile 

after leaving the trap land, it presents a very even surface, its blocks be- 

ing f ~ e d  of debris forming a pavement base for the road, a distance of 

four niles ; the sides of the r ~ a d  meanwhile, shewing much overlying loose 

matter with long grass intermixed, and occasionally trees, as you advance, 

approaching more and more to something of a timber size. Only one 

small hamlet presents itself distant from the road side on the right hand, 

perhaps a mile. At the expiration of this wild flat, three hills are crossed 

in succession, composed of the sand-stone masses, rather sparingly and 

locaely set together in much red clay, and quartzwe matter, aod covered 

very densely with jungle and forest wood. These hills are of no great 

height, but being separated one from the other by ravines or water-courses, 
they are short, steep, and troublesome at the points of separation. From . 

u the 
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the verge of the summit of the last hill, which summit is more than a 

mile in breadth, you look down, over an intervening conglomerate range, 

into the valley of Hizapur ;-and on descending from the summit, withia 

one hundred yards from the base, speaking as to the line of road or slope, 

not to the vertical height, you see the new red sand-stone reposing, in  a 

horizontal position, on a stratum of brownish black ferruginous clay, and 

earthy iron ore of the same co1our.-Was not the sand-atone to be seen 

actually reposing on the stratum just mentioned, still that a change had 

taken place no one oould fail to observe; for the ground, from being 

bright brick red, suddenly changes to a brownish black, with a harsh 

gritty gravelly tread, as if you were in the neighbourhood of some great 

foundery; and so it  contiiiues to the base of the hill, and onwards along 

the low groundas far as the conglomerate hills. These conglomerate hills 

surround the whole valley of Hirapur, and are heaped up immediately 

on the granite from whence they are derived, or else they rest on lorn- 

stone petrosilex. The individual hill a t  the south-west point, 09 the 

:qt q,which the road enters the valley, is not more than two hundred 

y. .-&moved from the base of the sand-stone hill,--only separated by 

a small hollow or cnrviture, s t m e d  over with lumps of iron ore and J '  ~ ~ e c e s  

of quartz and felspar, kc., but not a fragment of the new red. Thecom- 
ponent matter of this conglomerate hill, as well as all the rest around the 

valley, is a sombre, dark red coloured clay. enveloping variously formed 

large masses, the conglomerate, or Breccia proper, made up of angula! 

pieces of white k l s p a ~ ,  and oacasionally grey pseudo limpid quartz, seL 

dom less than an inch in size, agglutinated by a highly indurated cement 

of the, game sombre ferrugi~ous clay just noticed ; or the paste is still had- 

er, colaman quartz discoloured by theoxide of iron. From the conglomerrte 

boundaries to .the e n t r e  of the valley, the granite every where is open to- 

day and laid bare ; i t  rises also in the centre, sinking towards the bolnd* 

k g  hills, and iron ore is strewed about all aver those hills, and at &eir 

feet, 
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fest, even on the granite. The form of the Hirapur valley is oval ; its 
longest diameter is from west to east, and i t  is in that direction about a 

mile ; from south to north i t  is not more than a quarter 04 that distance. 

About the centre, or perhaps a little to the westward of it, is a large pond; 

on the north bank of which is the village, and near it, or on the east side, 

a small squme GerRi or Fortlet. On two mounds of granite near the 

Gbl$, also on a swell of the same on the south edge of the pond, no 

where else, masses of gneiss, some half dozen in namber, are sticking up; 

which, from their slab form and slight indination, oddly and much resem. 

ble old tomb-stones in a church-yard. Both the gneiss and the granite if 

they have any inclination dip to the S. W., but of the conglomerate, i t  

being a heap of clay and large stones, nothing ,very satisfactory call bd 

said ;. here and there, .amongst the rounded and angular masses, one or 

two lkrger than the rest, would seem to stand up, conforming in -position 

to gaeiss, with their broader sides something sloping to the same 

quarbr as the granite, and the gneiss, viz. to the S. W. This sketch, 

bring the trap and sand-stone to their N. Eastern limits. 

At Hwapr is seen the granite, capped b~ heaps of ferruginous- con- 

glomerate, which conglomerate is connected with a stratum of iron ore, on 

which the new red,sand-stone is seen to repose :-All thia within the space 

of a fsw hundred yards. The new red sapd-stone, from this point, conti-. 

nnes, in the direction of &%gar b a ~ e ,  and exposed, freed from any overlying' 

rock, a distance of six miles, or to where i t  is met by the trap, when for1 

My-five miles the two together progressively increase in height, until at 

Slgar they have attained their greatest e lh t ion;  or are at least one thou-, 

sand feet higher than the spot, where the j u ~ t  noticed connection com- 

mewed. If a line be prolonged from. Hirapur through Bkilsa .to Ha- 

mn&dd, or that quarter of the compass towards which the primordial 

rocks at Hirapur. weold seem to dip; such line will have in itjalmost all 
the 
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the principal points, where the sand-stone protrusiom are entitled to thc 
rank of hills, and where they are more elongated individually, and more 

clustered together ; for instance, Dlramrini, and Maltoun, GAorpcSra, and 

Sdtgerir,-Bapyle, I2citgerh,-Gp.hspur and Biri1su.-The eastern edge of 

the sketch, as stated in the commencement of this notice, is where the thin 

covering of the lower lias lies on the upper portion of the new red rock 

series, viz. clays, marls and calcareo amnaoeous sand-stones, tender a d  

often variegated, and it is desirable to note in particular that such is the 

case. At the descent to T d u k a i r a ,  or at the S. E. corner of the trap, 

it is a sand-stone rock ; but the connectioa of this m k ,  with the subjacent 

matter along the south boundary, is conceded by the basaltic alluvium of 

the Nermudii interposing. The, western limits join the trap of NaZuxc, and 

therefore itneed only be added, that I bring the sand-stone as far w:st as 

NarsinlZgaxA. Along the north side probably there is sand-stone the whole 

length, i t  certainly does reach up to Maltoztn, and forms the bouding 

rock thence to Hirapur ; and iron ore occurs a t  many points in thd  line 

similar to what it is at  that particnlar spot. 

To conclude:-The rock about Seltore and Bhopal is, up011 goo1 au- 

thority, considered as similar to that of Shgar ; although there was infor- 

O mation gjven, that rock salt was there produced, and of course the mind 

conqeives Gypswm, kc. w equally existing, or in a word, that the superio~ 

portion of the red marl formation was to be found west of the somewhal 

diagonal line pointed out; but the accuracy of this last report is at  p r e  

sent to be doubted, more particularly, as Gypsum is only known in  the S d -  

gar bazar as a production of Rdjputhrm, and the salt chiefly used is that 

of the ,Sa&r lake, annually brought along these latitudes, and sold by 

the Banjwis as far east as Serghja. However be this fact, it is, with 

~e exceptioq ,now noticed, that I wish to offer the,sand-stone of the disc 

tricb degcribed, from a gensrql personal acquaintance with the whole, as  

remarkable 
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mnarkable for the gna t  extent of range it posaesaes, for the unique ab. 
stracted nature of the thing itself, and mode of occurrence :--It is evm thq 

same thing at every point of view, void of clays and marls, or any other in. 

terstratificatioo, it is the same identical mineral, protruding itself through 
the trap, (where the trap overlies,) in large angular masses set together 

horizontally without cement ;-a substance of apparent simplicity of com- 
position, fine grained, hard, vitrified and brittle where it is localized in 

the midst of the trap of snppoared igneous origin, and a free stone of flat 

even fracture beyond those localities. Highly micaceoas and variegated 
sandstone slate8 occur in it in nesb, or 8s continuous strata. The mas- 
sive rock is itself also often bi-coloured, ramly many eoloumd. I t pight 
be explained and named as the middle'divisien of its formation, but it  is 

not seen to rest on a conglomerate of its own, on the coarary, it is iteelf 

seen at Himpur, to rest immediately on a aonglomerate incident to the 

grarite rock there mcnrring. 

Tbc lime-stone of the trap is a hard white earthy substanae, envelop- 

ing a few small particlea of a yellow c a k a r m  spar. It m r s  conaanbly 

as acomponent part of the hills and lawells,--not of the lower grounds, 

unleas as detritus, in small particles washed down from th~  hill%, when i t  
interningles with the black mould, and then that soil h c m e s ,  from the 

internixture, remarkable for its fertility. I t  dewrves attention particu- 

larly for the semi-calcination, and sometimes more, which it would seem 

to hare undergone, and generally for its defiance of clwsification, and for 

lhe jumble, and apparent dislodgement fmm original position, which it 

- m w  exhibits heaped up in the trap :-And, if with these considerations, it 

be reflected that there is no oolite, no chalk, nothing in a word posterior to 
lias, the hope may be indulged, that the chert and calcareous denddtic 

f r a p n t e ,  occasionally found will, together with other to be substantiated 

facts, eventually establish it as a continuous portion of the neighbouring 
w lias, 
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lias,~diegnised, and displaced when the trap was erupted, or by that ex- 

plosive.power and plutonic heat, which glazed and hardened the sand- 

stone rock.* 

Ae to the trap it is here a very extensive deposit, though still but 

part of a whole. All its rocks are basalt, or matter of near alliance with 

it, and conlposed principally of hornblende and felspar in an earthy state. 

I t  is altogether an earthy deposit ; varieties of green-stone, or basalt, or 

any rocks of a distinct crystalline texture are wholly wanting, and by 

such deficiency so many others of the trappean list are equally, it would 

seem, not to be found ; and the idea obtrudes, whether the circumdance 

of a simple mineral, like this sand-stone described, being the inchding 

rock, or basin, has not debarred %complexity, and preserved to the trap 

singleness of feature and texture, and manner of being. . The color a€ the 

harder basalt is either greyish black, or jet, and that of the softest kirdred 

clay mottled greenish grey ; and all other varieties, as to indurati~n or 

cmiplexition, vary between these extremes. In the hills, the indu%ted 

masses have moistly their angles rounded, and appear heaped up together 

with a variable proportion of wacke clay, added to which, there will beseen 

frequently, a patch or lime-stone stratum, occurring nearest the base. 

The base of the hills is invariably broader than the summit, and, ,f the 

sides of a hill are smooth and even, balled trap or basalt, often a cmcen- 

tric lamellar variety, will be the principal component matter, decomposing 
and decomposed into a predominating workable clay, still shewing the 

parallel converging layers. The smaller vallies appear much noooped, 07 

concave, 

* Tile first noticing of the peculiarities of the lime-stone is due to Captain FRANKLIN, and tile 
idea of the oolite8 and chalk is given nearly in his own words-but I am responsible for hazerling 
publicity. 
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concave, and underneath their black looking - soil lies wacken or basalt, 

in form and size, about a cubic foot, disfigured, and often arranged in an 

uniform manner. The globular wacken and basalt partially supersede 

this arraugement in the low grounds, but neither basalt, nor wacken. with 

step-like uniformity, will ever be found forming a hill. Some one or. other 

of the amygdaloids, particularly the toad-stone, succeed the soil, and com- 

pact trap rock in the vallies, and they are often observed occurring at the 

feet of the hills; but these latter, it should be remarked, are often merely 

this globular trap, distinctly thrown up on a sand-stone basement, or flat. 

Narsinhgerh remarkably shews the trap every where surrounded by 

sand-atone, and the lake of Sbgar, on a larger scale, is a distinct basinqof 

sandstone with an inner coating of trap. .Altogether it may familiarly be 

depicted as a dark super6eies speckled with spots bf red ; the bird's-eye 

viewalso presents the thing as a net work scene, the interstices being 

fomtd by the numerous hills, and low chains of hills, winding about. No 

wd&n brush of the ocean could have left such, remains as are here seen, 

and,unless the occurrence of stilbite* bp decisive, there are no facts to 

pleac for the aqueous origin of the trap, except the all-pervading character 

of its occurrence, and its possessing an axis or general line of bearing ; but 

oeitbr of these, indeed, plead exclusively' for it; whilst, on the other hand, 

comnon observation here forcibly incline the mind to recognize an oppo- 

site tieory, and imagine the action of a globe of compression, or rather of 

a com:non mine :-The effort is made, and the entonnoir formed by the 

more verticle rays sending upwards the stuff, and strewing it in heaps all 
abott ; whilst those rays, that are more inclined, will either compress, and 

shah,  or split, and penetrate according to the various natures of the 

.materials 

* I; has been said that the occurrence of stilbite is decisive of the aqueous origin which is the 
ream why I mention dlbite being found. 
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materials of which the sides are composed ; applied to the trap, it will thum 
be an overlying rock, whether it be, as it is seen here, only on the surface, 

or whether it  o&urs, ae it so often does elsewhere, and here too perhaps be- 

low the surf-, interstratified, entangled, and in what not position in other 

rocks. The works of after ages, by meqns of either agent,-the ocean, 

for instance, acting through those ages, might have exercised denudation, 

and disturbance, until only a portion of a more horizontal ray is occasion- 

ally to be seen,. indicating an explosion somewhere, either proximate, or 

remote from the spot :-a stratum,-a dyke or a vein occurs of no obvious 

connection. If the simile of a mine be at  all admissible, it may be carried 

on and said, that compared with the solid contents of the globe, the ploduct 
here eeems to have been from a line of Fmgasses continually workicg re- 
sults through a long course of time ; the ruin lies about, a small portion : 
of which is a half calcined lime-stone, can it once have been the Zius ? I 

and the chert of Bapyle, and the small fragments occasionally found of a 

yellow dendritic lime-stone, the only aids a t  present in corroboratiq the 

idea ? and the clays, the yellow and the deep chocolate, and the narly 

ochres, are they the more unchanged matter, and the laterite an iron 

ore disfigured and impoverished ? The cellular, or honey-comb lava- 

like variety of tray occasionally is met amidst the abundance of other 

kinds; whilst the sand-stone rock is, as a remains, shook and split 

and vitrified, but not displaced or inclined :-The fluid matter seems 

to have shrunk and sunk, and thus, in a great measure, arisas the 

phenomena of the trap in the low grounds, and the disrobed naked 

appearance of the sand-stone isleta, as if their clothing had slipt down. 

But the incumbent waters by their under currents, not by violent a@- 

tation, would seem to have rounded the masses, and further confused the 

heaps thrown up, and, after the igneous agency had ceased to act, every 

trace of the sphere of action would be by those waters quickly obliterated. 

The small hummocks, which occur so often, and more particularlj. a t  the 
ends 
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ends of the hills joined by a low neck to them, are mostly amorphous, and 

then composed of the harder materials ;-but often they are something 

of a cone or a truncated cone, and their component matter apft. They are 
here of no importance, having been, for ages exposed to day they have 

become worn at length into that shape wbich best resists much further 
- -  - 

demolition, and so now remain. 

I t  is almost superfluous to add that no fossile remains have been 

found by me. 

' . I  , 

The following is a summary of the foregoing sketch: The latitude 

of Efmpur is map ied  by a primitive rave ,  and so i e  tks skirt sf the 

alluvium south of the Nermada; in the lougitude of rJdaya.r will be 

a western limit, and a granite range, crossing the N e d a  at. 

pur, and stretching sortberly, forms the e a w r n  boundary. This basin 

elongated E. and W. formed of primitive rocks, h a ,  in its intervd or 

hollow, the sandstone deposit, in some one or other of its forms, exhibit- 

ed nearly throughout ;- obscurely as when men through the trap, or thinly 

covered with a ooatiog of lias ; or opauly in the hudmd *ad tea fik 
line from $&ar to Jebelpur. From U d ~ y ~ p w ,  w the w ~ f e ~ ~  #hi t@ 

the c a a t d  part, Shgm, the trap rooks black% tba surfwe,,ad at a5fm 

b y  rest on the rasdstsae, which appear8 not ts h v e  w b  latea,- 
between it, and tbe proxbnab primitive wks. I t  is a esut&u@%iaa, 

s ~ o r t  of north =tern bend d the rock of tho HgEiacbru. C& f m  BQ'* ' 

84 a point, and iteralf oontains more, phaps ,  t h  Af$y-bur &oqearrrl 
M p a r e  miles. 



R E M A R K S  

ON THE 

GEOLOGY OF THE COUNTRY 

On the Route fm Baroda to Udayapw, via Birpur and S a i u ~ n :  

BY JAMES HARDIE, Ess. a 

Assistant Surgeon, M- A- 23. 
4 I 

1 

lN t ~ e  c o d r n i ~ ~ t i o n  I do not ppetend to give a correct geological de- 

scription of the country thmugh which I have pasbed. This woald be an 
undertaking of great difficulty and one which would require that our ob- 

servations should be made on a mucb more extended scale, and with a 

far greater degree )of minuteness than can ~possibly be done by a tra- 

veller, who is merely marchifig in rapid manner from one point to ano- 

ther. . Such remarks, however, m the following, if they be oorrect, may 

prove useful in as much as they afford an opportunity of comparing 

with the observations of other travellers, and thus we may eventually 

succeed in obtaining a pretty correct knowledge of the minuter Geology -- - - -  
of India, the general features of which have been already described by one 

of your members. 

From 
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From Baroda to Birpur, a town of considerable extent, situated 

about twelve miles N. W. of L~nawwa ,  and distant from Baroda about 

seventy-six miles, the country affords little to interest the geological 

observer. Proceeding by the direct route via Balasinur, and till we reach 

the last mentioned town, a distance of nearly fifty-six miles, in a norther- 

ly direction, we perceive nothing but a uniform expanse of alluvial soil. 

We now, for the first time, observe rock formations and several gentle ris- 

ing grounds give to the face of the country in the neighbourhood, a wav- 

ed outline. Bahinzcr is situated on one of these rising grounds, and 

the only rock which'presents itself is a conglomerate, principally compos- 

ed of agates and other quartzose minerals. Some of the agates were of 

considerable size. This rock is not stratified, and appears at the surface 

in the form of large lenticular masses. I t  is perhaps a similar formation 

to the cornelian rocks in the neighbourhood of Barn,  but, as I have 

seen no good description of these, I can &ly state this as a mere con- 

jecture. \ 

Distant from Bahinur ten miles; still in a northerly direction, 

stands the small village of Pandua. In  ih neighbourhood nre seen seve- 

ral small rounded hills or rising grounds presenting the bare rock at  the 

surface. On examination I fouhd that t h e e  were oomposed of ,difkent  

modifications of- granite. The first was a very'close gpained grey granite 

composed of greyish fdspar, translucent quartz, and dark colored mica 

with hornblende, occasionally disseminated through it. This passed into a 

coarser granite composed of large masses of reddish grey felspar, nearly 

transparent quartz, and silver colored mica. Both the mica and quartz oc- 

casionally appear crystallized, I could not procure a hand specimen in 

which this was distinctly shown. The me' in- my possession, and! whic8: 

shell be forwarded to the Society, is sufhientl-y characteristic in as far as 

regards the mica. Some of the masses of qna~tz in this graniteywere 
upwards 
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upwards of a foot square, aud mauy of them nearly transparent, through 

the subetance of which prismatic crystals of schurl were seen to shoot. 

These rocks were not stratified. 

Birpur is situated ten Miles N. of Pandua. Theronte for the first 

five miles lies over the usual plain of Guzerat : we then enter a more hilly 

country ; the hills, however, are very low and their summits are occupied 

by a table-land. Birpr  stands on an elevated situation, and the low 

hills with which i t  is surrounded, are covered to a great depth, as may be 

seen by the ravines and nullah courses, by an alluvial soil similar to that 

of the plains. Owing to this citcumstance I had uo opportunity of exa- 

mining the rocks in situ-the stone used in building, and from the quan- 

tity of it seen it must have occurred in great abundance in the neighbour- 

hood, was a very compact quartzose sandstone, or rather a ferrnginous 

quartz of a red color. Fmm the appearance of the fragments it must oc- 

cur distinctly stratified. 

We had now left the rich and highly cultivated plains of Guzerat, and 

h d ,  crossed the barrier of a hilly mid jungly portion of this district, not 

only the face of the country had changed, but the appearance and charac- 

ter of its inhabitants. Heretohre we had a rich alluvial soil, cultivated 

by a comparatively speaking civilized, or at least a more peaceable people 

-numerons thickly inhabited towns and villages were seen scattered over 

it-it ia watered by numerous tanks, and wells, and rivers, and the coun- 

try resembles more the richer portions of Bengal than any other part of 

India which I have seen. The surface of the country passed does ceqtain- 

ly not preeent much to attract tbe notice of the Geologist ; with the as&- 

w e  of b o r i q  instruments, however, much valuable information would, 

no h u b t ,  be obtained, and an interesting comparison might be diawn 
between the alluvial fo r~a t ion  of this district-that of Bengal--the 

London 
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London clay fomtion,  and other similar formations both in Europe and 

Asia. 

Whatever might have been the agency, or the succession of agencies, 

concerned in forming the alluviumof Guterd, it is abundantly obvious that 

it could not have been grdualIy formed by tbe debris of the rocks in the 

.mountainous portions of the district washed down by rivers, nullahs, &c. 

From this source .a portion of it might, no doubt, be derived. By its ex- 

tent, its depth, the high situation which this deposit frequently occupies, 

(as at Birpur, just mentioned) we may learn that it muet have been the 

result of some more energetic cause. 

The extent of the conglomerate formation at BaZ~1)u,r, I had no op-, 

portunity of ascertaining, nor do I know its relative position. with regard 

to other rocks-it probably, however, rests on the granite which underlies 

the alluvium-might not these conglomerates be cotemporanews with the 

lower be& of the alluvial deposit, modified by some local cause, affording 

a cementing medium to the loose particle, connecting them together and 

thus forming a mcleus round which others would collect ? This i s  a mere 

conjecture . 

The hills at  Padaa, wereno doubt, formed by the outgoings of the 

underlying granite-a granite which appeared to me to belong to a very an- 

cient variety-an older variety indeed than any which we shall have occa- 

sion to mention in the sequel d th i s  paper. The crystalline nature of its com- 

ponent parts-the transparency of ita quartz-the whole appearance of the 

rock, and the situation which it occupied, led me to draw this conclusion. 

Prom Birpur our march lay through a hilly and jungly country to 

a small village called Dewa'ri, six miles distant, io a N. ~ a s t  direction 
Y from I 



the last. Tha hi& wen ridge-shqcd, and their emannits p~reeeoted ih 
the distance a uniform and even line. Their slopes were covered with loose 

, fragments of the wells composing them. The preponderating rock was 

quartz, dietinctly etratified. 0s  examining a Bill in the neighbowhood 

of my camp, I faun$ the foltawing w iee  of raeke, arranged io strata, wbich 
were highly inclined and dippiw towards the N. W. let, a rock af the n b  
twe 4 quartz roek, af a greyish eokr, and idinbag t~ slaty structure-it 

memed ta be quartz rouk passing into cbp state-it wds veb  hard $owt 

w r ,  md priwipally compasd of quctz, and, a ferruginoua qua&% 
of a ddi&,aolon ; and 3rd, a pure white, qusnta. The k t  had nothing sf  

a slaty structure, and, indeed, could not be a d  t o b  Bistindy styatihl. 

These three formed frequent alternations, the pure white quartz appear- 

ing in tbe &- ef a sefies. af mtrat i f ied be&- i n t a r p o d  hetween the 

oChw stl-ak. a I , ,  

11 

Ten Bailee die4ant h m  tlte last, k )&s cline- &andm the sil- 
lage d Pawria(~h. For the first foun.or fim d e s  ohe country was cavlccr- 

cd w&h a thick jdngle, d the line d m a d  was mkasled lray aidpdmpm 

ed hi&. which pmsntud a BoM a d  maggy ontlhre-tbe r d s  fwmmg 

them were arranged in a highly inclined position, and consisted of BiBer- 

ent modification of quartz rock and clay slate which alternated with, and 

passed i u b  each o h r .  Alf- h a v i q g p s d  a narm* Ghat, w k h  though 
, 

s-, is not d i W t i ,  we emteed an e l m d  plain, lawe& and correred with 

a Cbkk aad appareathy rich, soil, in mamy s i ~ t i o n a  well etll.timtPlct a d  

elaer w h i d  am scatterred nuIgerous. i be  trees. Fmrn the top, of the G h t  
where &a M i n  e ~ m e m e s  to Pawbra, is, a distant of a- fim mibo3. 

s 

In ascendi~ig from the plains of Gurerat to our present situation, we 

have ame at OR= ammg r m b  of tbe oldast dae;s, and we have met. with 

mkbg like anyr of the aawar uaaietia. We have passed tim-rm 
boundary 
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boundary of the great p h i t i r e  diatrict f hich hrms a krge portion ef C&np 
tral M a ,  and which traverses from N. to S. the whole of the peninsula, 
being conneehd, indeed, at one point or another, with all the g ~ a t  primi 
tive formations which exist in Hindustau. . The rocks which as yet we 

have seen might be termed, perhaps by some, trannition." In the pre- 

sent d a n o e  I can see no uae for this dietinction. From the rocks which 
snrrormd us to the more decidedly primitive ones we can trade a reguld 

gradation. They pasa hc+end in many hotances alternate with--each 

otber. In short every consideration po* them all ont as bdonging to 

orre grand aaries ef rock fodmatian as the r b d t  of one gsnerril ca-. 

8 , 

In  the deposition of a fornrcCim so extensive, a h g  pefiad of tinme 
wmM td~ubtless be consumed, and thou& t k  pk&ae prkd 04 t h e i r d w  
sition might be different in different instances--one behg &mid orha  

the forming cause, whatever that might be, coulrrrenced to operate, and 

9 w h  when i t  was about. to cease,-this, thmgh i i ~ i ~ h t  m o w  the in- 

t a m 1  strr;tetnre and sppeamnce of the difi;annt mcks mqmsing this * 
mfttinn mdd not juetify us in imclubg them d r  diikmnt ukw&,* 

I 

h tbe district of liClQdch, towards the N. W, I bekvtt, from qmiarem~ 
which I have saen, thrl i~ series of rocks ad a nc- farmation than lias, 

aad froan dl& stpwarcrts, map be observed. I Qew c d h  APnr tho 

very m m e r o ~  foseil organic mmains which laatrry of theae speuimens e t ~  

kibited. Theee -ins were shells belonging ta varietiee which hare 

heem ascertajhued bo be characteristic of the ne- elasses of rodks in 

h e r  

* I am uncertain with regard to the nature of the rocks a t  Bitpur. As I did not eee t h p  

in situ, I cannot say decidedly in what class they ought to be included-they, perhaps, belong to a 
newer and overlying variety. 
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ether countries. Nothing of this kind can be traced here, however, and 

from the paper of Captain J. STEWART, i~ the Bombay Literary %sac- 

tions, the same remark may be made regarding the boundary of this great 

formation on the route from Bar& to Mhw.  

On leaving Dawdri, we proceeded on the usual direction over the 

level plain before mentioned, till we reached the BiciZpLZ (i. e. a cmmu- 

nity of small villages) of H a r t k ,  which is situated eight miles distant 

h m  the former. We still found the surhce of the plain oovered with .a 

thick soil. I n  some situation, however, small hills or rising grounds were 

observed which exhibited a t  their surface the outgoings of the inferior 

strata. These were as before quartz rock and clay slate, the latter was 

now' milch more abundant than formerly. Strata were still highly i n c h -  

ed and'dipphg as usual. 

At thie place CHartu'mz) there was a great scarcity of water, and tka 

QBJain of the temple of Nc&tlTuldra, had sent somer workmen to dig a mll. 

They had penetrated about thirty feet through the rock in  a low situation, 

and I had thus a11 opportunity, the first which had as yet offered itself, 

of examining the strata in the plain. I here discovered a distinct and 

separate formation from any which I had seen during this march in a 

series of overlying rocks. The first rock which presented itself, was.,die-. 

tinct sandstone, with a clayey basis, and of a soft friable nature. It 
was a variegated sandstone, with spots of a reddish color dispersed over a 

whitish ground. Below this was another variety of sandstone of a more 

compact nature than the last, and of a whitish grey color-it was a cal- 

careous sandstone, effervescing with acids-the proportion of lime in it 

was, however, very small. These two were arranged in strata which were 

very slightly inclined. 

These 
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There can be no doubt, but that these rocks belong to a newer class 

than any which we have yet seen-the extent of the formation I had no 

opportunity of ascertaining-it probably occupies, a t  least, all the lower 

portions.of the elevated plain on which we were encamped, the rising 

grounds, as we have seen, being formed of the nearly vertical strata of 

the underlying rocks. Nothing like organic remains could be traced, 

though I examined with care the different masses which had been thrown 

out by the borers. Through the above rocks a vein of quartz was seen 

to pass-it gradually narrowed from below upwards till it  terminated a t  

the surface, where it was about a foot and a half in thickness, the lowest 

portion of it seen, being about two yards broad. The quartz was of a 

pure white color and crystallize texture. I t  was not stratified, but pre- 

sented the appearance of a number of rounded masses closely cemented 

together-the Huttonian might say, that i t  derived this form from having 

been ejected from below, the Wernerian, perhaps, that it had been a pre- 

viously existing rent in the strata which had been filled up from above 

by rounded masses of quartz derived from the neighbouring hills, and 

which are seen strewed over the whole surface of the plain. The latter 

is certainly the more probable theory, as the masses of quartz were ce- 

mented together by a c.dcareous cement of obviously a posterior forma- 

tion to the quartz. 

In which precise class of rocks, the above ought to be included, I 
have had no means of ascertaining ; in their nature and structure, hov- 

ever, they resemble thk rocks of the new red .sandstone formation of Ja- 

meso%, and I should feel induced to consider them as belonging to this 

class. No rocks of a similar nature have occurred to me during my 

march, nor do I think that, in the country passed after l av ing  this, any 

do exist, for in almost every situation the vertical strata appear a t  the sur- 

face, it is more than probable, however, that the rocks examined formed 
z a 



a portivn of a considerabie formation which o m p i e d  the elevated plain 

under consideration, d which might e x t e d  m a northerly and awrutherly 

dimtiyn for a considerable distame. In Captain DANGERFIELD'B- map, a 

b4 granular course limestome" hrmation is laid down, as running from 

north to south the whole extent of his map, And passing in the neigh- 

bourhood of the plab in question. I have not seen any thing af this for- 

mation, it is not improbable, however, that the rocks just h c r i b e d ,  map 
b e  associated with it. 

Froma Captain D a l a s ~ s r ~  LLD'S map, it will be seen, that the communi- 
a a t h  now sent diBe~s in many respects. In  mme instances, too, I suspect 
that *e have cdled the same rock by differeat names. His sandstonee 

and d s t e h e  slates which he dmcribes as skirting the western boundary 

d fhe great f m t b ,  may be the same as the rock here described as ferm- 

~aar tzose  sandstone, and his hornstone may bd the stratified quark4 

tm d ten  mentioned in this paper. In some situations in Mewar, which 1 
h visited, he has described as hornstone the same rock which I here 

d l  quartz-the very remadcable ravine which he mentions, a9 occurring 

at the bund of tk Wdiayadgar, I have often seexu, and the rock which-is 

h m d  there, and which he calb hwnstoae, ici exactly sirnitw to a rock of 

this part of the district, which I have classed with the stratified qaartees. 

That it is not hornstone, commonly so called, I have no hesitation in 

Stating;, d I cannot help thinking, that tbe adoptiun of mch a name 

might give ollr incorrect idea af the formation in question, and might kd 
as to coafolsard k with other brmations. Where the q ~ a r t a  rock passea 
 in.^ clay slate, it might, perhaps, be named flinty slate. I prefer, bow- 

ever, retaining the general mame of quartz, mentioning when it lshall hap- 

pen to pass indb any other of the rocks, as for instance, into gneias OF 

@nib, or mka or clay slates, into all of which in diW6erent situations i t  

m y  be wen tw graduae. Lnded, it appears to me, that the very large 

proportion 
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pqqpq ofq~ar& bcb as On iogredlent ih the m&pwd hmk hnd k: 

b w i r e d  !form, is la;neky stiking feature h ~&e geo3oe;r) of this p a i a  

of- ,and one which ought not to be d ~ t  $eightl of., , H l,ohall fake the 

Wt ~ b r t u n i t y  of for~ardiag to the Asiatiu b i e t p  specinwas ~f the 

d k s  fand  in this disfrict, which, I trust, will bear me mt in the opitlioa 
Wb+$rve atated. h Captain STEW ART'^ account of the strata be- 

hean J!hxuZcl and M b ,  no mention is made ef any ovwrlying rock$ on 

the wwt,side of the great formation, neither does the succession of rocks 

laid dbwn by Captain DANGEUPI~LD,  appear to have been observed by 
him., > 

< By the above remarks, I do not wish to detract from the well -- 
ed,merit of Captain DANGERFIELD. We are indebted to him for much 

very valuabha information, bat to make a perfectly correct geological map 

of this part of the country would require years of minute investigation, 

d in a dimate like this could scarcely be effected by one individual- 

too muoh praise cannot be given him for what he has done. 

4 ,.]ereemding in the usual direction, we reach the village of Pft, in 

M D w u r  district, which stands eight miles distant fibm h e  k t .  

w a t e l y  on leaving camp, the country became excsedingly brokeb 
d u n w e n ,  and numerous small rounded hills were seen exhibiting at  th& 

e e  the vertical strata--quartz rock was still observed, but clay slate 

dun preponderating mineral. In  a well near camp, in a law situs- 

w, day slate was also seen. The d a y  slate was, in some situatims, of 

a ~ o s e  nature, and in othera it approached to chlorite slate. 

'Ean mles  distant from Pit stands the Blril Pdl of GhdtcrR-for 

tb h i t  three or four miles the country was exactly similar to that just 

4m&bd, the jungle then became thicker, the country more broken and 

rugged, 
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rugged, and, though the hills with which it was studded were still low, 

the scene was rocky and wild in the extreme. The hackery road, which 

is tolerably good, passes through a narrow Ghat, I proceeded myself by 

a higher route, winding along the edge of the ravines with which the 

country was intersected, and passing over the tops of the hills. The 
rocks were every where observed at the surface, and the almost perpen- 

dicular sides of the ravines presented to the view excellent sections of 

the strata. We encamped on an elevated plain surrounded by ranges of 

low ridge-shaped hills. Since leaving Birpur, we have been gradually 

ascending, and the ascent of the last six miles has been much greater than 

usual. The rocks observed were different modifications of quartz, varying 

in color from pure white to a very dark brown. The pure white variety 

has not yet been seen regularly stratified, beds of it, however, alternate 

with other rocks, and these beds are traversed in every direction by seams 

and cracks, and have the appearance of being made 11p of a congeries of 

detached masses, varying in size from two or three inches to a foot in dia- 

meter, and closely connected together. The colored varieties are distinct- 
ly stratified and are arranged in parallel layers, varyiug from au inch to 

a foot in thickness. Their color depends on an admixture of the rocks 

with which they are associated, sometimes in very small proportion, and 

at  others the proportion is considerable, many of them, too, derive theil: 

d o r  from iron-the dark brown variety is a ferruginow quartz, very rich 

in this metal. Iron appears to be an abundant production in the country 

we have been describing, and several pretty good specimens of the magnetic 

iron ore presented themselves. The above quartz rocks were seen alter- 

nating with clay slates-in some situations soft and friable, in others 

quartzose-and chlorite slate. The chlorite slate was first seen three or 

four miles distant from Pit. About half way between the last mention- 

ed place and Gircitah, we passed a small hill composed of serpentine. 

It wits not stratified. The bed in which it occurred appeared, as far as 
I 
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I could judge, of considerable extent, and in this part of the country I 
know it to be an abundant production. I t  was of a greenish colour, with 

a tinge of brown and grains of a metalic' mineral, with a metalic lustre 

were disseminated through it. This was magnetic iron ore. 

The clay slates passing into chlorite slates were the preponderating 

rocks, and in the neighbourhood of our camp' these appeared to pass into 

mica slate, small scales of mica being disseminated through them. 

We now proceeded to Sagwdra, twelve miles north-east of the last. 

The country on leaving Ghata, became more open, and, though still 

uncultivated, was comparatively free from jungle. The line of march 

lay over the tops of the small hills which were still very numerous, and 

we had thus pretty extensive views of the surrounding country. It pre- 
sented a waved, or rather rnamillary aspect, and several small ranges of 
low ridge-shaped hills were observed. Mica slate, and mica slate ip- 
proaching to clay slate, were almost the only rocks observed. 

We next proceeded to Jaricfna, a BhiE PdZ, sixteen miles from the' 

last. The country was still completely studded with low rocky hills- 

for the first three or four miles mica slate preponderated, after this the 

hills were almost entirely composed of pure white quartz, in which' 

occasional scales of mica were observed, but these were rare. This rock' 

every where appeared at  the surface, giving to the scene a striking and 

peculiar aspect, and were it not for a hot burning sun one would almost 

be inclined to' believe that the'country was covered with' snow. No other 

rock made its appearance, except an occasional bed of mica slate of in- 

considerable extent-many of the masses of this quartz were nearly trans- 

parent and approached to rock crystal, and others had a slight rose tinge. 

I t  was either compact or large granular, the concretions being about the 

A 2 size 
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size of a large bean : I t  oewred stratified, and, thaugh the strata were 
nor very distinct, 'the stratifarm structure was tw&.kntly obvious. Io 
dip and inclination it agreed with.the other racks seep. The whole sar- 

face of the country is c o v e d  with detacbed Beawes of this rock, and very 

frequently immense isolated blocks, of several yards in diameter, were 

eeen topping the hills, and these, irr n r a ~ ~ y  situations, were piled upon 

one another in a very fantastic m w e r .  In the neighburhood of eamp 
was a group of conical bills, higher thap the rest : thew were formed of a 
micaceous clay slate. 

I Proeeeding onwwd to Jabna,  in the Udasyapr district, coun tty 

becemee more opes, and plaine of considerable extent are seen. There 

were ptill, however, numerous small rounded hills, while others assumed 
a - c m h l  form aad others we* ridge-shaped. The preponderating rocks 

wem miea and clay slates, in which large beds of t4e white quartz occur- 

4, Jaitaw is sin mike distant from Jarfifna. 

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

belonging to one 4 the principsl Omrabs of Udcryapwr, and situated 

eleven miles N. W. from the last. The mica slate, duriag this marcb, 

p w e d  into gpeiss, in which beds of granite, some specimens containing 

chlorite pnd hornblende slate were oboerved. From Jaitww, a range of 

hills were seen in the distance extending N. W. and S. E. SdtidlCcrr ia 

situated at the base of this range, which is connected with the ope which 
passes the DAB*. The hills are generally ridge-shaped, and sometimes 

peaked, and those is the neighbourhood of the town are fortified. 

In the aullab aoursee a very thick bed of klmkqr, of a distinat rocky 
structure, and indistinctly stratified, was obwwed. The kunkur forma- 

tien now becomes yery alrundapt--it it3 differently modified in differest 
situations- 
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situat.bm-it is sometimesaoft and friable, at others i t  is maul eryrtal- 

-it occupies the lughe& situations as well at3 the lowest. This for- 
mation appears to me to be one of v t  importance, and, if examined on 

a hrge d e  and described with minuteness mfgbt lead to very interest- 

ing restdte. When it  rests upon the softer rocks, as clay slate, it is fre. 
quently seen penetrating into tbeir substance, the water which held it in 

solution having percolated through the strata and deposited the lime in 

the form of calcareous spar in their interestices, so that these rocks a t  
their surface are almost entirely converted into a calcareous rock, inat- 

tention to this circumstances may sometimes lead into error. Iron pyriteg 
ie very generally distributed through the mass,, and rounded portions of 

various mcks are found imbedded in it. 

We next proceeded to Gingla, a small village, twelve miles north 

west of Saltimbb. On leaving the latter town, the country becomes very 

rocky and uneven, and exhibits the mamillary aspect so often alluded to. 

On the left hand the DMbar range was seen stretching north-west and 

south-east, and other range of lower hills, running in the same direction, 

was seen on the right. These hills are generally ridge-shaped, some 

times peaked, and at others conical. The Dhdbar lake waa wen wash- 

ing the bare of the rough and craggy hi ls  on the left. Pdr the first half 

of this march gneiss pawing into granite, generally of a red colour, with 
o~casional beds of hornblende slate and quartz, was seen. The hornblende 

mcke then preponderated, and these and the granite rocks formed fre- 

quent alternations. Gin@ is situated on a hill, composed of hornblende 

alate passing into greenstone, and in the neighbourhood are a number of 

small hills composed of a similar rock. The soil where these rocke occur is 

of a red colour, derived from iron which exists in them in great abundance, 

and tbe surface of the strata is covered with a thin brown crust, (carbonate 

of h,) derived fiom r similar source. Occasional beds of gneiss, 
of 
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of a grey coloar, small grained, and not stratified, occur in this formation. 

This gneiss is composed of dark coloured mica in minute scales, a felspar 
slightly tinged with red and translucent quartz. In  the hornblende rocks, 

which are distinktly straRfied, I observed a vein composed of felnpar and 

quartz-the latter, clear and nearly transparent, the former, a pale reddish 

white, with perfect foliated fracture, and crystalline structure arranged so 

as to form a kind of porphyry. 

We now marched to Katbwur, a pretty large town, with a fort, twelve 

mites north-west of the last. The DMbur range was atill seen on the 
left, and the country presented the usual mamillary aspect. The rocks 

observed were different modifications of granites, hornblende slate and 
chlorite slate-all these alternating with each other. The line of march 

in one situation approaches the range of hills, and a similar variety of 
rocks could be distinctly traced in their base and rocky slopes. The gra- 

nitic rocks were, lst, A gneiss of a greyish colour similar to that des- 

cribed at  Gingla. 2d, A red granite, the principal ingredient a dark 
flesh red felspar-the quartz is in minute quantity and is translucent, 

and the mica of a dark color is in still smaller proportion. 3d, A reddish 

cololired gneiss. 4th, A rock, with the di~t inct  structure of gneiss, of a 

greenish grey colour, in which the mica is replaced by hornblende ; and 

5th, A rock almost entirely composed of flesh red felspar, with a foliated 

fracture, and in which are imbedded nearly transparent crystals of quartz. 

The latter rock, except for the first two miles, within which the horn- 

blende rocks were principally seen preponderated. I t  waq distinctly 
stratified-strata highly inclined and dip towards north-east-mica is very 

rarely seen in it, and indeed is almost wanting. I t  may be said to form 

a variety of porphyry, but from its stratiform structure and the arrange- 

ment of its component parts, I prefer including it  with the granitic rocks, 

in which series it ought certainly to be classed, perhaps, as a dl t inct  

variety, 
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variety, which may be called granitic porphyry. It passes into the flesh 
red granite before described, in which granite chlorite often occupies the 

place of mica, formin'g the protogine of Jurine. The felspar of the latter 

lock is uniformly of a darker d color than that of the granitic porphyry. 

We next proceeded over a very bad r o d  to Thanau, a BhiE Pa, 
m e n  milee north-west of the last. The country presented the usual ma- 

millary appearance of the lower granite tracts, but it was more brokeq 

and rugged than I had heretofore seen, and was traversed by numerous 
deep and narrow ravines. For the first three miles, the following rocks 

presented themselves ; viz. the felspar rock, which I have called granitic 

porphyry, which passes in some situations into gneiss and granite, both 

generally of a redish colonr. A granite composed of pure white g-rantukzr 

f*-translucent quartz and ailver colored mica, was also observed in 

small quantity. Through this last garnets were sparingly interspersed. 

These alternate with different modifications of hornblende rocks; viz. horn- - 
blende slate passing into greenstone slate and primitive greenstone-the 

alternating beds are from fifty to two hundred paces in breadth. 'We then 

reached the bed of a nullah, with rocky banks, composed of a formation 

exactly similar in appearancs to the waved gneiss-it contains, however, 

wr mica, its constituent parts being hornblende, felspar and quartz-the 

latter, in small proportion. I imagined at  the time that this rock was a 

distinct grey gneiss, a d  picked up several iipecimens of it as such. It 

fbrmed now the preponderating rock in which beds, but not of great extent, 

comparatively speaking, of hornblende slate and greenstone were ob- 

m d ,  beds of red granite, and in one or two instances, of chlorite slate 

wme also seem. 

The above bribed rock exactly raembles the close grained grey 

guek.  I t  had a waved appearance, and it was only on reaching camp, 
B 2 and 
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and examining my specimens that I dimovered its true composition. I t  

may be called scienitic gneiss. I t  was distinctly stratified and dipped 

towards the N. E. This formation is continued for several miles in 

the direction of the Residency at  Minta, at which place I arrived 

next day. The geology of the last march I shall not enter into at  

present, as I propose drawing out a " sketch of the geology of the valley 

of Udayapur and its neighbourhood," in which this portion of the country 

will be included. 

In  concliision, I woiild again call your attention to the regularity of 

the gradation observed from the rocks seen on leaving Birpur to those 

in the neighbourhood of Udayapur. They pass into each other by almost 

insensible degrees, so that it is often difficult to say, in which class parti- 

cular specimens ought to be included. The granitic rocks,- except the 

very large granular variety of Panduu, which I have supposed to be a 

very old granite-are, generally speaking, small grained, or intermediate 

between small and large. 

These remarks, euch as they are, I do myself the pleasure of for- 

warding to the Physical Committee of the Asiatic Society, and I have to 

regret, @at the Hemon of the year a t  which I travelled ; viz. during the 

hot winds, prevented me extending my observatione so f t r  as I could 

have wished. This circumstance must plead my apology for the imper- 

fect natnre of this communication. I have avoided entering into any de- 

tails connected with the character, &c. of the inhabitants of the country 

through which I have passed : this would have extended my paper to an 

undue length : this, however, I must say, that I have experienced nothing 

but civility from the rude and barbarous tribes among whom I have tra- 

velled, and, though the nimes of Bhil and C o h h  have always been 

associated with thoae of plunderers and robbers, I have met with more 

attention 
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attention from these very tribes, than I have ever experienced in other 

parts of India. The chiefs (9 Odti's,)  of their PLls, frequently visited 

me-they appeared to have a great deal of curiosity, examined every 

thing about my camp-asked various questions about the uses to which 

they were applied, and on the whole, I was much pleased with the rude 

inhabitants of this wild and mountrrinous portion of Hind,~.utan. 

The route by which 1 have marched is not the common one, I have 

no hesitation, however, in recommending it to travellers who may be pro- 

ceeding from Bombay to NimacA, as by far the shortest and the best. 

From Baroda to A7inaach, via Birpr  and Salumblher, there are only 

eighteen or nineteen ordinary ~uarches. 

The accompanying section of the strata from RnrnlEn to T h n n a ,  I do 

not offer as perfectly correct; it will serve, however, to give a ,  general 

idea of the geology of the tract in question. I n  a plan on so small a scale, 

I could only indicate the rocks which preponderate in particular situa- 

tions, and no attempt has been made to lay down the beds of other rocks 

with which these are associated, and with which they frequently alternate. 



ON THE 

DIAMOND MINES O F  PANNA 

BUNDELKHAND. 

BY CAPTAIN JAMES FRANKLIN, 

First Bengal Cavalry, M. A. S. 

(WITH A MAP.) 

THE geological position of the matrix of the diamond, being still a queg- 

tion in the history of that gem, the following notice on the diamond mines 
of Pannu, will not, I trust, be unacceptable. 

Report Bays, that they were first* discovered in the time of Raja 

. CHITRASAL, who ruled at Panna, in the reign of the Emperor AURANGZEB, 

but 

* Their discovery is attributed to a Devotee of the dleMim sect, who established his doctrine 
a t  Panna, in the time of Raja C H I T R A S ~ L ,  or about A. D. 1680-90, I doubt this statement, but 1 
cannot arrive at  satisfactory proof of their previous discovery. Mr. MAWE dates the discovery of the 
mines of Brazil about the same period, and Dr. HEYNE has a similar account of some of those 
of Golconda, but TAVE~NIER nays, that the Mogul diamond was found a t  Colw, not far east of 
Golconda, A. D. 1550. 

BOETIUS DE BOOT published his treatise D e  Lapidibus et  Gemmis," A. D. 1609, end 
points out the diamond mines of India and M&a--and in fact, it appears, that the diamond h a  
been found in India in all times, since the days of PLINT, and, perhaps, long before. 
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but that period being a troublesome era in the annals of the, Btd&~, it 

is supposed, that they were not efficiently opened, until the time of his 

grandson SUBHA SINHA. 

Their situation is peculiar, being confined to a small portion of the 

great belt of sandstone which extends from Rotbsgerh, through the pro- 

vinces of Boghklkiluznd and B u d l k h d ,  until it is finally covered by the 

overlying trap of Malwa and Siigar'; this, however, is but a small part of 

the extent of this formation, for the break at Rot&sgerh is merely an 

hiatus occasioned by the original current of the Soan valley, which doubt- 

fess swept away every veetige of thia rock, until its force was turned aside 

by the projecting points of the VidAya  range, near biorghir-after which, 

in the R & j ~ ~  hills, the sandstone again appears as before-and from 

that point it may be traced throughout the whole of the peninsula ; it is 
the depositary of the diamond at Panna-and I have, no doubt, that the 

rock mines both of Semblielpur and Bauganpilli, though. far asunder, will 

ere long be found to belong to the same formation ; in the mean time, the 

follqwing facts which have fallen under my own observation, on my route 

from Bekiri to Ajayagerh, may serve to identify the class and character 

of the rock which contains the matrix of the diamond of Parura. 

The *fir& part of the route (or from Bela'ri to Ajayagerh) crosses the 

most lofty portion of the sandstone belt, usually called the Bandair hills- 

which, without exception, is entirely composed of argillaceous sandstone, 

either mottled or streaked-and opposite to the village of Piperia,  below the 

Ghat of that name, I observed the sandstone reposing on beds of slaty marl. 

p avid^ 

See the map which is appended to my paper on Geology, Art. Zd, of this volume ; a h  the 
description of these hillp in that article. 

c 2 
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Having &wended the Baz&air Bills by the Ghat of Piperip, I c a m  
hpn the second range, which like ibe former, is also composed of @and- 

stone, but the surface of its plateau ' being covered with a stratum of lim 

limestone, the sandstone can only be traced in the beds of rivers, or in 

~ m a l i  protruding elevstians, until it emerges from beneath the limestone, 

and forms the countemcarp of the Paasncr hills, dene it is variegated and 

friable, and !the marly elates are again visible i n  the hills which overlook 

the town of Pklnm. . I *  

The lewest, portion of the range, e r  tbat which is called Bindtichat, is 

t k  peculiar habit& 4 the diamond, for it is not found in any other part, 

ex-t en the platform bf this range, or on the countemcarp af the second, 
, md i t  is p m d  by the d a l l s ,  that this range also ia entidy com- 

posed of sandstone.t For inatawe, the cmcade ~f the &nj rimr shews 

a aeries of W ~ n e  intershtified with slate clay three handred and 

nimety b e t  th*. Abl the o h  waterfalls present similar appearanas, 
and that  d.tk6 Bdgk river, pendratipg deeper than 'the rest, exhibit8 a 

§he)aeeciroll; hem tbe sandstone$ is digtinctly interstratified by a sucoes. 

a k n  of hyers  >of d a t e  d a y ,  the lecppemwt of whkh Bavieg sr marly base 

is thickest, w d  the &eweding strata becoming m e  Sumted, contain* 

ing more mica, and gradually diminishing in thickness, dwindle away 

fieally i ~ b  mere p d a g s ,  and in their paogress 40 this slittenmated state, * 
The diamonds'found in the glen of the B+in river are transported diamonds, they are not, 

therefore, an exception to this rule. 

+ . h e  the map appended to this paper. 

$ The sandstone of the Bindhlral hills rests as on a point d'appui upon a low ridge of syenitic 
granlre, whldh hae, probably, saved it from being swept away. The buses ufttrefatts-of JGk$we 
aria Ajayogerh, are of this rock, and are merely capped by sandstone. The same may be said of 
the scarp of the great range, but Kthe granite ridge be craseed by entering into any uf the gknl, the 
sandstone will be seen to be at least four hundred feet thick aftw the ridge is paseed.. 
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&ey aesume characters so various, that in some instahces, i t  is diffi~ult to  

distinguish tbem from the o l d a  acbista. The sandatone also changes, 

gradually becoming *silicious, and a t  the bottom it closely resemble% 

eome varieties of q& rock, but the horizontal position of the beds is 

constantly preserved, and in all the glens, particularly in that of the BQ- 
gin river, black bituminous shale crops out from beneath the sandstone. . 

I excavated this shah to the depth of six feet-but having no other means 

than such as I could procure on the spot, the influx of water soon over- 

powered my operations. I found, however, that the bituminous quality of 
the shale increased,-fragments of it, throwing mt strong shoots of flame 

when ignited, and I was disposed to think that c d  was not far distant. 

I Bstve ventured to call this formation new T P ~  S-, considering 

it in the saw light w the series of mcks w termed in EngW,  and i t  

w& appear, that this denomination is in some measlure moborated by 
other facts, in &er portians of the same range of hills, bat principally 

by the poofa f  its s a l i f e m  nature. It hPs been t s h m ,  ahat at the 

d l -  of K a m ,  tbe mil is impregnated with- salt, which is there,,md ia. 

mamy other adjacemt villages, extracted by tlee arative process of lirrivia- 

tion, 9UCh is the case &o on the banks of the Tono river, and $Mr. &lit- 

LISIJ, who publ idd  an aml in t  of the dbmmd mines of Pamra, wmawks, 
&at d t  ahunds in the soil at the fmt of range, ,opposite AWabad, 
and betwsren that place d X r ~ d p r .  Thase faets, therefore, t o e b e r  

, with 

I observed the same circumstance in the waterfall of Bmh-See  Art. 2d of this volume. 

t Art. IYTII of-rtrts whm. - - - - 

$ See Oriental Quarterly, NO. - Page - Mr. STI&X$N€+~~~.F~Q~ vieit m y q t h e ~  wiles &@n those 
in the immediate vicinity of Panna; and Dr. HAMILTON, who has published an accaunt af +ese 
mines in the Edinburgh Philosophical Transactions, vol. 1, distinctly says, that he did not even go so 

far as Panna, and could not have seen any other than a few superficial mines, at the top of the Bio- 
ramgaqj Ghat. 
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with the general horizontal position of the beds, the existence of lias 

limestone reposing upon them, the dietinct interstratification of a series 

of slate clay, and above all, the cropping out of bituminous shale from be- 

neath the whole mass, would appear to justify the bse of the term which 

I have applied. 

I have been thus prolix, because it is of importance that I should be 

clearly understood with regard to .my nomenclature, and, if I am wrong, 

my own description may, perhaps, serve to correct my error. Having 

thus premised, I shall now proceed to give as brief a description as I can 

of the mines in question. 

The natives describe the.mines by using the terms. c*, or aupeficial, 
and galiara, or deep, and the matrix they call & ; the rocky matrix .of 

the deep mines is always a conglomerate, and, if it is a gritstone with a silici- 

ous cement, and its pebbles are of ancient rocks, and waterworn, it is .  term- 

ed *pukka, or mature ; but if the cement is argillaceous, and its pebbles are 

of more +recent rocks, it i~ then called kach, or immature ; the matrix 

of the superficial mines is universally called U k a k r u ,  or red ironstom 

gravel, mixed with ferruginous sand or clay. This gravel is waterworn and 

sometimes quite rounded like swan shot, and when found in the $fissures 

and interstices of the upper sandstone, it is mixed with ferruginous sand, 

but on the other hand when imbedded ,in . ferruginous clay, it is usually 

found covered with vegetable soil and reposing upon slaty$ marl ;--some- 

times, however, it is surmounted by a stratum consisting of particles of 

common 

* As at Panm, Kamariya, BnjNr, LC. 

t Ae at S&ya and U i a  

$ As on the counterscarp of the P a m  hilla. 

$ At Panna and Karnariya. 
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common kankar imbedded in yellow clay, which occasionally mingling 

with it, forms, another *description of matrix which being calcareous, is 

called hdda ; the diamonds of the glen of the Bdgin river, have evidently 

been transported thither from their native beds, and in all probability the 

gangue in which they now rest in the basin of the waterfall, greatly re- 

sembles the cascdho of the Brazils, or that of SambheZpur, in Southern 

India. 

The pakkn, or rocky matrix, is very limited, stretching generally from 

Kamariya to R r i j p r ,  along the course of the Bdgin river. I t  is excavated 

at Kawriya, Bijipur,, Ba~gar i ,  Myra and Etwa; there is also a small 

deposit of it near the town of P a m ,  but at  Brijprtr, from the effects of 

denuding causes, it lies at the surface, and a very satisfactory section of 

it is laid bare in the bed of a small rivulet about one mile west of the vil- 

lage, where it appears to be a gritstone, composed of white quartz gravel, 

cemented by silicious matter, and containing ,rounded pebbles of quartz, 

jasper, hornstone, l ydianstone, &c. Thus it forms a conglomerate, which 

passes by gradual transition into silicious sandstone. I t  is readily dis- 
b 

tinguished from its associated rock, differing greatly from it, in as much 

as the sandstone in which it is found, has a martial argillaceous cement,. 

and closely resembles~that which forms the upper layer of the cascade of 

the Bdgilo river. 
I Kamariya Mines. 

The most noted mines of this description of matrix are those of Ka- 

mariya and Panna ; at the former place they are on an average about fif- 

teen feet deep, and in one which I examined, the beds of slaty marl were 

two 
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two feet below the surface, a thin stratum of red ironstone gravel i m W  io 

ferruginous clay, and vegetable soil, were their only covering; they diffeM 

in no reapect from those of Piperiya Ghat, they were marly, slaty, slightly 

micaceous, interstratified with thin lamina of sandstone, and awaciatedt 

with calcareous slates, which were kndritic between their partings, and al- 
though their general colour was bluish green, or greenish grey, yetlthere was 
a sufficient mixture of red to characterize them ; they were about twelve fwt 
thick, and immediately below them was the rocky matrix of the diamond. 

The conglome~ate is here as at  Brajpr, a @.&one containing pab. 
bles of quartz, both white and *green, jasper, hornstone, lydianstone, 8 c ~  

and it is worthy of remark that when the green quartz pebbles a b u d ,  i t  

is considered a good s i p ,  and sa also when the gribtone ia slightly k- 
ruginous, the matrix in there mines reposee on compact sandatone. 

Panna M h .  

The mines of Panuuz are of the same kind : here alm the atratam 

beneath the vegetable soil is red ironstone gravd, below which are b& of 

slaty marl, better characterized if possible than those of Kmmriyu, ti~m 
m 

follows the ?diamond matrix, which differs in no other respect fmon that 

of Kamariya or Brijpur, except that it appears to contain a little mom 

ferruginous 

+ The p e n  quarts is exceedingly brittle and splintery, the native8 calt it ZZhdiyta, or  glasey. 

.f It is worthy of remark tbat both thin matrix and thet of Xumarip i d m e  Fragments of 
schist, which M. CHARPENTIER calls schiste argilleux terreuxjaun8h.c (see his Easai sur lee Pyr6nCeg 
page 297.) I have seen this rock in situ a t  Betharam, a t  the entrance of t h e  valley of Aztej, a 
-11 specimen of which accompanies this paper, but I have not as yet been able to trace it  in 
i t u  in India. At Bethrum, it is on the summit of a hill, the base of which is formed of Ophite, a 
rock of the trappean family, so named by M. PALASOU-it has also a great resemblance to burnt 
clay, so named in Wernerian collections of minerals, as for instance in that presented to the Sociefy 
by the late Dr. ABEL. 



ferniginons matter ; ita pebblea are the same, its cement the same, it has 
the same peculiarity ofcontaining gzeen quartz noddm so highly esteem- 

ed as an augury by the nativer, and its floor is of the same description 

of sandstone. 

These mines vary in depth from twenty to fifty feet, and owing to the 

stratum of the matrix being thinner (sornstimea ocarcely a span thick,) 

they cannot be worked laterally as at Kmngdga, they are therefore mare 

expeneive, but their prodnce is mid to cover .the outlay and yield a p m  

fit. They are consequently esteemed, and hold a reputatiun *early equal 

to t h e  of Kcmarip. 
Sakepip B f i w .  

The k d ,  or immature matrh, is excavated at tbe riHaag of $&-, 

riyct and Udmu, W b  situated on the counterscarp of the Pmm hiHe. Et: 

contaiae rounded pebbles d quartz, jasper, wiahatoae, h,, bat; with 
these ate mixed mare reaclnt p*ke of white sandstone. I6 cantsing arm' 

much white quartz gravel, called by the natives detkr, hut the cement of the 

conglomerate instead of being silicious is a yellowish white clay, soft and 

plastic when in its natural bed, but capable of acquiring the consistency 

of mortar when exposed to the atmosphere, and when it contains ferrugi- 
nous matter it i s  considered a good sign. The q u m  pebbles are of the 

f i t e d  greasy variety, and the green kind so much esteemed ir the m k y  
marix, is here entirely wanting. 

A &aft near ICnXeM-ip d k h  I ~ ~ t ~ t h e . ~ ~ ~  

ing beds ; lst, eight feet vegetable soil ; 2d, eight feet piri &ti, or com- 

man k d u r ,  imbedded in g e l h  clay; 3d, four Bet W k a h ,  or red iran- 
stone grave1 in ferruginaus clay ; 4th, two feet &la, or white quartz gravel; 

next f~llowed spodntooe, spd then the k.ck m i x ;  The thiEkneas of the. 
detla 
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&#la stratum is here considered a matter of augury ; if it is too thick 

it  augurs ill, as it is then supposed that thk stratum of fllnddn will be cor- 

respondently thin, or wanting altogether ;-It ought not to exceed two 

feet. 
Udesnu Mines. 

Near the village of Udesnu, the same kind of matrix underlies 

elaterite, there called nutcha; the great abundance of ironstone gra- 

vel and ferrugiuous matter strewed over this part of the country 

aecessarily produced in former times, and no doubt still continues 

to produce, a great quantity of oxide of iron, which being washed away, 

and held in solution by the minor streams, has been gradually deposited 

in the channel of the Ranj river until it is now about ten feet thick, and 

immediately below it are the beds of detla and sandstone, and the matrix 

as above mentioned. This matrix does iiot require to be broken, the clay 

is easily separated by washing, and the expense of working the mines is 

consequently lessened, but still they are not considered so certain in their 

return as those of the rocky matrix. 

Superficial Mines. 

The chz'la, or superficial mines, are to be found in every part of the 

diamond tract, excepting only a ,  circuit of about five miles from )66 
cascade of the Bdgin river, where it appears that denuding causes have 

swept 

* The laterite is an aggregate of ironstone gravel cemented by an argillo furruginous cement, 
it therefore somewhat resembles pisiform iron ore ; tlie great mans must have been formed by dilu- 
vial agency, but it appears to accumulate by alluvial action also-for the natives v e r t  tliat the 
stream is reddened in the rainy season;-as there has not, however, been any sensible increw of it 
in the memory of man, I conclude that ire alluvial accumulation must be very impkceptible. 



&apt &em awry and all Itheir contents into.tbe glen af tkt.riyer. ,w' 
m a t r i ~  vie d w q s  red i~ondtonf: gravd ia hr rughws  wnd Or f~ratwipaye 

day. 3'heirt,geelq&el pe&i~n with regard t~ t4e dawadieglseriea, ..a,p- 
pears to lbe, rersarkfibly wall dcfinsd, ,fw they ,are ,actwlly its, Be f o v d  op , 
the verge of two *cascades, having Wf& ,of .#a&atons be~eatb\thqm ; 
when this matrix fills the fissures and interstices of the upper sandstone, 

mguh fragments of .the roak .are mixed ,with it, the c- , idpence 

of .the<mi& of iron appearing to have detached them as ,well as, to b v e  
desintegrated and oxidated a portion of. the, re* so ,that tbe grmel q d  

fragments are imbedded in sand so highly ferruginous that it resembles 

the rust of iron; but when om;the o t b e r h d  it is,inbedded in ferruginous 

day, .it ~ o n t a i w  no .fragmwts .of 1 sa~dqtone, and is wnotaptly foupd! over- 

bingsloty marl onwadstose, or datlar, as in the instances ,&om w n ~ g n e d  ; 

$th;-rd to tbe ascspdiug series its gwlogical psqi tisn s w  a&@ to, b,e 
well, ckhed, {far, if I ths, two strata of red i m a t ~ m  gl;avel and ,h*r  w- 
-cur tagether,m h y  do at iYakrya, it always yaderlise the tcalcarqqps 
u, md their line, of separation is distisst ,ss,wt,wbe,a thqy h- ,t,o 

mingle txa at Bawgk, , tbe,watrix W ~ W  a, W+WI W G , ,  and is tks~  ccllqd 
hdda.  

. These mines\rarely w e d  five or; eir, feet ip , Jsptb, and .@re .oft- 

m d  less; with,kegard to their,praQlce 1I am i a c b d  to tbink thatl h a y  

-,aery lpleo8rieus, notwithetanding,  some, sf the large~t, dia&;bave 
lfband igz~iketn; it i s  annwnon, to bsar compla&s iofi :baying f d  

n&i~g 

* On the verge of the cascade of the Rcuj iver new Rdnipr, and on that which is near to . . 
the village of BaRhtapur. 

t The fact of'the productionsf laterite in the bed of the"hj.tiver, and the circumstance of 

hua~nea;mrel u 9 d d y i ~ . d ~ ~ ~ t l y , p i e d ; n g  W P W ~ * I  -8tB Wfd.&Wk@~dP#- 

E 2 
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~ t h l n g  TdY hbhy m t h b ,  abd to me they b f ~ p F e d  Eige a latw in whiah 
W &? ti few p & i s  had mahy Id)ahb;-ey haw an athtmtage in r e 4  
C r i a g  little ot ha etlky, a4d a~ cbh&!que~htlf -fight bp all claactl, 
Pilt Rib iw? tl4likeIr that moh m@td hab kea malt ie them in the chap 
bf IaboQt thhh hab e#9k been ~etllttued, 

'Lhte d&~%d is ~aeiothilip, though tetg rmly ,  b a d  on the s w  

W, wr is it fmprobble that m e  lucky daaca of thiu kind nry bate 
Led te tke dhkavaft of the m i ~ e s .  ,a,  

Mimes of mw&f I k W .  
libte &%OW h a bdef aecbwtt of all thwe m~trioes .of the dimand h 

thd PM diatiict, *ich fall d* the dmoaaiaatiofis i ~ f  mah, W 
IkcrM, ot hdda ; but there ate othe1.e whem the gem ia h a d  im deputm 
with which it ' t p p ~ ~  ta haw been swept away h m  it8 native beda, am at 

a d  ih the glen af the 3dgL river; the miaeb of thle h e r  
place we peculiar irild require separate xhention, but in *use of the glem, 

Be diahohd i b  fbund d e r  ~ k y  debpie, both on the bmks  and ia the 

bed of the river, and also in the basin which receives the cascade: i& 
matrix in this state, is a confur~ed mixture of red ironstone pebbles, angu- 

#W hgdhdnttit of 'wdst;one, sad p h s  of cmmon bakw, heapEd 'toge- 

dtcff. ih f b ~ n a a s  d or clay, 'the M t a s  in fwt of its original g a v e ;  
aad the @nee df come have a $Teat rmmblemre to the supeh ia l  Aries 
h e - m t i o n e d ,  .bat they are mid to be m&er mare pducsiore, and tbrae 
is gteat reason to believe that the basin of the cascade has never yet been 

emptied or excavated except to a trifling extent. 

Hajgoha Him. 
The mines of Mq$pha rare in the western part of the diamond tract, 

~ d ~ h e y ~ y p r d p e ~ b c ~ ~ s o a S 8 e r n B a a e d r a y ;  b y  aca%itolpkd 

in 



in a hollow resembling an inverted cone, which appears to have been ex- 

cavated by the same process (more powerfully applied) which scooped 

out those resemblances to it in miniature, which hre observable in the 

rocky beds of rivers, the diameter of the vortex is about 100 yards, and its 

depth (I presume) cannot be less than 100 feet; on its periphery, superfi- 

cial mines are wrought in sandstone, but the cavity of the chasm is filled 

with green mud, containing calcareous matter, such as I can find no apt 

similitude to, except by supposing i t  to be the abraded matter of the same 

marly elates as those which occur in the mines of Pannu and Kamariya, 

here deposited en masse, and there in slates ; this of course is mere conjec- 

ture, but if the vortex has been formed as  I suppose it to have been, the 

matter could not in that case have acquired a schistose form; be the facts 

of the c w  however what they may; this singular deposite fills two-thirds 

of the chasm, and a t  the top i t  has a thick crust of calcareous spar, which 

is indistinctly stratified, and contains portions of the green mud between 

its laminae. 

The diamond is rarely found in the calcareous crust, its habitat being 

in the green mud, and i t  is believed by the natives, that the deeper a 
shaft descends, the richer is the produce ; but although they are aware 

of this circumstance, their ordinary means have never enabled them to 

descend lower than fifty feet, the water a t  that depth overflowing their 

works, and compelling them to desist: this deposite, therefore, and that of 

the basin of the Bdgin river, appear to be two instances in which supe- 

rior means might be employed, with effect, and perhaps with profit. 

Mode of washing and searching the Matrix. 

The mode of washing and searching is the same in all the mines, the 

mky matrix alone requiring to b? broken; i t  is first thrown into a 
trench 
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trench &ith water and shoveled and trod like mortar, aPd .as the &jectl is 
to wash away the clay, fresh water i s  thrown rn and p m e d  offffipeatedly 

until the fragments ale sufficiently cleansed, and as a find .pupifseation 

they are sifted on fine baekets which completes the operatian of ~ a ~ h i n g ,  

they are then eprewd in a thin layer on a snkouth~floor plaeteted with day  
or cow h n g ,  a d  when dry the whore is passed under the hand, and 

searched. three seveml times, after which the fiagapttnta are tihmwn aeide. 

Rep~o$wtim of the Diecmcotd. , ,:LI .. 
. 
The citCdmStitnce of dia*ohds being frequently f m d  alhengsti t h w  

fragments aftet they h m  been thrown aside, has, perhaps, given lriee to the 

idea of their reproducti~n, and I wss anxiofis to obtain the iopigriatr of e&b 

pieaced  natives on thissubject : they admit it only in OM linsmde, rirr. ~t 

Mujgoh; and even there, it ip, always ascribed to the spititma1 agtmay &the 
founder of the Mehdivi sect, to whom those mines belong, but their mere 

rational opinion'is as follows, which I will give as nearly as possible in the 

wads of my communican4. " The objeot of washing is1 to h i t h e  rwky 
i'nigments fmm clay, and partichlarly to c b m s e  the diamond, )so $bat irk 

may readily be distinguished in the operatien of searcbieg, But with aH 
our cate we cannot alwaya succeed ; small diamoncls freqnmtiy )retain their 
covering, and thus elude our search in the first smtiny, norm hey be 

dieotrmed afteiwards, until the coatiw whioh conealed them iar~~orn 

may; henbe it happens that di-oads are Eomnd aongst fhgment~~ 
which have be& eea~ched and t&om asidq brlt it is obsrenable that 

small diamonds alone are so found, and that they rarely exceed the weight 

of half a troy grain." 

- With regaidto Mqgolra I am indined- tb &ink tihat tbe .hbove .@finion 

applies ,with. greater force. :Tb faiadlk of rbese :mines w~aio.  c e l c y m ~ ~  

matter, 
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matter, and it is no easy attainment to wash away a calcareous incrustation 

by using water alone, whenever therefore, such an occurrence takes place, 

the diamond might not only elude a first search, but a series of searches, 

and even for a series of years, until the coating which enveloped it, was 

worn away. 

Description of the De'amorads. 

The diamonds of the Panna mines may be classed, according to the 

following arrangement, using native denominations : ]st, Lilwaja, trans- 
parent, colorless, having no tinge except the azure which is reflected in a 

drop of distilled water, it is so scarce that only one specimen was to be 

found in the town of Panna. 

2nd. Banspati, Motichr, Ghiya, or Maska : these kinds are common; 

the first has a greenish tinge, the second is also greenish, but varies to a 

pearly cast ; the third is yellowish and of a greasy or resinous lustre, as its 

name implies ;-the crystalline form of this class is very distinct, exhibit- 

ing frequently the regular octahedron as perfect as if it had been shaped 

by in artist, the dodecahedron is also common, and so is the spheriodal, 

arising apparently from the con,vexity of its faces, and the obtuseness of 

its edges the average price of this class is thirty *Srinagari rupees, for 

diamonds of one retti weight 35 for two, 40 for three, 45 for four, and 50 

for those of five retti weight. 

3d. Sambarra and Chrchara: these are they which have given rise 

to the belief that the Pannu mines produced only table diamonds, the 

* The Srinagari rupees is about ten per cent. less in value than the Sonat rupee, consequently 
it is about fourteen and a half or fifteen per cent. tea than the Calcutta Sicca 



specimens I saw were quite irregular in their crystalline form, appearing 

as if they had been broken by a violent blow, but they invariably cleave 

into thin tabular laminae, and as they are generally of a good water, and 

sell for a low price in comparison with the others, the P a n m  jewellers ap- 

pear to find it more profitable to work them up, by setting them in ring8 

or other ornaments ; their one retti price is twenty rupees, increasing 

according to weight as above stated. 

4th. Bagaha pashmi, Bra and Matta: these are yellowish green, 

yellow, and clove brown, ,and their crystalline form is multiform, the price 

of the one retti gem is fifteen rupees, increasing as above. 

5th. ~ekatberar  : this is the rose coloured variety, its crystalline form 
is also multiform, it is not esteemed, and its single retti price is twelve 

rupees. 

6th. Ka'la, Garas, or Jalidar : the first is black or very dark brown, 

and the second as its name implies, includes all diamonds that are flawed 

or appear to continue filaments like a spider's web : these varieties are 

here termed Kasya,  or scum, but in England they are called hort, and 

there they are used in the arts for diamond dust to an extent unknown 

in this country, their price varies according to the size of the stones : but 

as  they seldom, if ever, exceed one retti weight, the worst kind may be 

purchased for eight and the best for ten rupees the retti. 

The above list contains the principal names classed accordiqg to their 

relative value, but there are others, apparently founded on fancy alone, a 
recital of which would embarrass rather than throw light on the subject; 

I 

the prices also must be considered variable, a purchaser coming suddenly 

into the market would as infallibly occasion a rise, as a deficiency of 
- demand 



IN BUNDELKHAND. 115 

demand would create a depression, a purchaser therefore should fix himself 

on the spot, and make his purchasee gradually, by so doing, he would at 

least save the profits which now go to the merchants of &nares. 

The revenue of the mines is divided among the Rajas of Panna, 

Banda, Cltircmd, and Jadtpr~, but by far the largest share belongs to the 

former. According to my calculation the Pcrnna division amounts to about 

26,000 Rupees per annum, but awrding to Raja PERTAB SINH, who is 

the effecient manager of the Panna state, it is 30,000 Rupees, and as his 

authority is likely to be nearer the truth than mine, I do not hesitate to 

adopt it ;  this revenue is derived from a *tax, originally fixed at  omfourth 

of the value of all diamonds found in these mines below a certain weight, 
which, I believe, was rated at eight rettis, but the tax now levied is said to 

exceed this rate, and on diamonds above the eight retti weight there is no 

stipulation, taking therefore the aggregate of the B d ,  Cicercari and 

Juitpur shares, as equal to a fourth of the revenue derived by the Raja of 

Panna, it will not be too much to suppose that the produce of the mines 

amounts to about 1,20,000 Rupees per annum. 

I have now detailed with the utmost fidelity all the circumstances re- 
lating to these mines as they occurred to me at the time I examined them, 

and 

. * The iaix of 25 per cent. WM f i x d  in the bea dry6 of the mines, when the I#odece was great- 
& They are now, however, on the decliue, mad the natives are quite aware of the circutnutrnce ; 
the ruperficial extent of the p d h  mcrlrix appeared to me to be traceable, and coneequently the 
question of ita qunntity iklb within the range of reamable cakulatiw, whether the nativea have 
dram their conclus io~ from this view of the m e ,  or whether they are influenced in their judgement 
by experience, arising from the natural result of their draught8 fiom an exhaudble rcource, I do net 
know, but to me it appeared, that theso minea by the employment of a given force, might be exhamred 
within a given time, and tba~ them in no hope of &ding diomoodr below the bed of thepcrRRa matri., 
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and have endeavoured to throw into my narrative as much perspecuity as 

the subject is capable of;  still, however, the diamond is too important a 

mineral to be passed over in a hasty manner, and I trust I shall be 

excused if I here indulge in a few general observations. 

General Remarks. 

1st. I t  was formerly supposed that diamonds were always found at 
the *same level above the sea, and it still remains to be proved whether or 

not there is any truth in the hypothesis, the following barometrical heights 

are deduced from actual observations made by myself. 

Kach Matrix. 

Source of the Ranj river near Udesna, ............ 1496 feet. .. ........ Floor of the mines of Salcerya and U b a ,  1470 

Pukka Matrix. 

Floor of the mines near Panna, .................. 1300 feet. .. ...... Bed of the Banj river due east of the above, 1300 .. ................ Top of its cascade near Ranipr ,  1240 

............ Source of the Bdgin river near Urki, 1420 ,, 
Floor 

* This hypothesis can only apply to diamonds in their native or rocky beds, and does not of 
course refer to transported diamonds which are found at various levels, but if the rocky matrix is uni- 
versally confined to sandstone of the same era, it L pot unlikely there may be some truth in it, at  
leaet in India, for instance, the rock mines of Banganpilli appear to correspond pretty closely with 
tho= of Paroroa, and Captain CULLEN {Madras Lit. Trans.) says, that " the route across the plain be- 
tween the nalla malla range and the table land at BangwapiUi, is about 800 feet above the sea;" now 
the town of Banga+li, from its position with regard to two rivers, (the Kund and the Sum) which 
unite in that plain, must be still higher, and Dr. H s m s  sayl), it " is built at  the foot of a low ridge of 
hills-from 100 to 200 feet perpendicular height on which the diamond mines are situated." Dr. 
HEYNES estimate of the height of the diamond ridge is conjectural, and may, aa is often the case, in 
entimat- of height made by the eye be rated too low--upon the whole, therefore, I think, there is 
r e w n  to conclude, that the diamond bed of the BqunpiUi mines is at  least 1100 feet above the re& 
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Floor. of the mine o f  Kmariya, .................. 1380 feet. 

Bed of the Bdgin river due .south of them, ........ 1380 ,, .. Floor of the mines of Brdjpur, .................... 1260 .. .......... Bed of the Bdgk river exactly opposite, 1250 

I 

ilfatrix swept away. 

Top of its 1st cascade, .......................... 1120 feet. 

Transported D i a d s .  

Bottom of 1st cascade, .......................... 900 feet. .. Bottom of 2d cascade, .......................... 700 

Fmm this list it would appear that the rock matrix of the diamond in 

the Panna mines hm been swept away a t  an elevation of 1100 feet, and 

that its lowest position in situ is between 12 and 1300 feet above the sea. 

2d. The contracted limits of this diamond tract has already been men- 

tioned, as a peculiarly striking circumstance; the same kind of sandstone 

w that in which tbe diamond is found, extends far beyond those limits and 

why does it not contain diarnonds also ? to this question I .can only reply 

by the following explanation ; on the wrth, the scarp of the Bindhchl 

hills rests as a*point d'appui on a low ridge of sienitic granite and the 

plains of Bundelkhand exhibit primitive rocks throughout-therefore ex- 

cepting transported diamonds, none can be expected in that quarter; on the 

mth ,  liae limestone stretch08 along the outline of the coustersearp of the 

second range of hills-and here again (excepting the diamonds of the coun- 

terscarp) none are evm found-being perhaps buried by the overlying 
limestone ; on the west, the sandstone becomes thinner, being often little 

more than a mere w p p i ~ g ;  the conglomerate form is also frequent, but in 
the diamond tract it is mmarkable that there ie no other conglomerate 

G 2 than 
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than that which contains the diamond ; moreover, black bituminous shale 

rises to the surface near the village of Sahigerh, though in the diamond 
I tract I have never seen it with less than 400 feet of sandstone resting 

upon it ;  on the east, the.sandstone continues pretty much the same, and I 

cannot offer any satisfactory reason why diamonds should not be found 

. east of the Che9.yla Nadi, which at  present is considered to be their eastern 

boundary. 

3d. I have endeavoured to show that the-'rocky matrix of the dia- 
l 

mond of Panna is situated in sandstone, which I imagine to be the same as 

the neta red sandstone of E9agland; also, that (if the transported diamonds 

are excepted,) there is at least 400 feet of that rock below the lowest dia- 

mond beds ; and further, that there are strong indications of coal, under- 

lying the whole mass ; how far this may agree with the *geological posi- 

tion of the same description of mines in Sauthern India, will best be 
seen from the following extracts. 

As far as I understand, Dr. HEPNE, in his tracts on India, pages 103-4, 

the hills which surround the rock mines of BaqqiZZa, are composed of 

slate clay, and,his account of them reminds me m u h  of )Pannu, he says, 

'< they are straight a t  top, and usually level for some extent," soithat 

even 

* Mr. MAWE says, the diamonds of Brazil, like those of India, are fpund in a loose gravel, im- 
mediately incumbent on the solid rock, and covered with vegetable mould and recent alluvial matter. 
This gravel coneists principally of rounded quarta pebbles of various aim, mixed with s a d  and mi& 
of iron ;" in some parts which he visited, he says further, the gravel is cemented by means of the 
oxide of iron into a considerably hard conglomerate forming rocks and low hills, in the sides of wllich 
are water-courses produced by torrents during the rainy season, in these hollows, diamonds are not 
unfrequently discovered," and he concludes by saying, that " if this coeglomerate is not the reel ma- 
trix of the diamond, its true geological situation is unknown." (MAWE on Diamonds.) The matrix of 
Mr. MAWE appears t o  resemble that of the transported diamonds of the Panna .mines, and as far 

as I can judge by description, it  s&ma still nearer to resemble t h e e  of S o u h  Indw. 
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even villages are built on them-he says also, that " the water of the 

wells is brackieh," a strong indication of their saliferous nature, and fur- 

ther " that the country about BanganpiZZi is sandy and stony, and that 

the stones are chiefly conglomerates, composed of silicious materials." 

With respect to the rock in which the matrix of the diamond is found, 

his description is as follows-" the solid rock of the hills (which by the 

bye is not quite destitute of diamonds,) is an aggregate, consisting chiefly 

of a coarse grey'hornstone, with rounded pebbles of the same ape- 
cies, but of a fine variety of stone, or of jasper, of different colors ; at some 

depth,-this rock becomes ferrugilioud sandstone, ' the @ins of which are 

finely cemented together, and this kind of stone- usually forms the roof of 

the floor of tbe mines; the floor is generally of a reddish brown color 

with shining particles, and etrikes fire with steel ;" again he says, through 

this solid rock the miners must make their way before they arrive a t  the 

diamond matrix. 

Dr. VOYSEY'S account of these mines is "that t h  diamond matrix," 

in its rocky state, is " a sandstone breccia ;" it lies under '' compact sand- 

s ~ %  d s r i n g ' i n  no respect from that which is found in the main range, i t  

is composed of a beautiful mixture of red, and yellow ja~per,~quartz,'chal- 

cedony anal hornstone, of various colours, cemented tagether by'a.qu8rtz 

paste, i t  pasees imb paddinpione composed of rounded pebbles 'of quartz, 

hornstone, %GC. cemented by an argillocalcarems earth, of* n lbose friable 

testwe, in whiah the diamonda aremost frequently f d . "  

The apparent discrepancy in these accounts is not irreconcilable-but 

Dr. VOYSEY is most distinct in his description, he says that the rock un- 

der which the diamond matrix is found, is compact sandstone, and that it 

differs in no respect from the sandstone of the main range, he did not see 

the 
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the floor, but Dr; HEYNE appears to have done so; and, it?I uadem+t&hd hirp 
right the floor is sandstme also, for he says, (page 105,) that the diamond 
bed is of the same nature with the rocks both above and below it, but is 

distinguislied from them by ite superior hardness, and that the floor is so 

hard that it strikes fire with steel, a peculiarity which equally applies to 

the Panlia mines.--Dr. VOVSEY arrived at the following conclwims. 

lat. That the matrix of the diamond in the mines of Southern India 
ie the *sandstone breccia of the '' clay slate formation." 

2d. That tboee found in alluvial soil are produced from the debris of 
the above rsek, and have been brought thither by some torrerat or deluq, 

which alone could have transported such large m a w s  and pebbles from 

the parent rock, and that no modern or traditional inundation has reach- 
ed to such an extent. 

3d. That the diamonds found at present in the bed of the rivers are 

washed down by the annual rains. 

I cordidly agree with Dr. VOYSEY ia the general result of hit3 cmlu- 
sion, because I am satisfied that the same circumstances aFe applicable 

to the mines of Para, but I nevertheless differ from him in two points ; 

]st, I could not trsce my likelihood of diamonds being w-hed away by 
any n a t d  causes now in operation, such as the annual raina--.they -6, 

in general, too doeply covered with soil, even in their most supdciaI 

beds 

* As it appears from his description that the pebbles are rounded, perhapa the term coagIoms 
rate, or puddinptone, would be better than breccia, at least it would be more in accordance with 
taaae .Inady reoognized. 
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beds te qdmit of this canelusion, and such only aa might hare accidently laid 

an the mrface could beso transported.* 2nd, I cannot agree with his no-- 

dature with regard to -f " clay alate formation," because he himself says, that 

innsing the term clay slate, be does not mean the Thnscbiem of WERNER, 
which i s  the only recognizable term fox that rock according to tbe Wernerian 

system, but excepting these two points, I have fomd great acwdame 
with his result, and am happy in having it in my power to express it. 

4th. There is. another circumstance to which I must advert, but I do 

so with diffjdemce and under a hope that it will be conaidered merely con- 

jectural. Dr. BREWSTER suppose8 the diamond to have originated like 

amber, pexhaps from the consolidation of vegetable matter, and that it 
gradually acquired its crystalline form, by the iduence  uf time and the 

slow action of corpuscular forces : the late Dr. VOTSEY adverted to this 
opinion in his account of the diamond mines of Southern India ; and on 

the occasion of publishing an abstract of that paper in his Journal of 

Science, Dr. BREWSTER observed that he saw no mason to alter his opi- 

nion : now as the rock matrix of the diamond of Pama appears in some 

respects, though not altogether, to resemble that af BzngaqdZIi in South- 

ern India, there would seem to be little chance of my conjecture being 

nseful, still however as every opinion regarding the origin of this fine 

mineral is as yet theoretical, I will not withhold what occurred to me on 

this subject, though I again repeat that I offer i t  with great diffidence. 
The 

* My meaning with regnrd to  this point of difference is, that I consider the transported dia- 
mond~ to have been chiefly rwept away by diluvial action, and that allavial agency must bms 
been very inconsiderable, though I do not deny its partial influence. 

-f I t  has occurred to me on reading Dr. VOYSEY'S paper on the diamond minee of Southern 
India, that the rock which he has termed clay slate, may, perl~aps, be  the slate clay of the English 
geologists, or the secondary rugillaceous schists or shales of Dr. MACCULLOCK, which are associated 
with secolrhary srmdstom; Dr. Hmnk m i a n s  h e  c f g  w bting the dief constituent of the 
surrounding rocks in the & r e #  neirits. 

H 2 
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The theory of Sir JAMES HALL on the consolidation of strata fre- 

quently recurred to me when examining the sandstone in which the dia- 

mond is found ; I thought that I could discern much in favour of it, and 

particularly in the gradual changes of its nature, from the lower to the 

upper strata ; now if the principle of this theory is admitted to be correct 

and applicable universally, i t  follows of course that i t  must be applied here ; 

and then it  may be questioned, how the diamond was preserved, under that 

*degree of heat which must have been necessary to form its matrix the 

gritstone ? In  answer to thia objection I suggest, that, the circumstance 

of calc spar occurring in trap rocks is somewhat analogous, and if it is 

admitted that compression under the weight of strata, and a superincumbent 

ocean, had the effect of resisting the expansion of its carbonic acid and 

constraining it  to continue in combination with lime, might not the same 

principle be reasonably enough applied, to account for the preservation 

and detention of the elements of the diamond in the gritstone? and again, 

should it be further shewn that crystals, such as those with which we 

are familiar in nature, may be produced by slow cooling or other processes 

according to the above theory, may we not look to it also, to account for 

the crystalization of the gem ? 

This conjecture rests upon the truth or fallacy of Sir JAMES HALL'S 
theory, or, on a modification of it, and when thie theory is considered as  

the result of long and patient experiment, and the high reputation of its 

author is taken into account, it will require something more than limited 

observation, or ordinary ability, to answer its objections ; my part, how- 

ever, is merely the suggestion of a traveller, and I therefore conclude my 

paper by expressiilg a hope, that this important mineral may meet with 

more able investigation.' 

* See the Note appended to the article of Panw mines, p. 106, of thia volume. 
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BY THE LATE H. W. VOYSEY, ESQ. 
Assistant Surgeon His Majesty's 67th Foot. 

THE hill of Sitibaldi although agreeing in form and interior structure 

with other basaltic hills iu its neighbourhood, merits a more particular 

description on account of some peculiarities in the compositioll of the 

main rock, hitherto unnoticed by Geologists, and for the opportunities 

afforded by its extensive quarries of studying the varied structure of the 

rocks of the trap family, which is rarely to be seen in so distinct a manner. 

The mass of the hill is composed of porous basalt, with a semi-column- 

ar  appearance, derived from numerous vertical fissures. I t  passes in some, 

places, both in a gradual and abrupt manner into a coarse porous wacken 

or indurated clay, which in its turn changes in a similar manner to the 

nodular basalt or wacken, of which the northern and southern summits 

of 
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of the hill are composed. At  the junction of these rocks, the passage is 

sometimes so gradual as to give the intermediate rock an indeterminate 

character partaking of the nature of both. At others, i t  is abrupt, yet 

notwithstanding the abruptness of the change, the vertical and horizontal 

fissures are prolonged into each and cross the line of junction. I shall 

not here enter into a greater detail of these appearances, but shall con- 

tent myself with observing that the most satisfactory explanation of 

these phenomena, is derived from that theory which ascribes to the trap 

rocks an igneous origin, under pressure of a great body of water. 

The semi-columnar basalt forming the greater part of the hill is v e n  

porous, containing numerous amygdaloidal cavities, which are for the 

most part merely lined with a peculiar miheral, which I presume to name 

*conchoidal augite; sometimes, however, they are nearly filled with it, or 

with calcedony, semi-opal, or carbonate of lime ; the calcedony being 

usually covered with a coating of green earth. The rock itself is com- 
posed of hornblende and felspar, with the augite, so profusely disseminat- 

ed, as to claim a right to be considered in some cases, as a constituent of 

the rock. This is, I believe, the first time that conchoidal augite has been 

fo~md enteriag into the compositim of basalt. The rack ia fusible? and 

is af considerable specific gravity, notwithstanding its porosity. The 
vertical arrd horizontal fissures are not always straight, but are at  times 

waved ; they are alse, sometimes lined with an  infiltration of cakedony 

mated with clay and chfoxite. 

This 

* From the difficulty of procuring specimens sufficiently large to analyee, I have not been able 
to determine its compomtion exactly. 

+ S have kt* had ant opportunity of Puriog a large piece of h e  SLlBoMi basalt in a steel 
furnace ; the product after an hour's fusion waa a fine black opake stone, resembling porous 
obsidian: glass bottles are commonly made in the Mediterranean from basalt, and that of Stti- 
Wdf seema to be ef an equally favourable nature for that purpose. 
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This rock is succeeded by an indurated clay or wacken, which at  its 

junction with the basalt, frequently partakes of its semi-columnar s truc- 

ture, the vertical fissures being prolonged into the wacken, and the shis- 

tose structure of the latter extending into the basalt : these changes may 

be very fa~orably seen in the fosse, which surrounds the fortification. 

The indurated clay or wacken seems to form but a small proportion 

of the hill, as it  is not seen in the hollow between the greater and less 

elevation, the semi-columnar basalt being, there uncovered by any rock. 

It also contains crystallized-carbonate of lime and semi-opal, but calce- 

dony coated with green earth, is the most common mineral found in it. 

This rock paeses into the nodular wacken, which, on a casual inspec- 

tion, appears to be a collection of stones rounded by attrition, and involv- 

ed in a matrix of clay ; when examined more carefully it is evident that 
this appearance is owing to a peculiar modification of the concretionary 

structure, developed by decomposition. Nuclei, of various sizes, are enve- 

loped by concentric lamellae, which peel off as decomposition destroys 

their cohesion. They are consequently seen in various states of decay 

and of sizes, varying from several feet in diameter to several inches. But 

their true nature is easily discovered by the mutual indentation of the dif- 
ferent lamellae, which surround their respective nuclei ; the centres from 
which this pseudo crystallization has proceeded. The existence of the 

vertical and waved fissures, need scarcely be adduced as farther proof 

that they are not the product of alluvial detritiis. 

It appears most probable that they owe their forms to molecular 

magnetic attraction, since they contain a very large proportion of oxide' 

of iron (nearly twenty-five per cent.) as may be perceived by the  great 

specific gravity of hand specimens. 
1 2  The 



128 GEOLOGICAL & MINERALOGICAL STRUCTURE OF 

The nodular wacken or basalt, is one of the most common forms of 

trap in the extensive districts, composed of the rocks of this family, soutb 

of the N d d .  

I t  occurs perpetually in the exteneive and lofty range #of mountains, 

situated between the Plirna and Tapdf rivers, and appears to form their 

principal mass. I t  is found equally abundant throughout the whole 

of Berar, part of the provinces of Hyderabad, Bede., and Sholupur, and 

appears to form the basis of the great western range of trap hille, which 
separate the Km~kan from the interior of the Dekirioo. 

I t  is probably one of the main sources, when decomposed, of the 

black diluvial soil, to which Hihtilhmz owes so much of its fertility. 

The valley or extended plain of Berar, that of Himmahad, of h j ,  
of Nandkfla, south of the Krishtui, of the P&Z&, bordering the Krishd, 
and numerous others, all lie near the course of rivers, which at  some 

I 

former period have covered these plains and formed their extensive depo- 

sits of alluvium. Whether the deposition originated in some suddeu and 
partial inundation, or whether it was owing to the gradual subsidence of 
the waters of the great deluge, I think may be determined by cautious 

investigation ; I am at  present inclined to think that the m o ~ t  probable 

cause was the latter. 

The hill of S i t a W i  offers favorable opportunities, if the quarries 

are extended, of ascertaining positively whether the basalt is merely a su- 

perficial deposit, or is deeply connected with a mass beneath. I t  is sur- 

rounded on all sides by gneiss, or slaty granite, which is found at the 

base of the hill a few feet deep. Perhaps Nagpur affords more opportu- 
nities than any other part of India, of studying the geological history of 

these rocks, as it is situated near the junction of the primary and over- 
I 

lying 
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lying rocks. Numerous opportunities must arise during the excavation of 

wells and baths, of ascgrtaining the connexion of the strata beneath. A 
well in Mr. ALEX. GORDON'S garden, near the base of the hill, of about 

forty feet depth, penetrates through three or four feet of black soil, suc- 
ceeded by a magnesian siliceous clay, which appears to owe its origin to 

the decomposition of the gneiss, by which it is immediately followed, and 
which continues to the bottom of the well. 

From the summit of the hill of Sitabaldi, the difference in the out- 

line of the rocks eastward is very perceptible. * The flattened summits 
and long flat outline with the numerous gaps of the trap hills, are 

exchanged for the ridgy, peaked, sharp, outline of the primary rocks. At 
Ramtek and its vicinity, the rocks are of granite and gneiss. At Ddn- 

garf, at Pakwa and Pardnf, are found crystallized marbles passing 

into gneiss, capable of receiving a fine polish. Some of them contain 

a small quantity of carbonate of magnesia. At KhorarC, a dolomite or 
magnesian marble is found also in gneiss. At Nayaku'nd, Parslini, and 

the bed of the Pesh river, granite and gneiss of various kinds, also 
quartz rock and sandstone ; and foliated black manganese ore is in great . 

quantity. 

Captain BAYLEY'S plates of the Battle of SftahiitI, give a very correct idea of the flat 
owline of the basaltic trap hills at Nbgpur. 

VII. 



VIT. - 
OBSERVATIONS 

ON THE 

Geological Appearances and Gmra l  Features of portions of the 

Malayan Peninsula, and of the Countra'~~ lying batwi~b i b  

and 1 8 O  North Latitude. 

BY CAPTAIN JAMES LOW, 

Of the Madras Army. 

IT is with extreme diffidence that I venture on this subject, as it is one 

which cannot be fully elucidated without a much more extensive research 

than I have had it in my power to make, and a higher degree of 

geological knowledge than I possess. 

Since, however, the countries alluded to, have not hitherto been geo- 

logically described, and as political circumstances preclude British re- 

search from a wide portion of these interesting regions, the Society will, I 

trust, receive with indulgence the results of my personal investigation, 

The grand general features of the Indo-Chinese regions seem to be 

alternate ranges of hills stretching nearly north and south, and conforming 
occasionally 

* 
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owmionally to the general direction of Peniesular Txoete, and of valleys 

of various breadth, through which laow large rivere. 

The principal rangee are, that which divides A m  from h a ,  t h n  

the Sza- and Ava range, next the Siamese abd CcsarZycm, and a p i n  

the Canzbojwa and Amm range. The continuity of tbese appears to be 
most liable to iaterruptions as they approach the eouth, and none of them, 

as far ae my information extends, can be compared in height to the 

secondary ranges of those lofty H i m a l a p  mountains, from which they 

are evidently offblets. The broadest valley seems to be that of Ava, and 

the narrowest the CamBgan one. The general inclination to the south of 
the whole of the regions lying betwixt Belegal, a d  tbe aea of 19kamscatku, 

is apparent from the conrse of the rivers being in that direction, From 

region8 contigoons to the sources of these rivers, the tide of population 

which overspread the southern plains, appears to have flowed, a position 

which might be illustrated by the affinities of languages. 

Tbe &&-Chinese ranges are in so far as we yet know covered by 

deep forests. It is only, therefore, in the ravines, formed by torrents; and 

on the face of an occasional precipice, that their structure can be conjec- 

tured ; and these facilities are available at  but a very few points, dwing to 

the wildness of the countries in which they occur, and of the barbarous 

hordes which roam over them. 

I will begin with that part of the MaEayax Pettinsula lying in about 

4" S. laititude, and keeping on the west coast. This point is, in the Perak 

country, which is governed by an independent Malayah chief in alliance 

with the British. From this last circumstance we may hope in time to 

gain a more p w h t  acquaintance with its geological peculiarities. 

K 2 Close 
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Close to the entrance of the Perak river are the Bountin Islards, 
hilly, with rocky shores. Granite seems to be here the prevailing rock. 

The plains of Perak are chiefly alluvial, up to the line where a marked 

ascent towards the central range is discernible, and which may, perhaps, 

be averaged at fifteen miles from the sea. The range in question k a 

portion of the great N. and S. one, which divides the Malayan Peninsrcla 

longitudinally. The rivers to the eastward of it consequently disembogue 

themselves into the G+A of Siam, while those to the westward enter the 

Bay of Bmgal and the M h c a  Straits. This range, generally, considered, 

lies nearer to the west than to the east coast of the Peninsular. Where it 

bounds Perak on the east, it is both lofty, and, in so far as observed, con- 

tinuous. Gold has been found in the beds of some of the mountain tor- 

rents which join the Perak river. From specimens of ores of gold, found 

in the hills east of Malacca, it would seem that the matrix is most fre- 

quently quartz. That the Malacca Peninsula was the golden Chersonese 

of the ancients, cannot now be proved, but it yields at  this day gold in 

sufficient abundance to render this position probable. The granite forma- 
tion appears to predominate amongst the Perak hills, and in it are found 

the veins of tin from which the Dutch formerly derived much profit, and 

which now yields valuable supplies of that metal. The mines must be 

very rich, since even at  this period the native workman seldom digs above 

ten or twelve feet below the surface, and often contents himself with merely 

washing the soil taken from the beds ofrivulets, and separating the oxyd 

of the metal in the shape of a black sand. The oxyd of antimony is also ob- 

tained in large quantities amongst the hills, but my fipecimens being pure I 
cannot specify the rocks with which they are associated. Lime is also (ac- 

cording to native formation) obtained, but its nature and locality have not 

been ascertained. From some native accounts also it seems not improbable 

that coal will be discovered in this track. Perak is a fine country, watered 

by a river of a very picturesque nature, and it contains a considerable 

population 
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population of Chinese and Malays. From P m k ,  northward to Penang, 
the coast is level, with a few detached hills, not characterized by any 
peculiar feature, which might contrast them with those we have been 

describing. Penang, it is well known, exhibits an almost exclusive 

granite formation. The granite is, for the mast part, grey, and decom- 

posable, generally flaking off by exposure. I t  protrudes at  the summit 

of the hills, and may be found lining their base, Mica occurs occasion- 

ally in pretty large masses, and white quartz, regularly crystallized, is 

found sparingly. On the shores of several of the small islands lying off 

it on the south-east, conglomerate, tinged with oxyd of iron, is found as 

well as the usual granite. 

That part of the great peninsular range in the latitude of Persang, is 

much broken ; but many of the hills are of considerable height. The 

loftiest one, visible from Penang, may perhaps be stated at four thousand 

feet. They are almost all rich in ores of tin ; and were European scien- 

tific men to be permitted to explore them, we might expect to derive 

interesting results from their labors. A table land of considerable eleva- 

tion and covered with grass, is reported to be about north-east of 
P-ng, in the centre of the great range. The jealousy shewn by 

the Siamese, haa hitherto prevented me from visiting it. Marble is reported 
to be found in this direction; but no specimens have been obtained. The 

Malayan inhabitants are all friendly to the British. 

That portion of the Kedda Coast, facing Penung, has evidently, in 

many parts, been rescued from the sea. The period when this happened 

is not traditionally known, although i t  is conjectured that it is not very 
remote: mounds of sea-shells are found about two miles inland. There 

are detached hills on this part of the coast, which contain tin. 

The 
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The Kedda Peak (termed by the natives G h g  Cherai), is an 

object of considerable geological, as well as geographical, intereat. Its 

height has not been correctly ascertained. I t  may perhaps be stated at 

three thousand feet at least above the level of the sea, which waahes past 

of its base. 

The summit has not been reached, as far as I am aware, by any 
Ewopean, al~hough perfectly practicable. This has beem greatly owing 

to the jealousy of the S i m .  From specimens of rock8 md ores 

brought from this hill by intelligent natives, who were lsent by mt: to ex- 

plore it, I am enabled to state with some measure of cddidence, that it 
principally consists of the usual granite of this coast. On the sea face 

is a cliff washed by a watetfall, where large crptals  of white quartz are 

got ;-similar crystals were brought to me from a spot near.the peak. 

The sulnmit is a granite &, with a flat termination of a few square 

yaads bare of vegetation, and accessible with di&ulty. This mountain 

contains gold ; and tin o~ was formerly obtaied in large quantities on 

it. Various ores of irou were breught to me from it, a d  it i s  probable; 

that many other v a l a a ~  minerals m y  yet be found there. Thia r n m L  

tain abounds with all the valuable waods of this coast, amongst whieh 

are raeveral kinds of fir. The it~clintttion of the hill is apparently to ohe 
east, and there is a very remarkable break (of six or seven hundred feet, 

judging by the eye and telescope, at the distance of ten miles,) in the 

rock, east of the peak, which may have been caused by an earthquake. 

The latten phenomenon, it may be r emked ,  is not followd by such 

violent eiEects OD this coast, as on the Istad of Sumatra, and on Java. 

The existence, heweven, of hot springs in various pasts of the central 

range, indicates the prevalence of mineral subtanaes, oE which specirnena 

have not yet been obtained. 

Advancing 
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Advancing northwards from Gunong Cherai, and passing the mouth 

of the Kedda river, which takes its rise in the central range and fertilizes 

an extensive track of rich soil, the first object which attracts the atten- 

tion, is the elephant rock, a short distance north from Keddiz. I t  is a 

dark mass of granite seemingly, and it shoots very abruptly out of the 

forests to the height, perhaps of four hundred feet. 

The coast continues low to the northwards of this point. Turning 
to the Lawng Islands, we find granite still prevailing, bnt here in the 

" bird nest rocks," we are enabled to note the southern termination in 

this line of the limestone formation which has been traced by me up to 

the northern boundary of the Martabarr province. I have no doubt, that 

detached lime rocks abound in the central range, but they are not con- 

nected with this formation in so far as we yet know. The first decid- 

ed indication of the presence of lime, was observed in a perforated 

rock, lying off the N. E. side of Pulo Trotto. 

The calcareous rock is here much tinged by oxyd of iron, and mixed 

up with different earthy substances. The strata 'are inclined to the west 
a t  an angle of about 30". 

Several miles north of this point, the Tra~ag rocks begin. The first 

of these was visited by me ; but i t  merits much narrower inspection, 

than time permitted me to make. 

I t  is a huge mass of heterogenous rock rising out of the sea to the 

height of about three hundred feet. I ts  shape approaches to an oblong 

square, and it is rendered inaccessible by cliffs. The whole seems in- 

clined at a slight angle to the south. 

L 2 From 
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Frem the decomposing nature of the surface, it wodd be no easy 

task to arrive a t  a speedy conclueion respecting its whole structure. It 
appeared to me to rest on a granitic base, covered by various admixtures; 

The superincumbent mass is heterogenous. Lime stone in various stages ; 

veins of quartz and ores of iron are most prominent ; calcareous incrusts- 

tions line the hollows of the cl i f f  ; where also the agaric mineral abounds; 

-and the cliffs are, in some places, curiously marked by broad vertical 

ribbon-like streaks, varying in colour according to the strata from which 

.the water, containing the colouring matter, has flowed-white, black, and 

dark bluish, and slate colours, are most frequent. At the south end 

about half way up the cliff, there are magnificent natural arches. The 
grotesque calcareous stalactites, which depend just over the entrances to  

&me, give them, as  a whole, the aspect of a decayed gothic ruin. 

A cavern has been formed quite through the north end of the rock by  

the action of the sea below, and the gradual decay of the structure above. 
Stalactites here abound. 

Our boat carried us'into the centre of this cave; i t  h gbomy, but the 
roof is perhaps fifty feet high, and dome-shaped though rugged. &re 
were observed flimsy ladders of flexible cane, stretched betwixt projec- 

tions of the rock, and on emerging from the cavern, similar ladders were 

observed to have been arranged up the face of the cliff', in a zig-zag man- 

ner, here fastened to a jutting point s f  rock-there reeved throngh a 
perforated angle. These had been thus placed by adventurous Malays, 

in quest of the edibk birds' nests. Their trade is more dangerous than 

that 6f the samphire gatherer, or the Hebridian Birder ; but i t  is more 
p~ofi tabk than either. Several of the birds' irest islands, in this line, 

have been so tortuously hollowed out by td3e dow operation of ages, that, 

previous to going in, the nester fastens to the entrance the end of the clew 

he 
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he takes with him, that he may not lose his way. On these occasiona 
they use dammer torches. The eye of the swallow which builds t h a e  

nests, must be peculiarly fbrraed to enable it to work and nestle in such 

a labyrinth, where total darkness prevails. 

A pocket compass was placed close to that part of the cliff, which 

seemed most strongly impregnated with iron ; but it was not affected. 

Near, and to the north of this rock, is a very rocky island, termed 
Ka Pesa by the Siamese, because, in their legends, it is related, that an 
undutiful son having denied assistance to his parents, out of the profits 

of a wccessfu1 voyage, tbe gods sent a starm which drove his vessel to 

eea, where i t  was tramsfomzed into this rock. 

The general s tmture  nearly oarresponds with that of the rock juse 
noticed ; but it has a mmt singular aspect h m  a ~ i e s  of peaks which 

rise from it-bleak and striated, and which, an a near approach, reeem- 

Me the chimnies of glass manufactories. The geolagical features of this. 

idand may be bmt seen at the north end, where large masses have fallen 

from tbe cliffs. Here granular magnetic iron ore imbedded in a calcare- 

ous and micaceous gangue, was found in considerable quantity. A n d y  

similar sort of iron ore abounds on the high ground on the main land, at 

the entrance of tbe Trang river. 

These rocky islands are adorned by numerous beautifully flowering 

shrubs and trees, and are frequented by the white pigeon (Cehunbadel- 

maris), and by birds of passage, A coarse coral bottom prevails around 

each ; but the depth suddenly increases at the distarrce of two or t inee 

hundred feet fram the shore: oysters are abundant. At the north side of 

ohe narrow eatrance to Tnang. harbour, in N. Lat. 7" 20' is a remarkable 
calcareous 
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calcareous rock, with several caverns in it. The carbonate of lime, in 

conglomerated masses or in stalactites, is here much purer than that found 

amongst the islands just described. Several of the stalactitic masses are 

bell or fungus-shaped, the apex upwards, and when struck, are found ta 

be remarkably sonerous. These are all tinged with iron. 

Pulo Tilibon, which forms the northern side, exhibits granite and 

iron stone, with veins of quartz in it. From all that I have seen, i t  

should seem that the lime formation becomes more compact and pure, as 
i t  is followed in a northern direction. 

The rock in question contains a detached portion, having a stratified 

appearance, and inclining to the S. E. at  an angle of about 35". I n  one 

of its caves were observed twelve human skulls, laid out in a row. They 

were those, the Siamese said, of Burmans, who were slain in those wars, 

when they attacked and destroyed Tilibon. Part  of the stockade, which 

surrounded the town, was yet standing, when I visited the spot in 1824, 

about fourteen years after its destruction. The thick planks, or beams, 

were quite sound, and very hard. The tree, from which these durable 

walls had been obtained, is the Mai-ke-urn of the Siamese, and the Ray4 
gittah of the Malays. 

The Trang river is broad-with a high ridge running a t  right angles 

to it, on the west side of the entrance. Granite rocks here protrude 
through the soil, which is red and ferruginous. The shore is overspread 
with lumps of micaceous iron glance very fusible. The iron is in small 

rounded particles-black, but yielding a reddish streak, and when reduced 

to powder, adhering to the magnet. The matrix is a brown ochre, which 

soils the fingers. The quartz, which is found imbedded in the granite of 

this coast, is generally very lammellar, and the plates transparent. There 

are 
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are several hills discernible from this place ; but little information was 

obtained regarding the great range. The young Raja of Ligor informed 

me, that the pass, betwixt the hills, is difficult ; but as he rode his ele- 

phant the whole way on several occasions, his account is no doubt exag- 

gerated. 

Most of the small islands, lying betwixt Trang and Junk-ceybn, seem; 

for the greatest part, composed of granite. It prevails in, the latter island; 

and here again tin appears in proximity to, or interspersed in it, and its 

debris. 

A range of hills, the highest of which, I believe, will not be  found 

to exceed one thousand feet, stretches longitudinally through tbe island, 

with one large break in the middle. The island was probably once joined 

to the mainland, since the Papra Strait, which separates the two, ia 

narrow and rocky. The island, when I visited the interior in 1824, had a 
population of six thousand souls (Siamese.) 

The tin formation seems to run in a continuous line from the southern 

extremity of the Peninsula up to about 15" N. Latitude. Beyond this point 
neither Burmans nor Siamese have discovered any mines. But as the 

countries, lying on both sides of the great belt of mountains, are, perhaps 

to a distance of twenty miles, respectively, from the skirts of the latter, 

inhabited by wild tribes of Karians, uninterested in the search for this 
metal only, it is probable that tin does exist in these latitudes. I t  shews 

itself again in Tltampt, one of the provinces of the Shdn, as the Bur- 

mans term the inhabitants, and lying, if I can depend on the distances 

given to me by natives of the country, in about 20" N. Lat. and Long. 99'- 

100. The natives call themselves Plau. They are shorter in stature than 

the Burmans, and their features partake much of those of the Chinese. 
M 2 There 
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There the tin ore occurs in beds of streams mixed with sand. The 
natives do not dig mines to get at it, owing perhaps to its being of little 

value at such a distance from the coast. They have, however, by their 

own accounts, valuable lead ares, which they reach by deep shafts. 

I n  'Captain FORREST'S time, when Junk-ceylon was visited by numerous 

native traders, the mines yielded an average annual quantity of five hundred 

tons of tin. But as the population has been reduced to about six thousand 

eouls, and as the Siamese have mines closer to their capital, a very small 
supply only is now taken from the island. Perhaps it may be rated at one 

I 

hundred Bahars of 446 lbs. averaged each. A Chinese smelter informed 

me, that he could afford to produce tin at a cost of one-half at  the utmost 

of the market rate. The miners dig pits of from twelve to twenty feet deep ; 

but seldom venture a lateral shaft. The ore is generally in round or 

oblong matsew, with well defined cryetala, and in a matrix of quartg, or  

bedded in masses resembling half decomposed granite, yet of considerable 

hardness. 

The furnace in which the pounded ore is smelted, ics made of a com- 

pact of clays and earths, is oblong in shape, and about three feet high. 

Alternate layers of ore and charcoal are put into it, and the usual hori- 

aontal tube bellows of the. Chinese, is kept incessantly at work d w h g  

fiur cornpieta days (of twenty-four houra) and one night, when the fur- 

nace ia cleansed. After some houra labor, the tin makes ib appearance, 

and is run into moulds, and the furnace ie fed with more ore and fuel. 

The Bay gf P&gu, which stretches N. E. from Jrstk-ceylun, is re- 

markable for the magnificent rocks, with which it is studded. At the 
distance of ten miles, they appear like huge artificial pyramids ; but on a 

necuw approach, their outlines change to aolumnar, or massive. The 
principal 
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principal rocks occupy a lme of about ten miles, in a north and south 

direction. The northern extremity lies behind the town and valley of 

Phsinga ; the southern rests in the sea, abont four mibs from the mouth 

of the PMnga river. Their direction, therefore, is nearly that of the 

Tranq rocks. The part of the range, lying in the sea, consists of nume- 

rous detached rocks of different elevations, and mostly inaccessible. The 
height does not in any instance, I should state, exccedfivehundrad feet, and 
eeldom fills short of two hundred. One of them has a very columnar aspect, 

which might lead a distant spectator to suppose it was basaltic. They 
are all, however, chiefly compoeed of, I suppose, primary limestone, 

and like the rocks which have beem already described, exhibit no traces 
of organic remains. Some of the specimens of stalactite, which have 

been presented to the Society, were taken from one of a series of grottos 

in and near the base of one of the Phiittga rocks. These caverns are 
about six feet above high water mark. The roofs are low, and &om 

exceed ten feet in height, and they look as if supported by the natural 

pillars of spar, which have been gradually formed by filtration from the 

top. Several of the stalactites have bamly reached the floor-others 
touch the fleor, and a double formation is going on. The side3 of the 

grottos are lined with the same calcareous spar. 

There is an insulated rock near this spot, which is perforated by a 
grand natural tunnel. To the top of the arch the height is about twenty 

feet, and grotesque-shaped stalactites depend from above the entrances 

from the mf. A boat can get within the arch. 

The valley of Phahaga is abont three milea long by one, on an 

average, in breadth, being oval-shaped, and widest near the sea. It ia 

hemmed in, to east and weet, by rocks and hills. Those on the west are 

least abrupt, and seem mostly granitic ; those on the east have a vary 
picturesque 
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picturesque appearance, and where the river washes their base, present 

perpendicular cliffs of four and five hundred feet. They are even more 

purely calcareous than the rocks a t  sea, for many look a t  a short dis- 

tance, as  if formed of chalk. This they owe to the agaric mineral. Tin 

abounds in the granitic hills in the vicinity of this valley. The great hill 

range of the Peninsula, was not observed from this point, owing to  the 

intervening rocks. But the Siamese chief informed me, that  i t  must be 

crossed in the route thence to the opposite coast of the Peninsula. No 
information could be expected from him, as to the rocks associated there. 

The population here is  about eight thousand souls, including six hundred 

Chinese, and about one hundred Siamese priests of all ages. 

Passing to the northward of Junk-ceylon, the coast is bold for the 

distance of a degree ; and lying about thirty miles off this line, are nu- 

merous calcareous perforated rocks, frequented b y  the edible birds' nest 

gatherers. 

From all accounts obtained from native travellers-from personal 

observation when sailing up the coast, and with reference to the narrow- 

ness of this part of the Peninsula-it has appeared to me that the great 

central range is here of less width than a t  any other point. But  I 
cannot admit, that this circumstance, as  some have imagined, should 

give any color to the supposition that any internal navigation is, or could 
- be, rendered practicable betwixt the Bay oj Bengal and the Gulpi, of 

Siam. I have before me native plans, in which the hills are laid down a s  

continuous. At  any rate, the inclination of the countries towards the 
GuZpR of Siam on the one side, and the Bay  of Bengal on the other, is 

so great as  to prevent the rivers which flow over them from being navi- 

gable to good sized boats, beyond perhaps ten or twelve miles from their 

mouths. 

The 
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The sources of two rivers may indeed lie within a few miles of each 

other on opposite sides of a hill or a range-yet the spot where they 

respectively lose the name of mountain torrents, and become navigable, 

may bevery widely asunder. I t  is true, that by running up the &a, or 
\ 

any other stream in a boat, a traveller may get within two or three days 

march of the place of embarkation on a river on the opposite coast: and 

this is all that can, with our present information, be admitted. All the 

rivers on this coast are wide, and some are deep at their mouths ; but, 

with the exception of the Tenuserim and Tmoy rivers, which incline to 

the northward and avoid the hills, they suddenly contract and grow 

shallow. Tin abounds betwixt Junk-ceybn and Mergui. 

The coast of T w e r i m ,  from 10" to 12" 30' N. is shut out from the 

ocean, by high and generally rocky islands. 

Those which form the west side of Forrest's Straits, up to the N. point 

of Domel, in 11" 3' N. (instead of 11' 21' as he gave it), are well wooded, 

and are chiefly composed. of granite. Dome2 is a fine island, twenty 

miles in length, by twelve, or thereabouts, in breadth, with a rocky coast. 

On sailing past a spot, described and ~ketched in FORREST'S work, and at  

which he mentions having taken in marble ballast, I could only find a 

great quantity of large smooth boulders of quartz, which had been asso- 

ciated with slate ; for, upon inspection of the coast, thick strata of soft, 

black slate, with veins of quartz, were discovered. The slate had, in 

some places, an admixture of iron ore. 

In coasting Domel, the hills on the mainland are distinctly perceir- 

able. The highest point was conjectured to be about three thousand feet 

high. These hills belong to the great range,in all probability. The highest 

peak of St. Matthew's Island, may be nearly as high. 
N '2 All 
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All the islands m this chain examined, shew bold coasta towards 
the sea. 

There is a considerable opening north of D m l ,  where a distinct 

rrchipehgo of bleak and rocky islands begins, and stretching north. and 

south. The belt is fo~med of four or five parallel raws of islands, and 

may be twenty miles in breadth. They are not laid down in the Charts. 

A vessel, I sailed in, pass4  through amongst them in masting, and as 

the numerous dangerous rocks with which this hitherto unexplored track 

abounds, rendered it necessary to anchor frequently, I had opportunities 

of visiting many of the islands. The channels are, for the most part, 

deep, and avessel of two or three hundred tons can scarcely find anchor- 

age near many of the islands when within half a cable's length of them. 

Their formation is primitive. The granite is occasionally associated 

with black shistose strata, or sandy date. The specimen produced, was 

taken from a vertical stratum, of exceedingly indurated h i s t  tinged 

Isy oxyd .sf iron. Lime rock was not obaerved to prevail. But eeveral 

of the islands seem heterogeneously composed. Occasionally quartz, 

white and tabular, was eeen to pervrde in broad veins the granitic 

rocks. 

. Several " birds' nest" rocks are scattered amongst this p u p ,  and 

it may be inkrred that they are calcareous. Pearl aptem are occasion- 

ally picked up. The pearls got from them are seldom of much value. If 
pearl beds of any desirable extent do exist, the practice of diving for 

them, as a t  CqZon, might be applied with advantage. The whole of the 

islands noticed, are deetitute of any fixed population. But there is a tribe, 

termed Chalorne a,nd Pase, the families of which rove abdat collecting the 
\ birds' nest, the dammer, the beche-de-mer, coach slugs, wax, scented 

woods, 
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wadds, and other products of the islands. They live in covered boats, 

and appear inoffensive; readily bartering the above articles Ear s w h  

m e r c h d i z ,  as tbe Burmum bring to them. 

The Siamese appear exert very little, if any, control over tbese 

islands- Their part of the coast terminates at Pak; Chu;  a river of no 

anaseqnencefurther than as it forms, according to $im opi~&on, tbe 
sodaem bounda y of the British possessions in this quartet. 

Leaving this coast for a space, I will now cross the Peninsula, and 
endeavour to give as brief an account of such geological a d  mkralogiaal 

notices as I have been able to obtain, respecting Siarn. 

IThe sea, which washes the shores of the Peninsula on the east aide, 

is studded with numerous &lands, bold, and, for the most part, rocky. 

The edible birdm' nests being here procurable from the caves, it is p m b w  
that lime abounds in the rocks. Along the ahores of the CM'pb'ibeor a d  

C h j a  districts, k r r u g h m  etrata are prevalent, and badstme is said 

to be procured from them. 

At Ban tqihan me, nearly in the latitude of Merp',  are the oniy 
gold mines now worked in Siam. The gold ie eitber in the shape of dust, or 

found in a reddish earthy matrix. To get this last kind of ore, pits of no 

great depth are dug. The ore is m e 4  y submitted to the agency of fire. 

It is not believed, that these mines yield annually more gdd, than would 

be valued at perhaps about 15,000 rupees. But as the miners (about from 

two to three hundred, it is understood) only mine during three months in 
the year, and rn they go very clumsily and unskilfully to work, the reaI 

value of these mines r e m a h  unkma. 
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A diligent author,* who visited Siam, observes of the Siamese, that 

" neither their mines of tin, nor those of copper, lead, and gold, have ex- 

perienced the benefits of the industry and intelligence of the Chinese." 

Previous to opening a mine, the Siamese propitiate the spirits of the 

ground and of the stream, by the sacrifice of cattle and poultry, and by 

offering up these and fruits on temporary altars. This custom is equally 

observed by Chiwe and Malayan miners, on opening . gold or tin mines. 

With respect to the Siamese, the practice is a direct breach of the primary 

ordinance of their faith " not to kill that which has life," and pointa to 

a period when they worshipped Genii Loci, and other imaginary Dewtcxs. 

Carnelians are found, it is said,. on this coast. 

Proceeding northward, till within ahnlit a days coasting of the Siarn 

river, a hill, termed K,lmu Deng, or " the red hill," appears on a point of 

land. The coast is covered with ferruginous earths and strata ; but of 

these no specimens have been obtained. Close to this place, and stretch- 

ing for the distance of ten or twelve miles northward of it, is a very 

remarkable range of pyramidal hills and rocks, termed by the Siamese 

Sam sue yat," or " the three hundred peaks." They vary in height 

from an hundred feet to perhaps twelve hundred feet ; some rise frbm the 

sea, others are scattered on the main land. 

This account I give from native information, although European 

navigato~s have incidentally alluded to them. They take from hence a 

kind of lume, (perhaps an iron ore), varying in colour from black to white. 

The valley of S k  is chiefly alluvial, within the scope of the annual 
inundation8 
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inundations of its river. The first rocky formation .of any consequence 

northward of Bankok, the capital, is a t  Prabdt, three days by water, 

north-east of the old capital, and where there is a famous impression of a 

foot of Buddh .  The Sicrnrese priests have long imposed this sculpture 

on their followers, -who never doubt their assertion, that the legislator 

alluded to stamped the impression with his own foot. 

This Prabtit has been made on the solid rock [a granite, if in- 
formation is correct], which protrudes at  top, and a stair has been cut out 

of the rock to &wend by. A copper ore is  said to be found on the flat 
grounds near this place. About fifteen or sixteen miles above Prabdt, 

there is a low hill called P h r a  Chuuja, where granite, from my information, 

prevails, and where the natives fancy they can trace on the face of a rock, 

the lineaments of Buddha. Iron ores are found here. At NapphaGn', on 

the south of the road to Laos, large quantities of a very white argillaceoue 

earth are obtained, and red ores of sulphur are said to be brought from 

this quarter. At Khordt they use, it is said, a plurn-pudding stone, or 

breccia, for building ; and a t  Napphabzin', in this quarter, they find yel- 

low, red, and white ores of arsenic (Realgar?) a metal which enters largely 

into the Siamese Pharmacopoeia. The range of hills, stretching N. E. 
from a point in about W. Lat. 16" on the east bank of the river of Siam, 

yields ore of iron in great abundance ; and the Chinese have, therefore, 

established a large party at  T,hnsu'ng, a town lying on a branch 

of the river. They manufacture various coarse articles of cutlery, 

which are rejected by the Siamese themselves, in favour of foreign 

importations of that metal. Iron mines exist also a t  Sokkothai, higher 

up the river. The range of hills dividing Siam from South Lnos, is 

continuous, according to every account I have received from native 

travellers, who invariably go most of the journey by land. They 

affirm, that there is no water communication across the country; so 

o 2 that 
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that the river b m ,  laid down by some geographers,* appears to have nd 
existence. 

The Me Nam, or great river of Sicrm, has been traced by me, in 

native maps obtained from people of Laos, up to about 21" N. Lat. where 

are high hills abounding in hot springs. P,Rokhau Lo-ang Prabang, a 

hill many days to the northward of Laochtig, in the south of Laos, yields, 
it is raid, gold and precious stones. I t  may be the MoAany Leng of Du 

HALDE, where, he observes, were to be found " gold, silver, copper, tin, 

and red sulphur." At Chntabdn, on the east coast of the GdpR of Sianr, 
granite is believed to be the prevailing rock, and quartz-crystals, Ceylorr 
diamond, and coarse rubies, cat's eyes, and other precious stones, are col- 

lected, it is reported, in the vicinity. Steatite is found in Ligor.. 

We now return to Termserina. The high islanb fronting Mergui are, 
1 think, of primitive granite ; and King's IsZund, with most of the lesser 
islands in  its neighbourhood, present bold granite cliffs to the sea. 

The hill, on which the town stands, consists of granite, decomposed 

at the surface, with much quartz interspersed in veins. The ochery ap- 
pearance of the soil, in same places, indicates the presence of iron, and 

tin ore is found in the streams at  the base of the hill;-lead ore is reported 

to exist in the upper part8 of this province. The rocks on the island 

forming the west side of the harbour, are strongly impregnated with oxyd 

of iron. In the vicinity of the town, argillaceous petrifactions are found. 

The clay contains some lime. But no marks are discernible near Merp'  
of lime rocks ;-+ome petrified crabs were obtained. The province of 

Mmgui, or T a w ,  abounds with tin ore, especially to the southward. 
The 

* PINKERTON and others. 
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The @a, northward to Taw, is pretty free of islands. Grey granite . 
is the prevailing primitive rock throughout the province of Tavoy. 

The= is a low range of hills, which stretches north and south, close 

along shore, and shuts from the eea a great portion of the province ; near- 

ly oppoeite to the town of Tavai, on the west hank of the river at  Kamau, 

is an elevated ridge of several miles in length, which is almoet wholly 

eomposed of iron stone of different degrees of compactness. On the 

surface, the soil and gravel are reddish. But on a high part of the ridge, 
is a rock very hard and fine grained, but hot striated, and of a blackish 
colour. I t  is strongly impregnated with iron, and so magnetic, that a 

piece newly detached and of a pound in weight, held a piece of iron, nine 

grains in weight, in suspension. I t  was with much difficulty, that a few 

specimens could be taken off with an iron crow. This rock might, from 

its black appearance, be supposed of meteoric origin. But it is evident- 

ly connected with the ferruginous strata beneath, and seems not to 

contain any nickel. 

Tavoy is a very hilly province. The first range connected with the 

great centre belt, lies about ten miles east from the town. Hence to the 

main range there is a succession of north and south ranges, gradu 

ally increasing in height, and having very narrow valleys betwixt them. 
Through these valleys flow rapid streams which, after pursuing the direc- 

tion of the valleys to various distances, find outlets, and then turning 

westward flow through level tracks until they reach the sea. The route 

to the Nay Ddng Puss into Siam, lies about north-east from Tavoy. I 
performed the journey to the summit of the Pass in 1825, and on foot, 

as the road is impassable either to elephants or horses. Indeed the only 

paths, in some places, are the beds of mountain torrents. A dense jungle 

covers the face of the country, precluding the probability of satisfactorily 
pursuing 
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pursuing geological pursuits. The tin mines, lying three miles off the 

route, were visited by me. They do not here deserve that title, as the 

Tavoyers merely wash the sand of the streams, and collect the fine black 

particles of ore. The temperature of the air is found to be about 64" or 

65" until eight or nine o'clock, and that of the water 68" (FAHRENHEIT'S 
thermometer), so that the workmen never begin their labour until that 

hour. As the population does not extend beyond the first range of hills, 

and the mines are buried in the forest far beyond these, the men are 

exposed to the attacks of elephants and other wild beasts which here 

abound. 

Other mines of tin lie on the southern coast below Tavoy, and a 

meagre, black, and ulightly sparkling ore of antimony has been obtained 

from the province, but its locality I am not aware of. 

Frequent vertical or inclining strata of hard slate, and sandy slate, 

are found at intervals to lie across the path ; but wherever a bold cliff 

appears, scarcely any thing except granite is visible. 

At Laukye?~, fifteen miles north-east from Tavoy, (a halting place or 

circular cleared space of the forest), and lying a few hundred yards on the 

east of the route, my guides shewed me a hot spring in the almost dry 

bed of a torrent. 

The adjacent strata were, after many hours labor, laid bare, and spe- 

cimens were taken from the spot where the water bubbled up. The rock 
appears to be a transition slate, passing into limestone (for it effervesces 

slightly with an acid), and having thin films of pyrites betwixt the cubical 

portions which compose it. The water raised the thermometer to 144'. 

The gas which escaped was not inflammable. The pebbles around were 

incrusted 
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incrusted with a calcareous salt. The water has no peculiar taste. Them 
is a mound on the eastward of the spring ; but no volcanic indications 

were perceived in any direction. 

The great Tenuserim river was crossed in this route in a track, whem 

either perpendicular cliffs of granite, or wooded hills, hem it in on both 

sides. Its bed is strewed with large blocks of the same primitive rock. 
By leaping andstepping from one to the other of these, we crossed to the 

east bank. The breadth is here, as far as I can recollect, (in the absence of. 

my notes) about thirty yards. I t  is quite impassable in the rainy season. 
From the appearance of the stream here, I should be inclined to fix its 

source somewhere about 15" 30' north. The road, distance to the top of 

the Nuyt D6ng Pass, is about sixty miles. In  a direct line it is about 

fifty miles. I t  was found impossible to march early in the morning, 

owing to heavy dews and mist, and the whole day was often employed in 

getting over ten or twelve miles-so difficult was the march rendered by the 

necessity of crossing (often twenty times in a day) mountain torrents, and 

the stream they feed, and of ascending rugged beds of streams and 
ravines, where the guides were not unfrequently at fault. A considerable 

tract of table land was passed over during the route. The average tempera- 

ture of FAHRENHEIT'S thermometer *was at sun-rise &'-and at mid-day 

74.. But it was often 72" at the former period, and 69' or 70" at the latter. 

The rocks at the pass could not be well examined, owing to the thick 

jungle-but the surface is evidently a decomposing granite. From this 

elevation, which I am not inclined to rate higher than three thousand feet, 

four very distinct and higher ranges of hills were seen within the Siamese 
frontier 

- - - - - - -- -- - 

* The month was one of the dry ones. 

P 2 
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fiontier cm the east, while the 1-r rang- on the Tavoy side c d d  be 
easily traced. 

From the  view here obtained, I feel disposed to allow forty miles 

ett the least for the breadth of the whole epace, in this latitude, occupied 

by hills. The ranges are as neady as may be parallel to each o k .  

In my overland mute to Yi, the surface was r a ~ l y  found to exhibit 

any other than the granite formation--quartz was occesionally abundant. 

At  En-&u, near Kdhg Aung, on the left of the road, and in the 

middke af a circular level spot in the jungle, is a curious hot well. It was 

founcl to be quite marshy all around, although it was visited in the hottest 

period of the year. It was not without difficulty that i t  could be reached 

near enough for examination--both fmm the heat under foot and the 

treacheraus nature of the soit. 

The well is  a b u t  forty feet in diameter. By throwing a bobtle attach- 

ed to a rope, allowing it to  fit1 and grow heated, and pulling i t  suddenly 

back, the temperature was found to be 104" of FABR EPJH EIT. But 4' more 
may be alhwed for accidents. Nut a ruck or pebble could be seen near 

the well. A Meak on the surface, aagatar, sharp and disintegrated, scrag- 

gy granitic rock lies a short distance to the northward of it. 

The  water has not been examined by tests. From this hot fountain 
dawn to the saockacted town of Yk, in the mall province of that name, 

the mantry falls rapidly (to the south.) A few detached hills are pm- 

ceived a t  intervals, and on the east of the route a low granitic range 

stretches northward-resting on the south at T a v q  Point ,  and to the north 

in Nartaban Province. 

The 
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,The low hill, on which the stockaded town of Yk st& exhibits no 

peculiar features to attract a geologist-granite decomposed at the sur- 

face, is most prevalent, I believe. 

On the route from Ye' to MarMan, I perceived in the dry beds of ri- 

vers massive strata of striated clay slate of a fawn cotour. These strata 
are either vertical, or dip a t  a considerable angle-Mmtcaban and the ad- 

joining countries, would well reward the l a h m  of a geologist. As the 
Jhrvmza war was being carried on, when the former was visited by me, it 

was not without the imminent risk of being cut d, or of being made a pri- 

soner by the enemy, then encamped on the north side of the river, that 

I was enabled to explore the country np to about north latitude 18" 20'. 

A hasty geographical sketch of this province may not here be alto- 

gether irrelevant-for, without some idea of the Iocdities of a country, the 

future geological traveller may find his plans prove abortive. 

Martaban is boonded on the north, by a branch 04 the great central 

range ofhills dividing it from Siam. On the south, it merges into tba 

district of Yi, being divided from it by the Balameita, a narrow stream- 

On the east, the Siamese range presents a very formidable barrier, shew- 

ing at intervals peaks of considerable elevation. The highest of these was 

conjectured to be about five thousand feet in height. Across this wall, 
there is only one good pass, that termed Pra-song-cM by the Bnrmmw, 

and Phra Cltedu-sum-ong by the Siamese, " the pass oJ the three Pagodas," 

and lying in latitude 15" 18' 00" N. longitude 98' 22' 15" E. according to 

Captain G R ~ R T ' S  observation after the peace. Another, but difficult pasa, 
liee directly north of Martaban. On the west, it is partly bounded by the 

sea, and partly by the provinces of Cbetdng and Tkdrn Pagai. I t  may be 

computed to contain about twehe thousand square miles. 
The 
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The principal river is the Kriing Mautama, (of the Pegecers,) or San- 

l d ~ ,  (of the Burmans,) which rises in a range of mountains to the north- 

west of Ch-ang Mai in Laos-passes within two or three days' march of 

that capital-and after a turbulent course, apparently betwixt two of the 

inferior ranges of the great belt, disgorges itself with impetuosity on the 

plain just above the island of K a  Kayet, in about 18" 20' north latitude. 

It is joined at  the K a  Kayet stockade by the Yu'nzalen river, which flows 

from the Haphbn hills, lying in a north-west direction from hence ; and 

which I believe to be the same, which I observed from the great Shui 

Ma& temple a t  Pegu, to bear as follows-the northern extreme N. N. E.- 
southern extreme E.4 a part south-and about forty miles distant. But 

the stream was found by me to have a bar of granite across, about eight 

or ten miles beyond the stockade, and not to be navigable to the smallest 

canoes. Hence it rolls more quietly on till it  disembogues itself into the 

sea a t  the Khyet Khami Pagoda. Opposite to Martaban, it may be about 
a mile in width. 

The other rivers which swell it are the Da'ng Damf Kya'ng, which 

joins it a t  Mahi Phrci Pagoda ; the Gytn Kydng, which falls into it a t  

Phrli Pyti, or the &'  White Pagoda;" the Attarcim, or Attiya'n river, 

which enters it nearly opposite to the town of Martaban-the Wakrti 
K~ydng, which disembogues near the Kytt Khami Pug-oda-and the 

D&ng Wein Kydng, which pours itself into the GulpA oJ Martaban. 
These are all navigable far inland by large boats. 

The chief hills within the province are part of the Tavai range, with 
its branches--one of which is divided by the SanEtin river a t  Malamein. 

I t  runs in low broken hills, about fifty miles north of the town of Marta- 

ban, and joins the Jeu Kytt mountains-next a short range running across 

one of the upper branches of the Adtardm (or Attiydn) river-the Jeu 

Ky Ct 
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K ~ t t  PRru-thg, a high peaked hill, fifteen or twenty miles to the weat- 

ward of the town-the Jogabeu-ta'ng to the northward, and the two in- 
d a t e d  hills, called Dhg D&mf and Majin. 

The numerous detached and insulated rocky hills which' are scatter- 

ed over the plains, and the many islands which stud the expanded Sari- 
t in,  together with the dark and towering Siamese hills in the back ground, 

produce scenery of a very impreosive kind. 

The ranges of hills in his province betray granite as their chief in- 

gredient. But the &tuched and very abrupt rocks and hills, of elevations 

of from two hundred feet to eight hundred feet, which shoot up from the 

plain, have in so far as examined by me, been found to be invariably com- 

posed of Jimestene. The limestone is in various stages, from an earthy 
aad gritty kind up to hard marble-and the cli& on several of them have 

the same marked fmtures, which the T r q  and Pllrzhga rocks display-- 

Being streaked with red, brown, and white, 4 evidently s ae r ing  r 
rapid decomposition. The plains on which these are based, are covered 

generally by an alluvial soil--but in some places, it  ia dark and porous, like 

the cotton ground of India. The eub-stratum in the lower pa- 
is commonly a stiff clay, but towards the diamese rang;e the soil becomes 

mole friable, tinged with oxyd af iron, or mixed with debris of rocks, 
and resting on gravel in large round masses. Mere on the banks and on 

the low islands the Khjtn tribes cultivate cotton, indigo, tobacco, and 
pulses. Potter's earth is obtained in abundance near Martaban. Of this, 

arost of &e utensils known by the name of Pegs jars, were formerly made. 

O n  the low range of hills, on which Martaban stands, granite, per- 

haps, predominates. But at the town, many slaty and sandy strata 

M g  an indination of about W hen, tinged with oryd of iron, there 
Q 2 intermixed 
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intermixed with slightly calcareous and other matters, and quartz are 

observable. At ilfalumein, a breccia is found, which hag been used in the 

construction of the Pagoda there. This substance hardens so much by  

exposure, that it will last for ages, as it has here done. On the high 

grounds, which occasionally flank the river, the surface is tinged red by 

iron ores. 

About fifty miles by water up the Attardm river, and within about 

two miles of its eastern bank stands Seinle-ddng, one of the singular 

limestone rocks just alluded to. About mid-day, betwixt i t  and the river, 

and on a swampy plain, slightly inclined to the river, I was gratified by 
discovering a singular hot fountain (for it is of too peculiar a nature to be 

merely termed a spring.) The Bumans call i t  " Ye-ha," " hot water." 

Thc orifice is nearly a circle, the diameter of which is about thirty feet. 

The rim is of earth, and only raised about a foot above the surface ' of the 

water. Not having been prepared for such an interesting object, I had 

not provided myself with a line. But the depth is, no doubt, very consi- 

derable. The water was so clear, that the green calcareous rocks which 

project from the sides were quite distinct a t  a depth of twenty feet a t  

least. A strong bubbling appears near the middle. A thermometer pro- 

pended from a bamboo was dropped into the water, and after a space 

quickly withdrawn. An- allowance of two degrees being made ' for loss of 
heat in the removal, the temperature by FAHRENHEIT'S thermometer was 

found to be 136", which i~ 12" hotter than the Bath waters. , 

Had any volcanic indications been observed in the vicinity, the circu- 

lar formation of this well might have induced the belief that it had once 

been a crater. A visitor to this place ought to approach it with caution- 

since part of the water near the edge is covered *with weeds, which so 

resemble the'surface of the bank, that a person might unthinkly step on' 

them 
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them to his inevitable destruction. H e  would faint instantly from the 

heat and sink. Although the wells on the plains were all nearly dry a t  the 

period when this fountain was visited," yet it discharged twenty gallons 

on the least computation in a minute-and towards the east side. The 

leaves and branches which had fallen near were incrusted with a calca- 

reous deposit-and the bottom of ' the rivulet mas covered with a flaky 

calcareous substance. No specimen could be obtained of the rock, as i t  

lies far below the surface. But from the greenish hue, perceived in it, 

we may suppose it to partake of the nature of the specimens brought from 

Lan7iyen hot spring in T a ~ o y .  I drank some of the water, and was not 

afterwards sensible of any peculiar effect from it. Upon subsequently 

examiningit with the obliging assistance of a Medical gentleman-!- a t  

~iIi(rtnbnn, i t  was fonnd to be a chalybeate, and to contain lime in com- 

bination with some other earth or earths. The tests are enumerated be- 

low. This fountain lies on the route to Sia~n . ,  and from many cocoanut 

trees scattered about, it is evident, that though now a jungle,$ the plain 

once supported a numerous population. Near T't, on the sea shore, thcre 

is a pond to which the Btirmnns ascribe marvellous virtues. It is said to 

grow quite red occasionally. Probably iron ores are abundant there. 

I was favored on this occasion with tlie company of Lieutenant GEORGE, AT. N. I., and 

Mr. ADAMS, of the Marine Service. 
+ Mr. BROWN, A. S., M. N. I. 
$ 1st. Tincture of catechu precipitates a dark brown substance-hence the presence of iron 

i s  inferred. 
2d. It does not blacken paper, dipped in a solution of lead. 
3d. No precipitate is caused by dropping into the water a solution of nitrate of silver. 
4th. When mixed with a solution of turmeric, (in equal proportions,) no sensible change of 

! colour is induced. 

1 5th. When mixed ~vitli an equal quantity of lime water, a light, while precipitate, is formed, 
s l ~ i c h  does not effervesce --it11 muriatic acid. 

6th. Tlie concretion found on the lenves and common pebbles effervesces strongly with mu- 

riatic acid, indicating tlie presence of lime in tlie water. 
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Betwixt this place and Malmsrhn, on the east bank of the same river, 

stands the very majestic lime rock Phbaptatlng, the base of which is 

,washed by the stream. It has been perforated quite through by a rivulet. 

The limestone composing it takes a fine polish-and large stalactites de- 

pend from the roof of the grand arch overhead. It, like the rest of 

the rocks examined, ehews no traces of organic remains. 

In  rowing up the S d h ,  or main river, the first objects which at- 

tmctd my attention were the KraSklac-tawng rocka, being a continuation 
of the great lime formation. The Fiver a t  one spot is hemmed in betwixt 

two rocks, and being thus narrowed rushes through with considerable im- 

petuosity. The m k  on the north-west bank overhangs its base, the lat- 

ter being washed by the river. O n  a sharp, and one should suppose al- 

most inaccessible pinnrrcle, a small Pagoda hsa% beea built, producing a 
pleasing e&t to the eye of a distant o b s e m .  

, 

The cliff I c~ljectured be two h u n d ~ d  and fifty feet high. On 
that front facing the river, some n i c k  have been cut in a pyramidal 
space, and in these stand many painted and gilt alabaster imagee of 
Boaddh. A narrow opening leads into a magnificent cave, which has 
been dedicated to Buddha, since many large wooden and alabaster images 

of that deified mortal were found arranged in rows along the sides of it- 

the wooden images were mostly decayed, through age, and Bed tumbled 

on the Boor. The rock consists of a grey and hard limestone. The cave 
bears no marks of having beea a work of art. The Burlourlr priests, who 
inhabit a village on the opposibte bank, could not a W  me any infor- 

mation respecting it. No inscription was discovered on the rock. I t  is 
n&her e -sh&ar~~munasfana, that no ahit, crrotber inscripth6 on done 

of any antiquity, have been discovered in the Indo-Chinese countries-and 

it  is the more particularly so as regorda Bwma, w b z a  the natives ham 

(with 
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(with reference to their semi-barbarous state,) attained to a very respect- 

able degree of proficiency in sculpture. The bells of their temples have 

generally inscribed on them some pious .sentences, and the name and 

titles ofthe person who bestowed them. 

The only inscription observed by me, was that which Alongphra, or 

Alampra, caused to be engraved on a marble slab ; which stands under a 

shed at the great Shui Madu temple at Pegu. I t  records his valorous 

exploits aud pious disposition. The alabaster, of which the Bumuzns 
form their images, is only procurable within the proper Ava territory. 

The Prapatha, or Prabdt, is an engraving often found on granite slabs 

at temples-and is intended to represent an impressioll of a foot of Bud- 

&. They contain many emblems, most of which are obscure, and only 

to be made out by the help of a Phitlgi, or priest of Bwtdha. The 

Xartaban Phzingis could not inform me when Buddhism was introduc- 

ed into Martaban. Rut from several circumstances, i t  should seem, that 

the conntry was only settled about A. D. 1286. From an attentive ex- 

amination of such Bali MSS., as have come into my possession, I am 
\ 

quite disposed to conclude, that the Buddirist religion reached the Indo- 

Chinese nations progressively from Ceyloth-and that the Bali language, 

as now used amongst tKem, however varied the alphabets may be in 

whichit is written, is identically the same with that employed by the 

Cingalese priests of Ceylon. This last approaches so very closely to the 

Pracrit, that it becomes doubtful which is the elder language of the two. 

A comparison betwixt them would shew, which is the direct derivative 

from the Sanscrit. 

Above the rocks described, the river flows through a rich alluvial 

country, thinly inhabited by tribes of Khyerzs, or Karkns. These people 

carry on a bartering trade with the traders of Martaban. They treated 

R 2 me 
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nie with as mnch hospitality as  their situation admitted of. They are 

generally a fine race of people-athletic, and of much fairer complexions 

than the Peguers and Burnzans. Their whole deportment favorably con- 

trasts with that of these two races. 

They live independently ; keep dogs for tbe chase ; cultivate cotton ; 

weave it into cloth, and dye it with the indigo raised by themselves :-and 
they are very comfortably housed. They change their ground every two 

or three yeare. I met a whole tribe in rapid progress down the river. 

They gave as a reason that the cholera (which seems, from time immemo- 

rial, to have prevailed in the jungly parts of these regions), had swept off 
so many persons, that they had been obliged to abandon their village, 

and seek a n e d  abode. Opposite the small Khyen village of M i c b  
fauszg, which lies on an island, ia a singular rocky hill ; the base of which 

is washed by the river. It may be six hundred feet high, and it has a 
black and scorched appearance. It is almost bare of grass, and there 
are only a few trees on it. These grow in the hollows and crevices. It 
might be taken for basalt or granite at s short distance, but on a close 

inspection is found to consist of a black limestone, breaking off into 

cubical fragments. The ascent is abrupt and discult, and the tread of 

the feet i s  succeeded by a hollow sound as if the hill was but one vast 

catacomb. Several pits, having circular orifices, and of about three feet 

in diameter, were observed in the azlcent. They are of considerable 

depth, for stones thrown into them were heard for about twelve seconds, 
rebounding in their descent to the bottom. On looking. down these, I 
noticed large fungus-shaped stalactitic masses hanging from the sides. 

Near the summit of the hill, the ridges of the rock are so angular and 

sharp that sctmely one of my people escaped being badly wounded in 

their feet. 

From 



MALAYAN PENINSULA. 159 

From the top a most pleasing and extensive view was obtainad ofthe 

surrounding country, and the bearings of remarkable objects were taken. 

On a bleak ridge, about two hundred yards from where we were, a wild 

sheep or goat was observed. This animal's colour is nearly black, and 

the hair shaggy. Several balls were fired at it  without effect. The na- 

tives said, that this species was only occasionally to be met with ; baa as 
thy had never seen a sheep, it could not be ascertained from their ac- 

counts, whether the animal we saw was of the goat or sheep tribe. I may 

here observe generally, that the wild animals and birds found in the coun- 

tries we have just been going over, are chiefly the following : elephants, 

which are very numerous ; the rhinoceros, which MuZuys, Bwrroars, and 

,Sham dread more than they do the elephant, owing to its Bavage tem- 
per ; the bison, which is found of a very large size in 2'- the head 
being of a fawn colour ; the wild ox, of the size of a large buffalo ; and 
also a species, resembling in every respect the domestic ox ; the b&o ; 

the royal tiger ; the leopard ; bears (but very rarely seen) , tiger-cats, 

about the size of a fox ; leopard-cats, having very beautiful coats, and 
being about the size of the common cat, butmore slimly formed ; the fax- 
cat, with tiger stripes, and which is destructive to poultry-this animsL 
lives in dens, but it climbs trees in search of prey. . 

The elk and various kinds of deer, are abundant. Baboons, asses, 

sloths, oppossums, flying and other squirrels, chameleons, and other varie- 

ties of the lizzard tribe, various species of the tortoise, alligators, and 

guanas, are very numerous. In Thuq, the natives keep packs of large 

dogs, with which they run down deer. These dogs run by sight, and 

they are regularly kennelled. The breed seems peculiar. I observed a 

dog a t  a remote village in that province, equal in size to a. Newfoundland 

dog. 

Wolves, 
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Wolves, or wild dogs, (for I had no opportunity of judging which), 

are found in the forests. No jackals, or common foxes, have yet been 

discovered, and, it is believed, that they do not exist below' the latitude 

of 19" north. Many kinds of tortoises, as before observed, and river 

turtle, were seen by me. The natives, especially the Karians, train dogs 

to search for them, as they form often a chief article of their food. 

The .birds are :-White sea eagles, white land eagles, hawks, of 

several species, vultures,. and kites. 

The peafowl here exhibits a brilliancy of plumage, which far excels 

that of the Indian one. I t  is also a larger bird. There are, at the least, 

four elegant varieties of the pheasant tribe ; also, quails in abundance ; 

and several kinds of partridges, of which the green, with a red tuft, 

and the blue, are most conspicuous. There is, likewise, a jungle cock, 

having a rich blue and reddish plumage, and nearly twice the size of the 

common jungle fowl. He is well armed with two long spurs on each 

leg. Pelicans, and the usual tropical water-fowl, abound. A perfect 

species of duck, having a blackish back and whitish breast, and the 

weight of which is nearly double that of the common duck, is very 

common. 

Leaving the Michan-thng, and proceeding up the Sanlhn river, the 

low rocks, observed on the banks, exhibit coarse black limestone. The 

high cliffs further removed, shew the more advanced stage of the lime 

formation. At Ka Kapet stockade, close to the hills, the granite again 

begins ; and here were found scattered about smooth quartz and other 

pebbles of several pounds in weight, which had been used after thein 

ammunition had failed by the Burman  garrison when defending themselves 

from the attacks of the Siamese ;-baskets, full of these pebbles, were 

arranged 



rrrwged doag ' tbe pIi& hid&. &errPdal spec% &if creg.itlarly 

chlrqistiliesd q u d ~  were here picked up. , .  I .l l -  - , z r t  

' I 
. . r 

' The. '* I i3pn N," m " Red Kariatu," who inhabit. thd jtmkly a& , 

M y  tiact, shtuhiiig fmm this place 'hi a h d e r k y  dirbden, are, sb 
r very asrage and warlike dispoeitian. They nee1 thiok  lo-^ fwr 
Armam,. ,and &ght .with spears and poisoned arhws. me climate df this; 
pviace is ;temperate. At ilfiwtabdn, during '+er rainy seasdk' whioh :& 
not the coldest, the foliowiag 4ierage.wasI b W n  from a sehes of. n@&! 
on the state of the thermometer :- 

' ,  
. : 1 ' a '  ! I.:'[Y') C :  , : i . , , . , ,  . )I::,? fr:4~en~gtdf:RBgt<mCr. 

.>'LA!J:, '~'> i:\>-, 11; , I : I I I  * ~ ~ ! i ! t : : t \  l j : ' . , i  ~ ~ ~ ~ + , ~ - j & F p ~ ~ ~ r ;  - j ~ c ) * r  

Fifteeen days in May,. ......... . . . . . . . . . . .  ,.. ...:.,,L, .!, ..I:r;F8b~e#$i& [ ;  .!.t 

................. Twenty-five days in June,. 72 73 

Forty-two days, from 1st July to 14th August, 77 80 

The geology of Ava is little known, nor has any one of the many, 

who accompanied the troops up the Irawadi, favored the world with a 

connected sketch of the rocks observed on its banks. That the lime 

formation will be found to extend up to Asam, there is every reason to 

believe from the accounts received, and since it is known, that barbonate 

of lime in shape of the f i n e ~ t _ ~ b & - @ ~ ~ s , o  alabaster, in a pure state, 

are very common in the country-thus countenancing the position taken 

up in another part of this paper, tbat the lime formation gradually be- 
comes more compact and pure, as it bends to the north. Dr. HAMILTON 

observes, that G G  at  Prin he saw part of the chain of hills which forms the 

northern boundary of Pegu, and that there sandstone and limestone 
were observed in flags. I n  Thaurnp, a Shun district, they have lead, 

iron, tin--some silver it is said, and limestone. 

From 



- E m  id that baa ( b e h  here-stated, i t  should seem, that gknite fom 
the basis of all the continuous range8 of hills on the cs8sta.I bade 
described ;-that a bold and marked lime formation runs parallel to these 

iaages, but th$t this ik ococisionally intemlited, as far as can be judged of 

h m  an examinatioh merely of the surface-that s c h t  is of very frequent 

occurrence, and that tin, in shape of an oxyd, and invariably asmoiatied 
with the gzanitic hills, or abrmed in their vicinity (and supposed &o extend 

up to N. Lat. 20" if not beyond it) and iron, in various stat= of combina 

tion, are the principal metals throughaut this wide range. 

I have only now, in conclusion, to express a hope that this rapid and 
very imperfect outline may, at some future period, be filled up 

by a more able hand- than.mine. . . . . . . .  
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DEW-RIPTION 
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OF THE . ..!; . '  

.i!. . .  NORTH WEST COAL DISTRICT, 
1 ' 

-:Y'\j L A a . 
&estf@g along the Ricer Dam&, fro? ths *sighhourhood 

' o f  Jerio or  Juriagerh, to lielow S a ~ n p r ,  in the P~et.; 

gunnah of Sheargwh, forming a line of a6mt &rty-$'c;o 

- .  BY THE LATE MR. JONES, 
1 ,  , 

1 1  , 
Of Calcutta. 

THE face of this country is regularly undulated by short broken swells, 

resembling a chopping sea : the perpendicular height of many of the 

hiils, which I have levelled, averages abobt sixty feet. The soil i s  not 
more than six feet deep, slightly , calcareotas, resting 'an'grey sandstone 

that effervesces with acids, and in many places, where it is bare an 

efHore&ence.of soda may bescrawd off. . Tiie sandstme.ia not more! than 

Beven feet thick on the : table 'hills; but, ge-lly thicker, .ahd - coa* 

grained iq the'valleys.: , The boa1 and. -coal metal : k s b t s  ' but. in many 
places, but ate delusivdt guided to the : mciner, is the gteeter part RE thdm 
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are the saddle strata that cover the hills like a cap, and seldom reach 
down to their bases : others again lie like shields or patches on the side 

of the hills, and extend a considerable depth below the bases. Beneath 

all these the proper coal beds will be Ijaund. The formation appears to 
'. . 

me, from the result of many experiments, to be wavy and wheeling in a 

slight degree, carrying its line of hearing to an amazing extent with little 

variation; its breadth on @e ~outh-west bide in the direction of Bankora, 

is not more than eleven or twelve miles from the river, further on in 

that direction the protruding rocks are sienite, hornblende, quartz, and 

masses of.'@im car talc,'camented with a small poitioh' of sand. At 

Bajkol, seven miles above the confluence of the Damoda and Bara- 
, - 

;an *ivelii, the attendants on coal are lost, and the river is blacked up with 

g p e s , ,  felspvr, and granite. The coal district then turns off, crogsing 
c 

Jeria in the direction of Bahar : coal bassets appear a considerable way 

beyond.  he attendants on coal also appear in the ~aracttn'riter, &gu- 

larly downwards on the BirbiXm side, without any interruption, except 

a large wbyndyke that appearo seven miles above Madgeah, running in 

the direction of Bis?mpr. ,The whole of the district affords rich and . 3 .  . 8 

valuable iron ore of various kinds, but no limestone has yet been disco- 

vered, except the calcareous concretions that are found on the surface of 

the ground, and such as are in general use as a substitute for limestone all 

p6r B q d *  - 1 
' 

SWsei$tbn ls$' the wb* aC ICaniganj, d h  t h ~  Wbmd dctxtwenoes dai 
; * . took $ace idwing the inking of t h  t4f.e sh$b. 

r r .  . I 

r 1 '  Fr&m tb apening thif' wonks at the above place, I armdl 
rimkings' down b 'the day Edatte [or ~~l - l i lhe ta l  ih the M k y s  iti every 
@imtiun *ihia  'tfareerof. .fom hi&. I fduPd $ h a  'bvatiablp dip a. 48 $3, 
ahioh. threcp the line of heariogi t e  the babk of 4 6  RWLZ bjlb! 

, 1 -  considerably 
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considerably inIand. There being little chance of finding coal long on the 

line of dip within reach, (and it soon bassets or crops out on the line of 

~ i se ) ,  I thought it proper to begin a t  this place, as I never saw the coal 

dip any other way, but with the regular strata that cover it. The Raj- 
d a l  hills are composed of mountain whin or basalt of an amaeing thick- 

ness ; a t  one place at  Moti Jharna, a section or slip may be seen of 

sixty or seventy feet in height, and quite perpendicular : these hills rest 

on red-streaked ferruginous sandstone, of it very hard nature, such as is 
often the floor of coal, but  I believe very seldom the roof-this circurn- 

stance favored my opinion, that the line of bearing crossed Birbhkm in 

that direction, and on the 1st December 1815, I began the first shaft. 

Having made my arrangements with the workmen, the sinking went 

on regularly, but I was much astonished to find as I went down, that 

the strata gradually wheeled from E. by S. towards the N. W. and 

when the coal was found in shaft No. 1 ,  it dipped N. W. which con- 

tinued regular in every season and bed downwards, the dip of the 

npper strata forming a spinal line on the side of the shaft. The 

rainy monsoon having now commei~ced, and the workmen not attending 

regularly, I began sinking the shaft No. 3, and cutting platforms round 
both shafts to the level of high water in the river, with open d i t s  t0 

make the approach easy. When the coal was found in No. 3, it was 

within two inches of the same level as No. I ,  and dipping due south, I 
thought this might be caused by a sudden wave or ridge in the strata, ar 

I might be working on the edge of a very small basin-this created 

much perplexity. I again tried the country round with the former result, 

and was then in hopes, that I had got on the pivot or point where the 

strata wheeled, which would throw the line of bearing towards Xatwa. To 
get more information, I opened the shaft NO. 2, and although this was 

four huudred and eighty feet from No. 3, on the line of dip, coal was 

dbulcl in the same level, .dipping PJ. N. W., which gives, in the three 
T 2 shafts 



166 COAL MINES 

shafts, a difference of level of only two inches-and a line of dip and 

of bearing in each different, but the strata the same. Every appearance 

indicated lower beds of coal, than any yet cut through, and I continued 
sinking in shaft No. 1, in hopes of finding the low main, with some 

difficulty in keeping the water under, from not being able to keep the 

men at work by night on account of the bears and tigers, until I found 

the last stone bank suddenly change its declination from half an inch to 

the foot, to an angle of 45". This great dip would make it appear a 
primary formation, although, I am inclined to think, it is merely, what is 

termed amongst miners, a trouble, occasioned by the wheeling of the 

strata; I, therefore, did not sink farther, as the coal is always fouled by 

these occurrences. I am now preparing to work the nine feet bed, from 

the six inch band, that covers the nine inch seain of coal, up to about six 

feet with an arched roof, leaving three feet of coal above the arch, the 

three inches of clay slate that intervene will prevent the water of the 

eight feet bed from dripping down, and the feeders, of the seam or bed 

in work, will descend below the springing of the arch, and leave the roof 

tolerably dry. When the mine has been worked in this manner to a 
certain extent, the nine inch seam and three feet bed, can be readily 
wrought, leaving the six inches and two inches bands on the floor, as 

waste or dead ; but if the mine is continued in work for any length of 
time, i t  would be prudent to carry the waste up, and leave the floor clean. 

The coal of all these three beds, is of an excellent quality ; its cleanliness 

renders it peculiarly adapted for culinary purposes ;-it resembles the 

Sunderland coal in every respect, but leaves more cinders and ashes. 

An nccount of the Strata met with in sinking the Colliery at 

Rhniganj, December, 181 5. ft. in. 
Yellowish clay, mixed, in some places, with soft black concrete 

pebbles, ... .... .... .... .... .... 6 1 

Grey 
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ft . in . 
Grey sandstone. slightly calcareous. .... .... .... 5 0 

Yellow soft clay slate. .... .... .... .... .... 3 0 

Clay slate. rather sandy. with a mixture of mineral charcoal. .... 1 o 
.. Very hard. bluish. streaked. and gritty slate. .... .... 7 0 

Tesselated band of grey basalt. dipping to theS . E . two inches to 

.... .... .... .... .... .... I the foot. 1 2 

Coarse grained. very hard and gritty slate. bluish grey colour. .. 3 6 

Very hard stone band. grey tessalated basalt. dipping S . E . one 

... inch to the foot. .... .... .... ..... .... 1 10 

. . .  Very hard. bluiah. streaked slate. as before. .... .... 7 0 

Blackish clay slate. with faint impressions of vegetables. and 

small bits of pure coal in many parts. .... .... .... 6 8 

Black clay slate. without impressions of vegetables. ..... .... 2 9 

Black soft muddy clay. 
a .... .... .... 0.0.. .> ,. 0 4 

...... Coal No . 1. slaty and dirty. .... .... .... 1 3 

.... .... .... Clay slate. .... .... .... -:.*-2 

.... .... .... Coal No . 2. better than No . 1. .... 0 4 
.... . . . . . . . .  Coal metal. or hard shale. .... .... 0 2 

.... .... .... .... Coal No . 3. pretty good. .... 1 3 

.... .... .... Coal metal. or hard black shale. .... 0 7 
Coal No . 4. pretty good. .... .... .... .... .... 8 0 

.... .... ...... .... Coal metal. or shale. .... 0 3 

.... .... .... Coal No . 5. very good. .... ..... 9 o 
Argillaceous stone band with impressions of flowers. ..... .... 0 6 

I .... Coal No . 6. better than any of the above. .... .... 0 9 1 .... 1 Argillaceous stone. with impressions of flowers. .... 0 2 .. .... I .... 
I Coal No . 7. better than the last. .... . . .  3 0 

.... .... .... .... .... Black hard shale. .... 2 1 

.... .... .... .... Sandatone band. .... .... 0 5 
Hard 
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.... Hard black shale, with impressions of vegetables, .... 

... Coal No. 8, bad, and full of gold coloured pyrites, .... 

.... Tessalated clayetone, with impressions of vegetables, 
.... .... .... .... .... .Grey sandstone band, 
.... .... .... Shale, with impressions of vegetables, 
.... .... .... .... Grey sandstone band, .... 

.... .... .... Shale, with impressions of vegetables, 

.... .... .... .... .... Grey sandstone, .... 
Conglomerate bank of sandstone, clay slate, and other matter mix- 

.... .... ed in a confuse and mottled manner, ..,. 
Bank of hard, sharp, gritty, greystone, with cutters, and the 

.... dip declining more than in any of the top strata, .... 

ft. in. 

1 3  

1 1  

2 4 

0 2 

0 5 

0 4 

0 3 

2 0 

Total, feet 88 2 

_R&ospect of occurrences, and opinions formed thereon, while searching for 

Coal in B e n g d .  

The N. W. coal district exhibib a considerable degree of confusion, 

increasing as you proceed upwards, and is admirably adapted for the use 

.of an  indalent race.of people, as coal, sufficiently good for common pure 

poses, .is within. the reach of every body. Knowing that dislocation of 

strata,. always occasions .the coal to be foul and dirty, I opened the work8 

i n  a situation where expected to be most free from it, but the plan sf 

the works will shew, that I was not quite s~ccessful, although I have 

asoertained a most .valuable point ; viz. the wheeling af the strata in the 

most desirable direction that could be wished, crossing the great Iine of 

navigation somewhere about Katwa, where I. have-not the least reason to 

doubt, .that coal will be feud, and the advantages that. will result, mu@ 
be 
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be abundant. Taking into cansideration the various occmenees in the 
N. W. and N. E. quarters of Bmgal, I am induced to think that t b  

coal formation of both countries joins under the delta of Bengal, and that 

the alluvial deposit is of no great thickness; the dip of all the coal 

seams on the N. E. frontier, favors this opinion, and it is not improbable 

that this great line of coal enters China. From the Garrow hills into 

Cachr,  I am satisfied of its continuation, as I discovered coal and its 

attendants the whole way, and found a piece of coal imbedded in a slate 

rock in CacAar. The best informed people of Manipr ,  assured lac 

of their having traced it ipto the Burnla country, but they do not we it 

in Manipur for ally p~irpdse ; it is called by them, " ambbalang." I 
am inclined to think, this coal district marks the easiest and best road in- 

to China. The Surma river is navigable for small boats into Manipur, 

but the people on this frontier are averse to travellers proceeding into 

their country, and when they have power, resist it. 

One of the principal advantages which I anticipate from the intro- 

duction of a cheap and plentiful supply of coals into Calcutta, is the 

being able to burn lime with it, a t  a moderate expense. At Sylhet, the 

whole of the lime is burned with mood-an article that has of late become 

both scarce' and dear, so that they are now obliged to depend on a foreign 

country, Cachar, for their fuel ; and for which, large sums are annually 

sent out of our country. But in the event of the limestone being brought 

to Calcutta, and then burned with coal-that article could be had fresh and 

much superior to the lime as now brought, which has been burnt a t  least, 

perhaps, a year before. Besides the saving in quality, from the freshness 

of the l i m e ~ t h e  deterioration sustained by the lime getting wet in cross- 

ing the great rivers, and the boats taking in salt-water in the Sunder- 

bans, will be obviated, and the expense of carriage would be less, from 

the boats requiring no roof, and from the insurance being less-the 
u 2 goods 
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goods being of little value, and subject to no detriment from being 

wet. 

The Shrgerh district abounds in iron ores ; and I find that immense 

quantities can be procured there at  very little expense, and from the ex- 

periment I have made, I have no doubt, but extensive forges might be 

wrought in that district advantageously. Of other ores-there is lead in 

the neighbourhood of Lnkshmipur, in the Bha.galpur zillah, and I have 

reason to suppose, copper may be found in Dholbhlint, near Rajtcciha, 

in a stream called Guru Nadi, that empties itself into the Subanrekh. 







EXAMINATION AND ANALYSIS 

O F  SOME 

S P E C I M E N S  O F  I R O N  ORE, 

FROM BURDWAN. 

BY I-I. PIDDINGTON, ESQ. 

IN the following Analysis of Iron Ores from Burdwan, much care has 

been taken to ascertain correctly the presence and quantity of Phosphate 

of Iron and Manganese,* which two substances #principally affect the 

qualities of the Iron when smelted ; the process was conducted in the 

humid way, and the separation of the Manganese was obtained by Mr. 

Faraday's method4igestion of the Oxides in a solution of muriate of 

Ammonia with sugar. 

No. 1. 

BETWEEN JAMDE AND SUKHRAJ. 

SP. GR. 3143. 

Blowpip-acquires a metallic tarnish and a shaggy, porous appear- 

ance, becomes magnetic : with borax or charcoal, fuses into a dark and 
dirty 

Oxide of Manganere. 
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dirty green glass. The blue laminle bum with the scintillation peculiar 

to iron, become porous, and have a metallic tarnish ; they appear to be 

a deut-oxide of iron. 

When calcined, the pulverised ore, which is of a yellow brown, chang- 

es to a deep chocolate red ; probably from the privation of the carbonic 

acid. 
CONSTITUENTS. 

Water and Carbonic Acid, .... ...... 8 50 
.... Silex, ........ ..,.,. 4 00 
s... ...... Alumine, .... 4 95 ...... .... Carbonate of Lime, 5 15 .... Deut-oxide of Iron, ...... 76 0 0 4 5  Iron. ...... oxide Mangaqese, .... 1 5 5  

99 95 

NOTE. 

This specimen probably contains fibm 68 to 60 p a  Cent. of Iron, for the portion analysed was 
found, by digestion in nitric acid, to acquire 8 per Cent. in weight, probably from the peroxidation 
of the bhn laminu. 

No. 2. 
1QO LABEL WlTrH THIS SPECIMEN. 

SP. GR. 3081. 

Bhwpipe-becomes magnetic with a metallic tarnish, fuses with 

borax into a dear bottle-green glasa. 

CONSTITUENTS. 

...... Water, ........ .... 5 75 
Silex, ........ .... ...... S 20 
Alumine, .... .... ...... 0 40 
Lime, with a trace Mag. .... ...... 1 0 0  
Oxide Manganese, .... ...... 4 00 

.... Peroxide Iron, .... ...... 85 S0450I Iron. 

99 65 

WI'E. 

I refer this specimen to scaly red I m  On, or Iron Froth of Jameson, Vol. III. p. 208. 
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.No. 3. 
NO LABEL WITH THIS SPECIMEN. 

SP. Gr. 3400 

Blowpip-becomes magnetic, and fuses with borax into a very dark 

and somewhat dirty green glass. 

CONSTITUENTS. 

Water, ........ .... ...... 6 25 
Silex, ........ .... ....... 8 50 
Alumine, .... .... ...... 0 50 
Lime Phosphate Iron, .... ...... Trnces. 
Oxide Maaganese, .... ....,. 0 0 
Peroxide Iron, .... .... ...... 84 50-59 Iron. 

99 50 

NOTE. 

Ochry-red Iron Ore, or red Ochre of Jameson, Vol. 111. p. 210. (?) 

hTo. 4. 
MAL CHAITI. 

Blowpipe-becomes magnetic, and acquires the metallic tarnish: 

with borax on charcoal, fuses into a pitchy slag. 

CONSTITUENTS. 

Water, ........ .... ...... 6 0 
Silex, ........ .... ...... 4 60 
Albmine, ...... .... ...... 1 7 5  
Carbonate of Lime, .... ...... 3 86 .... Oxide of Manganese (red) ...... 16 00. 
Peroxide of Iron, . . .... ...... 68 0 0 4 7  5 Iron. 

NOTE. 

The large proportion of Manganeee in this specimen is remarkable, but the process med for 
obtaining it leaves no doubt as to its identity, for the eolution of muriate of Ammonia *ill not 6s- 
solve oxide of Iron. I t  may be found ureful to mix with other ora, wbioh may tlius afford better 
Steel than they otherwhe would. See Jameson, Vol. IIL p. 432. 
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No. 5. 

PAOLTA KANOWA. 

SP. GR. 3587. 

Blowpipe-Scintillates, becomes magnetic, and acquires the metallic 

lustre ; with borax on charcoal, fuses with slight ebullition into a very 

opaque green glass. 

Water, .... 
Silex, .... 
Alumine, .. 
Lime, .... 
Phosphate, 
Manganese, 
Peroxide Iron, 

CONSTITUENTS. 

.... ...... .... 7 0 

.... ...... .... 7 90 
.... .... ...... 0 60 .... .... ...... 0 00 

Trace. ........ ...... .... ...... .... 10 25 .... .... ...... 74 0 8 - 5 1  5 Iron. 

99 75 

No. 6. 

NO LABEL WITH THIS SPECIMEN. 

Blowpipe-becomes  magnetic, and externally of a metallic lustre ; 

with borax on charcoal, a dark enamel. 
The pulverised ore, like No. I ,  is of a pale yellow brown, changing to 

a deep chocolate red in calcination. 

CONSTITUENTS. 

.... Water and Carbonic Acid, .,.... 9 50 
...... Silex, ........ .... 27 50 

. . . . . .  Alumine, .... ...... 1 5 0  
O x i h  Manganese, .. .... ...... 9 00 ...... Dbut-oxide Iron, . . .... 51 00-37 Iron. 

NOTE. 

Lie No. 3, thir specimen acquires weight (about per Cent.) by digeation in N. Acid: it is 

certainly too poor an ore to be smelted, unless under very farourable circumstances, but trials might 
be of its effect on the qualitia of iron produced from mixtures of it with other ores ; there 
seems to be ground for rupporing that Silica rometimes combinea with Iron in the metallic rate. 
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No. 7.  

DESER GERH. 

SP. GR. 3645. 

Blowpipe-becomes magnetic, and assumes the metallic tarnish ; 

with borax on charcoal, a dark coloured enamel studded with bright gold 

spots, resembling avauturine : the fragments translucent and of a bright 

golden green. 
CONSTITUENTS. 

...... Water, ........ .... 6 0 

...... Silex, ........ .... S 75 

...... Lime, ........ .... 0 50 ...... Alumine, . . . . . .  .... 0 50 
.... ...... Phosphate Iron, .... 0 90 

...... Oxide Manganese, . . .... 1 5 0  
Peroxide Iron, . . , . . .... ...... 86 00-60 Iron. 

NOTE. 

The very beautiful appearance produced by the blowpipe, may probably be owing to the 
eonversion of Phosphate of Iron into Phoaphuret of Iron, by the combustion of the charcoal support. 

The process used in the foregoing analysis differs from those indicat- 

ed by the books ; I have therefore subjoined a memorandum of it for the 

satisfaction of the scientific chemist. 

1.-Weigh the pulverised ore at  the temperature of ihe atmosphere, 

and calcine a t  a low red heat, the loss indicates the water, and if there is 

change of colour (from yellow to deep red brown) probably of carbonic 

acid. 

%-For 100 grains of the ore take 1+ oz. muriatic acid, boil i t  gently 

over a lamp in a covered vessel for twenty minutes, add four ounces of 

water, and boil again for a few minutes; this dissolves every thing 
except 
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except the silica, alumina,* phosphuret of iron (if any exists), sulphate and 

phosphate of lime : filter and wash the residuum perfectly, and calcine i t  : 

its weight is that of the silica and alumina-it may be tested for phos- 

phate and sulphate of lime, if necessary. 

3.-To separate the alumina, boil on the residuum sulphuric acid, di- 

luted with thrice its weight of water, this will dissolve the whole of it, 

and leave the silex untouched. 

4.-Evaporate the muriatic solution at  a gentle heat ; when nearly 

dry, pour upon it about half a pint of well boiled distilled wate;, transfer 

the whole to a jar or Bask., and keep it  closely stopped for twenty-four 

hours: if any precipitate forms, i t  is phosphate of iron, which may be 

separated as usual. 

5.-Drop sulphuric acid into the solution, the lime, if any, will pre- 

cipitate as a sulphate ; separate it and calcine at a low red heat, and by 
the scale of equivalents, the quantity of carbonate of lime may be known. 

6.-Precipitate the solution by one of caustic soda ; filter, wash, 

calcine, and weigh the residuum, which consists of the mingled oxides of 

iron and manganese. 

'/-Digest these in nitric acid, with a gentle heat, allow it  to re- 

main exposed to the air till nearly dry, calcine again at a red heat, stir- 

ring it often, and weigh i t ;  if any increase of weight has taken place, 

oxygen has been absorbed, and this must be allowed for in the results. 

None could be detected in repeated trials. 
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&-To separate the oxides of manganese and iron, boil them in a 

solution of muriate of ammonia, with a little.sugar, the whole of the man- 

ganese will be dissolved, and the iron left, (it has been ascertained by 

independent experiment, that no oxide of iron is taken up, and prussiate 

of potass will satisfy the chemist that it is manganese) : precipitate the 

manganese by water of ammonia cautiously added, and filter; if the liquid 

has any colour, a portion of the oxide has been re-dissolved by the excess 

of ammonia, and will precipitate on allowing it to evaporate; when the 

liquor is perfectly limpid, the whole has been obtained, and may be col- 

lected as usual:-This is Mr. Faraday's process for their separation. 



NEW SPECIES OF BUCEROS. 

BY MR. HODGSON. 

ORDER Insessores. Tribe Conirostres. Family Bucerida. Genus Buceros. 

Species New ; Buceros Niptilensis : Dhanbsa, Ind. 

This remarkable and very large species, which I have the advantage 

of contemplating at leisure in a live specimen, measures from the point 

of one wing to that of the other, four feet five inches; and from the tip 

, of the beak to the extremity of thetail, three feet six inches, whereof 

the beak is eight inches, and the tail, one foot five inches. I ts  body, in 

size, exceeds that of the largest raven, and is lank and uncompact, having 

a rather long and very flexible neck, slightly ruffed, a bill and tail of ex- 

treme length, high-shouldered powerful wings, and short strong legs. 

The colour may, in general terms, be said to be black, with a white-point- 

ed tail, and white patch on the wings : the figure, upon the whole, and in 

the bird's most accustomed attitudes, clumsy and heavy. 

Let 
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Let me now attempt a more particular description; beginning with 

the specific dimensions, which are as follows : * 

Feet. Inch. 

Wing to wing, ............................. .: ...... 4 5 

Beak to tail, ...................................... 3 , 6  

Tail, .............................................. 1 5 

Bill, lengtll of, .................................... 0 8 

Ditto, depth or height of, ............................ 0 SQ 

,.................................... 1 ...... 0 10 

Whereof, thiglte to the knee, ........................ 0 5 

Tnrei, to ball of foot, ................................ 0 24 

Central toe and claw, .............................. 0 23 

The skinned carcase rneasllres, from first to last joint of neck, eight 

inches: from last joint of neck to end of rump, nine inches. 

The bill, which is large even for this genus. is nearly straight from 

the gape to the tip, but still having, upon the whole, a slight incurvation, 

which is most sensible along the ridge of the upper mandible, and es- 

pecially towards the base of it where the arch is conspicuous, but without 

any abruptness. The substance of the bill is perfectly hard and appa- 

rently solid, not " cellular," or " hollow,"* unless in a manner traceable , 

only by dissection, which I do not pretend to afErm or deny. The lateral 

compression is great, so great as to render the edges above and below 

somewhat sharp, to destroy almost the convexity of the sides, and to leave 

hardly any breadth to the bill, except at the base, where it is a little 
thickened, but still much less broad than high. The upper mandible is 

strengthened by six large prominent ribs, running obliquely down nearly 
the 

The words thur indicated aa quotations, refer to the generic character. 
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the whole breadth of it, and extending lengtllwiss from the base beyond 

the centre. These ribs present their prominence edgewise to the surfwe 

of the bill, giving it there an undulatory form : elsewhere, the surface is 

, perfectly smooth. The inner margins of the bill are, by nature, united and 

entire, but with their edges cut out, and interlocked towards the base ; 

and so they continue to be in the oldest birds. Towards the tip, the inner 

margins are, in old birds, much and irregularly broken, aud separated 

by hard use ; apd the ridge also is broken by similar means. 

That the inner margins of the bill are not naturally " ~errated" in 

this species, at  least, I am enabled confidently to say, from having a well- 

grown young bird, with a perfect bill before me. 

The upper mandible of this species is not furnished with an accessat 

ry member, in this respect agreeing with the Senegal Gingala and crimson 

Hornhills. Both mandibles are nearly ~ q n ~ l ,  and tend to a point, which 

ia obtuse, especially in old birds. 
, 

The base of the culmen, as far down on eitlier side as the nostrils, is 
feathered : the remainder of the base of the bill entirely naked. 

The tongue ie very small, triangular and flat. The metrile are small, 

munded, basal, placed high on the sides of the bill, and c a v e d  with rev 

earnbent feathers. 

The regian of tire eyes is oaked, except over the brows, tua far forward 

as the nostrils, where the skin is feathered. The y e  Zuahes are atrong, 

flattish, and tend outwards, with their tips incurved. The legs are short, 

very stout, and unfit for walking : the tarsi very short ; in front, a little 

feathered at  tap, elsewhere shielded by a sacceesion of single, strong, 

transverse 
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transverse ecales: the tom disposed three before and one behind, of 

moderate length, dilated, flat, strong, scaly, very imperfatly separated ; 

the anterior outer toe being united to the central one, b e y d  the second 

joint, and the anterior inner toe, beyond the first joint. This imperfect 
fissure of the toes, joined to their extreme flatness beneath, gives to the 

soles of the feet a singular character : and the legs are so placed in the 

body, that the bird, in perching, grasps somewhat obliquely : chws, arch- 

ed, compressed, truncated. 

The tail is greatly elongated ; cunei form ; erigible ; consisting of 

ten unequal feathers. The wings are high-shouldered ; powerful ; of 
moderate length ; inclining to round ; the first and second quills not being 

so long as those that follow, and these again, not much longer than the 

succeeding ones. The naked skin round the eyes and base of the bill is of 

velvetysoftness, and I-~n~connectedly from the eyes to the edges of the bill. 

next the throat; and where it terminates below, or at the jonction of the 

lower mandible and of the throat, is a large angular space void of horn, 

from the edges of which depends a bag, as large as a domestic fowl's egg, 
of smooth naked akin. This bag the bird fills and empties at will ; but 

never changes its colour, as the Abyssinian Hornbill (which is also pro- 

vided with a similar appendage) is said to do. 

The feathers of the head, neck, and body beneath, are of a remarkable 

texture and substance. These plumes (if plumes they can be called) are 

somewhat elongated, and have long discomposed webs, and both shafts 

and webs are of a wiry or hairy substance. Those of the head and neck, 

which are rather longer than the rest, form a sort of pendant ruff, that is, 

capable of partial erection at the bird's pleasure. This ruff has the ad- 

vantageaus affect of taking off from the monstrous disproportion between 
~2 the 
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the huge bill and comparatively small head and neck : but, on the other 

hand, its erection-from the scanty set, and separated web, of the fea- 

thers-exposes the coarse nasty skin of the neck. The rump is, I think, 

considerably more hardened and flattened beneath than that of other 

birds ; and the reason of this peculiarity, and of the shortened tarsi, would 

seem to be to allow the bird to rest its weight upon the rump and tarsi : 

for the vast size of the bill probably disturbs the equilibrium, and will not 

permit this bird to perch at ease, as other birds do, with legs straightened 

and resting on the feet. 

The colour of the plumage has already been stated in a summary 

way. I t  is fitting, however, to be more particular on that head. The 

discomposed wiry feathers of the head, neck, and body beneath, are per- 

fect black: the remainder of the plumage, or that of the entire back, 

wings and tail (with the exceptions to be immediately noted,) also black, 

but reflecting, with the aid of a strong light, a deep blue gloss, and some- 

times, but seldomer, a deep green one. The third, fourth, fifth, sixth and 

seventh quills of the wings, for about three inches from their points up- 

wards, are pure white ; and so, likewise, is the terminal third and more 

of the tail. The naked skin round the dyes and base of the bill is of a 

rich light blue: the bag depending from .the throat, bright scarlet. 

Of the eyes, the irides are red, the pupils black. The bill is white, with 

a greenish yellow tinge, and the ribs of the upper mandible black. The 

feet are dark brown, approaching to black. The figure of the bird is in- 

finitely various in various attitudes. The familiar posture is a squat, 

with the neck feathers ruffled out, the neck retracted within the high 

shoulders of the wings, and the tail frequently erected like a magpie's, 

at  other times dropped; and in this attitude the bird has a very stupid 

and chmsy appearance. When it raises itself on its feet, puts its neck 

partially 
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partially forth, closes its neck-plumes, and d r o p  its tail, h e  outline of 

the body is long, narrow, and not unpleasing. But to see this bird to 

advantage, mark him when dressing his plumage with the fine shoulders 

of the winge projected, the strong, nervous legs exposed to view, and the 

flexible neck extended and arched backwards. His figure has then some 

of the graces, and even terrors of the nobler birds of prey. I ~ R  disposi- 

tion is placid and tranquil ; but it is not therefore deficient in spirit, and 

when a captive and caged, though it hates, it fears not the approach of 

dogs, and to man's approach is quite indifferent. I t  is easily tamed, both 

from its confidence and quiet hahi tu. Its hahits are sedentary : i t  dis- 

likes strong light and heat-and tenants the deep woods, covering the 

hills which overhang the great Saul forest. I ts  more peculiar haunts are 

the largest trees, especially such as are decaying, the trunks of which 

it perforates from the side, making its abode within upon the solid wood, 

and having its mansion further secreted by an ingeniously contrived 

door: so that it is difficultly found, and more difficultly taken. That 

which is now before me was extracted from the tree by cutting down to 

its nest with axes. I am told it pairs, and is not gregarious. I t  cannot 

but advances on foot forwards and sideways, by hops, like a crow, or 

magpie. Its flight is horizontal and heavy, with neck retracted and tail 

dropped. The voice of the mature bird is usually a ~hor t ,  hoarse croak ; 

but when angry, or alarmed, it utters a cry not unlike a dog's bark. If 

left done, it seldom speaks, but when once excited to utterance, is most 

pertinaciously noisy. 

To ascertain the habits, in respect to food, of a very rare aud shy 

bird, is extremely difficult. After much enquiry, I gather that this spe- 

cies of Buceros feeds chiefly upon fruits-but, when urged by hunger, 

does not refrain from various kinds of reptiles ; judgillg by the: struc- 
ture 
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turn of its bi l~ ,  legs, and claws, (the bill is far less formidable &an 
it seems to be, and the claws are very obtuse), one should c d d e  

that it  is not raptorial, ,even in the meanest sense : and its perfkt 
freedom from all ofinsive odour, as well as the excellency of its flesh, 

(which is much esteemed by the mountaineers for the table) seem 
to go fhr towards proving, that it is almost exclusively hgivorous. Ne- 

vertheleser, it cannot be denied that, in the tame state, this species will 

eat meat (either raw or dressed) with as much apparent relish as fruit : 

and its natural habits, in regard to food, must, therefkre, for the peesent, 

remain doubthi. That whiah I am describing, is fkd principally with 
boiled rice, mixed with ghee, and made up into large balls. Water it 

never touches. The throat is very wide, and the swallowing powers pro- 

digious. Whatever is oe red  to the bird as food, is gulped entire, after 
being rubbed, more or less, according to the exigency, between the huge 

mandibles of the bill : and if not capable of being thus disposed of, i t  

is rejected. As a consequence of this mode of feeding, the bird is apt. 
to be incommoded by its food, after it  has reached the upper stomach ; 

in which case the substance swallowed, is immediately add easily re- 

gorged into the bill, rubbed a little more, and swallowed again. 

Its odious voice, awkward gait, frequently erected tail, and sombre- 

pied plumage, proclaim its relationship to the CorvidQ of the Stirps 

Corvina: whilst its superior size, huge bill, gressorial feet, and tiny, 

triangular flat tongue, are family features that cannot be mistaken. 

M. le Vaillant complains of the unnecessary multiplication of species 

in this genus. Yet I venture to anticipate, that the bird now described, 

will be allowed to be a new species. I am not sure whether it be male or 

female : nor, can I sati.sfactori)y learn, if the sexes are distinguished by 

any 
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any diveraity of appearance. But so far asmy informants can be trusted, 

i t  may be presumed that the bird, above described, is a male, and that  

the female bears a general resemblance to the young bird ; which I now 

proceed to describe. 

With the parent b id ,  a young one was likewise taken. When 
brought to the Residency, in the beginning of August last, it  answered 

to the following description, and was then tolerably well-grown, d 
well-fledged. Wiry feathers of the head, neck, and body beneath, dingy 

red : tail entirely white, save a t  either extremity, where there was a 

margin of black : iris of the eye, greenish wh'ite : bill unribbed on the 

upper mandible, and with the green tinge stronger than in the old bird's,, 

bill : inner edges of the bill quite smooth and united : naked skin round 

the eyes and base of the bill and bag beneath the chin, wanting the fine 

colours of maturity : voice like the clucking of a brood-hen, falling now 

and then into the shriller, but homophonous note of the guinea-fowl : in 

other respects, like the mature bird. Now, in the middle of November, 

the changes noted below, have taken place : the bill less green, and more 

like the mature bG6.s ; the first rib of the upper mandible developed : the 

naked skin at  the base of the bill and the bag beneath the chin, taking 

rapidly the fine hues of maturity : the basal third and more of the tail, 

black ; and the tip no longer black : the dingy red of the body beneath, 

darkened a good deal on the thighs and vent : the voice hoarser and like 

the mature bird's: the inner margins of the bill, still perfectly entire. 

The above particulars, how tedious soever, are yet worthy of record 

in regard to a new and very rare species of bird. The old bird has re- 

cently died : and the young one will, probably, not long survive him. 

Should it do so, we shall, perhaps, be thus enabled to settle the question 
z 2 of 
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of male and female, and, a t  all events, may note the changes which the 

species undergoes in the progress to maturity. 
m 

It is proper for me to conclude with remarking, that h&ing no ex- 

tensive or scientific knowledge of Ornithology, I have been obliged to 

rely for the materials of the above description upoil untutored eyes, and 

ears, sedulously employed and assisted by careful reference to Shaw's 

Zoology. 







XI. 

ON SOME 

PETRIFIED SHELLS, 
FOUND I N  THE 

G A W I L G E R H  R A N G E  O F  H I L L S ,  

IN APRIL, 1823. 

BY THE LATE H. W. VOYSEY, ESQ. 
Assistant Surgeon His Majesty's 67th Poot. 

THIS remarkable range of hills is called, by Arrowsmith, in his last map, 

the Bideh ,  or Bidachtdl (Vindhga or Vindhghhala) hills. The same name 

is, however, given to a lofty range of hills on the left bank of the G o b i ,  

as it passes through Gondwana, and also to those near Gualior. I shall, 

therefore, distinguish them by the name of the Gawilgerh range, particularly 

as, after repeated enquiries, I have never been able to discover that they 

were so designated either by  the inhabitants of those hills orof the neigh- 

bouring plains. They take their rise a t  the confluence of the Plir?uz and 

Tapii rivers, and running nearly E. and by N. terminate a t  a short dis- 

tance beyond the sources of the Tapti and Warda. To the southward, 

they are bounded by the valley of Berar, and to the north, by  the course 

of the Tapt i .  The length of the range is about one hundred and sixty 

English miles, and average breadth, from twenty to twenty-five miles. 

On 
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On the southward side they rise abruptly from the extensive plain 

of Berar, the average height of which is one thousand feet above the level 

of the sea, and tower above i t  to the height of two and three thousand 

feet. The descent to the bed of the Tapti is equally rapid, although the 

northern is less elevated than the soutllern side of the range. The outline 

of the land is generally flat, but much broken by ravines and by groupes 

of flattened summits, and isolated conoidal frustra. The summits and 

the flat land are genetalky remarkably destitute of trees, but thickly 

covered by long grass. I n  the ravines and passes of the mountains, the 

forest is very thick, and, in many places, almost imperviem, The inhabi- 

tants are principally Gonnds, whose langnage, manners, and customs differ 

remarkably from those of the Hindhs. At  present, their chief occupation 

is hunting and cultivating small patches 04' land, which produce a coarse 

rice and millet. In former years, the cultivation must have been 

very extensive, since there are the ruins of numerous hill-forts and 

villages, which derived their chief subsistence from the surrounding 

lands. 

Many opporttniities are affotded of etudying t h e  n a h r e  of thid 

motlntainous range in the numeroils ravines, totrents, and precipitous 

dements, which abound in every pdrt, A Werneria~l would not hesittrae 

in pronmncing them to be df the " newest floeta-trap formation," 

Huttonian would call them ove t ly in~  rwks,  and a modern Geologist wo& 

ptonounce, that they owed their origin to sltb~rnariue volcanoes. 

I shall not give them any other name, than the genedal one of trap- 

rocks; but prooeed to describe them, and state with diffidence the 

inferences which, I think, obviously present tbemealve$ on an attentive 

study of their phenomena.. 
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1st. The principal part of the whole range is formed of compact 

basaltj.very much resembling that of the Giant's Causeway. I t  is found 
coIumnar in many places, and at  Gawilgerh, it appears stratified-the 

summits of several ravines presenting a continued stratum of many thou- 

sand yards in length. 

2dly. The basalt frequently and suddenly changes into a wacken, of 

all degrees of induration, and, I may say, of every variety of composition 

usually found among trap-rock ; 

3dly. Into a rock which may be named indifferently, nodular-wacken 

or nodular-basalt, composed of nuclei of basalt, usually of great spe- 

cific gravity, surrounded by concentric layers of a loose ear thi  mass, 

resembling wacken, but without cohesion, which, on a superficial view, 

conveys to the mind the idea of a fluid mass of earth, having, in 

its descent from some higher spot, involved in its course all the 

rounded masses i t  encountered, and, subsequently, become consolidated 

by drying. A very slight inspection is sufficient to detect the true 

cause of this appearance, which is owing to the facilities of decomposi- 

tion of the outer crust, depending on difference of structure and compoc 

sition. In  none of the conglon~erates, or pudding stones, do we observe 

any tracee of this structure, and as it is common to the most crystalline 

green-stone, porphyritic green-stone, and those rocks usually denomi- 

nated syenite, there can be little doubt that it is owing to the develo~ement 

of a peculiar concretionary structure by decomposition. I n  a small ravine, 

near the village of SrfZntinda, two thousand feet above the sea, I saw 

basalt of a perfectly columnar structure, closely connected with a co- 

lumnar mass formed of concentric lamellae, enclosing a heavy and hard 

nucleus. Near this ravine, I had also an opportunity of obserqing the 

gradual and perfect passage of the cdumner basalt into that which has 
A 3 been 
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been called from the parallelism of its planes ; the composi- 

tion being identical, and, without doubt, cotemporaneous. These changes 

and passages, from one rock into the other, are so frequent and various, 

as to render it impossible to refer the most of them to either of the rocks 
I have abovementioned, as types. I shall, therefore, proceed to describe 

those which are distinctly marked, and their accompanying minerals. 

I n  external appearance, the columnar and semi-columnar basalt closely 

resembles that of the Giant's Causeway, possessing the same fracture, 

internal dark colour, and external brown crust. I t  is equally compact and 

sonorous. I t ,  however contains, more frequently, crystals of olivine, of 

basaltic hornblende, and of carbonate of lime. The  fusibility of each is 

the same. Perhaps the basalt of Gawilgerh range, more nearly resem- 

bles, in' every respect, that of the Pome mountain in the Maut-itius. This 

is, however, of very little importance, since every body who has travelled 

rduch in trap countries, knows well what great changes in composition and 

structure occur even in continuous masses. Among the minerals, cake- 

dony, and the different species of zeolite, are rarely found in the columnar 

basalt,but they areof frequent occurrence in that whichis semi-columnar. 

The wacken, or indurated clay, is as various in character and composi- 

tion, as the basalt, and, unfortunately, I have no type with which to 

compare it, as in the case af the basalt of the Giant's Causeway. Its 
colour varies with its constituents, but is most usually gray. I t  is easily 

frangible, very frequently friable, and is almost always porous and 

amygdaloidal. I t  appears to be composed of earthy felspar and horn- 

blende, with a considerable proportion of oxide of iron. I t  is always 

easily fusible into a black scoria, or glass, according to the quantity of 

zeolite which it contains: of all the trap-rocks, it abounds the most h 

simple minerals : They are-Quartz. 

Calcedony and calcedonic agates, enclosing crystals of 

carbonate of lime. 

Common 
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Common a d  mi-opa l .  

Heliotrope. 
Plasma, or translucent heliotrope. 

Stilbite. 

An alcime. 

Natrolite. 
Icthyoptbalmite. 

Felspar. 

Carbonate of lime and green earth. 
I have never been able to discover in it either augite or hornblende in distinct 

crystals. When the surface of the land is strewed with these minerals, 

it is a certain indication, that the rock beneath is wacken. With regard 
to the situation of this rock, I have rarely seen it on the summits of 

hills, but much more frequently at their bases, and forming the flat, ele- 

vated plains. I shall have occasion to advert to this rock again, when 

I proceed to describe the petrified shells. 

The nodular basalt i4, perhaps, the most common form of trap in thir, 

mountain range, as well as in other parts of India. I t  more commonly 

forms the surface than either of the rocks, and is as frequently seen on 

the summits, as it is at the bases of the mountains. I t  rarely abounds 

in minerals of any kind. I t  is the prii~cipal sourae of the rich, black 

diluvian soil of India, commoaly called black cotton mil. I have 

little to add to the former description of it. Its external structure is some- 

times beautifully developed by decomposition, since, in a mass of about 
six inches diameter, it is possible to count above twelve concentric layers, 

and on striking the nucleus a slight blow with a hammer, one or two more 
layers are broken off. I t  is owing to this facility of decomposition, that 

the annual rains carry down such vast quantities of alluvial soil from 

its surface, which is, moreover, always strewed with an abundance of nuclei 
in 
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in various stages of decomposition. I t  is owing to the difficulty with 

which the roots of trees penetrate this rock, that they are so rare on its 

surface, and never grow to any size ; yet this circumetance does not pre- 

vent the Andropogon contortum and nardus from growing in the most 

Iuxuriant manner, which sufficiently proves the fertility of the soil. 

On ascending from the Tapti, I observed in a nullah, a group of 

baealtic columns, m e  of which was two feet in diameter, and six sided. 

When near the summit of the flat table land of Jillan, I enteked on a pass, 

formed on one side by a perpendicular section of the rock, from twenty- 

five to thirty feet, and on the other, by a rapid descent of forty or fifty. 

The lower part of the section, as well as the pathway, is composed of 

the wacken, or indurated clay, of the kind I have before mentioned, 
of about ten feet in thickness; lying on i t  is a stratum of earthy 

clay, of different degrees of induration and purity, twenty yards in 

length, and of about two feet in thickness, containing great numbers 

of entire and broken shells. This possesses all the characters of a 

stratum, since the horizontal fissures are parallel, and are prolonged, 

with a few interruptions, through the whole extent. The accompanying 
sketch will serve to give a tolerably correct idea of the mode in which 

the stratum appears to overlie the lower rock, and to have been depress- 

ed by that which is superincumbent. The upper rock consisb of about 

fifteen feet in thickness of the nodular basalt, or wacken. The nuclei 
being of all sizes. The vertical fissures, which are so remarkable in 
trap rocks, are prolonged from both the upper and lower. rocks into 

the shelly stratum, although there is no intermixture of ~ n b s t a n c ~  

The stratum is composed of a highly indurated clay-, fmible before the 

blowpip into a fine black glass, and neither it w r  the shells i t  contains, 

effervescein acids.' The shells are, for the most part, flattened, and belong 

either 
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either to the genus conus or mluta. I t  is not possible to conceive that so 

fragile a substance as a thin land shell, should have been so completely 

flattened without fracture, unless it had been previously softened by 

some mode, which a t  the same time produced a sufficient degree of pres- 

sure to effect its flattening. 

I have attempted, in the annexed sketch, to give a representation of . 

the degree of flattening ; but I fear that it can only be well understood by 

the specimens themselves. Neither the rock nor its contained shells, 

effervesce in acids. Westward, the ground is covered by the debris of a 

shelly conglomerate, much more indurated and impregnated with green 

earth, exhibiting cavities a i d  shells in relief: from the ehape of the 

former, there can be no doubt of their having once contained shells, 

Some of the shells are entire, but are rarely flattensd, The matrix 

appears to be silioeous, and, in some cases, approaebes to imperfect helio: 
trope. I t  is not fusible before the blowpipe. 

I may here mention that, in a report to the Marquia of Hastings, in 

June, 1819, I mentioned the existence of shell8 in trap rooks at M e d c d a ,  

a t  a height of two thousand feet above the sea. The hill was composed 

of nodular-trap, and lying on it8 surface, were numerous pieces of siliceous 

'stone, containing shells of the genera turbo and cyclostoma-the specific 

gravity of the stone varied from 2-0 to 2-5: the shells did not effer-- 

vesce in acids, although some of them preserved their external polish. 

Internally, some of the stones appeared to pass into flint, particularly 

those of small specific gravity, whilst their external surface effer- 

vesced in acids. Some of the s m ~ l l  shells were completely changed 

INTO CALCEDONY. Specimens of these shells are lodged with the Asiatic 

Society. 
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I t  is a remarkable fact, that the only remains of animals hitherto dis- 

covered in India, ~hould  be fdnnd in trap rocks, and under quite peculiar 

circumstances. 1st. They are found in situations where there are no 

indications of the former existence of lakes. 2d. Both the shells and 

matrix are destitute of carbonic acid. 3d. The former are, in many 

instances, squeezed flat without fracture, and, in some cases, completely 

commixing with their matrix. 

These effects could only have been produced by  the agency of heat, 

and, consequently, the modern theory of sub-marine or sub-aqueous volca- 

noes, will best serve to explain the phenomena. These shells were depo- 

sited in the stratum of clay in which they are now found, and when fomed 

up by the mass of wacken beneath, they were, most probably, a t  the same 

time covered by the nodular basalt. Thus we have heat, to drive off the 

carbonic acid and soften the shells under a pressure, which assisted the 
process, and, a t  the same time, flattened them. . 

I hare too numerous collateral proofs of the intrusion of the trap 

rocks in this district, amongst the gneiss, to allow me to doubt of their 

volcanic origin. I shall take an early opportunity of compIeting the his- 
tory of the trap rocks of India, for which I have collected materials Eor 
several years past. 

XII. 



XII. 

AN ACCOUNT 

MINERALS, COLLECTED AT NAGPUR 

AND ITS VICINITY, 

With Remarks on the Geology, &c. of that part ofthe County. 

BY CAPTAIN F. JENKINS. 

NAGPUR, the capital of the Mahratta Sovereign of Berar, is in Lat. 

$21" lo', Long. 79" 14', of Arrowsmith. I t  is situated on the bank, and 
nearly at the source of the insignificant a b m ,  the Nkg Nu&, f r d  
which it has been considered to take its name; but so small a rivulet 

might be supposed to .have Been nameless when the. foun&rs first begad 
the town. 

The N .  Nadf o h  ceases, in the dry weather, k haw a running 

stream ; and, indeed, that it is now a stream at all almost e n t i d y  de- 

pends on the large tank of Telifrker, formed by a mound across a small 
valley in the trap hills, about three miles above the town. T h e  h i h  

have few orno springs, and the tank is supplied with the waber d e c t e d  

from the adjoining eminences during the rains. 
The 
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The Ndg Nadi, after a short course of twenty or twenty-five miles, 

is lost in the much larger stream of the Kanhan, coming from the Deo- 

gerh Hills, and tLe united stream falls into the W y n  Ganga, a t  about 

the above distance from their junction. . 
The principal source of the W y n  Gnnga rises south-east of Seont, 

and after making a circle round the town on the south, proceeds in a 

northerly direction, till it  is finally turned south by a range of hills beyond 

Chappara, under which village it passes through a narrow gap between 

basal& columns, an impetuous, but a beautiful and considerable stream. 

The W y n  Ganga, after its junction with the War&, near Chnda, 

takes the name of Pranith, and the joint stream is one of the most con- 

siderable feeders. of the Goduz;erf.* The elevation of Nagpur, is about 

one thousand feet above the sea, the temperature of its climate W gene- 

rally equable throughout the year, and the seasons regular. 

The site of the town of Nagprr is very unfavourable: its want of 

water in the dry season, the sterility and heat of the adjoining bare trap 

hills a t  the same period, and the superabundance of water and rottenness 

of the soil in the wet season would seem to indicate, that i t  could only 

have been selected in connection with some sanetity attached to the hill 

of Sftabaldi, at  the foot of which i t  is situated. 

. Geologically viewed, its site is, however, interesting, ,for it is the point 

of jmction of the great western trap formation with a great granitic 

formation, 

* Attempta were made some years ago to float timbers from the vicinity of Nagpur down 
' 

the Godaoeri to the sea, with partial success, owing to the many rapids in the river; but there are 
no obstructions of any consequence; and whicl~ might not be removed at a very trifling expence. 



-*ion., the extient of which is yet but partially determined. I s h o d  
conceive, however, that it formed .a part of the same granitic range, whi& 
i found on the confiPes of the plaiaua of Bengal, reaching from tbe Ganges 

beloa Q a t u  to the sea at Gaajam, ,and awntinuation of the great ranges 
of the Coast, and not merely a supposed continuation ,below the andim, 
but probably $raceable h e  ground throughout this vast extent. 

The brokea and disintegrated state of the granitic rocks, which come 

in contact with, or  approach very near to the trap, &ord other interest- 

ing points that may be confirmatory of the origin now pretty generally 

ascribed to that formation. 

The hill of Sitn'bddi, the extreme eastern point of the trap farma- 

tion, would appear to beinsulated from the range of hills to the west of it, 
or its connection is by .a narrow neck, for the sinking of wells, m n d  the 

base of the hill has shown it to be nearly, if not entirely surrounded by 

gneiss. 

The gneise at its b e  is mmb becomposed, and of a greater elewa- 
tion than the next adjoining uncovered gneiss in the city, which is, how- 
e m ,  e x t r e d  y shattered, and the whole bears the appearance of having 

bean upheaved and disturbed by the basalt. 

The trap hills to the westward have, in the dry weather, the most bar- 

ren d uuinviting appearance ; being marly destitute of water, there 

ia scarcely a blade of grass or a shrub on them, and their w h k  surface is 
entirely covered with loose boulders of yacken balb of small Bize ; if the 
rains, however, are abundant, they afford a scanty crop of stunted Jowar- 
ree. The country S- and E. of Nagpur, some distance, being the black 

I 
I 

1 soil of the trap, bears a tolerable crop of the same poor grain, and there is 

I c 3 little 

1 



IittIe other.cultivation except towards the Northern hills, on a reddish 

soil'which grows a small quantity of wheat and oil crops, but mostly very 

thin and stunted, compared with the same productions of our provinces 

on the Ganges.* About Nagpur, and perhaps generally over the whole 

neighbourhood to which my specimens belong, the calcareous concretions 

which we name Kankars, are every where abundant, the nodules about 

KBmti, (the cantonments of the Nagpur force,) are mostly very small, 

black, and hard, but burnt with 'charcoal, they give a clean white lime, 

and a strong and quick-setting cement, and are more commonly used 

than lime from any descriptions of lime-stone, of which there are many 

varieties a t  short distances. 

The soil a t  KBmti is so full of small Kankar pebbles, that it is dif- 

$cult to make. good b r i c k s ~ f  it ; for if not kept a little underburnt, the 

bricks. burst to pieces on being touched with water. 

Within the range of my proposed sketch, there are no mines that f 

am aware of ;  but there are ores of iron, manganese, and lead, and small 

quantities of gold sand. The iron ores are poor, but that metal is abun- 

dantly dupplied from the rich ores beyond the Nerbuddah. The manga- 
nese i s  the black oxide, rich and abundant, and of lead, there is a small 

quantity in the state of Galena, found only in detached boulders about 

the hills at  NLma ; no vein has yet apparelitly been discovered. 

The principal and almost sole demand for quarried stone was confin- 

ed, a t  the time I write of, to the wants of the European residents, and to 

the public buildings for the troops. The quarries open were, a quarry of 

the 

* Beyond the Wyn Ganga, in the Bandara district, the principal crop is rice, and very abundant. 
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I ihe basalt, at the foot of the hill of Sitdbaldl, of gneiss in the city, ,(the 

stone used by the natives in small quantities,) the disintegrated rock, for 

gravelling the roads, and one quarry of sand-stone at  Silwara, and another 

at Khmti. A slab of 'marble was occasionally cut out for images 

at  KorQri, and a part of the same rock was sometimes burnt for 

fine whitewash ; and with these exceptions, I do not remember any 

of the mineral productions of Nagpur being converted to use. 

SITABALDI SPECIMENS. 

The specimens.markecl No. l* are from the quarries west of the hill 

of Sithbaldi: the basalt is here exposed the whole height of the hill, and 
. .  . 

presents the appearance of strata by the alternation of compact and porous ' 

basalt. The compact rock foFAing strata eight or ten feet, and the po- 

rous basalt of one, or one and.a half foot thick. 

No. 2 (A) All these specimens are from perpendicular fissures in the 

basalt. The fissures are from one-eighth of an inch to two or three inches 

in width, extending irregularly from the top to the bottom of the hill, and 

the basalt adjoining the fissures is commonly coated with a thin layer of 

opal, as in one'of the specimens, No. 1 

No. 3 (B) The eastern side and part of the top of the hill is covered 

with wacken boulders, those on the surface being small ; but some exposed 
near 

* .Basalt, compact and porous. 
The 'rock of Sflribaldf ie a composition of porous Basalt passing into Amygdaloid and 

Nodular Wacken!'-DR. VOYSEY. 
( A )  Calcedony-Calcedony and Rock ~ i ~ e t a l e - ~ a l c e d o n ~ ,  coated with green earth-Calc. 

Spar, in thin lagers. 
(B) Boulders of Wacken. 
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neat the W i d m t ' s  house, by cuttiag a road NIL the alope of the hi& 
-are three and four feet in dimeter, consisting af concentric layem of 
.about an inch in thickness. 

The specimens No. 4, (C) are from the bottom ef a large wd, on the 
slope of the hill, but near its bme, in the Residency complauad. T h e  
specimen8 were met with in an attempt to slhk the well d~apar, i t  thea 
being, perhaps, from thirty to forty feet; the upper part of the rock had 

been wacken and basalt ; but on reaching this rock the well-diggers were 

stopt, they could not get through it either by cutting or blasting, from the 

extreme state of induration and tuughness of the rock. 

O n  the northern side of the hill, in sinking a well, the fimt twenty or 

ihirty feet were of this.decomposed rock No. 5 (D j ; below was gneiss, more 
or less decayed. The gneiss wsls .no where to be traced os -the surface, and 
immediately north, beyond a little hollow of about one hundred or one hun- 

dzed and fifty yards, was a rising swell connected with the trap kills, and 

-which, to the extent of the depth of numerous wells sunk .ap it, was c w -  

p a e d  of wackw, chiefly nodular, soft and light caloured at top, but in- 
creasing in density and darkness of colour aa the depth increased. This 
swell, or tongue of trap, runs down to the city, and as far as the colour 

showed, it appeared to have been situated on trap only ; but a quarry in 

the centre of the town discovered gneiss a lm~s t  immediately under the 

surface. The upper layer of decayed and decaying.gneiss was carted in 
considerable quantities for repairs of roads ; the under strata were much 

broken into cubic masses of small size, as if greatly disturbed by some 

most powerful agent. This stone was commonly used in the city for 

rough 

(C) Hornblende Schist, and Mica Schist, or Gneie.g. 
(D) Decomposed Gneiss. 



rough buildings, and the basement of the Palace, formed of the fine basalt 

of Sitdbaldi, neatly chisselled and very well put together, is surmounted 

by an upper story of this poor gneiss. The unfinished wall of the 
city is entirely of dressed basalt, at least externally dressed, and of the 

best execution. Beyond the ridge of trap above noticed, at  a very short 

distance north, the decayed gneiss is again met with and quarried for the 

roads ; but, in proceeding further north, deep trap soil covers all vestiges 

of rock, until we reach the granite of Waragaon and Sdradi. 

To the West, N. W. and S. W. trap entirely prevails ; to the N. E., 
-E., and S. E., black soil in the immediate neighbourhood, prevents the 

observation of the underlying stratum ; but there is little doubt of its be- 

ing gneiss, as this is the nearest rock displayed in those directions. 

KHORARI AND WARAGAON SPECIMENS. 

Nos. 1 and 2 (A) These specimens are from the hill of dolomite at 

' K h d r i ,  distant from Sithbaldi about six miles, and to the north of it. 

The intermediate country is deep, black, trap soil. 

To the east is ti low range of granite hills at  Waragamr, the gra- 

nite is remarkable for the great quantity of felspar in it-from its having 

no mica, (or a very small quantity,) and the quartz being chiefly dispos- 

ed in masses and exhibiting frequently large cavities lined with fine crys- 

tals of quartz. To the west, Khordri is bounded by the trap range, 
turning 

( A )  Dolomite, large grained and very hard. 
Fine-grained and friable Dolomites. 
Dolomiter with dieseminated Steatite-with Tremolite, 8pecLa of Mica and veim of Calcedony. 
Varieties named by Dr. Voyaey, l6 Dolomite with dieseminated Steatite and speck8 of Mica." 
'' Dolomite with veine of Calcedony." 

3 D 
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turiling off from SitdbaZd to the north-west and some small insulated 

hills of trap are scattered over the plain towarda KburhA. 

Below the dolomite hill and adjoining to it, are the coloured fine- 
grained dolomites, and the specimens 3 and 4, are in connection with 

these. To the west and north, round the base of the hill, are the 

konkars, (B) large quantities of which are dug up for lime. Some of these 
specimens are internally crystallized. 

The large-grained dolomite is quarried, but not extensively, for mar- 

ble blocks, and for lime for white-wash ; the blocks may be cut oat to 111- 

most any size. Immediately about the hill at Khdri, there are ng 

other than lime-stone rocks in massee, but a vast variety of scattered 

pieces of stone, as gneiss, granite, quartz, &c. 

KAMTI. 
To the westward of the granite hills, and in line with them at  a short 

distance, on a rking swell, Colonel ADAMS formed the canbnrnente of 

the Bengal troops on the banks of the river Ka&n.* Opposite, and im- 

mediately on the bank, facing the greater part of the cantonments, was 

the sand-stone No. 1 ,t described by Dr. VOY IEY,  as a sand-stone with an 

argillaceous cement and specks of mica. The sand-stone had, apparently, 

a dip south towards the cantonments, nnder the river, but none was to be 

traced 

(Bj They cover a space about two hundred yards square, in a continued mass, and to a consi- 
derable depth, pure Carbonate of lime."-Dr. VOYSEY. 

* The Kanhrin rises in the Dcogerh hills, running thence nearly south, till it reachea the plain, - 
and then turns nearly due east, and falls into tlie Wyn Ganga, near Bandara. 

t Some varieties of this sand-stone, Dr. V. described m " sand-done with well diaeeminated 
iron glance, one specimen rwembhg  Biliceoua schist.'' 

At the base of the eand-atone, in the river bed, were rome extensive bed) of calcareous con- 
glomerate, which burned into a dirty lime. 



traced on the south side of the narrow stream, its breadth i ~ r l d ,  on the 

northern side, was inconsidezable, as far as could be traced. This sand- 
stone was much broken in all directions, and the fissures, horizontal and 

vertical, were eutirdy filled with seams of lime about half an inch t~ an 

inch in thickness. The western extremity of this sand-stone rune under the 

Kirnhtin, at a bend a little above the village of Kdrnti, forming a low 

fall on the river, and was here covered by " earthy red iron ore,"* of p a t  

density on the surkce. 

No. 2 (C) These specimens of reddish granite, or granite passing into 

gneiss, are from wells in the centre of cantonments ; they appeared to be 

only thin strata or veins, as, aftor breaking through twelve or fourteen 

feet, with very great difficulty, sand was met with underneath. 

No. 3 (D) The bluish-green coloured specimens, composed principally 

of aetinolite, were from a well almost adjoining, n d  more than two hundred 

and fifty feet distant, all the rock of which was tinged blue. Nos. 4 and 

5 (E) are specimens from a well further west. 

Due muth of the well, whichcontained the specimens No. 2, about two 
hundred yards in some low ground, in opening an excavation for a tank, 

decayed gneim was faund close under the surface, and to the extent to 

which the tank was then excavated : the specimens No. 6, were called 

by Dr. VOYSEY, " granite passing into gneiss, well defined gneiss, quartz 

rock, red felspar, and green stone, the primitive trap of Werner." F. 
In 

* Dr. Ve~err.  
(C) Red Granitea 
(D) Bluish Granites. 
(Ef Granites principally compoaed o f  reddish felsper. 
(F) All rpecimpu from a well at the east of cantonments. 
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In  none of the other wells of cantonments, I believe, was solid 

rock met with, but large quantities of loose stones of every variety. 

quartz, granite, and green-stone being the prevailing sorts, and sand was 

invariably found mixed with and below the pebbles, which would almost 

lead one to suppose that the specimens, 2, 3, and 4, came from immense 

boulders, and some large white quartz boulders on the west of the can- 

tonments, would each of them have nearly filled the diameter of the small 
wells. Nor was any rock visible along the river bank, cropping out to 

show whether the granite was continuous. Except at  the extreme left 

of the cantonments, and distant from the wells three miles, where a ridge 

of red, brittle, well-defined gneiss, vertically disposed, is seen in the river 

bed, and lost in the right bank of the river. 

This accumulation of sand and pebbles, and cropping out of the gra- 

nite, gneiss, and sand-stone, causes a swell scarcely extending beyond the 

limita of cantonments, and afforded to the Bengal force there at  the time, 

the advantage of well-drained hard ground during the rains ; whilst that 

between cantonments and Nagpur, and all round Nagpirr was impassa- 

ble, from the rottenness of the deep black soil. An equal advantage ac- 
crued from the nature of the soil, during the hot weather, water being 

found plentifully at  little depth, throughout .the cantonments, below the 

sand, whilst at Nagpur, every hot season, nearly all the wells run dry, 

being seemingly mere reservoirs of water, in the basalt rock, which over- 

flow in the rains, being filled by drainage of the surface. 

SILWARA. 
North of Kiwhri about two miles, on rather elevated ground, are ex- 

tensive quarries of sand-stone, No. 1 .* The strata are very regular, though 

of 

No. 1. c c  Argillaceous Sand-stone of various colors."-VOYSEY. 
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of unequal thickness, and dip from 30" to 3 5  to the south. Bktween Sil- 
wara and P d t m  Sangi, the sand-stone rises into a low hill, upon the 

surface of which are quantities of the conglomerate, No. 2.7- This lies 
also in considerable masses in the bed of the stream, near Sawdr,  and 

appears to cover an extensive part of the country, beyond the pass. of 

Kelode, on the road to Sindwara. 

RAMTEK. 

Proceeding to the north from Kdmti, on the high road to R h t t k ,  

no rock is found on the surface from the former village to the slight ele- 

vation extending from Sdtak to Nagurdan. 

About half-way, however, in a deep well, dug for the convenience of 
travellers, a t  the depth of about thirty feet from the surface, was found a 

granite decomposed, consisting almost entirely of pure milk-white fel- 

spar, with very small quantities of white quartz and white mica. On 
being taken up, the specimens of this rock fell to pieces. Not far from 

this, in a nullab, were found some large boulders of translucent white 

quartz, interspersed throughout with long thin prisms of schorl, regularly 

radiating from centres. 

The swell a t  Sdtak and Nagardan (No. I . )  is of quartz, but the 

rock does not appear in any considerable mass. 

Hence, for four or five miles to Rdmttk, the road passes over deep 

black soil to the small advanced hill, covered throughout with quartz 
pebbles. 

t No. 2. Conglomerate. 

3 E 
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pebbles. This hill is in contact with the hill of Rdrntkk; that is to say, 

the sloping sides of each meet before the valley between them falls to 

the level of the surrounding plain, and on the slope of the greater hill, the 

gneiss begins to appear immediately. This gneiss is of various coloun, 

although the texture is nearly uniform. The specimen exhibits the prerail- 

ing rock : Dr. VOYSEY called it " gneiss, with the aspect of a rock formed 

by mechanical deposition." 

The abrupt-peaked termination of the hill on which stand the 
temples, is about five hundred feet above the plain. The ascent on 

this side, from the village, is by a broad, steep flight of well-laid 

gneiss steps, with resting places and seats at intervals : the whole 

is of the best construction, and promises to last as long as the hill 

itself. 

The view from the top of the hill amply repays the labour of ascent. 

Southward it extends to Khrnti, over a tolerably cultivated, open plain, 
but which, when the crops are gathered, has a barren enough appear- 

ance, for the intermediate villages are small and few, and for want ofwa- 

ter, scarcely anything of what may be called the garden crop of the 

more favored parts of the country, is to be seen. Immediately around 
the hill of Rlimtklc, however, are numerous large tanks, which supply 

irrigation to a number of P d r b  KItCts, and a few gardens of common 

vegetables, throughout the year. The ground near the foot of the 

hills is covered with mangoe trees, which extend a considerable way 
up their slopes, on what looks as barren a soil as can well be imagined. 

To the north, across a small valley of two miles or less, which is always 

green, and well studded with clumps of trees and villages, rises the first 

range of the hills which extend to the Nermdd .  



The prospect in this direction is very limited, and shows only hill6 of 

little elevation, entirely covered with deep jungle. To the east and w a t ,  be- 

low the range of hills, the country enjoys considerable means of irrigation, 

.and is comparatively well cultivated. And directly underneath, to the 

east, is the very picturesque valley of the hill itself, which, from the psist 

of the enclosure of the temples, forks out into two branches, that, after a 

range of three or four miles, curve towards each other, and, though not 

exactly meeting, appear to do so ; small detached hills and promontoriee 

enclosing the scene. At the head of thh valley a large tank has been 

dammed in, round which are several pretty little Hindu buildings. 

To this tank also, from the top of the hill, descends another noble 

and easy flight of steps, formed, as the other, of gneim. 

The first range of hills, north of Rdmttk, is of quartz, and the beginr 

ning of the G M t  is of the white quartz of the specimen No. 2 ; farther 

on, gneiss occurs, and at  Dolegertlll, eleven milen from RhtCk,  and the 

top of the ascent, the little hills of rock scattered about the tank and val- 

ley, are of granite. 

Below the hill, on the south and west, are considerable beddl of made, 

capable of being burned into tolerable lime. 

Between the lesser Rdmtik hill, and the point of a range of quart$ 
rock, on the west, is a gap of about two miles; and three or four miles 

north of this' is the village of K d r i ,  the last to be met in approach- 

ing the jungle, which here is very high and thick. 

On entering the jungle, the surface rock appears to be white mica 

schist, entirely disintegrated; and proceeding on three or four miles, the 
ridgee 
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 ridge^ of rocks, from which'the specimens, from Kudn' are taken, are 

met with. 

The ~pecimens of red lime-stone, Nos. 1 .* constituted the principal mass. 

of the rocks, which appeared to have an east and west direction, and 

to be vertically disposed ; for, though there was no distinct appearance 

of stratification, the rocks were divided from each other, and lay in sharp 

ridges. Nos. 2.t Towards the north of these, the lime-stone passed (form- 

ing all gradations of colour, from a white grey to deep black,) into a rock, 

composed almost entirely of manganese. 

Nos. 3.t These specimens of granite'veins were knocked off from the 

tops of the lime-stone ridges, into which they ran ; by the quicker we= 

of the lime-stone, they were left as protuberances of two or three inches 

high. 

The remaining specimens (Nos. 4.4) are from the adjoiuing rocks. 

These (Nos. 5.q) and the lime-stone rocks, are situated in the bottom of a 

nullah, in a deep valley overhung by a thick forest, and so infested with 

tigers, that little research could be made beyond the small open space the 

nullah afforded. The lime-stone rises in its. bed and runs to the westward ; 

the eastern bank appeared to be of gneiss, or varieties from it to quartz 

and mica schist. The kankars formed some large blocks immediately 

below the lime-stone. 

Proceeding 

Nos. 1. Primitive Crystallized Limestone with veins of Granite, Quartz Rock, and Glosey 
Actinolite. 

t Nos. 2. Gradations from the abovc Lime-rtone into a Rock, consisting principally of black 
Oxide of Manganese. 

$ Nos. 3. Granite veins. 
j Nos. 4. Gneiss and Quartz. 
7 Nos. 5. Calc. Tuff and Kankars. 
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Proceeding from RhmtCk to the west, the low range of broken hills 

appear to be a confused mass of quartz boulders ; further on, a granite 

country is entered upon, or rather a country formed from granite debris, 

gravel of mica, felspar and quartz, composing the surface, with here and 

there crumbling blocks of granite and gneiss ; but scarcely anything like 

the live rock is to be seen till you arrive at the river Pesis, below the vil- 

lage of Nayahnd. Here, from under the high bank of the village, a dyke 

of gneiss, perfectly vertical, crossed the river, and formed a dam, interrupt- 

ing the navigation. The dyke was lost in the opposite bank. Being em- 

ployed in breaking a channel through this rock, the whole of its interior 

was laid open, and Dr. VOYSEY was so much struck with the contortions 

it displayed, and its variety of appearance, that he visited this place, by 

himself and with me, four or five times, and we have much to regret the 

imperfect state in which he left his MS., which has deprived the Geology 

of India of the remarks of this most acute and extensive observer. Few 

will ever be found superior to him in intelligence, and none in close ob- 

servance of facts ; and we can scarcely expect for some years, a person who, 

combining these qualities, will enjoy his great opportunities of seeing the 

formations of India throughout nearly its whole extent. 

The gneiss (No. 1. A) varied from granite to mica schist ; but the gra- 

nite parts were veins, or rather imbedded masses of granite, for of most, 

the whole extent could be observed to be included 'every where in the 

gneiss. Quartz rock was frequently buriedin it in the same manner, and 

wherever the granite or quartz occurred, the grain of the main'rock was 

disturbed, and bent from its otherwise straight direction. 

The adjacent rock was a grey granite, composed chiefly of whitish 
felspar, 

No. 1. A. Contorted Gneiee. 

3 F 
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felspar, in very large crystals ; in a mass of this, in the bottom of a ravine, 

the rock was distinctly traversed thrice or four times by granite veins, 

accompanied by as many heaves. The granite of the veins becoming 

smaller-grained, and redder, as more recent. I do not recollect that the 

veins had any mica, the chief ingredient wru;l red felspar. 

The gneiss dyke, Chough thecontact was not actually to be observed, 

must have proceeded through the granite before it reached the bed of the river. 

Gokulcr is three or four miles up the river Pesh, from NayAncZ. The 

river is here again dammed up by a very extensive dyke of crystallieed 

lime-stone. I ts  colonrs are brilliant, chiefly red and blue, or grey veined 

with blue, and is highly polished by thecontinued running of the waters, and 

broken into singular shapes, and hollowed into deep cavities and hsures. 
The stream, of the most transparent water, dashes through it in a narrow 

twisted and obstructed channel, and ends in a large natural tank, worked 

out of the marble by the river; its depth we could not fathom, with the 

means then at hand, and being shaded by luxuriant trees, and backed by 

the fantastic shapes of the polished marble blocks, it formed a scene that 

was highly beautiful. Behind (north) was an amphitheatre of hills, and 
in front an open cultivated country. 

The left bank of the river is composed of decayed gneiss ; the right 

bank of clay and a loose conglomerate of pebbles : the lime-stone occupies 
the bed of the river only, and appears unattached to either side. 

Here, as at Ku~ntiri, (No. 1. B.) the lime-stone, which is much the 

same rock as there, passes into a quartz rock, coloured by manganese ore ; 

the 

No. 1. B. Varietier of Crystallized Lime-stone. 
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the dark (No. 2.) stripes given by  which are very variously contorted. 

Towards the left bank, granite and gneiss were formed, passiug into the 

lime-stone, the gradation from the one to the other being very gradual, 

and showing intermediately, an intimate blending (No. 3.) of the two 

rocks, which could only have taken place when both were in some degree 

of fluidity. 

Before leaving Gokula, I may be allowed to notice the very numerous 

tumuli of the neighbourhood. The rings of stone which marked them all 

were, in some instances, as much as fifty or sixty paces in diameter; they 

were mostly unraised, but some were elevated by a heap of stones. Dr. 

VOYSEY noticed, that they were similar to those about the Hyderabad 

country. The natives appeared to have no tradition concerning them, 

nor any idea of what they were. 

Dr. V. and myself had one traversed in the centre by ditches of con- 

Biderable depth, but we did not succeed in meeting with any remains. 

The following is a part of the collection Dr. VOYSEY made, between 
Nayakund and Gokula, and named for me by him : 

Slaty iron glance. 

Granite, large proportion of quartz, with specks of mica, porphyritic 

syenitic granite, the hornblende being in large crystals. 

Quartz, pasaing into chert. 

Black mica schist. 

White ditto ditto. 
Sand-stone, 

No. 2. In two ttpecimens are veins of a Lead ore, or of Antimony. 
No. 3. Lime-stone, pawing into Gneiss. 
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Sand-stone, with iron glance. 

Granite, red felspar, quartz, and a small quantity of mica. 

Granite, red felspar, and hornblende, like mount Sorel. 

Granular quartz and epidote. 

Gneiss, passing into sand-stone. 

Dolomite. 

From the bed of the river. 

Heliotrope. 

Imperfect calcedonic agate. 

Red jasper. 

A green silicious indurated stone. 

Onyx of calcedony and quartz. 

Quartz, coloured by iron. 

These last specimens would seem to show that the Pesh, in its course, 

crossed a trap country, and, though i t  rises in a granite country, and 

chiefly passes through gneiss mountains, yet i t  may be presumed, (as I 
observed in going to Siudzsara, that the ascents and toys of the ghauts 

were of trap,) that it also meets with partial formations or veins of trap 

and basalt. 

Crossing the Pesh, three miles to the east, are two detached hills a t  

Pdrszini, these are of a decaying rock, varying from, granite to gneiss, 

and to quartz, the latter, perhaps, the prevailing rock, at  least on the 

surface, and five or six miles further east are two other detached and 

larger hills of much the same variety of composition, at  the village of 

Nima. On one of these was discovered the specimens of galena,. which 

were contained in quartz rock. Some specimens were very rich in ore, but 

nothing like a vein of the lead could be traced, and what was met with-was 

contained in small quartz boulders, scattered on the side of the hill. 

Returning 



\ 

A T  NAGPUR, &c. 213 

Returning back to Nagpttr by a middle route, between the granite 

mounds of FVorugaon and the range of hills on the north, a little hill and 

a ridge of rock, running E. and W., is met with near Bishwamlher. 

The rock is of a cherty quartz and cellular, (No. 1 .*) and much inter- 

mixed with a quartzy ore of manganese. The top of the ridge has the 

exact appearance of the remains of a strongwall, and may be traced for a 

considerable distance along the plain, and scarcely rising above it. 

The rocks were stratified and vertically disposed. Immediately north, 

a part of the bank of the river is formed of massive white quartz, and 

inland, are traces of granite. 

On  the Kanhfn, a t  Matni Mahoda, after passing east over the plain 

from Nagpur, another dyke of contorted gneiss is met with, exactly simi- 

lar to that of Nayakund ; i t  is here accompanied by cellular iron clay-The 

extent of the gneiss beyond this, I am not able to mention ; but i t  proceeds 

beyond Bardbra, and my belief is that it forms part of a great granitic 

formation, meeting by  the way of the Ldnji hills and Retenpur, a t  

Rarngerh, the great granitic range which sweeps round by  Baiasore and 

Cuttack, to the C m a n d e l  Coast. 

Near Komta, under the Lfnj i  mountains, are hills of red ochre of 

good quality ; and in one of the nullahs running from that direction into 

the W y n e  Ganga, gold dust was found, samples of which, and the extract- 

ed metal, I had the honor to forward to the late Dr. Abel, for the inspec- 

tion of this Committee. 

The 

* Quartz and Cherty Quartz. 

3 G 
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The specimens from Seoni (* Nos. 1 ,  2,) bring down the Chapara 

basalt so far to the south ; but immediately bordering at Chaori, is a bed 

of iron clay, No. 5,  resting most probably on gneiss ; its breadth there, on 

the road to Nagput-, is trifling, and south of it commences a granitic 

formation, which extends to that city. Nos. 3,f are from small mounds of 

lime-stone of Seoni, three or four U s ,  which 1 had no opportunity of 

visiting. 

Sincltuara lies a little to the westward of north of Nagpur, and about 

sixty or seventy miles from that city. The specimens of granite 1, 2, 3, 4, 

are all from the .immediate neighbourhood of the town. 

The gneiss of the valley of Ncigpur extends by Kelode to Loclek~a, 

overlayed in many parts by extensive but shallow masses of pudding- 

stone, similar to that a t  Patansinhi and Sawnhr. After ascending the 

last ghat, which was covered with trap, the rock met with is granite-- 

and this I traced nearly to Baittil-the descending ghat to the valley of 

Bail&, and last few miles, only being of trap. The top of the valley of 

Bait&Z is granite, and this formation extends north nearly to Hasan&- 

kd, with somk small interruptions of sand-stones and trap : the bottom of 

the valley is trappean; part of the great trap of the west, with which i t  is 

connected by the valley of the Tapti, and the Gawilgerh and AsirRerh 

ranges of mountains, and it is united by Mtiltui and Pa~dzirna, with the 

hills of trap, whose extreme promontory in this direction east, is the hill 

of Sitabaldi. About mid-way between Sandwara and Baitzil, are some 

romantic pilea of massive and immense granite boulders, some, perhaps, 

logan rocks, most of which have been consecrated by the superstition of 

the 
- - - 

* Semi, Noa. 1, 2, Basalt, very aimilar to that of Sfrcrbokff. 
t Granular eecondury Lime-atone. 
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the G o d s ,  and are striped, and crowed, and crowned with streaks-of red 

lead. Some parts of this high ground affords as fine scenery as any I 
have met with in the country. The surface is beautifully undulated, and 

the trees scattered at  considerable intervals, leaving glades between of 

fine pasture. The elevation is about three or four thousand feet; the 

climate temperate, and the firm growan soil is by no means destitute of 

water-being constantly intersected by the little rills which form the 

sources of the Kanh&n, Pzina, and Tapti rivers. This fine country has, 

however, only a scanty population of rude Gonds, and is almost totally 

uncultivated. 



XIII. 

N O T I C E  

OF THE 

OCCURRENCE O F  GYPSUM 
1N THE 

I N D O - G A N G E T I C  T R A C T  O F  M O U N T A I N S .  

BY CAPT. J. D. HERBERT, SUP. MIN. SUR. 

IN the Wernerian arrangement of rocks, we find distinct places assign- 

ed to the titles of Primitive, Transition, and Flatz, Gypsum, l ad ing  to the 

conclusion that this mineral is found, to some extent, in rocks of these 

several ages. Some geologists, however, appear to doubt the existence of 

Primitive or Primary Gypsum. DR. MACCULLOCH, in his " classification of 
rocks," hesitates to admit it. So does a writer in the 20th volume of the 

British Review, who yet adopts the Wernerian arrangement, as, in the 

main, conformable to observation. Professor JAMESON states, that it has 

not been found in extensive masses in any primary rock. Professor 

CLEAVELAND admits its occurrence in the Alps, but it is most probable that 

he alludes to the fact mentioned by M. HUMBOLDT in his " Gissement 

des Rochers," who states that at the Splugen pass, in the Alps, primitive 

gypsum 
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gypsum occurs mixed with dolomite, in beds subordinate to mica slate. 

With regard to Transition Gypsum, its occurrence is less question- 

able ; but all authorities concur in fixing the principal and most important 

deposit of gypsum, to the newer red. or saliferous sand-stone, (the red 

ma-rle of England, and bunter sand-stein of Werner) or in its associated 

rock, the mountain lime-stone. 

2. I t  was with these considerations in my view that I have' always 

looked to the hills which bound on the south side, the several dlirls or 

vallies that stretch along the foot of the great mountain tract, as the most 

probable locality in which to find this substance. They answer perfectly 

in character to the description given of the red marle of England. That 

they are really a type of the saliferous sand-stone, is proved by the occur- 

rence of extensive deposits of rock salt in their prolongatiol~ towards the 

Indus. 

3. The gypsum, however, of which I have the honor to submit speci- 

mens, is not found in those mountains, but in the clay-slate formation 

which bounds these vallies to the north, and which certainly possesses 

none of the characters of a secondary rock. I t  will be differently named 

by the followers of different systems ; those who admit a transition class, 

will probably distinguisk it by that term ; while those who reject that 

class will, a t  once, call it primary : it possesses the characters of the 

transition clay-slate in its granular composition, in being associated with 

a fetid lime-stone, and in lying between the secondary and the better- 

defined primary strata. I t  is to be noted, however, that the gypsum occurs 

in very small quantity; it appears to me, indeed, certain, that whatever 

be the age of the including rock, the gypsum itself is of comparatively 

modern formation, and similar in its origin to those masses of stalagmitic 

lime-stone which are found in every rock, from the oldest gneiss to the 
3 H newest 
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newest Acetz rocks, and that it is a merely local occurrence. This opinion 

I derive from the very limited quantity in which it is found, from i b  being 

associated with a sulphuretted lime-stone, and lastly, from its containing 

fragments of the neighbonring rock. 

4. The principal deposit occurs in the bed of a stream which leaves 

the hills immediately below the village of Nhgal, in the Dehra Dcn- 
This  stream, so well known to visitors who come here from the Haridwar 

fair, as deriving its name from a spot called Sansar Dhdrh, * or the 

dripping rock. This is a perpendicular bank of fifty feet in height, which, 

for a breadth of sixty or seventy feet, is faced with pendent stalactites, 

from which, and from the brow of the hill, descends a continual shower 

of drops. The water contains carbonate of lime in solution, (probably 

through the medium of carbonic acid) and is continually depositing it, so 

as to add to the number as well as size of the stalactites. 

5. Two miles beyond this spot, a t  the confluence of another stream 

which comes from the left, the water of which is also charged with car- 

bonate of lime, is seen the gypsum associated with a rock of rather an 

anomalous character. I t  has all the aspect of a lime-stone, but refuses 

to effervesce with acids, or at least does so very feebly. It is frequently 

of a deep black color and fetid odor, particularly when struck or fractured. 

The odor is that of sulphuretted hydrogen. As it passes into well cha- 
racterised lime-stone, it must be considered, geologically, as one of the 

numerous types of ohat rock, though, as i t  is  so highly charged with 

argillaceous, and probably siliceous matter, its claim to the title of a 

lime-stone would not be so obvious in a hard specimen, i t  is one of an 

extensive ' 

* Or, according to some authorities, Sadm MMrd 
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extensive series of beds included in clay-slate which, as I have before ob- 

served, may be either transition or primary, according to the observer's 

views. Fragments of the clay-slate, as well as of the lime-stone, occur in 

the gypsum ; the former rock is distinctly stratified, and dipseast with an 

inclination varying from 30" to 50" ; the lime-stone is not so generally stra- 

tified, or at  least the stratification is often very obscure. 

6. The gypsum is of the prismatoidal species of Professor Moh's, of 

the variety called foliated granular ; it is of a snow-white color, the lustre 

is equal, or perhaps a little superior to that of white marble-It is scarce- 

ly translucent, or if so, only in a low degree. One small specimen which I 
saw was perfectly so, and had all the appearance of the most beautiful 

alabaster. The specific gravity I find to be 2.24, which is within the 

limits determined by Professor Moh ; the hardness is about 2.0. I n  strict- 

ness, however, the hardness of a mineral cannot be determined from spe- 

cimens in which the individuals .are so small, at least not in the deter- 

minate manner required in the scientific system. 

7. A second deposit had been discovered, about two miles up the bed 

of a stream which fills in opposite to Sansar DAhrci, by a gentleman who 

had visited the spot, and mentioned the occurrence to me. I Was not suc- 

cessful, however, in my attempts to findit, although I met with a sufficient 

number of fragments to indicate the neighbourhood of some larger 

mass. The description given, with an examination of the specirhens, 

enable me to decide that it was a small bed, or mass, in clay-slate. Some 

of the specimens had the slate adhering ; it appeared evidently to hare 

been formed by infiltration, or deposition from water, subsequently to the 

clay-slate, as the bed which, in its greatest extent, was nearly horizontal, 

had taken a downward direction, so as to fill up a perpendicular crevice 

in the slate. The gypsum exactly resembled that of the preceding locality. 
Though 
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Though I could not find the principal bed, I detected a small mass of an 

irregular figure, encloeed in angular debris, which, from its impurity 

and the freshness of its ~urface, had been, I conclude, formed in that 

situation. The water of this stream is impregnated with sulphuretted 

hydrogen. 

8. The third locality is on the ascent from the village of Ra'jpdr, 

immediately below the hamlet of Jari Pcilri, situated in the range which 

rises to the north of the Dtin. I t  has been found, as yet, only in veins, 

in a blue lime-stone, and chiefly of that variety called fibrous. Here, 

too, as a t  both the other localities, the rocks develope, on being frac- 

tured, a strong odor of sulphuretted hydrogen. How far this fact may be 

connected with the origin of the mineral in these places, remains to be 

determined. 

9. The strong family resemblance which the lime-stone rocks bore 

in this place, to those in contact with the gypsum, at  the former two local- 

ities, was sufficient warrant of the actual existence of the mineral, in great- 

er quantity, in the immediate neighbourhood. And I was afterwards for- 

tunate enough to discover it not many miles from the spot where these 

fragments had been picked up. This fourth locality is on the northern face 

of the range, in the ascent from the hamlet of Ranon to the summit. 

I t  is found in some quantity, and of the same character, and under 

precisely the same relations, as a t  Sansar DA&r&. The  masses of 

which there are several, are all superficial, and contain fragments of the 

black fetid rock -on which they lie, which also, like that a t  Sansar 

Dhhrci, though non-effervescent itself, passes into one that is-and 

which also, when rubbed or struck, gives out the odor of sulphuretted 

hydrogen. 
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10. In  the first volume of the new series of the Geological Transac- 

tions, a specimen of gypsum, as also of anhydrite, * is enumerated as  

amongst those presented to the Society by MR. COLEBROOKE, in the name 

of Captain, then Lieut. GERARD. I have also heard of a specimen in 

a Calcutta collection, which had been presented by Dr. GOVAN. I am not 

aware of the locality of the latter ; the former was found somewhere in the 

bed of the Spiti river, on the confines of Ladrik, and at  no great distance 

from a primary formation. No particulars are, however, given of the mode 

of its occurrence. These are the only instances of gypsum being found 

in these mountains, that I know of, besides those detailed in the present 

paper. Who was the first discoverer of the Dehra gypsum, I cannot say. 

I have been told that the substance had been familiar tie the residents in  

the Du'th, who confounded it with white marble, and that Captain &ANT, 

of Sahdrunpur, was the first to suggest its real nature. 

11. Gypsum is used as a material for statues, vases, columns, and 

similar works of art. The purer and more crystalline varieties, are even 

used for ornaments. When the water which it  contains, and which 

amounts to twenty-two per cent. is driven off by burning, it forms the 

plaister of Paris, or material for stucco work, and for casta. I t  is also 

used (unburned) as a dressing for land, extensively, I believe, in America. 

The quality of the mountain gypsum is such as  to fit i t  for all these 

purposes, except the second ; but the quantity which has, as yet, been 

discovered, is not, pertlaps, sufficient to render it an object of much atten- 

tion. A careful search might be successful in laying open greater stores, 
though, 

I have in my pogeesion a rolled piece of Anhydrite, presented to me by G. W. TEAILL, Esq. 
Commissioner; but 1 have mislaid the particulars of his note : it wa3, however, from the neigl~bour- 
hood of the Snowy .Peaks. 

3 I 
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though, from what I have premised, there is little hope of finding any very 

extensive beds in the immediate vicinity of the present quarry. 

List of Specimens forwarded by Dawk Banghy. 

No. 1 .-Is a specimen from the quarry, and will serve to give an idea 

of the best picked quality. (Art. 5.) 

Nos. 2 and &-Are specimens of fragments from the bed of the 

stream. (Art. 7.) 

Nos. 4 and 5.--Are specimens of the mass found in angular debris. 

(Art. 7.) 

No. 6.-Contains imbedded fragments of associated rocks. 

POSTSCRIPT. 

Since first drawing up this paper, I have had access to one by 

M. BROCHANT, on the gypsum of the Alps, which i t  appears, till he nnder- 

took the examination of it, was considered to be a member of the primary 
class of formations. M. BROCHANT finds this opinion untenable; and 

from a large induction, he thinks himself entitled to conclude, that all the 

masses of gypsum in the Alps which he has examined, (and which he par- 

ticularly remarks are superficial,) with whatever rocks associated, belong 

to one aera-an Era later than that of the newest of the rocks i t  accom- 

panies. Now, in one of the lime-stones of this association, he  has detected 

organic remains ; so that if his conclusion of the cotemporaneous forma- 

tion of these apparently unconnected masses be sound, they become, at 

once, referable to an e r a  posterior to that of primary formations. This> 
so far confirms my view of the origin of Himalaya gypsum. 

I ought 
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1 ought to add, that, in mineralogical character, as far as that can be 

fixed by description, the gypsum of the Alps bears the closest resem- 

blance to that of the Himalaya. Add to this, that they are, in both cases, 

found in superficial masses, which can hardly be called either beds or 
veins, that they are apparently independe~t and limited in extent. 

XIV. 



XIV. 

ON THE 

FERTILISING PRINCIPLE 

OF THE 

I 

I N U N D A T I O N S  O F  T H E  H U G L I .  

BY H. PIDDINGTON, Ese 

IT is a generally received opinion, that the fertilising principle of the 

inundations of the great tropical rivers, is vegetable matter in varioug. 
I 

stages of decomposition; in as far as relates to the Hdgli, this is not 

the fact ; as the following details, abridged from a paper presented to the 

Agricultural Society, will show. In a country, where European skill 

must shortly be far more extensively employed in developing its resources, 

than it has hitherto been, nothing which relates to the soil can be in- 

different, or foreign to the views of the Physical Committee. 

" I t  is well known, that while the tracts within reach of the inunda- 

tion, preserve their original fertility, the higher soils are gradually and 

rapidly impoverishing, and this to a degree of which few, who have not 

made the subject one of attention, are aware ; there are some crops 

which cannot be repeated, unless at intervals of three or four years ; while 

on 
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on the low lands, these are the only ones which are taken for a period 

beyond the memory of man. Indigo is a striking instance, and the most 
familiar one, of what is here advanced ; and it was with a view to some 

improrement in the cultivation of this plant, that the following Analysis 

were instituted. 

Portions of the silt, (or mud, deposited by the inundations,) were 

procured from Bhnsbariah, near S~khsiigar, and from M o b t p r ,  near 

Kissimugpr ; the analysis of each gave in two hundred parts. 

Water, .... .... .... .... Saline mat tere, (mostly muriate of potaaa,) 
.... Vegetable matter, destructible by heat, 

Carbonate of lime, .... .... 
Phosphate of lime, .... .... 
Sulpbate of Lime, .... .... .... Oxyde of iron, .... ...... .... .... Silex, .... .... .... Alumina, .... 

The very unlooked-for circumstance of only two and a half per cent. 

of vegetable matter being found in these specimens, appeared almost to 

exclude the idea that this was the fertilising principle; or at least that it 

could be exclusively so ; while,'on the other hand, from six to eight per 

cent. of calcareous matter appearing in them, when in an extensive series 

of analysis of the higher soils, this was always found remarkably deficient, 

(seldom more than 0,75 to 1 per cent.) pointed to the conclusion, that the 
3 K calcareous 
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calcareous matter was, perhaps, the great agent ; and, in as far as regards 
indigo, this was found, by experiment, to be the fact, for a minute portion 

of lime was found to increase the produce upwards of 50 per cent. The 

details of the agricultural experiment I omit, as foreign to our pwui ts .  

In  considering farther this subject, it  occurred that lime might proba- 

bly exist, in solution, amongst the rich mud on which the seed is sown, as 

the waters recede, and this was found to be the case; a quantity of it, 

taken at  the moment of the subsidence of the waters, being procured, i t  

was found that the drainings from this were highly charged with carbonic 

acid gas, and that lime was held in solution by it, a fact which throws, 

perhaps, some light on the phenomena of the formation of kankar." 



xv. 

ON THE 

M I N E R A L  P R O D I J C T I O N S  
O F  THAT PART OF THE 

I 

HIMALAYA MOUNTAINS, 

Considered in an economical point of view: including an Account of the Mines, 

and metkwds of working t h ,  with suggestions for tllreir I~nprovement. 

BY CAPTAIN J. D. HERBERT, 9th REGT. B. N. I. 

Lafe Sup. Min. Sunq,  and Assist. to the Sw. Genl. of h d i a  

THE survey of the mountains, of which I have had the superintendence, 

having been brought to a close, by order of Government, I have, in the 

selection and arrangement of my materials for the formation of a final 

Report, thought that the accompanying paper on the mineral productio~is 

of that tract might be acceptable to the Society. I t  forms a communica- 

tion intelligible in itself, and independent of the other details ; while it is 

not of a length to fatigue the attention. A subject as yet untouched by 

any pen, i t  may be not even without its interest. 

The metallic ores are the principal productions considered in an 

economical point of view, and the details relating to them, including an 

3 L account 
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account of the mines and the method of working them, constitute the larger 

portion of the paper. I have added such suggestions as have occurred 

to me, for the improvement of the more obviously defective processes. 

But possessing little (if any) knowledge of practical mining, it is very pos- 

sible that my suggestions may not be always improvements. The reader 

will take them for so much as they are worth, and no more. 

As the subject is a popular one, I shall not affect any precision or 

refinement of method, but endeavour to communicate the little I know in 

the most intelligible form I can ; guided only by convenience as to the 

order in which I shall notice the different substances. They may be 

divided, then, into two laections-the fimt to consist of those which do not 
furnish metal, the latter, including all the metallic ores. 

Of minerals, not useful to the metallurgist, though otherwise produc- 

tive, the following are found : 
I .  Sulphur. 

2. Green Sulphate of Iron. 
3. Alum. 
4. Bitumen. 

5. Graphite. 

6. Gypsum. 

7.  Limestone, and 

8. Potstone, or Indurated Talc. 

I shall bestow a few words on each of these, and then proceed to the 

secoad ~ c t i p n ,  comprising the Metallic Minerals. 
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1 .--Sulphur. 

This substance appears to deserve the first notice, if it be only for its 

value as an ingredient in the manufacture of gun-powder. During the 
late war, its price rose to £30 per ton in Europe, and it would seem a 

subject not unworthy of attention, to ascertain in what quantity and a t  

what price we could draw it from our own provinces. There are several 

sources of supply within these mo~~nta ins ;  but it is to he feared that the ' 

expence of carriage would neutralise any profit to be expected from the 

more remotely situated of these. I t  is found in the deposits of hot 

springs, occurring in the bed of the Rhmgajrgb, and of the Garjia rivers; 

in the province of Kamtiun, mixed with carbonate of lime, from which it  

is readily separable by a subliming heat.-It occurs in considerable quan- 

tity in some of the galleries of the lead mines at  Mywrir, on the Tbw, in 

Jauns&r.--It may also be obtained in the first roasting of copper pyrites, 

as is practised at  the PARYS' works in Anglesea, or of the ores of Galena, 

as  was effected in the lead mines of Cronebane, in Ireland. I t  is not easy, 

without further enquiry, to estimate correctly the amount derivable from 

these several sources. Doubtless i t  would be considerable, and proba- 

bly greater than any demand likely to arise immediately. 

%.-Green Sulpluate of Iron. 

In connection with the deposites of sulphur and carbonate of lime oc- 

curring at the hot springs, there are also found extensive surfaces cover- 

ed with an efflorescence of green sulphate of iron. This substance might 

be further obtained, in any quantity, from the iron pyrites of the mines. 

The conversion of the sulphuret into the sulphate is effected by reducing 

it to small pieces, exposing it to the air, and occasionally sprinkling it  

with water; operations requiring little labor, and involving no other ex- 

pence. 

3 M 
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3.-Alum. 

Alum has not (as far as I know,) been yet found in Europe, other- 

wise than associated with the argillaceous schists. In  America, how- 

ever, a notice lately appeared, to which some degree of interest seemed 

to attach, of its having been found in micaceous schist. Our mountains 

afford another example of this fact. Near AldraR, in the bed of the 

CosilZa, it may be seen as an extensive efflorescence on mica slate, and 
it is probable that, by quarrying and lixiviating the rock, profitable quan- 

tities of the mineral might be obtained. From observations made 

when I was occupied in other duties, and not so precise as to the exact 

nature of the mineral, I think it probable that there are many similar 

examples of its occurrence, and that it is by no means rare in our moun- 

tains. 
4.-Bitumen. 

Bitumen occurs, but in no great quantity, if we may judge from the 

price it bears. I t  exudes from the crevices of a lime-stone rock, on the 

summit of the range between the Sarjzi and the Rhmgangd. On ex- 
posure' to the air it hardens. I t  is used by the natives as a medicine. 

5.- Graphite. 

This substance has been found in round nodules of sizes, from one 

to three inches in diameter, scattered on the summit of a ridge composed 

of a highly carburetted micaceous schist. No bed, or mass in situ has 
been yet observed ; but there is little doubt of the existence of such from 

considering the character of the rock, combined with the mode of occur- 

rence of the mineral. Many of the nodules are more or lelrs contaminated 

with quartz and mica, while, in one specimen, there were portions of quartz 

that had much the appearance of veins. 

Almost 
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Almost all the nodules have mare or lees of the metallic lustre 

on the outside, owing to the degree of friction they have undergone. 

But the fracture surface is always dull ; the composition being, appa- 

rently, fine earthy. On being rubbed or cut, it recovers its polish. That 
the absence of lustre on the fracture is dependent on its state of aggrega- 

tion or cornpoaition, as mineralogists call it, seems further probable from 

its extreme porousness. One specimen, by some trials, appeared to absorb 

one-fourth of its bulk of water. 

The specific gravity of those specimens apparently most free from 

foreign contamination, varied from 2.21 to 2.26. There is little doubt 

that, in the case of a mineral like graphite, the specific gravity is a valid 

test of its purity. I t  is interesting, then, to compare these values with 

that generally assigned by the best authorities. Amongst the older 

writers, there is such a range of results as warrant their rejection altoge- 

ther. Professor MOHS, one of our best modern authorities, assigns 1.8 to 

2.1 as thelimits-HAUY 2.089, as an actual determination. SCHRADER again, 

who undertook a particular examination of the graphites from different 

countries, states the specific gravity of English specimens, remarkably 

pure, and one of them from Borrodale, at 2'32 to 2-46. However this may 

be, the mountain graphite is, certainly, of iuferior quality-although I 
have succeeded i11 manufacturing a very tolerable pencil from it, and even 

in cutting out a small cylinder, such as is used in the patent pencil cases. 

It is also to be noted, that the graphite in England undergoes the.prepa- 

ratory operation of being boiled in oil. I t  is possible that such a process 

may considerably improve the quality of the mineral. 

The uses of graphite are not confined to the construction of pencils, 

and there is a demand for very inferior qualities of the article. Advert- 

ing to the increasing employment of steam engines, it may be safely said 
that 
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that a suf3cient quantity of even the quality yet found, would not be with- 

out its value. I t  is well known to be the very best anti-attrition ap- 

plication for metallic surfaces, when mixed with tallow, or other greasy 

substances. A mixture of this kind is useful, too, as a preservative from 

rust for articles of cast iron, and it  is equally found to improve their ap- 

pearance. 
6.-Gypsum. 

Of the more bulky articles, Gypsum, of the discovery and geological 

relations of which an account is given in another part of this volume, is 

doubtless the most valuable. Its pure white color and granular composi- 

tion, fit i t  for works of ornament. I t  is, however, probable, that its chief 

use in this country, for some time, would be as convertible into Plaster 

of Paris, and affording a material for cornices and ornamental work, to 

the banishment of the very rude productions of this kind we have 

hitherto put up with. There is, perhaps, sufficient quantity of it to an- 

swer any demand, likely immediately to arise. When the Government 

House was last repaired, it was considered desirable to ohtain a sufficien- 

cy for the purpose above indicated ; hut the fact of its occurrence within 

our mountain provinces was not known at  that time. As it is within fifty 

or sixty miles of water-carriage, it might be expected to pay for its 

transport. 

7.-Limestone. 

Marble is the rock next in value. Although it is not found of 
very brilliant colours, yet i t  is not deficient in beauty, and might, I 

think, be found to defray the expences of working. It is indubitably 

superior to the very coarse marbles of the western provinces. A white 
dolomite, of a fine grain, approaching to compact, is found in many 

places. A variety, exactly answering to the description of the Iona 

marble, 
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marble, occurs at  no great distance from the plains, and would wrtainly 

be admired. Another, at na great distance, is a flesh-colored dolomite, 

with purple cleuded delineations, which, to judge from hand specimen& 

that have been worked and polished, promises well. All the preceding 
are fine grained, almo~lt compact. A marble of a more crystalline graifi 

is found on the road to Bltadrednath, above the Bhhen Ganga. This ie 
a large mms ; but, perhaps, too far from the plains to. be of any value: 

Rolled pieces of crystaIline limestone are found in many of the torrente 

within the zone of greatest elevation, proving that beds of this rock a& 

or were to be found within that tract. 

8 .- Potstone, (Indurated Talc .) 
. . 

This rock may be substituted far many of the purposes of the for- 

mer. It admits of considerable, though not equal polish, and in its greaa 

sectility, and the consequent facility of shaping it, them is an advantage. 

It may be cut w i d  a knife, and 'by means of chisels, rasps, and files, 

may have any delicacy of ornament impnesd on it. I t  may be turned ia 

the lathe, and in this way are formed in Europe vwsds, whiah are used for 

preparing hod, having the advantage df standing the most intknse heat : apl 

a material for small furnaces and crucibles, it is valuable on this account, 

In  ornamental work, its inferiority of polish and peculiar oily lustre, 

prevent its emulating marble-yet it  is not without its beauty and its 

correlative gem-the chrysolite, which has something of the same pecu- 

liarity of appearance, is highly valued. So well are the uses of this 

stone understood in Europe, that at Ckiuvmna in Italp, it is said, a ve+ 

ry uonsiderable trade is carried on in artbles manufactured from it, 
amounting to forty thousand piastres yearly. In Irelad, where, as in 

these mountains, it has been found in a primary formation, containing 

also cnpper, it forms a profitable article to the proprietors of the mines. 

3 N Serpentine, 
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Serpentine, a mineral nearly allied to potstone, has not yet been 

found, except as an ingredient in other rocks. On the other side of the 

Kdli river, (the boundary of the British authority,) it is found in suf- 

ficient quantity. The natives apply it to the same uses as we do, i. e; or- 

naments, and small utensils of various descriptions. I have seen a very 

beautiful specimen-the handle of a small knife in a Kishkeri, sent 

as a present. I have myself two large specimens of a very good quality, 

obtained through the kind assistance of Mr. TRAILL, the Civil Com- 

missioner. 

By a certain latitude of expression, granite, though not exactly a 

mineral, may be ranked under the head of mineral productions. There 

is a very beautiful porphyritic grey granite close to the cantonment of 

AZnwrah, which would furnish fine ornamental pillars, or slabs of any size, 

and to any extent. Under this head also may be noticed, a variety of 

toadstone, which has been found in fragments, and the original mass of 

which is doubtless to be detected. I t  has a greenish grey basis, with 

white crystals interspersed, and when polished, ha8 rather a beautiful 

appearance.. 

Borax, though not occurring within the British tract, yet as forminga 

valuable article of commerce, should not be omitted. The whole supply 

of the European market p a ~ s e s  through these mountains. It is found in 

a lake, which would appear from some accounts, to have the power of re- 

producing it. I t  is sold at the Bngtswar Fair, (twenty-three miles from 

Almrah,) in two states, picked and unpicked. The first consists eatirely 

of 
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of crystals, varying in length from one, to one-eighth of an inch. These 

crystals are very flat hexagonal prisms, with trihedral summits. They are 

of an oil green color, and nearly, if not quite, opaque. I n  the other state, 

i t  contains a good deal of Borax-dust, which consists either of very mi- 

nute crystals, or of fragments, broken off the larger crystals, of the sand, 

or earth, formi~lg the substratum of the lake, from which i t  is procured, 

and (not unfrequently) of impurities, with which i t  is fraudulently adul- 

terated. The picked Borax (or larger crystals,) is, itself, very far from 

being pure, and the method of purifying it, is said in England, to be a 

secret confined to a few-I could perceive no difficnlty, beyond the length 

of time required for the deposition of the peculiar matter by which i t  is 

contaminated. I have found Borax of one solution, perfectly equal to 

the purposes of the arts. When pure, it is quite transparent, and nearly 

colorless. I t  is an article of such great utility, (for its actual uses are 

limited by the high price it bears) that it appears desirable the purifica- 

tion might be performed on the spot instead of transporting it to such 

a distance in its impure state, thereby enhancing the price. Indeed, ow- 

ing to the high duty, which amounts to a plbhibition, the price of Borax, 

in the C a h t t a  market, whether raw or purified, is the same, viz. four- 

teen to seventeen rupees a maund. At BagCswar it is five rupees. 

The preceding details are sufficiently meagre, but this must neces- 

sarily be the case as none of the substances found in our own provinces, 

have yet been .sought for as articles of commerce : so that, except the 

mere fact of their occurrence, there is little to communicate. I n  the fol- 

lowing Section, which includes an account of the mines worked, I shall 

be more full ; though I fear there may still remain many deficiencies, and 

many particulars of interest to be supplied. 
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11.-METALLIC PRODUCTIONS. 
The metallic productions of the mountain provinces, though hitherto 

inconsiderable, as far a t  least as  regards the quantity of metal raised, 

might, it is probable, under judicious management, become profitable 

enough to repay any attention bestowed upon them. No mine of the 

precious metals has yet, it is true, been found within the limits of the 

British authority, although the discovery of such beyond the frontiers is 
said to be far from rare. There are, however, circumstances which seem 

to indicate the existenc~ of gold within the limits of the British tract, 

Several of the mountain rivers which have their sources within this tract 

are known to furnish gold; and, though the produce at any particular spot 

be scanty, yet when we consider the whole extent of surface from which 

the metal is obtainable, the quantity is far from inconsiderable. At all 
events, the fact furnishes proof of the actual occurrence of gold in some 

part of the strata which these rivers traverse. In  the case of the Rdm- 

g-angb, the supply is traced to a tributary stream, called the BCni C7X;mg.d, 
which has i ts rise in the low& mountains, as it  is only below the conflu- 

ence of the two that the sands are found productive. In  that of tbe 8- 
Nadi, it is qtill more limited, as that stream has a very, short course 

wholly within the Patli Drip&. And with regard to the Alakanadd, I 
may mention that I have a specimen of granite, I obtained at KCdirncEtrTr, 

one of the sources of that river, in which occurs a speck of native gold. 

Considering, indeed, all the circumstances of the cage, it is, I. think, far 

from i'mprobable,'that gold will yet be found in its native 'matrix within 

our mountains.* Of 

* Such a discovery is, however, more likely to be the effect of accident at some distant period, 
when the progress of population and improvement together sllall have left scarcely n spot unexplored. 
That a systematic search holds out few hopes will be evident from considering the history of gold 
mines all over the world. How fruitless the most prudently conducted examination of n tract po- 
sitively known to contain gold, and in some quantity, may turn out, is to be seen in tlre detail of 
the proceedings adopted in Ireland, to trace the gold found in diluvial gravel in the County Wick- 
law, tb ita parent source. The reason of this, as well as of the inferior productivenese in p ~ o l  
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Of copper, lead, and iron, the metals next in value, there is no defi- 

ciency ; or I should rather say, there ought not to be any ; for the actual 

produce in any of these metals, is trifling in quantity, and inferior in qua- 

lity. There are many coi~siderations which combine to prove that the 

mountain tract, extending from the Setlej to the Brahmayzitra, is rich in 

copper. With regard to iron, it may be said to constitute a considerable 

part of thecountry; either as a constituent of rocks, in the form of ironstone, 

or in the numerous and extensive beds of the better defined ores. Lead 

aha0 is found in abundance ; and is worked as well as the two preceding in 

many places, and with considerable profit. With regard to the other me- 

tals, little is known. Antimony is found, combined with lead and sul- 

phur; but the ore is not worked. Manganese has been detected as enter- 

ing, in small quantity, into the composition of one of the iron ores. Perhaps, 

were its characters and value known to the miners, it might be discovered. 

Arsenic, in the state of sulphuret, is imported from beyond the frontier ; 

but I have not heard that i t  has been found within our provinces. Of the 

rarer and less extensivelyuse<d metals, it is impossible to pronounce with 

certainty. There is, of course, a probability, that some of them which may 

be said to be geologically connected with the existing formations, will be 

found. Nor does their non-occurrence hitherto, militate against that proba- 

bility; when it  is considered, that their properties and value are alike un- 

known amongst those with whom the task of discovery has hitherto rested. 

The metals which yield revenue; are COPPER, LEAD, and IRON. The 

GOLD obtained from the sand of rivers ; paid during the Gorkhali rule, a 
small 

of mines of the precious metals, may be found in their comparatively small produce, thereby occa- 
sioning an expence in searching for or raising them, which, in most cases, more than balances their 
superiority of value. It is the accidental discovery where no expence has been incurred, or the 
falling on a rich vein in a mine already worked which constitutes the prizes in this lottery. For one 
who makes hie fortune, hundreds loee. 

3 o 
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small duty ; but the amount was too trifling to render its continuance ex- 

pedient, and it was accordingly abolished by the Commissioner. I think, 

however, the amount of metal obtained from this source, might be increas- 

ed by attempting the operation on a larger scale. Hitherto the work of an 

unassisted individual; who has neither means or inclination to do more, 

than will earn hie daily pittance ; and who compelled to execute every 

part of the process himself, necessarily loses time, and does nothing well ; 

i t  is not to be wondered that the produce has been trifling. Mercury is used 

for the final separation of the gold ; but it is driven off again in an open 
vessel, and consequently lost. On the small scale on which they work, this 

is not felt to be a loss. The common account is, that a man's daily labor will 

earn him two annas : but this estimate is certainly much under the truth. 

The method followed is abundantly obvious. The gravel in which 

the gold-dust is always found ; and which in some rivers is the superficial 

deposit, in others, lies under a bed of sand ; is collected in heaps, and wash- 

ed on a stage, or imperfect riddle, made of bamboos. The pebbles of any 

size are retained by this, and then rejected ; while the sand which passes 

through the interstices, is carefully preserved. When a sufficient quantity 

is collected, i t  is put into a wooden trough, of about three, to five, feet in 

length, and a foot broad: being filled with water, the whole is agitated by 

the hand, and such a degree of inclination skilfully given, as shall carry 

off all the lighter particles ; leaving a heavy black sand, behind. I t  is in 

this sand, that the particles of gold are found. I t  is triturated with quick- 

silver, which takes up the gold; and the amalgam being separated from 

the still remaining impurities, is set over a fire to evaporate the mercury : 

the gold remaining behind, in the vessel. 

Of the mines, a t  present, worked in these mountains ; those which 

yield COPPER, are undoubtedly the most important. With regard to the 

IRON 
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IRON mines, although they do not hold out an equal prospect of immediate 

advantage ; yet there is little doubt, but that the revenue derivable from 

them also, might be much augmented ; and, with very little modification of 

the present processes. Eventually, they may be found the most valuable 
of all ; but this must be the result of a state of things, not in existence at  

present. The LEAD mines are next in importance ; and judging from their 

former value, (which was greater than the total amount of all the mines of 

whatever metal at the present day;) they would seem to be, even not much 

less worthy of attention. 

1.-The Copper M i w .  

There are seven copper mines ; or I should say, seven places where 

copper ores are extracted ; for at some of them, the mines or excavations, 

are very numerous. These seven localities, with the rent they pay, are 

as follows : 

Dhanptr,*. . - . ) 1200 Rupees per annum. 
Dh6bri, . . . . 
Gang6li, . . . . I  

1000 
Sira, . . . . 
P6kri, . . . . 600 

Khari, . . . . 40 

Sh6r Gurang, . . 50 

None of these are very advantageously situated, considering the expence 

of carriage in the mountains. But as buffaloest may be extensively 
employed 

+ The localities of thew mines, and of the other minerals, will be indicated in the Geological 
Map, which I hope aoon to lay before the Society. 

+ An average Buffaloc will carry two maundg with great eaue, up the ampest ascente. 
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twenty-four tons annually, instead of two and half as at  pre8ent : and the 

revenue ought to encrease in the sanie proportion ; that is, from 2700, to 

27000 annually. But this is not all. There is little doubt of the existence 

of the ore in many other places : and were an improved system to be intro- 

duced, and the value of the metal consequently to rise in the market ; a sti- 

mulus to investigation would be given, which might reasonably be expect- 

ed to lead to the discovery of other sources of the ore, a t  preeent unknown.* 

The principal mine, in point of value, Dhunpkr, owes its rank in the 

acale, not only to the great value of the ore yielded ; but also to the nature 

of the rock in which it is situated. This rock, a red dolomite, is of such 

consistence, as to require seldom, if ever, any props for the support of the 

roof; and scarcely any additional expence, after the gallery or chamber 

is once excavated. Whereas, in the others, the rock is often so tender aa 

to require timbers for its support; and even so supported, i t  fails every 

year in the rainy season ; when a new expence is to be again incurred, 

without the prospect of any immediate advantage. This, is more par- 

ticularly the case, with the Pbkri mines. I n  the Diulnpir mine, the 

work once effected, there is no occasion to repeat i t ;  and every foot of ex- 

cavation made good, is a permanent acquisition. An equally important 

advantage is, the continuance of the working season all the year round. 

The compact structure of the rock, or perhaps tbe great elevation 

of the mine, and its proximity to the summit of the mountain; gives it 
mother 

* I am told that the mine at P&r& called the R q  Ah, yielded one year 90,000 Rupees: 
and at Dhanplir, i t  is known that in consequence of an earthquake which shook the mine and laid 
open new veins of ore ; the profits of the lessee were, that year, very considerable. Every one who 
travels in the mountains, must be struck with the nurneroua indications which present themaelves of 
the existence of this metal. While writing this paper, a new rein of ore hm been dkovered, and 
leave asked to work it. 
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another superiority which is no inconsiderable'one : a freedom from wa- 

ter, and consequently, from the expence and trouble of drainage. One of 

the effects of this advantage is, that the miners have been enabled to fol- 

low the deposit of the ore, in all ita ramifications and changes of direction : 

and the interior of this mine, presents quite a different appearance from 

that of others ; being a succession of chambers, situated at  various levels, 

and in various directions. 

The ore is of that kind called G R E Y  COPPER ; (the Falrlerz of the Ger- 

mans.) Many species, chemically speaking, perfectly distinct, have been 

under this name. Four at  least are certain--one of which con- 

tains iron as well as copper ; two, iron and arsenic, but in different proper- 

tions; and the fourth, iron and antimony. They are all sulphurets, and 

the yield of copper is from thirty to fifty per cent ; that is of the pure mi- 

neral: for no working ore, can ever be expected to give that proportion. 

The Dhunp'r ore, is the most valuable of the four: and contains fifty per 

cent. of copper ; besides iron, and sulphur. I t  is always amorphous, either 

massive or dissetninated. GREEN CARBONATE is sometimes found, but in 

no quantity. 

The P6k1.i mine, or mines, are situated in a talcose schist: which 

on one side, passes into a talcose gneiss; and on the other, into a chloritic 

schist. All these rocks are so soft, and even rotten; as to have render- 

ed vain every precaution of the miner: and the galleries excavated, have 

been constantly subject to accidents. When I visited the place; they 

had all fallen in : and, there was no lessee. I was unable, therefore, 

to procure proper specimens: and can only judge from the imperfect 

indications observed, in examining the rubbish of the mine. These seem- 

ed to point to, 'VITREOUS, and, PURPLE COPPER ; the two most valuable 

of the sulphurets : the former, yielding eighty per cent. metal. The 

waters 
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waters from this mine were observed to be impregnated with SULPHATE of 

C O P P E R .  

The Sira, and Gangbli mines, are situated in beds of indurated talc, or 

potstone; which are again, enclosed in dolomite. Occasionally the former, 

I occasionally the latter rock, forms the roof, and sides, of the mine. The 

dolomite, has a large crystaline grain ; and great tenacity ; and forms a per- 

fectlydurable work, when excavated. I t  is not so, however, with the other : 

at least, not always. When massive, it is, I believe, to be depended on : 

and it has then, a great recommendation in its extreme sectility ; and the 

ease with which it is worked. But it occurs, sometimes, of such inferior 

consistknce; having much the appearance of re-united debris ; as to require 

oupport : and to occasion much inconvenience, and even, danger. 

Theore, at  each of these places, is COPPER PYRITES. I have never seen 

any crystallised specimens. I t  is accompanied by IRON PYRITES : which 

is occasionally found in the pentagonal dodecahedron ; but most commonly, 

in such irregular and anomalous forms, as are wit11 difficulty, describable.. 

I have observed specimens also of GREY COPPER : but in small quantity. 

The working ore is, no doubt, copper pyrites ; and the quantity of copper 

it contains, may be taken a t  thirty-five per cent. This is, of course, to be 

understood, as before remarked, of the pure mineral : uncontaminated 

by the matrix. 

The KHARI, and S H ~ R  GURANG mines, are similarly sitnated-the ore 

produced, is in so small a quantity, as not to require any lengthened notice. 

I have observed G R E Y  COPPER, COPPER PYRITES, and CARBONATE OF COP- 

PER : chiefly, if not always, disseminated. An important advantage, which all 

the 
, 

+ Poseibly composite forme. 
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the mountain ores, I have yet seen, possess ; is a freedom from any mixture 
or combination of arsenic : a metal which, above all others, deteriorates 

the quality of the copper; and is most difficult to remove. 

The method of working these mines, is, with the exception of that at  

Dhunpdr, (which has already been described) as follows. A gallery, or 

paasage, is cut into he face of the hill ; with such slight declivity outwards, 

as is sdlicient to carry off the water. Where the rock may happen to 

require it; frames of timber, rudely, and even carelessly constructed, are set 

up : to support the roof and sides ; and save the miner, from being crushed. 

Accidents, however, do happen : andmen are, sometimes, lost. The size, or 
section of the gallery, is always small : in those parts, where the hardness 

of the rock, occasions any difficulty in working it ; scarcely sn5cient to 

admit a person, in a creeping posture. In uo place, will it admit of an 

epect position. 

The ore, as well as tbe rock, is detached by means of a very inefficient 

pick : and by chisels, or cutters; and hammers.-It is removed from the 

mine ; on &ins, drawn along the floor of the gallery, by boys. In  eome 

mines, great part of this work must be performed in a creeping posture.. 

The ore being delivered at the mouth of the mine ; is reduced to small 

fragments, by the hand. At 'Diranpdr, however, this work is done by the 

pauchukki, or water mill. I t  is next roasted in an open fire, or forge 

hearth ; the fuel being charcoal; and the heat occasionally urged b y  two 

air bage or skins, which are alternately shut and opened by the hand. 

After being thus imperfectly roasted, it is smelted : but for this important 

opepation, the same forge hearth is made to serve ; and the procesa is te- 

peat&, till the metal is &iently refined. I do not know of any flux be- 

ing used; to accelerate the scorification, and separation, of the less valua- 

able metals. 

The 
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The whole system, thus briefly described ; is evidently, extremely mde, 

and inefficient. Worse methods, I do not think, could well be devised. 
They are, however, the natural result of the contracted views and want of 

enterprise, of the native character. I t  would, probably, be difficult to con- 

vince them ; that any system of working, requiring an increase of outlay ; 

could possibly be equally advantageous. I t  is h'ardly to be expected, 
therefore, that they will ever adopt any improvements of this kind : until 

at Leaat, they can have the proof of direct experience ; in favor of the greater 

profit, they may bring. Any important amelioration of the system, must 

then proceed either from the Government, or from some European capi- 

talist : and when the advantage of the new methods shall be clearly seen in 

an increased produce, and improved quality of metal; i t  is possible that 

then, but not till then, the mountaineer also, may begin to adopt them. 

In  Enghnd, the copper mines present a scene, perhaps, the first in 
the world, (excdpt in the coal-mines of the same country) for commercial 

enterprise, scientific combination and mechanical skill. Such a system has 
been the growth of circumstances; and is only fitted to those circumstances, 

and to that country, in which it orginated. To attempt working these 

mines, on any thing l ikca  similar scale ; would be absurd : tit least, before 

the productiveness of the several repositories of the ore, be clearly ae- 

certained ; and facilities of transport created, which do not at  present 

exist. But, there are many modifications and improvements, which seem 

fitted to the state of things in the mountains ; and which would 

involve little additional expence to the present outlay. In  fact, there 

seems a wide interval, between the Chilian and English systems ; while the 

m & ~ t i o n s  here contemplated, would probably, stop short of, even, the 

former. Supposing the expediency of such improvements, or a part of them 
generally admitted; they must, I think, to have justice done them, be in- 

troduced under the orders of government, in some mine, the lease of which 

3 a may 
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may be retained for the necessary period. They wauld, at least, have 

the good effect of enabling us to obtain better data; for judging, whether 

or not, any further improvements and extension of the system, would be 

advisable. I n  the former case, experienced and practical 'people might 

be invited from England; for the purpeee of improving the various opera- 
tions of mining, roasttag, smelting, refining the ore, &. 

The improvements which appear to me suited to the actual condition of 

things are as follows. The present narrow and inaccessible galleries should 

be enlarged ; so as to admit, not only of an erect position, but of a man's 

. working with effect, in them. This, of course, only applies to such as fur- 

nish a sufficient supply of ore ; or to new galleries just commenced. Vertical 

shafts should be sunk when advisable, so k to admit of the ore being fol- 
lowed with effect. In  many cases, however, this would be perfectly im- 

possible; from the nature of the mountain, in which the mine is situated. 

Strong and effective timbers should be put up, for the support of the rock, 

when at all likely to. fail : and to effect all these purposes, proper tools, made 
of good iron; and not the inferior kind, a t  present used; should be provid- 

ed. The method of splittingrocks, by the wedge; and by blasting; might 
be introduced with advantage : and generally, such other practical improve- 

ments, as, though readily suggesting themselves on the spot, are not easy 

to be enumerated connectedly. 

With regard to the drainage; the present system is, perhaps, the 

cheapest that could be devised, as far as it goes : but i t  is only calculated 

to meet, one, of many numerous cases occurring in practice. Should 
the ore be situated below the level of the mouth of the mine; some 

method is then required to raise the water, which will flow into the 

new excavation, to  that level, a t  which i t  may flow out. At present, 
I am inclined to think, that much valuable ore is lost; owing to the 

difficulties 
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difficulties which present themselves, when the bed or vein sinks to an 
t 

inferior level. And it is certainly, 40 the absence of water, in the DAm- 
+r mine ; and the consequent facility of following the ore, in all its d e  

viations; that its higher value in the scale, is mainly owing. Simple 

methods of raising water, might then, I think, be advantageously employ- 

, ed : such aa the endless chain of water pots, need in the upper provinces ; 

or a pump, or set of pumps, to be worked by manual labor. In  raising 

water or any weight ; where great power is required ; one of the most use- 

ful mechanical inventions, is the double capstan : a contrivance, which is 

at once, eminently cheap, simple, andefficacious. I n  many cases, where 

the deposit of ore hae a downward direction ; a second gallery, a t  a lower 

level, may be conveniently established : probably, in most cases, this method 

of double galleries might be advantageous. A great progress mwt  be 

made in the system here contemplated ; before a Steam Engine, even of 

small power, could be introduced with any thing like a prospect of 

I have mentioned the principal points of improvement in working the 

ore. In  delivering it from the mine ; wheel barrows ; or still better, sledges 

on four wheels, should be adopted-; instead of the skins at  present used. 

It seems, however, doubtful, whether the introduction of goats, to draw 

such sledges, would be any improvement. They are used extensively in 

the upper mountains, for carrying burthens. 

In reducing the ore to fragments ; the Dhctnpir miners employ the 
Panchaki, or water mill. When water is present, no better plan (I mean 

consistent with the economy here contemplated,) can be devised ; when 

water is not to be had, in sufficient abundance ; a simple arrangement of 

stampers, might be prefixable to the method of doing it, by the 

hammer. 
I t  
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I t  is, however, in the roasting, and smelting operation, that the great- 
# 

est room for improvement ie to be found; and the greatest prospect of 

advantage from a change ; as the immediate effect of this would be, to raise 

the value of the metal produced. For the present open hearths, and air 

bags ; I would substitute a system of reverberatory furnaces ; of different 

draughts, for the two different processes, of roasting and smelting. An 

excellent material for constructing them is at hand, in the rock, I have cal- 

led potstone. Perfectly compact, .and equal to any resistance ; infusible 

in the strongest heat ; while i t  is so soft as to be cut with a knife ; i t  is 

difficult, even to imagine, any substance better fitted for such work. It 
might be advisable, in an economical point of view, toconstruct the roast- 

ing furnaces in such a manner, as to.collect the sulphur at present lost ; 

an object not difficult to be effected. 

Even the introduction of thesimple blast furnance used in Chili, (and no- 

thing can be simpler) wouldbe an immense improvement. I t  is of a circular 

shape; similar to a lime kiln ; and covered with a dome, to confine and con- 

centrate the heat. The ore is arranged in it, in alternate layers with the fuel, 

which is wood; and being lighted, it continues burning for a considerable 

time. When required; the heat is urged by a double pair of bellows, work- 

ed by acrank, turned by a water mill. The mere substitution of an efficient 

bellows, for theair bags, used at present, would be no trifling advantage 

gained; but I am of opinion, that a wind furnace is greatly preferable to 

all these half measures, in the  saving of manual labor. Nor is it so much 

more expensive, even at the outset, as might be imagined. 

The methods of reductioa practised in England ; where, certainly, the 

subject is best understood; vary with the ore, and even with the establish-. 

ment : but the differences are trifling, and affect only the minor details. The 

two great objects to be effected, are-first, by a properly regulated heat to 

drive 
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drive off the volatile ingredients, sulphur, apd arsenic ; and to oxidata the 

iron, thereby promoting the fusibility of the ore, and consequent separa- 

tion of the copper from the scoria when in fusion : and, secondly, by an 

intense a d  pr~perly directed fusing heat, to effect the vitrification of the 

impurities ; which thus form a slag at the top, and are skimmed oflF, while 

the metal siliks dowq in a comparatively pure state. T o  promote this 
vitrification of the ingredients, occasional additions are made to the ore, as 
the case may seem to require; though, in general, tbs run of the ores is 

such, as to require little beyond a few slags of an old smelting. Calcareous 

flux has been used at same works ; and this is a t  hand in the mountains. 

A most valuable and effective flux, for the reduction of ores, in the small 

way, (for experiment) is borax. Whether i t  might not be used on the large 
scale, here, where it is so much cheaper than in Europe ; may require 

some consideration, and some practical trials. 
I 

The operations of roasting and smelting are repeated several time* 

each slmeltiog being followed by a poasting-to expedite which effect ; the 

copper is after each smelting, but the last, let into water to be granulated. 

This separation of the metal into such small parts, assists of course, the 

calcining power of the furnace, and the work is more speedily effected than 

if performed on the mass. After the last &melting comes the process of re- 

fining, or poling, as it is technically called. It consists in keeping the c o p p  

in a melted state, covered with charcoal ; and intzoduciag from time to time 

a wooden pole into the melted metal ; which causes considepble ebullition, 

owing to the evolution of gaseous matter. I t  is occasionally assayed, in 

order to judge how the process is going on ; by taking out a small portion, 
allowing it to cool, and breaking it in the vice. By the colour and general 

appearance of the fractured surface; a judgment is formed, as to whether 
the poling has proceeded far enougb. This operation which gives the 

metal 'that perfect appewnce, always looked for in the market ; ie 
3 a unknown 
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unknown to the mountaineer. I t  is probable, that it would materially 

improve the quality ; or at least, the appearance of the article. 

0 

Lead is sometimes used, both in Hungary, and England, to expedite 

the previous operations of the refinery. The oxides of this metal, are 

amongst the most powerful vitrifiers known: as such they are effectual in 

the assay and refinement of the precious metals ; and as such they may be 

used also withcopper: but the process requires attention, as if not stopped 

in time, or too much lead added ; the copper itself will be oxidated and vi- 

trified. Applied with proper caution, it would, no doubt, be a most useful 

material to the mountaineer; and the occurrence of this metal, in the 

vicinity of the copper mines, obviates every objection on the score of 

expence. 

On the supposition of Government establishing an experimental 

mine; I would propose that all the different processes of mining, extract- 

ing the ore, removing it, for pounding, roasting, smelting, refining, &c. 

should be performed by the job, and not by the day. This, which is one 

of the most important improvements in modern management, is particu- 

larly necessary on a new experiment ; because it makes it the interest of 

the people employed, to co-operate with, instead of endeavouring to thwart 

us : the implements, tools, apparatus, furnaces, kc. to be all furnished at 

the expence of Governmeilt; and a given tale established for the different 

kinds of rock and ore, both for removal from the mine, and for the cal- 

cining and smelting of the latter. 

2.-The Iron Mines. 

The foregoing includes all that immediately suggests itself, as feasi- 

ble improvement i n  the management of the copper mines : I have pro- 

posed, 
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posed, I think, no* charge that would not, in a very short time, more than 

repay the expence incurred. With regard to the iron mines, I shall also 

mention a few particulars ; which, if attended to, would materially increase 

the revenue derivable from them also. I am informed by the Commissioner 

that the united rent of these mines, which are very numerous, does not 

exceed the sum of 1500 Rupees per annum ; while the iron is of the very 

worst quality, and yet bears aprice, in the Almora* Bazar, not much less 

than that of the best English iron, deliverable at Bareilly. 

The process of manufacturing iron from its ores, is so far different 

from that of copper ; in as much as, none but the oxides of the former me- 

tal are ever employed. In the copper ores (that is, in those which occur 

in any quantity;) the metal is combined with sulphur : which can be only 

driven off by repeated roastings ; employing such a draught of air as to 

acidify it, themoreeffectually to separate it, in the latter stages. In the iron 

ores; the metal is united to oxygen ; and mixed with various earthy impu- 

rities. In reducing these ores then, there are three distinct points to be 

attended to-First, the provision of a substance, which shall effectually 

take the oxygen from the ore ; leaving the metal mixed, only with its 

earthy constituents : flndly, The proportioning the flux used, to those 

earthy ingredients; so as to ensure a complete vitrification of them, and 

separation from, the metallic particles: and 3dly, A sufficient heat, to 

fusethe latter ; that the separation, and reduction, may be more complete. 

The first point is attained, by using a sufficient quantity of charcoal, in 

the reduction of the ores ; the second, by adding, as the ore may require 

it, limestone or other flux ; and the third point is only to be effected, by 

using 

Almorah, 8 seers, 1 Rupee-Gwalior iron, good, ~oft, 6 seers--at Moradabad, hill iron ditto 
but hard,good for folmu-Swedish steel, 2 seers-English cast, O~-Eoglish iron, bar, 4-in flat 

bore, 4f. 
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uaing a powerful blast furnace. Though it be, no doubt, possible to eon- 

sttuct wind furnaces, of such draught as should smelt iron ; still it is, I be- 

lieve, more economical, as well as more certain, to trust only to a powerful 

blast . 

The mountaineer reduces his iron oreEi in the manner already des- 

cribed for the copper ores. But from the imperfection of the method, the 

great waste of heat and non-employment of a proper flux in refractory 

ores, the iron is never smelted, but comes out of the furnace in porous 

knobs very much the.size and shape of the original pieces of ore. These 

might, however, with proper management, be mrrmfactured into a saleable 

iron; but the miner is contented with selling them in this state to the 

blacksmiths who, again, are very sparing in labor when shaping them into 

the pigs in which they are finally sold in the bazar. 

In as h r  aa such a lazy process may be compared with one which 

furnished metal of the very best quality, we may say the mode practised 

in the mountains is similar in its general features to the ancient methods 

which prevailed in Enrope. .These bave, however, long been superseded 

by more economical processes, each of which i s  adapted to the particular 

kind of fuel and ore of the country in which it is employed. The English 

method, which employs coal as the fuel, does not require to be considered 

here ; but the Swedish, in which charcoal is the fuel used, appears from this 

circumstance, from the simplicity of the apparatus and the small outlay of 
capital required, particularly fitted for these provinces, and not unworthy 

of attention and encouragement from the Government. It,is well known 

that the superiority of the Swedish iron over the English, is mainly owing 

to& &reef the fad d; d b u g h  it is true that the Swedkh ore 

is chi&ly,lf not en t idy ,  of thefirst QU~~~~J ' -MAGNETIC IRON ORE. The form- 

er advantage ought also to hold in the case of the mountain iron ; but none 

of 
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of the working ores, it must be confessed, that I have yet examined, ex- 
cepting one, is of the same species, as the Swedish. 

Specimeus, however, of this ore have been found in different places ; 

and it is very probable that it does exist in sufficient quantity, to become 

an object of consideration to the Government. The Bundelkhnd iron, 
which is said to be one of the best after that from Gwalior, is manufac- 

tured from the red oxide. The Gwalim ore I have never seen; but con- 

clude it to be of the magnetic species, from a circumstance I recollect 

being mentioned by Captain GEPARD, when surveying that country, of an 

unueaal deviation of the magnetic needle. The mountain iron would, 
however, if carefully manufactured, have a sufficiently fair market, without 

any chance of being interfered with by either of those other kinds : and 
even supposing that the common ores should hold out little inducement to 

expend much on improvementa in their reduction ; still in the one known 

source of the magnetic ore, there is, apparently, a sufficient aupply to 

authorize at least an experiment on a small scale.' 

I t  may, perhaps, be said, that a full improvement of the quality of 

this iron, would interfere with the .sale of English iron : but it appears ,to 

me, that it would chiefly supply the place of the Swedish in the market ; 

which is known to be in great request amongst the natives, under the 

name of " Francese Loha." English iron has not an extensive sale in 

India; even in England it is now well established, that all the best steel 

is manufactured from Swedish iron. English bar iron, however, bears a 
higher price than the Gwalior iron ; though the latter is more extensively 

used amongst the natives. The former is sold at Bfwadubd, for 43 
reers the Rupee ; the latter at 6 seers. The mountain iron sells on the spot 

for 8 seers generally, that is about f 14 a ton, which was the highest 

wholesale price to which the English iron attained during the war; a t  
present 
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eent it is little more than £10. The mountain ir& could be afforded at  

a much cheaper rate. 

The chief points, in which improvement is desirable, will be evident 

from what .I have stated (Art. 30). The erection of proper blast furnaces ; 

the judicious employment of fluxes; and a more careful system of manu- 

facture; are all that is required to raise the quality of the metal, according 

to the ore used, either to a standard with the English lron or the Swedish. 

In  the erection of blast furnaces, there seems no difficulty in a country 

where water is to be commanded at  every turn. Limestone, one of the 

fluxes most used, is at hand; and all that seems required is a careful 

superintendence, to shew the advantage of the new methods in the first 

instance. 

These being once established, it appears probable they would be ge- 

nerally adopted, when the object is to furnish so generally useful a 

metal in a purer and more workable state. I have said nothing of the 
process required for bringing the fused metal into a malleable condition, 

as it offers no difficulty. Water may here also be advantageously used as 

the moving power for the great sledge hammers, with which the fused 

metal is to be beaten. 

Theiron ores all belong, aith the exception of those of two mines, to 

the species called RED OXIDE (fer oligiste of HAUY). This is a peroxyde of 

iron; containing, in its best-defined type, seventy per cent. iron, and thirty, 

oxygen. The working ore, however, often contains earthy impurities, 

which reduce the proportion as low as fifty per cent. of metal.--RED HSMA- 

TITE, a variety of this species occurs in a very extensive bed in Gneiss at 

Dhniak6t, on the Cosillah. I t  frequently contains small veins of MICA- 

c ~ o u s  IRON ore of a highly splendent lustre. At Ramgcfr, on the road 

from 
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from Bhmllor i  to Almbrah, it passes into the variety called SCALY IRON 

ORE, consisting of loosely cohering glimmering particles of a steel grey or 

iron black color, strongly soiling and feeling unctuous to the touch. These 

beds, though distant many miles, are, I think, connected beneath, and 

from one and the same deposit.-Both of these varieties are said to yield 

very good iron ; the first, particularly. Co MPACT RED IRON ORE, occurs in 

a clay slate containing beds of lime-stone at  Katshri, on the Rirnganga, 

in masses composed apparently of fragments mare or less angular, reunit- 

ed by a stalagmitic incrustation. The iron manufactured from it is esteem- 

ed the best in the province of K a d u n .  I t  is the only ore which has any 

adjunct of calcareous matter ; and to this adjustment of the flux by nature, 

is attributable, I think, the superiority of the iron produced. Near Kalsi 

on the Jemur, there is an extensive bed of SPECULAR IRON ORE. The speci- 

mens which I have examined were fine granular, approaching to compact. 

I n  Chwgarka purgunnah, one of the excepted mines, the ore is the 

YELLOW (or hydrated) OXIDE. I t  is of two varieties, the ochry and compact. 

The former sometimes contains octahedral crystals of magnetic iron ore, and, 

in the neighbourhood of the mine, on the summit of a small hill, there occur 

rolled pieces, composed of grains of quartz, and small octahedral crystals of 

this mineral, cemented together. These pieces are magnets, and have each 

two poles. The ores of this mine contain manganese in small proportion, 

and would, consequently, afford a very good steel ; as it is to the alloy of 

this metal that the superiority of the steel manufactured from some of 

the brown iron stones, is generally attributed. The other exception is 

the mine at  Sil, in Biseicer, where a mica slate occurs with disseminat- 

ed crystals, or grains of MAGNETIC IRON ORE ; in such quantity, as in favora- 
rable specimens, to equal half the weight, or one-third the bulk. Some 

pieces of this slate have a specific gravity of 3,45. That of the ore itself 

is 4,8. The stone is reduced to powder by hand mills ; and by means of 
a running 
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a running stream, all the impurities are separated. There remains a black 

sand ; which however still contains about a fifth of its weight of impurities : 

this is smelted with charcoal, into a porous mass ; which imperfectly beat- 

en, is sold to the lower mountaineers a t  the rate of eight and a half seers 
for the Rupee. The iron is said to be of excellent quality, and is in great 

demand for Khhkeris. This is the mine a t  which I think i t  very desir- 

rable some improvements should be attempted, as holding out a fairer 

prospect of advantage. There does not appear to be any reason why 

this ore, if carefully reduced, should not furnish an iron fully equal to the 

Swedish. The supply, too, is sufficient to justify the expectation of a con- 

siderable addition to the revenue. At present, the people state the pro- 

duce of manufactured iron as not exceeding three hundred Rupees ; but 

from the flourishing and substantial appearance of the village, I should 

think it must greatly exceed this sum. 

3 .-The h a d  Mines. 

# 

The LEAD MINES are numerous, and the supply d ore from some of 

them has been considerable. The most valuable are situated on the river 
Ti.mse, a t  no great distance from the Dehra DLn. There are three 

places where works, to some extent, have been, and are carried on ; A h ,  

Maiyar, and BorEZu. The first-named place is on the right bank' of the 

river below the village of Bhtndr, and within the limits of Simnrir. The 

other two are on the left bank, and are in Jaiinscfr, one of the mountain 

purgunnahs retained by Government; the superintendence of which, is 

vested in the Officer commanding at Dthra. The Bort?lu mine formerly 

paid two thousand rupees yearly ; the Mdyar one, four thousand : the pre- 

sent rents are six hundred and fifty'; and one thousand. The mines were 
always included in the assessment for revenue; and latterly owing to their 

\ 

alleged non-productiveness, the sum assessed has been limited to the 

I mere 
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mere land tax of the mine at  Aiyar. I could not learn any particulars 

regarding the rent, the people beiug uncommunicative.* 

With regard to the truth of their assertion, that these mines have 

ceased to be profitable, it is very difficult to judge. They are still worked, 

which is a presumption against it, but without a personal examination of 

the several galleries, and they are exceedingly numerous, it is difficult to 

say positively whether this assertion be correct or otherwise. I have 

however little doubt but they might be made productive, by a more en- 

larged and perfect system of work; and I found this opinion on the great 

number of excavations, clearly proving the original abundance of the ore. 

I t  is not likely, that the several veins or beds, have been exhausted by a 

system of mining which admits of no ventilation; and has no galleries, ex- 

ceeding probably two hundred yards in length. At all events some trials, 

and a closer examination, would seem to be advisable ; particularly when 

i t  is considered that there has been a falling off in the revenue, amount- 

ing to upwards of four thousand rupees yearly. To offer the mines to the 

highest bidder, would not be likely to elicit any light on the subject. It 
is not probable that any mountaineer could be got to undertake the 

work in opposition to those residing on the spot,t and having the advan- 

tage of experience. 

The mine at  Bhatnbr is situated in clay slate. The rock where 

the mine penetrates is BO tedder and fragmentary, as when removed 

from the mine to have all the appearance of angular debris. Owing to 

thiscircumstance, the roof of the mine, as well as the sides, have occasion 
to 

The village belonge to the R6jah of Sirmtir. 

t On account of the difficulties a stranger (if a native) would have to contend with ; there 
would be, moat probably, an organbed oppoeition of the whole neighbourhood, to thwart him. 

3 T 
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to be strengthened by timbers. Notwithstanding which, they sometimes 

fall in, and the miners are killed. 

The ore is found, as I *aid, occasionally in quartz veins in the clay 

slate ; occasionally in the slate itself. The ore at Maiyar also occurs in 

a clay slate ; that at Bmtla, in a bed of lime-stone, ~i tuated ia  the clay 
slate. At each of these places the rock is sufficiently firm to afford the 

greatest security, and no propping or timbers are required; but the 

labor of excavation is greater. At BWatnbr, owing to the softness of 

the ground, the galleries are roomy ; and will allow of an upright posi- 

tion: at  the other places, they are similar to the copper mines; low, . 

narrow, and tortuous. The supply of ore has evidently been consider- 

able, for the number of these galleries is quite surprising: at Bortla, I 
was told they exceeded eighty; and I see no reason to think that the 

statement is too high. 

~t all three places the ore is the same, a steel grey FINE GRANULAR 

GALBNA, having a specific gravity of 7,2 ; at Maiwar it is accompanied by 
IRON PYRITES, and in one gallery by SULPHUR. The mode of reducing these 

ores, is preci~ely the same as that already described for the copper ores ; 

the sulphur being allowed to go to waste. Similar improvements sug- 

gest themselves as advisable ; though as the metal is so much cbeaper, 
and the process of reduction $0 much more facile, they do not appear to 

be so imperiously called for, as an amelioration of the system of working 

the copper. A singular fact is, that the ore and reduced metal sell, by 
weight, for the same price a t  Kcilst, the nearest town. I could not learn 

the reason of this ; but suppose that the produce of sulphur, pays the 

expence of reducing the ore. 



XVI. 

TABLES,  

EXHIBITING A DAILY REGISTER 

T I D E S  I N  THE R I V E R  H O O G L Y ,  
AT CALCUTTA, 

WITH OBSERVATZONS ON THE RESULTS THUS OBTAINED. 

BY JAMES KYD, ESQ. 

HIVING kept a Register of the day and night tides in the Hoogly, at 

Kidderpore, near Calcutta, since the year 1806, for which the nature of 

my business, and my establishment afforded me facilities, and the perma- 

nency of my gage fixed at the dock head, rendering the results correct, 

beyond suspicion or doubt-I am induced to lay them before the Society, 
trusting that they may prove interesting. 

To avoid the dry detail of a daily Register, I have drawn the heights 

of the tides in maps, shewing the state of the river throughout the year, 

conveying at  a glance, all that is requisite to be known for every useful 

purpose. 

* The 
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The map No. 1, is made for the year I 806-7, and I have upon the same 

map, traced the tides for the year 1825-26. The phases of the moon in 

the latter year falling nearly on the same days, and thus enabling me to 

give two years together; and to shew the variation between them, at a dis- 

tance of nineteen years. 

Map No. 2, is similar to the first in principle, but has been chosen 

to shew three distinct inundations, that took place in the year 1823. 

The first of which was occasioned by the sea, and the second and third by 

the Ganges and Damoda rivers. The first was a very rare occurrence, 

happening not oftener, perhaps, than once in a century ; the last nearly 

as rare, but the second occurs every sixth or seventh year. 

Map No. 3, consisting of twelve parts, one for each month, is a daily 

and nightly record of the river, for the said remarkable year 1822-23. 

Map No. 4, gives a comparison of the range of high, and low water 

for successive years, from 1806 to 1827. 

These tide-tables, formed from a register kept for twenty-two years, 

, establish, beyond dispute, the lowest fall and the highest rise of the 

Hoogly, and thus form natural points for the construction of a River Gage, 

for the purpose of obtaining, at all times, the levels that may be required 

for the formation of canals, docks, wharfs, and drains. They also   hew 

the height of the river at all times of the year, a matter of considerable 

importance in the formation of public works, especially as the variation 

is so great, at its different periods. - 

I shall now advert to the local causes which affect the tides in the 

Hoogly. The maps commence with March, in the beginning of which 

the 
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the south-west monsoon sets in. With the south-west winds, the cur- 

rents set up the Bay of Bengal, and gradually raise the sea, at its head, 

several feet, raising with it the Hoogly, long ere the freshes are felt. The 
dotted curve line in map No. I, will shew this rising of the sea, and river 

by the wind, and currente. This caurse continues till October; the pour- 

ing of the rivers into the Bay of Bengal, during the months of August 

and September, and the change of wind at the end of October, give the 

currents a set in the contrary direction, and gradually restore the sea 

and the river to the state they were in, in March. 

The effect of the two monsoons upon the currents, and the height of 

the sea, in the Bay of Bengal may, therefore, be considered as that of two 

long unequal tides, during the year, eight months of flood, and four 

months of ebb. 

I n  conformity with these periodical local causes-partial ones have 

a corresponding effect, thus strong southerly winds raise the tides, in the 

Hoogly, whilst northerly ones deprese them. 

The freshes, or floods of the rivers, are a prominent periodical local 

cause, operating upon the tides of the Hoogly at  Calcutta. 

The Ganges begins to rise from the melting of the enow, as early as 

the beginning of May, but its rising does not sensibly affect the Hoogly 

till the beginning of July, at that period, so large an accession of water 

is thrown into the Hoogly, that its level is bodily raised both at high and 

low water. The last is so remarkable, that the low water of the freshes 

(neap tides) is higher than the high water (neap tides also) of the dry 

season, by several feet. 

The 
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The Damoda and western small rivers, or mountain streams, contri- 

bute very materially to the swellingof the Hoogly, and it is, probably, the 

influence of the D a d a ,  the Rhpnarain, the Tongoracolly, the Hid- 

gelee, and even the Balasore river, (the latter situated beyond the mouth 

of the Hoogly,) that occasions the height of the low water, by their acting 

as a dam, and preventing the ebbing of the waters froni the Ganges, and 

higher streams, quickly into the sea. 

There is another local affection of the tides, the cause of which I can- 

not satisfactorily explain. In  the north-east monsoon, the night tides 

are the highest, whilst in the south-west monsoon, the day tides are the 

highest. 

A conjecture may be hazarded that as, in both monsoons, the wind 

is generally higher during the day than in the night, that the wind in the 

south-west monsoon raises the day tide ; whilst in the north-east mon- 

soon the wind, during the day, withholds and depresses the day tide; but 

this is not entirely satisfactory, in as much as the wind cannot possibly 

be uniform, whereas the fact of the higher tides during the day in one 

monsoon, and during the night in the other, is beyond doubt ; besides, the 

latter is very much more than the former, being as much as two feet, 

whereas the former is seldom more than one foot. The night tides in the 
north-east monsoon are also more uniform in this respect, than the day 

tides, in the south-west monsoon. 

Should it appear from future observation that the wind be the cause, 

it will prove that the depressing effect of the northerly wind, has much 

more influence upon the tides, than the increase by the southerly ones ; or 

it may be, that the absence of the wind leaves the tide more freedom to 

act. 

I come 
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I come now to general causes. 

The horizontal parallax of the moon invariably affects the tides ; when 

that is high the tides are high, and vice versa, to such a degree of correct- 

ness, that allowing for local causes, I could venture to construct a table for 

a year in advance, that should not vary two inches, from-the actual tides. 

When the parallax is highest, on the second, or third day, after the 

full or change of the moon, the highest tide will correspond with these 

days, as that is the natural period of its greatest height ; should the pa- 

rallax be decreasing, the highest tide will be on the day of the full, or 

change ; and should the parallax be decreasing, and near to its lowest, and ' 

increase again, after the natural period has passed, the highest tide will 

be on the fourth day, after the full or change, of the moon. 

The difference of effect between the high or low parallax of the moon, up- 

on the height of the tides, is about two feet, frequently much more ; and as its 

variation, as to the time, is shown to be four days, this is of importance to all 

mariners, as enabling them, in cases of danger, to ascertain by their Nauti- 

cal Ephemeris, the true state of the tides. No longer need they trust to the 

partial observation and equally partial theory founded thereon .of Pilots 

and seamen, most of whom have a notion that the dark spring tides are 

always the highest, that the night tides are higher than the day tides, and 

that the highest tide must always occur .on the second or third day after 

the full, or change, whereas the parallax of the .moon will effectually 

supercede this uncertainty, and either warn a mariner with his bark on 

a shoal not to wait till the second day, and lose the springs, or save him 

from despair, because these days may have passed, and induce him to wait 

with confidence till the fourth day, after the full, or change, for the highest 

tide, as the case may be. 
The 
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The parallax of the moon will assuredly indicate the height of the 

tides all over the world; this general cause, therefore, must be applicable 

at all places. 

The following abstract will be useful, as conveying a general sum- 

mary of the tides, of the Hoogly. 

From the point of lowest low water in the dry season, to that of the 

highest high water in the freshes, is twenty feet ten inches. 

The greatest mean rise of tide from low to high water mark, takes 

place in March, April, and May, and is fifteen feet ten inches. 

The greatest mean rise of tide from low, to high water mark, in the 

freshes, is ten feet. 

The smallest mean rise of tide skee place in the freshes, and is at 

neap tides, only three feet six inches. 

The smallest mean rise of the tide in the dry season, neap tides, is 

four feet. 

From the lowest fall of the river, to high water mark, neap tides, in 

February, is eight feet. 

From the lowest fall of the river to low water, in the freshes (neap 

tides,) is twelve feet.* 

The 

* During the inundation in September, 1829, the low water stood at eighteen feet eix incher, 
the tide having ebbed only fifteen inches on that day. The difference between thie low water, and 
the high water (neap tides in February ; viz. eight feet,) is ten feet six inches ! ! 
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The river is at its lowest, in the beginning of March. 

The river is swollen by the freshes in July, August, and September, 

and part of October. 

The freshes take off about the middle of September, and are gene- 

rally out of the river, by the end of October. 

At the beginning of November, although the freshes are out of the 

river, it is upwards of three feet higher at  low water, than in March. 

The river is in the most quiescent state, during the months of Novem- 

ber, December, January, and February ; during these months the night 

tides are higher, and more rapid than the day tides, and there are, on some 

occasions, bores at night. 

The ~trongest flood tides, and the greatest mean rise of the tides, are 

in March, April, May, and June. The day tides in these months, are 

higher, than the night tides. 

The strongest freshes are in September. 

I n  July, the strength of the flood tides is counteracted by the freshes, 

and this, therefore, is a moderate month, as i-egards tides. The bores 
also are moderated as a consequence. 

In August, the flood tides are overcome b y  the fieshes, and the bores 

are moderate ; should there be a high parallax of the moon, however, the 

great height of the see, in this month, will cause a considerable bore. 
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In  September, the freshes are at their height, there is no visible tide 

off Calcutta, the ships do not swing up, and the river water is perfectly 

sweet, far beyond Saugor in the open sea. The high parallax of the 

moon at the equinoxes, with the great height of the sea, produces a heavy 

bore in this month. 

Th Bores. 

The bores in the Hoogly occur only on the highest, or at  alternate 

spring tides ; their appearance may, with certainty, be predicted by the 

season of the year, and the parallax of the moon. During the months of 

November, December, January, and February, or on the periodical ebb 

of the sea, when the currents are setting down the Bay, the tides, as may 

be supposed, are languid, and consequently, during this period, there.are 

no bores.* 

As soon as the south-west monsoon sets the currents up the Bay, 

the sea begins to rise, the tides become strong and high, and bores follow 

in their train ; whenever the parallax of the moon is high on the springs 

during the south-west monsoon, bores will certainly make their appear- 

ance, and when strong southerly winds are added, and freshes withheld, 

the height of the bores will be increased. 

I t  

* Except very rarely-In twenty-two years I have known but three instances. Agreeably to the 
Statement of local causes which accelerate or depress the tides, it will be obvious that during the north- 
east monsoon, if the winds which blow the waters down the Bay, be more than uslrally moderate, and 
the moon's parallax be high, 'there may be a high tide, and with it a bore, and this, agreeably to the 
third local cause, will happen at night. These night bores are particularly dangerous, as they are 
very rare and, consequently, unexpected. They may be guarded against, by always considering it 

for them to occur during the north-east monsoon at night, upon a high parallax of the moon. 
Agreeably to the same local cause, it is fortunate that the bores at night, during the south-west 

monsoon, are not so higti, ps in ;lie day. 
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It must be remembered that the height of the bore, is actuated bythe 

peculiar form of the sands, and the direction, and set of the tides, in any 

particular reach of the river ; for instance, where the channel is straight, 

with deep water, from side to side, and no sand-bank, there will be no bore 

at any time ; but a mere swell on the coming in of the tide. This is the 

case at the lower part of Garden Reach, opposite the Botanic Garden. 

This is the case also off Calcutta, at Howrah Ghaut, where the back chan- 

nel having lately filled up, the main channel is now confined between 

high banks. I t  is only where the main channel lies on one side, with a 

low sand on the other, that the bore shews itself upon the latter. This, a 

very few years ago, was the case opposite to Calcutta, and there was, at that 

time, an enormous bore, but which, as above explained, exists no longer. 

END OF PART I. 
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No. I. 

List of the Donors and Donations to the Physical Committee of the Asht ic  
Society, from 1 l th  Februa y 1828, to 20th May, 1829. 

J. ADAM, EsQ.--Three well-preserveh Specimens of the Mantis Insect. 

MAJOB BEATSON.-SO~~ Specimens of the prevailing Rocks about Simlah. 

CAPT. W. BRUCE,-A Bottle of Hot Water from the Hot Springs at the foot af: the 
Attaram Hllls, in the Province of Temsseram. 

Some Mineral Specimens from Persia, the Coast and Islands af the Gulf of Per- 
sia, and also some from the Coast of Tenasseram. Some Minerals collected in a 
Journey along the Hills of Ratas Ghnr and Sasseram. 

J. CALDEB, EsQ.-A Series of Specimens illustrative of the Secondary Rocks, containing 
Organic Remains from the neighbourhood of the Giants' Causeway in Ireland ; 
and also a Specimen of two very perfect Joints from one of the Basaltic Columns 
,of the Causeway. A singular Species of Mollusca, from the Coast of Ceylon. 

CAPT. COULTHARD.-A Series of Specimens from Saugor, and its adjoining Districts. 

DR. D~~ca~.- -Some Fossil Bones of an Elephant, found in the river near Culpee. 

LIEUT. J. FINNIS.-Specimens of the Minerals in and near the Cod Mine at Hassinhabad. 

CAPT. Jas. FBANKL~N.-A~ extensive Series of Geological Specimens from Bundelcund, 
Boghelcund, and the Districts of Saugor and Jubbulpore. 
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DR. Gov~~.--First and Second Selections of Specimens from the vicinity of Simlah. A 
third Selection of Specimens from the Himalaya rnnge. Sorue Organic Remains 
from tlie bed of the Sutlege. Additional Specimens from the Hill Provinces. 

DR. J. GRIERSON,-A well-preserved Specimen of the Long Ear'd Bat (Nospertilio Auritus). 

J. HARDIE, Esp.-Some Specimens of the Rocks near Binna. Mineral Specimens fiom 
Central India. 

COL. HOD~SON.-A. Geological Map of England. 

MR. LESLIE.-Drawings of a Doe and of its Skull. 

MR LEWIS.-Some Specimens of Rock (granite) and Earth fiom the top of Mount Ophir, 
Malacca. 

R. ROBE, E~Q.-A Collection of Geological Specimens made during n Survey of the Roads 
from Midnapore to Sumbulpore, and from thence to Cuttack and Balusore. 

DR. ROYLE.-A Series of Specimens illustrative of the Districts of Rajpoor, Mussooree, kc. 

MR. &anmi.-Specimens of Litbograplaic Printing fmm Captain Franklin's Lins Limestone 
of Bundelcund. Specimens of Lithographic Printing f r ~ m  Stones sent down 
from Agra by Lieutenailt J. F. Boileuu. An Impression from a Rotus Stone, 
eent by Lieutenant J. Thornson. 

DR. P. F. STRONG.-Specimens of Peat Earth from a large Tnnk on the Durn Durn Road, 
Specimens of the Clay obtained in repeated boring in and near the Salt Water 
Lakes, Calcutta. 

LIEUT. J. THOMSON.-A Series of Specimens ' from the vicinity of Gyah and Rotus Gurh. 

MR. WALTERS.-A BOX of Rlinerals from the Cossiah Hills. 

MR. WAND.-Specimens of the Calcareous Deposit found about the Hot Spring in 
Bencoolen. 
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No. 11. 

INSTRUCTIONS FOR COLLECTING GEOLOGICAL SPECIMENS.* 

I r  so often happens that specimens sent from distant places, by persons unpnctised in geology 
fail to give the instruction which is intended, from the want of attention to a few necessary pre- - . -  
cautions, that the following directions may perhaps be useful to some of those, into whose hand8 

these pages are likely to fall. I t  will besufficient to premise, that two of the principal objecte of 
geological inquiry, are, to determine,-lst, the nature of the materialo of wliich the earth is com- 
posed ; and, Bndly, the relative Order in which these materials are disposed with respect to each 
other. 

1. Specimens of rocka ought not, ifi general, to he taken fiom IOOW pieces, but from l~trge 
masses in tlieir native place, or which have'recently hllen from their natural eituation. 

4. The specimens should consist of the stone uncbaqpd by relopoerwe to the elements, wl~ich 
nometimes alter tlie charactere to a considerable distance from the surface.-Petrifactions, however 
are often best disti~~guiehal~le in masses romewl~at decomposed; and are thus even rendered vieiblc, 
io many cases, where no trace of any orgaaiwd body can be discerned in tlre recent Itacture. 

9. The specimens ought not to be too small.-A convenie~~t size is about three iuclies square, 
and about.three-quarters of an inch, or less, i s  thickness. 

4. I t  seldom happens that large masses, even of the eame kind of rock, are uniform through- 
out any considerable npace ; so that the general cllivacter is collectecl, by geologists who examine 
rocks in tbeir native plocee, from the average of an extensive surfice :-a collection ouglit therefore 
to furnish specimens of tlie most characteristic varieties ;-and the most splendid qmirnens are, in 
g d ,  not the most instructive. i l l e r e  several speci~nens are taken from the eame place, a series of 
numbers should be added to the note of tlieir locality. 

From the Appendix to Captain P. P. King's Narrative of a Survey of the Inter-tropid and Weatern 
Cacut of Australia;" by William Henry Fitton, M.D., F.R.S., V.P.O.S. 
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ti. One of the most advantageous situations for obtaining specimens, and examining the rela- 
tions of rocks, is in the sections afforded by c l i t  on the sea shore ; especially after recent falls of 
large masses. I t  commonly happens that the beds thus exposed are more or less inclined ; and in 
this case, if any of them be inaccesaihle at a particular point, the decline of the strata will frequently 
enable the collector to supply himself with the specimens he wisheg for, within a short distance. 
Thus, in the subjoined sketch, whi* may be supposed to represent a cliff of cansiderable height,- 
the observer being situated at a, the beds 6, c, d, though inaccessible at that place, may be examined 
with ease and security, where they succeesively come down to the shore at bf, 4 and d'. 

6. To examine the int&or of an unknown county, more skill and practice are, required : 
the rocks being generally concealed by the mil, accumulations of aand, gravel, &c., and by the 
vegetation of the surface. But the strata are commonly disclosed in the sida of ravines,-in 
the beds of rivers and mountain-streams; and these, especially where they cross the direction 
of the strata, may be made, by careful examination, to afford instructive eections. 

7. Among the occasional components of the strata, the remains of organized bodies,-shelle, 
corals, and other zoophytes,-the bones and teeth of animals,-fossile wood, and the impressions of 
vegetable sterna, roots, or leaves, &c., are of the greatest importance ; affording generally the most 
marked characters of the bed8 in which the3 occur.-These sbould, therefore, be particularly sought 
after, and their relative abundance or rarity in different situations noticed. T l ~ e  petrified bodier 
should, if possible, be kept united with por~ions of the rock or matrix in which they are found ; and 
where they are numerous,-in sand, clay, or any moist or friable matrix,-it is in general better to 
retain a large portion of the whole moss, to be examined afterwar&, than to attempt their sepantion 
a t  the time of collecting. 

8. The l001.e nvllrriab which are found above the solid rocks, in the form of gravel, silt, rolled 
pebbles, ,&c., should be carefully distinguished from the solid efr& upon which they rest. And the 
more ancient of these loose materials, found on the sides or summits of hills, kc., rhould be distin- 
guished from the recent mud, nand, and gravel, brought down by land-floods, or by rivers. The 
b o r n  and teeth of animals are not unfrequently found in the more ancient gravel ; and the d- 
lection of theee remains from distant quarters of the globe, is an object of the greateat int- to 
geology. 

9. Besides a note of the locality, there ought, if possible, to accompany every specimen, a short 
notice of its geological circumstances ; as- 

Whether it be found in large shapelese manses, or in stnta ? 
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If in strata,-what are the thickness, inclination to the horizon, and direction with respect to 
the compass, of the beds ?-[If these cannot be measured, an eetimde should always be recorded, 
while the objects are in view.]-Are they uniform in dip and direction ?-curved, or contorted ?- 
continuous, or interrupted by fissures or veins ? 

Is  the whole cliff, or mass of strata in sight, of uniform composition ?-or does it consist of 
different kinds of stone ? 

Ifathe strata be different,-what is the order in which they are placed above each other 
ouccessively ? 

10. A W, distinctly written, should accompany every specimen, stating its native place, its 
relative situation, kc. &c. And these labels should be connected with the speciinens immediately, 
on the spot where they are found*.-This injunction' may appear to be superfluous ; but so much 
.valuable information has been lost to geology from the neglect of it, that every obeerver of experience 
will acknowledge its necessity ; and it is, perhaps, in practice one of the most difficuli to adhere to. 

11. A sketch of a coast or cliff, however slight, frequently conveys more information respecting 
the disposition and relations of rocks, than a long memorandum. If numbers, denoting the ~iiuation 
of the specimens collected,'be marked upon ~ u c h  sketches, much time may be eaved at the moment 
of collecting. But in all such cases, the memorandum should be looked over soon afterwards, and 
labels distinctly explaining their situation, &c., be attached to the specimens themselves. 

12. The specimens should be so packed, that the surfaces may be defended from exposwe to 
air, moisture, and friction : for which purpose, if strong paper cannot be obtained, dry moss,+ or 
straw, or leaves, may be employed.$ Where paper is used for wrapping the specimens, they are 
best secured by fastening the envelope with sealing-wax. 

Lastly, The c~llector must not be discouraged, nor be prevented from collecting, by finding 
that the place which he may chance to visit in a remote situation, has not a striking appearance, or 
the rocks within his view a very interesting character ; since it frequently, and even commonly, hap- 
pens, that facts and specimens, in themselves of very little importance, become valuable by sub- 
Bequent comparison ; so that scarcely any observation, if recorded with accuracy, will be thrown 
away. 

I t  in useful to mark on the labela the day, and even the hour, when etch specimen is collected. This, with 
a corresponding note in the memorandum-book, will be found to assist the memory, and prevent confosion. 
Besides the label attached to the specimen, it is a very necessary precaution in India, to describe the l d t y ,  kc, 
of the specimen on a separate slip of paper, to be well doubled up and enclosed in the name wrapper with the 
~pecimea. 

t Cotton, wool, or snnn. 
$ Kalajeera seeda, or pounded spices, should be scattered amongst the parcels to preserve the labels .nd 

wrappen from ineecb. 
3 Y 
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The Inrt7umcllts required by the geological traveller will vary, according to the acquirements 
and rpecific objects of the individual. The most essential are :- 

The Hammer; which, for general purposes, may be of the form here reprerented :- 

. - 

I . .  

The head rhonld be of steel well tempered, about 16 inches from the face to the edge, and I +  inch 
quare  in the middle; the face flat, and quare, or nearly no ; the edge placed in the direction of the 
handle. The orifice for the insertion of the handle oval, a very little wider on the outer side than 
within; its diameters, about 1 inch vertically, and & across; the centre somewhat more than I f /  
inch fiom the face. The handle should be of neb, or other tough wood; not less than 16 inches 
long; fitting tight into the head at its insertion, without a shoulder; and increasing a little in size 
towards the end remote from the head, to prevent i b  slipping.-It should be fixed in the head by 
means of a thin, barbed iron wedge. 

For h.irnming specimens, smaller hammers may be employed :-The form bf the head, recom- 
mended for this purpose by Dr. MacCuUoch*, ir rectaogular. The dimensions of the face may be 
I inch by 3 ; the height 2i .  

I t  d l  be expedient to have always some hammers, (or at least the heads,) of different sizes, 
in reeewe. 

A small miner'epid is useful for cutting out, and splitting portions of slaty rocks; or for ob- 
taining specimens of clays, &c. 

A small etonecuttct's chieel.-A chisel with a handle, of the form here represented, will often 
save the hand of an inexpert collector, and better enable him to direct his blow. 

- 

'' On the f o r ~ ~  pf Mineralogical H~UIWMI." Quarterly Journal, (R. Inat) vol. si. 1-1, p. I, &c. 
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For Packing tire p c a k n r . 4  stock of strong pop.* Sealing-wax. Writing-paper, cut 
into &lo. Thick gum-water, to cement the labels to the specimens.+ 

For the C o n v c y ~  of sptxirnms.-A large bag of Icalirer, with straps for the shoulders. 
Strong canvas bogs, of smaller site, are very convenient for subdivieion and arrangement.-For the 
protection of crystals, or delicate petrifactions, &c., wool or cdton are necessary ; and small aooodGn 

bozes (like tlioee used for holding wafers) are sometimes required. For distant carriage, strong 
coowlcn boxa, cash, or bad&. 

The following are either essential, or useful in various degrees, for obtaining and recording 
observations. 

Pocket Memorandum-BwRe, of sufficient size to admit sketches. 
A Packet C m p s .  
A Measuring-kape, of fifty feet, or more. 
A Telescope. 
A Camera Lucida. 
A Box of Cdourr. 

The best Mapo should always be sought for :-And, the true economy to the traveller being 
that which saves time, it is k t  to mark, or even to colour the map, in the field. Notes inserted on 
imperfect map& or deduced afterwards from memoranda, are less authentic ; and the process is 
frequently neglected. 

Portabi&Baromdcrr, with detached thermometers, are desirable ; and the best instruments are 
ultimately the cheapest. But, unfortunately, barometers of every construction are very easily 
damaged or deranged.-Minute accuracy, however, in the determination of heights, though very 
interesting to physical geography, is comparatively of little importance to the geologist. 

If the collector be a surveyor, he will know best to what purposes a Pocket Sext~nt, or a r m d  
w o l i f e ,  is applicable :-the measurement of distances,-of heights,-and of the inclination of 
drata, &c. 

Strong English brown paper is preferable to any other ps no insects will attsck it. 
t If ppste is d, any emence added to it will prererve it from mildewing. 



ERRATA 
In Paper IX. by H. PIDDINGTON, Esq- 

Page 171, last line but one, for " ehaggy," rvad slaggy. 
a " the last line, for '' or charcoal," r e d  on charcoal, &c. 

172, sixth line from the bottom, for " Lime, with a trace Mag." rsad Lime, with a 
trace Magnesia. 

a two lines lower down, for 6950 Irony' nad 59-60, &c. 
179, tenth line from the top, for 66 Lime Phosphate Iron" read Lime and Phosphate h n .  

h the Govt Gwcte I'IeN, W O .  H HubUnn. 
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OBSERVATIONS 

ON THE 

I N C L I N A T I O N  A N D  D E C L I N A T I O N  

OF THE 

MAGNETIC NEEDLE. 

BY LIEUTENANT COLONEL J. A. HODGSON, 
Sumqor General of India ; and 

MONSIEUR DE BLOSSVILLE, 
Honora y Member Asiatic Society. 

Communicated by Captain J .  D.  HERBERT, Assistalst to t h  Surveyor. General. 

THE progress which has latterly been made in the investigation of the 

magnetic phenomena is remarkable. A new science, that of Electro- 

magnetism, has been created, and the happy conjecture hazarded by 

PLAYFAIR, that the mysterious properties or powerH of matter, which we 

name gravity, chemical affinity, galvanism, magnetism, electricity, &c. 

would be one day rekrred to a single cause, has been almost realized. The 

very striking facts developed in the thermo-electric experiments have 

been ably investigated, while the law of the magnetic force has been 

determined, and the effect of local attraction rigorously calculated. The 

B 



2 INCLINATION AND DECLINATION 

curious practical result of these latter investigations l e~d ing  to the 

correction of that disturbance, under which the magnetic needle on board 
I 

ship had till then laboured, from the influence of the iron-work about the 

vessel--offers an example of that utility which, though'it may not always 

be obvious, yet is assuredly sooner or later the fruit of an assiduous cul- 

tivation of science. 

Nor have the more ordinary phenomena of magnetism been neglect- 

ed in this general movement. An immense mass of results have been 

collected by our voyagers to the north pole, relating to the declination 

and inclination of the magnetic needle, as well as the intensity or direc- 

tive power. Other observers have assisted, and as far as Europe and the 

northern regions are concerned, little, perhaps, remains to be desired in this 

branch of experimental Physics. But with regard to the other countries 

of the globe, the hc t s  that have been cdleeted are " few and far between." 

I am happy, therefore, -to be able to  cemmunicate the following observa- 

tions made in this country by two members of this Society. We have 

not yet had any observations of the kind recorded in India, and I doubt 

not the Society will receive favorably this attempt to fill up the blank 

that exists. Let us hope, too, that the publication of these results may 

stimulate other enquirers ; and that, by their exertions, we shall yet have 

correct determinations of the three elements of magnetic inclination, 

declination, and intensity, a t  all the principal places of our Indian empire. 

The results now offered comprehend the determination of the declinq- 

tion and inclination of the magnetic needk, The first series a d e  on board 

the French Corvette La Chevrette, is by M. DE BLOSSVILLE. I have nst 
thought it necessary to translate his introductory notice, as prekrring to 
retain his own expressions. 

observations 4ue j%i faites drrns les differens .lieux on Lcr 
, 
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t%mette. a touch& comprennent tow les elemens du magnetisme terrestre ; 

mais l'etude des plusieurs de ces phbnom&nes ne pourront fournir des 

rCsultats positifa, qu7apr&s avoir repeti! a l'observatoire royal de Paris, 

les kpreuves des instrum9ns qui ont 6te employes : il ne sera question 

dans cette notice que de l'inclinaison, e t  de la declinaison de l'aiguille 

aimantbe. Ce n'est egalement quYapr&s le retour de la Corvette, qu'on 

pourra s'occuper de tirer des conclusions des observations mbt~orologiques 

qui ont btb faites d'heure en heure avec des barometres et des thermo- 

metres tres exacts, pendant toute la durbe du voyage." 

" L'inclinaison de l'aiguille a 6tk mesurbe avec une bmssole e t  quatre 

aiguilles qui furent m i s a  pour la premiere fois en earp6rienw a 1'Observa- 

toire de Paris, en presence et  sous la direction de M. krago, membre de 

l'Institut, quelques jours avant notredepart. Dans cette occasion, comme 

dans toutes les antres, lorsqu'une aiguille a ete observih aur ses deux 

faces ; on a change ses poles avec de forts carreaux et  aprbs avoir obtenu 

une seconde inclinaison, on a eu, en prenant la moyenne des deux, un 

resultat exempt des erreurs qu'aurait pu produire un defaut d'equilibre. 

Pour placer l'aiguille dans la direction meridienne magnetique on a cherch6 

d'abord Ie plan perpendiculaire, ou le plan de l'equateur daus lequel elle 

se trouve verticale, ou bien, dans Ies faibles latitudes, on a orient6 la 

bouseole d'aprbs m e  mire biqn determinee. Quelque fois ces deux me- 

tbodes ont bt6 employbes coocurremment et  ont offert l'accord le plus 

parfait. On trouve dans le tableau le rbsultat moyen des quatre aiguilles." 

" Une description d e  la  bowsole declinatoire qui nous avait 6th four- 

nie par Le depot des car6e.s et p k  de Za marine, serait trop longue, mais 

lea pemonnes qui l'ont vue a Calcutta se  sont convaincus de l'exactitude 

de cet instrument, et de tous les moyens de verification qu'il reunissait. 

Dans toutes lea experiences on s'est semi de deux aiguilles qu'on retournait 

sur leurs chapes au milieu des observations et  dont on n'a pae renouvell6 
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le magnetisme pendant toute la d u d e  du voyage. Les deux aiguilles n'ont 

jamais differ6 de plus d'une minute dans le relevement des mires dont la 

position astronomique a toujours L?tB determine6 au moyen d'une circle 

de reflexion de Borda, par des series nombreuses d'azimuthe pris a l'est 

et a l'ouest." 

I.-TABLEAU DES INCLINAISONS ET DECLINAISONS. 

I I I I ,  I .  

This Table i s  a n  important addition to our ,knowledge of the mag- 

netic phenomena. The magnetic equator, it appears, passes a t  no 

great distance north of .the.islandl ofls Oeylon, * and touches the northern 

extremity of t h e  island Juakareilon. Thin would give the place of the 

magnetic pole, as in lat, me, long. W. 1059,' being very nearly the position 

assigned to it by the observations made by Captain PARRY and his asso- 

ciates*. I t  does not, however, appear that the magnetic equator must 

3 

, r , . , _ .  , I  , 
* Erst Voyage. Capkh ,!$mRis gjvee the po8itjon.m baing l$QO N. La. and 80° W. Long. 

JRCLINAISON. 

67' 61' 4!2" S. 

63 14 0 N. 

66 06 61 S. 

26 32 38 N. 

26 47 03 N. 

17 6 1 4 7  h'. 

3 34 10 9. 

0 39 46 5. 

0 36 34 S. 

2 17 34 S. 

25 60 01 S. 

8 46 00 N. 

,,,,,. 

NOMS DE8 LIEUX. 

...... Paris, .............. 
Tonloo, .... ............ 

............ S t  Denis-Ue Boarbon, 
.............. .... Calcutta, 

Chandernagor, .............. 
. . . . . . . .  ...... Rangoan,. 

Tdngnentalny, ................ 
,,J~$~.ff.tPq)+,,;,~,,: - * T y f .  

Soaliperoq, Ceylon, , :. . : , ........ 
1 1  t * I  I d ,  ............... -~ri~o, deyloo, 

...... .... . Brtatia, ...... 
................. Pondicherry, 

K ,  . . . . . .  .....,. 
l 1 l l  l l .  . I l i  . s 

Lee ppemtiom dy,B~pgpun ont ete, faitee pw ie Captn. FabrC, et M. Jemneret. 

DEOLINAI~ON. 

22O W' 41" N. 0 .  

19 24533 N . 0 .  

14 57 48 N. 0 .  

2 38 06 N. E. 

!d 39 Sa N. E. 

0 4 9 6 2  N.E.  

1 08 08 N. E. 

1 16 60 N. F- 
9, 9, 31 

2 ,  s 9  ', 
0 81 08 N. E. 

1 OtI 18 N. E. 

1 1 4 0 1  N.F.  
L 
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necessarily be a great circle of the sphere, or the magnetic pole a mathe- 

matical point. 

The next Table contains the details of some magnetical observations 

made at  the observatory of the Surveyor General's Office, under the direc- 

tion of Lieutenant-Colonel HODGSON. There being no inclination instru- 

ment, or dipping needle, in the depbt, the investigation was necessarily 

confined to the determination of the declination. The paper gives all the 

particulars, and details the precautions taken to insure a correct result. 

One verification which is not touched on in either of the papers I may 

notice, as i t  is an important one, and is seldom adverted to. 

I n  making observations with a declination circle-the following is 

the proceeding. The true azimuth of an object, or its angutar distance 

from the meridian, being determined by other methods, we observe its 

magnetic beariug by the declination instrument, that is, the angle which 

the object forms with the direction of the needle. Now this  supposes 

that we can determine the precise point on the limb of the instrument 

situated in the vertical plane, passing through the line of collimation of the 

telescope, and also in that passing through the adis of the needle. The 

first can be done by rerersing the telescope, and repeating the intersec- 

tion of the object, taking the mean, of the two m d i n g s  as the true place 

of the telescope on the limb. But the second has this difficulty attend- 

ing it as these instruments are ordinarily made, that the needle being 

referred to a different set of divisions, unless we are sure that the line 

marked zero on each accurately correspond, t h e  will be error. This is a 

point the verification of which is not provided for by any instrument 

I have seen, although the remedy is obvious enough-that of making the 

same set of divisions answer for both needle and telescope. This 

I have understood was the case in M. DE BLOSSVILLE'S instrument. To 

determine the amount of the error, if any, in-the instrument used at  tlie 

Surveyor General's Office, 1 proceeded as follows :- 
C 
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A theodolite was set up, and the telescope directed to the declination 

instrument, which was placed as dearly as could be estimated, so that its 

plane should be at right angles to the axis of the telescope. The teles- 

cope being then made to pass through the 0" and the 180" divisions of 

the exterior limb was found to form an angle' with the line of north and 

south in the compass-box, the wire. of the telescope pausing to the west 

of the north end, and to the eaet of the south end. 

I t  was not easy so to adjust the two instruments that the line 

described by the cross wires should exactly fall on both 0" and 180". I t  - 
was, in fact, found that more satisfactory results were obtained by bring- 

ing them on the upper point or 0" by means of the tangent screw, and then 

estimating the deviation on each of the other three points. As the 
telescope has a censiderable magnifyihg power, and as the declination 

drcle was within five feet, such an estimate i t  was found could be perform- 

ed with tolerable accuracy. To make this clearer, I ishall give the detail of 
one observation : , 

Crow wires of teleercope, on 0' . (Y of outer circle. 
passea to West of North, . . 0 . 30 inner aircle. 

East of South, . . 0 . 12 inner circie. 

East of 180' . . . . ' 0 . 10 outer circle. 

Rere then it is evident, that the cross wires of the telescope, described 

a line forming an angle of '9 = 5', with the line joining 0' and 180. 
2 

on the outer circle. While it formed an angle of '" : lr = 2It, with the 

line of north and south in the compass-box. Consequently, the latter 

must have formed an angle with the former of 16', and by that quantity 

must the declinations determined by this instrument be erroneous. A 

second observation gave 159, a third 13+, a fourth lei,-mean 14' 4". 
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To understand whether this correotion be + ar - we are ta consider 

1st. That theline joining 0" and 180" on the limb, (north end) passed to the 

east of the line described by the cross wires; 2nd. That t& line of mnh 
and south in the compass-box (north end) also ~ a s s e h  to east, but by a 

greater quantity. Then the north and south line in the compass-box passed 

(north end) to east of the line joining 0" and 180" an the outer limb. The 
point to which the needle should have been adjusted is, consequently, 141 %'r 

west of the point to which it is actually adjusted. Now, let us suppose the 

magnetic bearing of the meridian taken, it will be 2" 26' 52# north-eaet ;but 

if the point from which the divisions are reckoned, and with it each of the 

divisions were moved 14/ 24" west, then the abave bearing would be_14tL94ft 

more. Adding this quantity to 2" 26' 52" we get 2" 41' 16It as the correct de- 

clination in Calcutta, in February 1828. I t  is worthy of remark, that M. DE 
BLOBBVILLE'S determination (see Table I.) is 2" 38', being only 3' 16rt less. 

His instrument did not require this correction, as the needle and teles- 
cope were referred to the same set  of divisions- Whether the circum- 

starice of its having no nonius for reading the sub-divisions will account , 

for the above small difference of 3' 16tt, I cannot pretend to say. I t  is to be 

observed, that even with the same observer and imtmmmt, the latter 

furnished with three nonii, two different needles niay vary 2' 24". . 
To this cause I am disposed to attribute the discrepancies observ- 

able in taking magnetic bearings with different theodolitee, which I have 

found sometimes amounted to lo 30'. When the magnetic declination is 

observed with the ,same theodolite with which the bearings were obeerv- 
ed, this becomes a matter of no moment, but it must always be an obstacle 
in determining the absolute amount of the magnetic declination. For 

this reason I thinkno great stress can be laid on the contents of Table 111. 
compiled by Lieutenant Colonel HODGSON, which I, nevertheless, give, as 
it may attract the attention of the several observers to the subject, and 

induce them, perhaps, to verify their results in the manner indicated. 
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Memorandum of Observations made at the Observatoy, Silrveyor General's 

O$ce, Chowringha, Cdmtta, to determine the 2llagnetac Declination between 

the 3d February and 24th Februa y, 1828. 

" The Declination instrument is made by GILBERT ; the azimuth circle 

ie of eight inches diameter, and divided to 30' subdividing to single minutes; 

the divisions are read by three verniers, a t  equal distances, and each 

observation below noted is the result of twelve readings ; i. e., three with 

the face of the altitude circle to the east, and three to the west, from the 

north end of the needle, and of as many from the south end. The telescope 

is of 1 I+ inches focal length, and l+ inch aperture;and carries cross wires. 

.The instrument being placed on a stone pillar a t  a convenient dis- 

tance from the transit instrument in the Observatory, out of the influence 

of iron, and duly adjusted, wa8 correctly laid on the distant meridian 

mark by causing its centre wire to cover the distant meridian mark, and, 

also the centre wires in the traneit telescope, the wire of the declination: 

instrument being reciprocally viewed and covered by the meridian wire 

of the transit telescope." @ 

.i ,  3 
- 4  

The result derived from three Needles, are as follow : 

TABLE 11. 

Mean IbsL 

- 

F 

Date. 

18%. 
Time. 

H. M. 
0 40 P. a. 

05 90 P. M. 

09 20 A. M. 

00 St P. M. 

s 16 p. a. 
8 55 A. M. 

0 2; P. M. 

b 26 P. M. 

Febnury 

\ 

- 
8 

4 

6 

i i 

Inches. 

28.060 

39930 

2 9 . ~ 6 ~  

29.962 

29.964. 

29.888 

67' 

78 

80 

69 

77.7 

90 - 

------ 

70° 

79 

82 

50 

80 

82 

P 35' 60" 

2 -22  00 

2 25 40 

2' 27, 3V1 

2 23 60 

2 28 60 

2 24 00 1 2 2f3 20 

2 22 10 j 2 a1 20 

2 27 60 

2 24 50 

a 22 00 

2 28 30 

2 23 40 

4 28 SO 



I 

t 

IS IS & 
-5 ' b ~  alpaaN Itg 

, . _ . '  
lm IS 06 

'B -OM a w l a s  La 

1 

A 8  - IPI & 
'I 'ON '[PaaN 

----- 

'3-3 aoft8v'Qa -MI 

08 U; 6 

01 e 
oz se e 
08 # 6 

. 46 S6 8 

00 g& El 
09 I I 
00 Z& 6 

oo tie g 

rwl  se e 
oo t g  e 
01 SZ 6 

1 9 P  W 6 - 
0s sg g 

01 M 6 

. , j)ll 9% ,B . 
09 Pe b 

1 . B  F '  

, 01 ~e e 
O I  92 i5 

B O 9 6 g  

6V 09 6 

QO a e 
01 a r 
6 ) = 8  

00 09 

69 LB e 
, 9% 96 6 

00 % g 

w 9 g e  

Q6 K & 

81 88 6 

00 a s ' 

OP BE 6 

rm 106 08 

-alpaaN apl 
P C P  w e  
$qt JO thy 
u o v ! p a a  . 
j. 

OP M 6 

W 06 6 

oe- tx g 

06 82 L 

01  6e E 
00 t 6  e 
01 62 Z 
O t  98 2 

08 U; e 

7 oo s e 3  s 
oo sa e 
08 62 

OP 92 6 

oe IS e 
01 LE S ' 

, 01 I8 5 
09 98 g 

' o G ' c C  8 '  

pr 96 e 
01 PX 6 

0 9 H K  

0098 6 

ov ~e e 
06 re e 
86 88 K 

oo.oe e 
oo 61 e 
0 0 W  g 

OV 80 & 

o e s s  
P) 08 6 
OP gg 6 

o t l &  k 
, 05 15 II 

1fi9 r9B 08 

- . -  

*alpaaN eqq 
39 p I l a v o N  
' dqa JO 

n o u y a  

0.68 
9-98 

O.LL 

9.68 

98 
' 94 

06 

99 

m 

m 
9.08 

9-91 

99 

9.08 

6L 

S 
9-6L 

"Lk 

, m 
6L 

VL 

SL 

w 
OL 

49 

m 
OL 

I 9  

oe 
f& 
99 

69 
o 

P 
6 

, ii 
$g 

' ?  

S0-66 

086.BE 

o s o . ~  
6Pg.6e 

PIO.09 

Otd.08 

. 000.06 

dm-00 

zrr.oc 

essre.or 
om.@ 

060.06 

098.09 

sv0.01 

dB-06 

88bOI 

886.62 

gh.06 

sag.os 
OLB.6e 

DL6.62 

~ ~ o . 0 1  

v9o.o~ 

890-08 

O O K . ~  

010.06 

-06 

eSO.06 

0~1 .62  

CIGOS 

etO.06 

wsg 

W*Bf 

gd0.09 
.saqauI 

2 5 
5.s 
g g 

) 966 

9.m 

9 . 9 ~  

968 

, 88 
9.8L 

- 9.06 

9-W 

ss 

w 
9 . 6 ~  

6L 

69 

9 . 6 ~  

LL 
, , 

8L 
"b~" 
ss 
SL 

61 

9 . e ~  

ss 
FsL 

9-99 

PL 

il 

9-89 

EL 

itL 
9.19 

ee 
494 

90 

- 
3 
6 2 

2 B 
? 

='a 1;) 9 

. 'm'd Ig 6 
' r ' v  09 e 
'm'd 96 9 

'='a 06 0 

'v O t  6 

'a 'd-U P 

'N'd 89 @ 

' m . v g s e  

'* *v 80 e 
'n 'd  m v 
'm'v 09 11 

'a 'v 00 6 

' ~ ' d  ar 9 

'*'a 09 0 

'n 'V 91 8 

'H'd el 9 
. n a d H O  

, .x .v  ov e 
'm'd 91 91 

' n ' v 0 0 6  
' H ' d 0 0 9  

'H 'a oo I 

.RI. -7 or e 
'm 'a 80 0 

'a 'v sv o 
.a 01 g 

'S 'aOSO 

'r '7 91 L 

' a - a o v v  

'R'dS9 O 
'1 7 8 

-m 'a 00 9 

'm 'd 6a 81 

'R'V 99 8 
-R .a 

.am! 

w 

Se 

61 

L r  

91 

G I  

vr 

21 

IK 
- 

01 

6 

8 

L 

9 

- 
' b m q a d  

'828 I 

-a=a 

. 



10 INCLINATION AND DECLINATION - 

'' The following are the results of some Observations for determining 
the Magnetic Variation lately made at places situated at considerable 
distances from Cakutta, and from each other." 

TABLE 111. 

a 

Observer. 

_ I _  

Major Hodgron, 

Lieut. Fisher, 

Capt. Oliver, 

Capt. Fabre, 

Lt. Pemherton, 
Capt. Gerard, 

Lt. W. Brown, 
Capt. Oliver, 

Capt. Ge~ard ,  

Year. 

1813 

1814 

1810 

1816 

1817 

1826 

18%7 

1888 

18% 

Declination. 

-- 
OD 4!# 00" h a t .  

0 44 00 

0 81 30 

0 83 46 

0 69 00 

1 06 00 

0 87 00 

0 18 08 E. 
0 28 00 

1 SO IS 

1 27 46 

0 64 00 

o so 00 

0 60 66 

0 40 00 

0 47 15 

2 a1 18 - 
2 58 00 

1 28 00 

2 88 64 

2 % 8 6  

2 SO 62 

3 67 09 

1 26; 00 

1 23 00 

1 I9 00 

1 01 00 

1 $1 18 

1 25 00 

1 09 

1 11 00 

6 40 00 

4 00 00 

0 67 00 

0 39 00 

Place. 

Snkeet, 
Beronly, 
Sesanna, 
Rhadana, 
Coel, 

Sookertal, 
Chandy Pnhar, 
Dehrah, 
Senspour, 
Bnnjary Pokra, 
Distonlia, 
Seharunpoor, 
~ o h u n ,  

]Cbmr Station, 

Goverdhonpoor, 

Kaslieepwr, 

Idyannh, 
Calcutb, 
Snrveyor Qene- 

Date. Province 
or 

District. -- 
Dooab, 

ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 

Doon Valley, 
ditto, 

Bettiah, 

Dooab, 

Hill Statea, 

Dooab, 
Rahilkhnnd, 
Sylhet, 

Dehli, 

Bengal, 

Month. --- 
March 

April 
May 
Jane  
Nov. 

Dec. 

April 
Feb. 

May 
March 

~ p r i ~  

Dee. 
Feb. 

NOV. 

Dec. 
Nor. 

Dee. 
Feb. 

March 
~ m .  

Latitude. 

!27°26'4111. 2 N. 
28 6 32 

28 69 00 2 

29 13 40 

a7 63 18 

29 28 49 6 

29 66 29 

30 19 11 

30 23 Oa 

n a29 

a6 10 30 

29 57 10 

so as ao 76 

30 60 ~1 JS 

!29 41 19 

29 11 65 

29 21 37 

2a 33 46 

23 

11 

10 

21 

8 

2 

8 

C 

26 

14 

2 

7 

SO 

S 

82 

a 
24 

22 33 00 

22 60 00 

24 45 28 

26 40 66 6 

ZI 10 a0 

26 30 

25 38 34 

29 33 68 

29 83 00 

27 10 20 

26 41 00 

16 oo 

24 06 00 

23 16 00 

rd's Oflice, 
Chandernagore, 
Langtofal, 
Dhoulpoor, 

&a, 

Nowegaon, 

N n m r  Fort, 
Kyrannh, 

Bal, 
Tajmahnl, 

Dhoulpour, 
Qwulior 

dency, Re"‘ ) 
Ditto Lient. De ') 

Voeux Hotlee, 
Serongc, 

Bhopanl, 

ditto, 
Muneeyoor, 

&a, 
ditto, 

6 Scindiah's \ 
\ btates, ) 

Malwa, 

Dooab, 
Delili, 

*gray 
ditto, 

Scindiah's j 1 States, 

ditto, 

Mdwa, 
ditto, 

-- 



OF THE MAGNETIC NEEDLE. 11 

As upwards of a year had elapsed since the preceding result had 

been obtained, I thought i t  would be interesting to determine again this 

element, in order to judge what might be the amount, and what the direc- 

tion of the annual variation if any-Table IV. contains the results of 

this series of Observations, continued from the 23d May to the 9th June. 

The Observations were made by the same person, with the same precau- , 

tions, and using the same instrument as in the preceding year;  and 

therefore we may, I think, receive with every confidence the amount of 

the variation which for fifteen months appears to be 17' 6" west, the 

declination itself being east, and amounting to 2" 41' 16" for 1828, and 

2" 24' 10" for 1829. If  this rate should continue, we may soon expect the 

needle to point due north a t  Calcutta, after which, I suppbse, i t  will con- 

tinue to move westward, so as to occasion a westerly declination. 

Observations of tlhe Magnetic Declination made a t  the 0bserua:o y, Sum yor 
General's O$ice, Calcutta. 

TABLE IV. 

Date. 

1829. 
May 43d 

24th 

25th 

26th 

Hth 

98th 

Barometer. 

------ 
111rI1e.q. 
29.920 

-768 

. -862- 

,780 

'770 

-738 

-650 

'740 

-688 

-604 

.7o.i 

-636 

-560 

-698 

.548 

,630 

G 
a3 
2 1 . 2 
0 c 
D X  
b 

0 

9 6 0  

85.0 

88.8 

94.5 

90.6 

95.0 

94.0 

80.3 

96.0 

93.5 

~ 0 . o  

94.0 

93.4 

87.0 

97.5 

80.0 

o r .  

H. M. 
0 25 P. M. 

4 4 s  

9 15 A. M. 

0 15 P. M .  

9 25 A.M. 

o 1.i P. x. 

4 39 

9 05 A. M. 

o so P. M. 

4 18 

9 55 A. M. 

o 25 P. M. 

4 20 

9 14 A. DI. 

o 30 P. I. 

4 05 

i 

= z  
$ 1 
28  

0 

95.8 

85.5 

88.8 

92.8 

90.0 

93.8 

95.0 

89-7 

95.0 

93.5 

90.0 

9 9 7  

94.4 

86.0 

97.0 

80.0 

Sonth End of 
Needle. 

a0 M 3wr 

a lo  15 

2 la  40 

2 11 15 

2 lo 40 

a l o  60 

a la i o  
a 14 45 

a lo  45 

a 14 40 

a 13 as 
a 11 16 

a 13 oo 
2 1s  20 

2 08 ea 
2 16 10 

North End of 
Needle. 

20 071 4 0 ~  

a 08 25 

2 08 40 

2 04 26 

2 06 40 

a l o  05 

a 07 40 

a la  26 

a 07 05 

a w so 
a 11 36 

2 M SO 

a lo le 
a 00 25 

a 07 l o  
2 11 40 

% 

-- 
O I N  

2 00 05.0 

3 oo ao-o 
2 10 40.0 

2 07 60.0 

9 08 40.0 

a lo  ar.6 

a 09 65.0 

a 13 35.0 

a 08 66.0 

a 19 05.0 

a 1 s  so-o 
a os aa.5 
2 11 s5.o 

2 11 ~ 2 . 6  

2 or 45.0 

2 IS 66.0 
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Needle, Eaet of the true Meridian, .............................. 2 O  Ogr 46" Mean. 
Add correction fbr Zero of Compass Bor, ..................... 14 24 -- 
True Dediardon, Eoaterly, ...................................... 2 24 10 

Mean. 

0 1 11 

4 10 87.6 

a w 37.6 

a 09 469 

2 01 109 

2 18 169 

3 88 6*5 

a 09 60.0 

1 09 65.0 

a a 04-0 

2 07 44.6 

3 10 38.6 

3 02 8ss 
a 10 67.6 

2 10 a0.0 

9 07 30.0 

1 

a 09 37-5 

a 07 68.6 

09 07.6 

1 16 10.0 

a 09 00.0 

4 13 67.5 

3 10 66.0 

a la  MQ 

3 0 1 0 6 9  

1 11 w.5 
2 06 68.6 

2 86 la-6 
r 

Barometer. 

~nches. 
%~Pc+%I 

-sea 
-613 

-611 

'646 

-850 

, bMI 
S86 

-610 

'630 

,648 

.630 

'468 

-600 

-604 

.m 
-690 

,470 

-488 

-414 

-680 
'1870 

-676 

mo 
-728 

-792 

d78 

'708 

i 

-g z 
% g g 8 
48 

' O 

86.6 

80.5 

87.8 

919 

91'6 

96.9 

85.6 

90.0 

91,s 

941) 

88.6 

94.6 

100.0 

86.0 

91.6 

9a-6 

89.0 
96.6 

93.0 

100'0 

96-0 

87.0 

99.6 

91.0 

w1.0 

90.6 
9b9 

100-0 

I 

Date. 

1829. 
Map 49th 

l~tlr 

nlrt 

June 1st 

Pd 

ad 

4th 

6th 

6th 

7th 

8th 

Bth 

Hoar. 

- 
a. M. 
9 06 P. H. 

o 10 

S & A . M .  

0 95 P. Y. 

4 16 

9 94 A. M. 

o 17 P. H. 

o a6 A. r. 
o sd P. Y. 

4 20 

B 16 A. X. 

0 17 P. m. 
4 80 

Q 60 A. X. 

0 20 P. m. 
4 18 

s m A. Y. 

o so P. m. 
9 4 6 r . m .  

4 20 P. a. 
0 17 

9 1 0 r . m .  

0 14 P. a. 
Q ss A. r. 
0 96 P.-M. 

9 a6 A. a. 
8 16 r. x. 

4 10 

i 

z +  
5 2 g 
"2  
o 

86.8 

91.6 

888  

*989 

94.0 

86.0 
90.0 

90.0 

91% 

94.6 

119-6 

96.8 

1019 

87.0 

925 

9a.a 

-0 

95.5 

94.0 

100.6 

97.0 

88.0 

93.6 

BB:O 
97-0 

91.0 

96-0 

101.6 

North Needle. ef 

40,W 48" 
a 06 20 

2 @I 56 

3 ep 16 

2 11 46 

s B7 66 

s YI so 
3 06 60 

a aa 
!4 04 40 

a 08 60 

8 Of3 ?b 

a 08 as . 
B 08 00 

a 05 00 

a 04 25 

a 08 oo 
a 06 3s 

a 04 so 
a la  lo  
1 06 SO 

1 11 86 

2 08 16 

a la  96 

S o 6 2 0  

2 08 06 

2 01 40 

P 04 06 

of 
Needle. 

ODII1%N 

s 08 aa 
9 10 65 

a 10 06 

a 14 46 

S U 
s la  l o  
a 1s 00 

9 06 tie 
B 10 46 

a l a  16 
% 0% 40 

2 1s so 
2 1% 40 

a l o  00 

2 09 35 

a 11 16 

1 10 10 

a 12 46 

a 18 l o  
1 12 80 

2 16 80 
a 18 1s 

3 14 46 
a 0 8 6 0  

a 14 00 

% 08 05 

a 08 10 



ON A SPECIES OF 

A Q U I L A ,  C I R C A E T U S  - 
AND 

DICRURUS.  

BY MR. HODGSON. 

ORDER Raptores. Family Falconidm, Stirps Aquilina. Genus Aquila. 

Species new ? 

This noble bird, though not, by any means, the first, is yet among 

the first, of the Eagle Race, being fully two feet eight inches long, and 
six and a half feet wide, with weight, strength, and vigor in proportion. 

Above or along the ridge, the bill is, so far as the cere extends, nearly 
straight, and also slightly flattened or depressed ; beyond the cere, it is 

(still above) sloped into the hook, and also acutely rounded. The bill is 
rather longer than the head, with a wide gape cleft beyond the centre of 
the eye. 

E 



14 ON A SPECIES 

At the gape it has great breadth which rapidly diminishes towards 

the hook ; but still the lateral compression is no where more than slight, 

so that the sides of the bill have throughout a considerable convexity. The 

inner margins of the bill are entire. The lower mandible is rounded 

beneath, and slightly and obliquely truncated at  i h  tip. 

The cere is large. The fore angle of the eye is the focus of n set of 

hail% Ghich thence diverge, chiefly forwaids, covering the cere as far as 

the nostrils exclusively. The rest of the cere is naked. 

There are a few hairs under the lower mandible : none at  the gape. 

The nostrils are placed very forward in the cere. They are cleft trans- 

versely and near to the perpendicular : in shape, like the outer margin 

of the human ear, which form I suppose to be that styled Eunation by 

Zoologists. 

The eyes have a strong brow, from under the shade of which they 

glance terrifically. 

The tarsi are short, very strong, and feathered to the toes. The toes 

are of moderate length, unequal, stout, reticnlated, with two or three large 

scales at  the roots of the talons. The talons are exoeedingly strong, 

large, much hooked, moderately acute, flat within, and unequal, the hind 

one, and internal fore one being much larger than the central fore one, and 

still more so than the external fore one. 

The wings are long, reaching wi.thin three inches of the end of a tail 

that is upwards of a foot long. The great quills are strongly emarginated 

within-fourth quill longest. The tail is moderate, even, consisting of 

twelve nearly equal feathers. The feathers of the head and neck are 



narrow and poi~lted ; and many other of the body feathers tend to a 

pointed form. 

The colour is, superficially, of an uniform very pale brown with the 

great feathers-such as the largest scapplars, the quills, and tail feathers 

-uniform dark purpurescent brown. Upon a closer view, however, i t  is 

found that the great feathers above noted, are paled nearly to white at  

their extremities, especially the upper extremities, and chiefly on their 

internal surface-that in some of the secondary quills the brown alid white 

are mixed in the marble-fashion-and that in some again the dark color 

appears in the shape of regular cross bars, particularly on the inner webs 

of the feathers. 

. The down at the roots of the feathers is every where white ; and the 

shafts of the feathers are white near their roots ; elsewhere colored like 

the webs. 

The greater internal wing coverts are pure white, and the tail coverts 

(especially the internal ones) nearly so. 

The toes are yellow-the talons black-the cere and gape yellow, 

with a slight greenish admixture-the bill blue-black, with its basal parts 

paler and blue-irides, brown. 

This species of Eagle inhabits that part of these mountains which is 

equally removed from the vast Him6laya on one hand, and the small hills, 

confining the plains of India, on the other. I t  is often seen in the great 

valley of Nepal, and the sole specimen I have been able to procure, was 

obtained there. Its manners are unknown to me. 



18 ON A SPECIES 

I have no doubt that the bird above de~tcribed belongs to the genus 

Aquira of Vigors (Apud SHAW'S Zoology, XIII. 2,15.) and 1 suppose that 

the slight depression of the ridge of the upper mandible of its bill towards 

the base is what that writer meane by the "beak somewhat angular 

above" of his generic character, But " nostrils r m d '  of the same 

character much less accurately describes the nostrils of our bird, than the 

equally short and technical term " lunatedn--to which, however, I have 

prefefied the comparison to the external rim or outline of the human ear, 

Whilst I notice this deviation from the generic character as laid down 

by the work I have followed, I may add, that I conceive it to be unimpor- 

tant, and that the bird unquestionably belongs to the genus Aquila. The 
species is probably new; since it is not to be found among the nine 

described in the vast and recent work already frequently alluded to. The 

dimensions and weight of our bird are as follow : 

Feet. Inch. .................................... Tip of bill to tip of tail, 2 8 
..................................................... Bill, 0 9$ 

Tail, .................................................... 1 0) . 
Leg, from hip to point of central claw, ......................... 1 2 
Tarsi, ................................................. 0 4 
Central toe and claw (in straight line), .......................... 0 
Hind claw, 0 

%? .............................................. 
A closed wing, .......................................... 1 11 

11) 

Expanse of wings, ...................................,.... 6 
Weight, 7 lbe. 

5P ................................ 



Digitized by GoogIe 





OF CIRCBETUS. 

0 RDER Raptores. Family Falconidoe. Stirps Aquilina. Genus 

Circaeetus ? Species new ? 

This compact, powerful, and well-proportioned bird, though con- 

siderably less than the true Eagle, just described, is yet more nearly 

akin in size (as in other respects,) t o  the aquiline stirps of the family 

of the Falconidoe, than to any other stirps of that family. 

Having only the very slightest acquaintance with its manners, I am 

doubtful amid its slightly-marked characteristics as to its proper genus. 

But I shall endeavour to give so accurate a description of it as to leave 

no room for doubt in the minds of persons more versant with Zoology 
I 

than myself. 

In SHAW, v01. VII. p. 157, pl. 22, a bird called Falco Bacha, is des- 

cribed and figured. The bird now before us bears a marvellous resem- 

blance to that bird in the colbrs of its plumage, in the shape and size of 
its crest, and even in its general figure and proportions. But as our bird 

is vastly larger than the B a c k  and as that bird is ranged in SHAW'S 
XIIIth vol. under the genus Cymindis, scarcely any of the characters 

of which genus suit our bird, I have no doubt it must be distinct from the 

Bacha, and not finding it any where in SHAW'S great work, I venture to 
describe it as what is probably new. The bill is as long as the head, 

scarcely cleft beyond the fore angle of the eye, and of less than moderate 

width at  the gape. Its lateral compression is considerable, so that the 

ridge of the bill is acutely rounded and the sides of it have hardly any 
F 
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convexity. Beneath, it is obtusely rounded. Considexably beyond the 

cere, the bill, above, is straight ; thence forward, regularly and gradually 

sloped into the curve of the hook-which latter is large and acutely 

pointed. The lower mandible is rounded beneath ; and obtusely point- 

ed, or, I should rather say, obliquely truncated, at . i ts  tip. The inner 

margins of the bill are entire. The orbits and space between the eye 

and the bill are naked, save a partial covering of harsh hairs, or 

bristles, which diverging from the fore angle of tile eye, tend chiefly for- 

wards, partially clothing the sides of the cere and curling upwards above - 
the top of it. About the gape and lower mandible likewise are some scat- 

tered bristles. The nostrils are obliquely cleft, open, and of an irregular 

oval shape. The wings are long rather than moderate, and extend to 

less than three inches of the end of the tail, which is rather more 

than a foot long. They have the fourth quill longest, but the fifth almost 

as long ; and the largest quills are slightly emarginated. 

The tail is moderate, *ell rounded, consisting of twelve feathers. The 

tarsi are long, naked, reticulated, with the reticulation coarse. The toes 

are short, thick and fleshy, or gummy; the outer connected at  the base 

to the middle one, as far as the first joint. The toes are, besides, unequal ; 

for though the lateral fores are nearly of equal length, the inner is stouter 

than the outer lateral, or even than the central one. The talons are stout 

and of fair, but not remarkable length, curvature, and acuteness. The 

hind talon and inner fore one are the largest, and are of equal size. The 

central one is as long but not so stout as they are: the inner fore claw, 

considerably smaller and shorter. The talons are flat within. The 

above description tallies essentially, as it appears to me, with SHAW'S 
generic character of the Circeeetus, with the single exception of &'  nostrils 

lunatedV-this bird's nostrils being, ratlm at least, irregularly oval. 
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The back part of the head is furnished with a few feathers of similar 

texture with the others, but somewhat elongated, and forming a sort of 

pendant crest. The feathers upon the body beneath are long, and have 

long discomposed webs. Such also are the thigh feathers. The rest of 

the plumes have no peculiarity. Most of them have ample webs and 

broad terminations. The top of the head and nape and crest are clothed 
with feathers, which are black from their tips nearly to their centres, 

white from their centres to their roots; and as the crest, though usually 

 enda ant, is slightly erigible, when erected, a small portion of the white part 

of the feathers is revealed and shows like a cross bar of white on the crest. 

The rest of the plumes on the bird's upper supface are of a dark pur- 

purescent brown, which is darkest upon the lesser wing coverts, great 

scapulars, quills, and tail feathers. Most of the quills and tail feathers 

and upper tail coverts are tipped with white; and the little wing coverts 

are doubly dotted with white near their tips. Upon the wings and 

tail is one broad distinct transverse bar, running entirely through them. 

Above this bar, there is another, parallel to it, on the great quills ; and 

something like this second bar may be also brokenly traced along the 
secondary quills, as well as on the tail feathers. These bars shew 

whitey-brown upon the superior surface of the quills-pure white on their 

interior surface. Upon the tail feathers, the lower and decided bar shews 

equally and fully white on both surfaces-but the upper and less distinct 

bar of the tail appears whitey-brown above, as is the case with the bars 
on the wings. Passing now down the inferior surface of the bird7s body 

we note, first of all, that the eye-lashes, and bristles covering the sides of 
the cere, are black : the throat, black-brown : the neck, same as above, 

but paler: the breast, belly, thighs, and tail-coverts, pale dirty brown- 

ish-yellow with either ocellations or bars, of pure white, edged with clear 

brown, disposed cross-wise down either side of each feather : the lesser 

wing-coverts, the same, but with a paler ground colour: the greater 
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coverts, regularly and equally crossed with white and black-brown 

throughout: irides, orange yellow: cere and orbits, and naked space 

between the eye and the bill, full clear yellow ; bill, leaden-blue, with a 
black hook : legs, obscure dirty yellow : habitat, same as the preceding. 

This species is said by the Nipalese to feed on fish. I myself have 

seen it frequently perched on rocks and trees, overlooking streams that 

were full of fish. But I never saw it  attempt to catch them. I have seen 

it  seize pigeons, and one of my specimens had a small innocuous kind 
of snake taken out of his throat after he was killed. I t  ordinarily soars 

very high : and the male and female are almost constantly together. The 

female differs from the male chiefly, in having a smaller crest and less full- 

bodied colours. Ptoportions, size, and weight as follows : 

fleet. Iuch. 
Tip of bill to ditto of tail, ................................................. 2 5;) 
Bill, .............................................................................. 0 18 
Tail ............................................................................... 1 0 
A closed wing, .................................................................. 1 6d- 
Total leg (an before,) ........................................................ 0 11 

......................................................................... Tarsus 0 43 
Central toe and talon, ......................................................... 0 23 
Weight 4 & $ Iba 
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Osn ER Insessores. Tribe Dentirostres. Family Laniidae. Genus 

Dicrurus. 

Dicrurus caerulescens ? 
Di. aeratus ? SHAW, 13. 137. 8. 9. 

Di. Indicus ? Do. 7. 291. &c. 

Bill rather longer than the head, very smooth, stout, nearly straight, 

at the gape broader considerably than high, base clothed with short 
quasi-setaceous feathers, and stout bristles, pointing forward and out- 

wards : both mandibles with their sides rounded and tips acute ; upper 

mandible somewhat sharpened above or along the ridge; its edges 

somewhat overlaying those of the lower one ; slightly dentated and hook- 

ed at the tip : lower mandible, rather flattened beneath, slightly emargi- 

nate and recurved at  the tip. Gape rather wide, and furnished with 
bristles. Nostrils round, lateral, , basal, partially concealed by short 
quasi-setaceous feathers. Legs rather short: four toes, three before, one 

behind ; central toe and claw equal to tarsi ; outer fore toe not quite so 

far cleft as inner ; hind toe and claw stouter than central fore ones : 

ckws very sharp and hooked. 

Wings long and acuminated. Fourth quill longest ; first very insignifi- 

cant. Tongue flat, of moderate length, near the tip cartilaginous and jag- 

ged, tip forked. Tail very long and conspicuo.usly forked ; consisting of 

ten feathers disposed in pairs, whereof the uppermost pair are shortest, 
and lowest longest by one and a half inch ; intermediate on- regularly 

graduated in length. 
G 
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The full-grown male bird measures from tip of bill to tip of tail - 
upwards of twelve inches, whereof the tail to its roots, is seven. The 
expanse of the wings is seventeen inches : when closed, and measured from 

shoulder-tip to point of longest quill, the length is nine inches. Bill to 

gape, is more than an inch long. The weight of the grown male is 

1 oz. 7 or 8 dr. The head and bill are somewhat large, but not dis- 

proportionately so ; and these parts, as  well as the tongue and legs, 

have an extremely corvine character. Except an oval spot of pure white - 

on each side the gape, the plumage is entirely black, richly glossed with 

deep blue, which sometimes shews green, especially on the wings and 

tail. The inner webs above, and whole inferior surfaces of the wings 

and'tail are unglossed-every where else the gloss prevails. The bill 

and legs are pure black : the irides red brown. 

The female is nearly as large as the male. She differs from him in 

not being so deeply coloured and glossed above ; and, in having the 

upper and under tail coverts, the internal wing coverts, the sides of the 

body, the breast, abdomen, and vent, spotted and shaded with white. 

The spots are very distinct on the inuer wing coverts ; and the tail- 

coverts have their tips distinctly white ; but upon the body beneath the 

white is blended with the black, so as to form an iron-greycolour. 

The thighs of the female are immaculate black, like those of the male. 

The young birds for some time resemble the female in plumage and 

even after they are fully grown, the young males long bntinue to shew 

more or less of white on their plumes, especially on the tail coverts. 

A spot of white is often seen on their breasts, and often on the tips of the 

tail feathers. 
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From a careful examination of several of these birds-males and fe- 

males-young and old, I am led to suspect that the three species in SHAW, 
referred to above, are only more or less accurate descriptions of one and 

the same species. The Laniidae of this work exhibit-according to 

STEPHENS' new arrangement-a world of genera separated, I humbly think, 

with more cunning than wisdom. But be that as it may, I trust that the 

accurate details now furnished from ample observations, will enable the 

future Ornithologist a t  least to give an accurdte and full account of the 

Indian Bhzichdng, and to determine whether SHAW'S three species be really 

distiact or not. 

The bird is found very generally throughout the vast Bengal presi- 

dency, and also in the mountains confining i t  on the east and north. I t  

is very common in the valley of Nipal ; is familiar with man ; and seems 

to love the neighbourhood of country houses. 

I t  is monogamous, and associates usually in pairs-but five or six are 

always found in the same vicinity. It is capable of a very rapid forward 

flight, and when exerting its speed makes a loud whirring noise with its 

wings. Commonly it makes short jerking parabolic flights from and to a 

bare tree, whereon it sits watching for insects and thence darts, as above 

described, to catch them on the wing. I have been told i t  will sometimes 

seize very small or young sickly birds-but never saw it do so : and its 

food undoubtedly consists, in the main, of insects, and chiefly of winged 

ones. I t  likewise feeds upon the vermin that harbour in the skins of 

sheep and oxen ; and is constantly seen attendant upon herds and flocks, 

perched upon an animal's back, and searching the skin with its bill. 

I t  is very bold, frequently pursuing Crows and Kites, that come near 

its perch-and such is the rapidity of its flight that it can overtake the 
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Kite when he uses his best efforts to outfly it. When up with him it darts 

at  his head continually from above-but never-so far as I have seen, 

actually strikes him. All birds seem afraid of it, and it of none. I t  is very 

vivacious, darting about all day, and all night too, when the moon shines. 

I t  seems to love dawn, twilight, and moonlight ; and at such times especi- 

ally continually utters (one bird responsi~el '~ to another) its agreeable 

whistling note of two prolonged syllables, which the Hindoostanies fancy 

they can frame into Bhiichdng ; the Bengalees, into Phingah-and by 

those names accordingly, the bird is known to them respectively. Strange 
but true, its note is more pleasing than that of the vulgar Indian Bulbul! 

I t  nidificates early in June, in the branches of trees, making its nest 

neatly of small graes roots, and laying usually two or three eggs, which 

are white, spotted with deep crimson, especially at the broad end. Both 
sexes tend the young, and most assiduously feed and defend them. 

There' is another Shrike found in the Nipaulese Terhl and moun- 

tains, and also in the great valley of Nipal, which bears a strong general 

-but not particular-resemblance to the one above described-but having 
already stated that the diagnostics of the modem genera of the Laniidae, 

are to my eyes very indistinct, I shall not attempt to assign its genus- 

but briefly describe it by comparison with the foregone. 

I t  differs in having the upper mandible of the bill laterally compress- 

ed, and also much more strongly dentated and hooked-in having the 

tail even a t  the end and the uppermost pair of feathers longest, the lowest 

pair, shortest ; and in having twelve, instead of ten feathers, in the tail- 

and lastly, in having the shoulders of the wings united in a nearly straight 

line to the body from the second joint instead of descending in an acute 

angle towards the first joint. 



To these differences I should add that the tarsi are rather longer and 

smoother than in the foregone. 

The plumage too is totally different, and is as follows. The top of 

the head, dorsal neck, upper part of the back, and scapulars (besides hav- 

ing looser and more elongated webs than in the foregone) are slaty blue. 

A broad line of perfect black passes round the base of the upper mandi- 

ble through the eyes to the sides of the neck. The throat, cheeks below 

the eyes, and centre of the breast and belly, thighs, internal wing coverts, 

and inner margins of the quills, on their internal surface, white. 

The sides of breast and belly, and the lower part of the back, the 

upper and under tail coverts, and outer margins of the lateral tail feathers 

near the body, are pale clear ferruginous-the wings and tail dusky, the 

former with the outer margins of all the feathers, but the great quills 

longitudinally striped with rufescent white, and the latter with call its 

feathers tipped with the same colour. 

This bird is also somewhat smaller than the other, measuring only 

in extreme length nine and half inches, whereof the tail, to the roots, is 

five inches. The tail therefore is as long in proportion as in the fore- 

gone ; and it must be obvious from the above description of it that, when 

slightly expanded, it is wedge-shaped. The irides are dull brown : the 

legs and bill are black, as in the foregone ; and I need hardly add-hav- 

ing already asserted the general resemblance of the birds-that the bill, 

tongue, nostrils, legs, wings, and tail, are alike in form and proportions, 

saving the difference specifically noted. 

This bird is much rarer and shyer than the other, and I have had no 

sufficient opportunities of observing its manners. 

H 
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The female of this species'is rather less than the male. Her colours 

are all duller. She wants the black zone round the base of the upper 

mandible of the bill. Her breast and sides of her body are crossed with 

small crescents of a faint dusky hue : and the base of her bill is paled, - 
nearly to fleshy white. In'all other points she resembles her mate. 

Valley of Nepiil, June, 1829. 
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IN the following Communications I have endeavoured to convey a general 

idea of the Geology of Central India, in the hope that, as opportunities 

occur, I shall be enabled to fill up the slight sketch now offered, by mi- 

nuter descriptions of individual portions of this extensive tract of country. 

Nomenclature adopted in this paper.-Before dewribing the rocks of 

thin district, it will be as well, to prevent confusion, that I should explain 

the nomenclature which I have adopted.-A looseness in this respect has 

been an endless source of confusion in the science of Geology, many 

different names being applied to the same rock by different observers, and 

it is greatly to be wished that some specific plan should be had recourse 

to. As the case now stands, I shall simply endeavour to make myself 

understood. 
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I propose including all the rocks which occur in thie district under 

the following heads, viz : 

Serpentine, ~ a r s l e ,  and Porphyry. 

Granitic rocks, 

Gneiss, 

Quartz rocks, 

Under the head granitic rocks shall be included those only which 

have not a slaty structure, and which are composed of two or more of the 

following ingredients ; viz. quartz, mica, felspar, cleavlandite, hornblende, 

and occasionally steatite, talc, and chlorite. The only exception to  this 

rule will be found in some varieties of rocks, in which hornblende pre- 

ponderates, and which shall be placed under the head " hornblende 

rocks." 

Stratz_fied, as well as umtratt$ed, rocks, shall be included with the 

granites, as every one who has visited this district must allow that distinct 

and well-marked granite does occur in strata ; and I am compelled to 

state this in opposition to the high authorities of MACCULLOCH and 

PHILLIPS. MR. PHILLIPS allows (see Outlines of Geology, p. 164,) that 

granite is sometimes found disposed " in beds which possess the ordinary 

chracters of stratification," and DR. MACCULLOCH, in support of his 

opinion, (see Journal of Sciences and Arts) is obliged to account for 

the adduced instances of stratification in this rock, by declaring that 

4 c  they may all be referred to laminar concretionary structure on the 

large scale,"+r that the instances alluded to are " portions of gneiss of 

which the structure so often becomes ~erfectly granitic," or lastly, that 

they are veins of granite traversing the gneiss in directions parallel to 

Micaceous schist, 

Chlorite ditto, 

Talcose ditto, 

Argillaceous, 

Hornblende rocks, 

Greenstone, 
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the strata." I trust I shall be excused if, in describing gneiss which 

perfectly resembles granite, I shall include it  with the granitic rocks. 

Their constituents are exactly the same, and the distinction does not , 

appear to me very clear or obvious. In  as far as this district is concerned, 

the Wernefian School, at the head of which deservedly stands JAMESON, 
. * 

is certainly in the right, and the name and authority of this distinguished 

Geologist will excuse what might otherwise hare been deemed presump- 

tion in me, in thus stating my opinion in opposition to the authorities 

before alluded to. 

There are a number of rocks in this district composed of two ingre- 

dien ts, generally quartz and felspar. These most frequently are found 

stratified-to class them with the porphyries, therefore, might lead to con- 

fusion, and this latter term shall be applied to those only which are not 

stratz$ed, and which have a distinct porphyritic structure. Indeed this 

rock, so understood, is of very rare occurrence in this portion of India.- 

Besides, the rocks under consideration do not resemble the porphyries, on 

the contraiy, they agree in every respect with the granites ; and all things 

considered, I think it advisable to class them with the granitic rocks-such 

a classification is in exact accordance with Dr. MACCULLOCH'S definition 

of granite, which definition I have adopted ; and I have only added to his 

list of constituents " c~eavt?undibe," which, according to PHILLIPS, is of 
universal occurrence in rocks of this class. I cannot say that I am pos- 

sessed of any correct method of distinguishing cleavlandite from felspar. 

Indeed the only method I kaow is that of analysis-an analysis which, 

with my limited apparatus, I find it difficult to conduct-I have frequently, 

however, observed what I have been in the habit of considering as two 

distinct varieties of felspar in different granitic rocks, and I have no doubt 

but that one of these is the cleavlandite. 
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I n  describing the various individuals of this clase, different adjuncts, 

illustrative of their composition, shall be used, and in this view of the 

case, the granitic rocks may be divided into the following varieties : 

First.-Granites composed of three ingredients. 

A.-Common Granite--composed of quartz, felspar, and mica. 

~ . - s ien i t i c  Granite-composed of quartz, felspar, and hornblende. 

c.-Talcose G r a n i t ~ o m p o s e d  of quartz, felspar, and talc or steatite. 

D.-Chloritic G r a n i t e i n  which chlorite replaces the mica. 

Second.-Composed of Sour or more ingredients. 

A.-Micaceous Sienitic Gran i td i en i t i c  granite, with the addition 

of mica. 

B.-Talco Sienitic Granite--the same as the above, the mica being 

replaced by talc or steatite, &c. &. kc. 

Third.-Granites composed of two ingredients. 

Under this head shall be included rocks, which might perhaps be 

classed with the compact and granular felspars. The term white stow, . 
applied to the latter by WERNER, is not well adapted for this rock, as it 

frequently occurs in this district.-Names derived from color, are always 

objectionable, and, as this rock is here found more frequently of a red- 

ish color than of any other, I prefer giving it the name of granite, more 

especially as some other ingredient is almost universally associated with 

the felspar, whether compact or granular, and these pass into, and are in- 

timately connected with, the granites-when they occur pure, the circum- 

stance shall be mentioned. I do not feel myself called upon, or at all 
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qualified to give a particular name to this class of rocks, and in describ- 

ing  them, I shall merely state their composition; as for instance, a 

granitic rock composed principally of reddish colored felspar, with minute 

scales of mica interspersed through its substance"-stating the relative 

proportions of the ingredients to each other, kc. kc. Several rocks com- 

posed of felspar and quartz, and which were alluded to above, shall-also 

be placed under this head, and these are either large or small grained, &c. 

The term granitic porphyry might, perhaps, be applied to the latter. 

GNEISS.-Gneiss, as it commonly occurs, requires no definition, and 

the only other varieties which I have observed in this district are-First. 

A gneiss in which the mica is replaced by hornblende, and to which 

I have applied the name of sienitic gniess :-and Second. A gniess in which 

the mica appears to be replaced by chlorite. To this last, the term 

chloritic gniess may be applied. 

QUARTZ ROCK.-I have, perhaps, placed a greater variety of rocks 

under this head than I ought to have done. The immense beds of quartz 

rock, however, which present themselves in this district, form a very 

striking feature in its Geology. From the pure white semi-transparent 

quartz, to the more slaty varieties, where it passes into micaceous and 

argillaceous schists, there is a regular gradation observed, and I cannot help 

thinking, that one general name ought to be applied to the whole series. 

']Lt occurs either stratified or unstratified. The former, perhaps, where it 

passes into the argillaceous schists, ought to be. named flinty slate. I 
prefer, however, retaining the name of quartz rock, as the other might 

lead us to confound it with a more recent formation, in which the flinty 

- structure, as commonly understood, is a characteristic feature. When 

any individual of this class passes into any particular rock, the circum- 

stance shall be mentioned, while the more compact varieties of argillaceous 
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schist shall be named siliceo-argillaceous schists. The term primi- 

tive sandstone, adopted by  DR. MACCULLOCH, I have not made use of, 

from a similar objectiou to that stated above regarding the name, flinty 

slate. I shall simply describe the different varieties of quartz rock as 

they occur, stating their color, structure, &c.-and under this head, I 
shall include all those apparently simple rocks, which are principally 

composed of silica. Small proportions of other ingredients may be as- 

sociated with this, but the name quartz uhall be retained as long as they. 

preserve an apparently homogenous structure.-Quartz rock, as I have before 

stated, of almost every variety of structure, occur? in this district, asso- 

ciated with all kinds of rocks, such as micaceous and argillaceous schist, 

granite, &c. I n  all these i t  occurs pure, and is also seen passing into 

them, and acquiring different shades of color from intermixture. Thie 
circumstance alone presents a great objectiou to the division of the rocks 

of this district into submedial and inferior orders. 

Hornstone, is a name applied by Captain DANGERFIELD* to many of 

the quartz rocks of this district :-this name might lead us to confound 

them with the hornstones of the trap formation, with which they have 

nothing in common. Besides, he has given this name to two rocks of 

very distinct and different series ; viz. to a rock associated with those of a 

decidedly old class, and to another, which overlies the sandstones and 

Since writing the above, I have heard with sincere regret, that this Scientific Officer is nb 
more-and I cannot resist the opportunity of paying my humble tribute of admiration to his me. 
mory. We cannot be too grateful to him for the light Ile has thrown on the Geology of Central 
India, a t  a time, too, when Geological Science was less understood and less cultivated than a t  the 
present day ;  and in this expression of my individual feelings I know I shall be joined hy all who 
take the least interest in scientific pursuits. The rough copy of this paper waa drawn out before 
the melancholy intelligence~eached me, and I have not deemed it necessary to m ~ k e  m y  alteration 
in it, ag to substitute the past for the p s e n t  tense. In a climate like this, how short the space,  
which separates life from tile grave. 
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sandstone slates of the north of Malwa. The latter is universally asso- 

ciated with a breccia, contains iron ore in large quantities, and some- 

times assumes the appearance of a nearly pure or ferruginous quartz 

rock. Mr. PHILLIPS, in describing primitive sandstone, which he classes 

with the " inferior rocks," says (p. 158, Outlines of Geology,) that " de- 

tached fragments of gneiss and clay slate occur in it," the clay slates are 

classed with the " submedial rocks." In this case, however, the clay slates 

must be of more ancient formation than the primitive sandstones, on which 

they are found imbedded-Another strong objection to his classification. 

MICACEOUS, TALCOSE and CHLORITIC SCHISTS.--These require no 

definition-they are found passing into, and alternating with each other, 

and into other rocks. 

ARGILLACEOUS SCHIST.-T~~ name, adopted by Dr. MACCULLOCH, 

from the French, appears to me apt and comprehensive, and by it I 

mean to indicate all those rocks which are usually included under the 

heads " clay slate" and " grey wacke slate." Many of the argillaceous 

schists of this district approach to the nature of grey wacke slate, as 

commonly described. The transition from the one to the other, however, 

is so gradual; that the more I have seen of these rocks, the more I have 

been convinced that one general name ought to be applied to the 

whole. The nature of each variety of argillaceous schist will, of course, 

be described, and different adjuncts derived. from their external charac- 

ters, &c., made use of ;  such as-micaceous, talcose, chloritic, siliceo, 

argillaceous, wackaceous, friable, sectile, &c., and when they approach to, 
I 

or pass into, any particular rock, this also will be mentiowd. 

HORNBLENDE ROCKS.-This will include hornblende rock and horn- 

blende slate. Some of the varieties of hornblende rock might be 
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included with the granites composed of two ingredients, such an arrange. 

men4 however, would separate them from the pure hornblende rock aa 

well as from the hornblende slates, with both of which they are inti- 

mately connected, and would only lead to confusion. All rocks, there- 

fore, in which hornblende preponderates, shall be placed under this head: 

G ~ ~ ~ ~ s ~ o ~ ~ s . - T n c l ~ d i n g  greenstones and greenstone slates, or 

schists. Under this head will be placed only those rocks which resembk 

the grsenstones of the overlying trap formation, and which have a more 

homogeneous and earthy aspect than the hornblende rocks. The more 

distinct varieties of greenstone slate only shall be included in this class- 
the more indistinct with the argillaceous schists-the phrase approaching 

to greenstone slate being prefixed. 

SERPENTINE.-T~~S requires no definition. Mr. PHILLIPS states, that 

serpentine, which he claseev with the submedial rocks, occurs also asso- 

ciated with gneiss and mica slate. 

MARBLE.-T~~S will include primitive limestone and primitive dolomite 

-with these mica, and occasionally other ingredients, may be associated. 

PORPHYRY.-I havelefore stated,that this name shall be applied only 

to the well-marked varieties of this rock which occur unstrataJied. Indeed 

the porphyries of this district, may generally be classed with the granites, 

&., in which case the term porphyritic shall be prefixed. 

I n  the abave I have only availed myself of names already in use, 

and I have avoided, as much'as possible, having recourse to those end- 

less distinctions, depending on minute shades of difference, which are 

more in .the province of the Mineralogist than the Geologist. If I can 



GEOLOGY OR CENTRAL INDIA. 36 

succeed in making myself understood, it is all I hope for. In  describing 

t,he newer classes of rocks, I shall endeavour to follow the arrangement of 

C O N Y B E A ~ E  and PHILLIPS, an arrangement distinguished at  once by its 

simplicity and accuracy ; but, till the second part of their Geology of 

England appears, to which every Geologist must look forward as the fu- 

' ture text-book of his studies, I must content myself with giving as 

minute a description of the rocks of this district as I can, so that any one 

who undertakes the task of drawing out a general Geology of India shall, 

I trust, be able, from these descriptions, to class and arrange the different 

rocks alluded to, after any system which he may chuse, and that the work 

which has been so ably begun by Mr. CALDER, shall soon be finished. 

In  the above arrangement I have included only the rocks of the 

district in which I am placed, in as far as I have had an opportunity of 

examining them ; but I by no means wish it to be understood from this 

that no other varieties of rock occur in the extensive tract under consi- 

deration.--Such an assertion, the opportunities I have had of examining 

it do not entitle me to make, and I shall reserve to myself the privilege 

of adding to the number when occasion shall require. 

PROBABLE LIMITS OF THE PRIMITIVE FORMATION OF CENTRAL INDIA. 

-I shall now proceed to offer a few hints relative toe limits of the great 

primitive formation under consideration.-I am sorry that most of my 

remarks on this head are merely conjectural ; I offer them, however, 

with the hope that they may prove useful to future observers, and that 

their correctness or incorrectness will soon be satisfactorily proved. 

This tract, then, includes within its limits the northern part of 

Guzerat, the greater part of the district of Bayur-the districts of 

Saril-Mewar-Mamuar-Ajmw-aad Jaypur-with, probably, portions 
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of the contiguous districts.-The great central range of hills, and by 

collateral, or rather concentric ranges of which the valley of Udaypr 

is surrounded, forms, as it were, the back-bone of this portion of the 

country. To the north it passes through the Ajmer district, and extends 

south towards the Narhdda, the line of continuity between i t  and the 

primitive formations of Southern Hindostan, being interrupted by the 

great overlying trap formation which extends from the north of Malwa, 

running across to the Coast south of Bar&, and which, from thence, may 

be traced skirting the ocean as far as Cape Comorin, being continued 

even into the Island of Ceylon.-To our south and south-west, we have 

the diluvial formations of Guzerat, which are probably succeeded, in a 

northerly direction, by rocks of a decidedly new class. I have every 

reason to believe that a series of newer rocks occur to our west. I have 

seen specimens from Kutch, the banks of the Run and Jesselmer,* of a 
decidedly recent formation. Salt Lakes are known to occur in the 

districts both of Jesselnm and Bikaner to our N. W.; the rock salt 

of Lahore is well known, and this last mineral, we are also informed, is 

of abundant occurrence in the Desert. Directly to our north too, we have 

every reason to conclude that a similar formation exists. The Sambhar 
Lake, which lies betwixt Ajmr and Jaypur, though, as I am informed, 

situated in a primitive district, is salt. Indeed, all this portion of India is 

supplied from the lake in question with salt for common domestic pur- 

poses, and almost all the wells in the north of Ajmer and Jaypur are 

impregnated with muriate of soda.-Now, the only conclusion which we 

can draw from this circumstance is, that a rock salt formation occurusome- 

where to the north of these districts, and a t  no great distance from them. 

* A compact brownish limestone from Ji~drner, containing numerous but indistinct trkes of 
organic remains, has been used extensively in the Commercial Lithograpl~ic Press of Calcutta, and it 
has been found, for all common purposes, a good substitute for the expensive European stones.- 
The public are indebted to Lieutenant J. T. BOILMU, of Engineers, for bringing this atone to 
notice.- SpcT. 
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The formation under consideration, I have traced east, through the 

Ajater and J a p  districts, as far as Biana, where' it is succeeded by 

the sandstones of the Blmratpur and Agra territories, opportunities hav- 

ing occurred to me of making observations on this large tract, both 

on the direct route from Nmirabad to Biana, and on the route from 

Udaypur to the same place, via Tonk, the capital of Amir Khan.-The 

Bharatpur and Agra sandstones may, very probably, be connected with 

the formations which we have every reason to conclude occur to our north. 

The southern portion of this formation is bounded to the east, by 

the great overlying trap formation of Malwa, which terminates a short 

distance to the north of Nimach; and interposed between this overlying - 
trap formation and the primitive strata, is a narrow belt of secondary 

rocks, which skirts the trap as far as it has yet been described. 

For the distance of about thirty-six miles north of the termination of 

the said trap, we have also secondary rocks, which are succeeded by pri- 

mitive strata. 

The boundaries of this primitive formation in the directions of 
Harouti, Sdgar and Bundelkhand, I have not by me the means of ascer- 

taining.* 

With regard to the narrow belt of newer rocks abwe alluded to, 

I have little to add to the excellent account given of it  by Captain 

. 
* I have only a confused recollection of Mr. CALDER'S paper on the Geology of India, derived 

from tlie Newspaper account, and the same remark may be made regarding the excellent papers 
of Captain FRANKLIN, &c. read before the Society. Had I had these by me, I should have doubt- 
ksa been enabled to fill up many of the blanks in this slight sketch. As it ir, I am obliged to trust 
to my own knowledge, liowever limited, rather than run the risk of committing mutakes by making 
use of such imperfect recollecrions. 
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DANGERFIELD in MALCOLM'S ~ e n t r a l ~ n d i a .  I have had but few opportu- 

nities of examining it ; besides, to enter into partioulars would be out of 

place in my present communication, and I may, perhaps, hereafter recur 

to the subject. I cannot refrain, however, from giving the following few 
particulars, as they may serve as hints to any one who may hereafter 

examine this formation. 

Proceeding from Udaypur to NinwA directly east, we have a 

succession of primitive rocks till we reach Nakkrn, a village about thirty- 

six miles west of the last-mentioned cantonment. At  NakGna, and for 
a short distance to its east, we have still primitive rocks, but embedded 

in these we observe the first indications of an approaching newer form- 

ation. The hills a t  NakGm, which are craggy and precipitous, are 

composed of quartz rock of a white color, traversed by numerous seams 
and cracks, but which is nearly pure, and is arranged in strata conform- 

able to the other primitive rocks of this district. In this quartz are 

small belts of a ferruginous variety of the same rock, of a dark yellow 

color, and approaching to the nature of jasper; and embedded in it, 

also in small quantity, is a quartzose conglomerate, which is the first 
indication we meet with in travelling east of a rock of this nature.- 

Alternating with the above, and in strata similarly arranged, is a rock 

composed of white quartz and red felspar, exhibiting a porphyritic struc- - 
ture, the basis being of felspar-some of the specimens present a partially 
conglomerate appearance. The general structure of the rock, however, 

is granular porphyritic ; and in conformity with the arrangement which I 
have adopted, I must class i t  with the granitic rocks as a granitic porphyry. 

Proceeding to the east of this formation, we have the surface 

generally covered with soil and vegetation, and numerous low rounded 

and conical hills are seen rising around us. The country, too, has a 
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waved appearance different from the perfectly level plains of Meumr, 
and the hills rise less abruptly. On reaching Ba'ri, thirteen miles west 

of Nirnacih, these hills increase in number, and a low range traverses 

the line of march. We have now got among rocks of a newer formation, 

which form a portion of the narrow belt above alluded to. 

The lowest series of this belt consist of sandstones, sandstone slates, 

and a schist, which on one hand passes into sandstone slate, and on the 

other somewhat resembles the shales of the coal formation, and which pas- 

ses into an argillaceous marl slate-the sandstones are, generally speak- 

ing, quartzose, fine grained, with an argillaceous, or ferrugino-argilla- 

ceous cement. The chiiracteristic color of these sandstones is variegated 

-some are of a reddish color with white spots, and others are white or 
grey with reddish spots, while others again exhibit a zoned aspect, 
This rock is either compact, or pasms through every variety of structure 

till it becomes nearly soft and frihble. I t  is sometimes too, though rarely 

so, large grained, approaching to conglomerate. 

The sandstone slates differ little from the above in point of color, 

but they have a distinct slaty structu-re, the slabs varying in thickness 

from two inches to quarter of an inch, and some of them may be even 

split into lamina as thin as common paste-board. Both of the above 

rocks, but more particularly the sandstone slates, are traversed in very 

many instances by numerous seams, running at  right angles to the strata, 

and dividing the mass into a number of square and rectangular por- 

tions. Mica is of very abundant occurrence on the sandstone slates, it 
is always of a grey color. 

The shales and argillaceous marl slates, into which the last passes, are 

also of a variegated color. At Bciri, they are of a greenish grey color, 
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eectile, with rather a greasy feel, fine grained, and containing minute 

scales of mica. They acquire a reddish ferruginous crust on exposure 

to the air. In  - other situations they are fawn-colored-in others whitish, 

or light buff, with streaks of a purplish color,-in others they approach 

to the nature of pipe-clay, with a distinct slaty structure-while in others 

they resemble a fine grained sandstone slate. I n  these we also observe 

the seams, above described, which run at  right angles to the strata. 

The above series of rocks occur in strata, generally slightly inclined 

to the S. E. and E. Sometimes, also, the strata are almost horizontal, while 

a t  others they exhibit appearances of a curved or saddle-shaped stratifica- 

tion. The hills are all low, and are topped by a rock hereafter to be 

described. Organic remains appear to be of very rare occurrence in this 

formation, and I have only met with one specimen from the neighbour- 

hood of Barf. It occurred in a soft shale, somewhat resembling the 

shales of the coal measures. The specimen in question appeared to me, 

to be the impression of a portion of a cryptogamous plant. This plant 

appeared originally to have been expanded in a fan-like form, with ribs 
of about quarter of an inch in breadth, radiating from a commcm centre, 

the interior or central part of these being occupied by three or four longi- 

tudinal tubes. The diameter of this plant, or fan-like portion of a plant, 

might have been about five and half inches. The impression appears to 

have been covered with a thin bituminous crust, portions of which still 

remain. Except this, I have met with no other appearance of organic 

remains. Captain DANGERPIELD mentions the occurrence of impressions 

of ferns, in a fine-grained sandstone slate, a t  Jiran, and it is probable 
. that the rock in which these occur is similar to the one just described. 

With regard to the age of the above formation, I am inclined to be- 

lieve with Captain DANGERFIXLD, that it ought to be classed with the 
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new red sandstones, (the red marl or ground of the English Geologists.) 

To the character of variegated, the sandstones, kc. are undoubtedly 

entitled, and the red ferruginous appearance of the soil, which is univer- 

sally observed, is also characteristic of the above formation. Indeed the 

whole appearance of the rocks composing this series, is i n  exact accord- 

ance with that of the new red sandstones as described in Europe. The 

great characteristic of this formation is, however, as far as I know, 

wanting-I allude to the rock salt and gypsum, which are almost univer- 

salfy found associated with it. These certainly occur to our north, but 

a large primitive district intervenes, and the only indication which I have 

seen of salt is an efflorescence which occasionally appears at the surface, 

containing a large proportion of muriate of soda.' All things considered, 

however, I perfectly agree with Captain D. in classing these rocks 

with the new red sandstones, and I shall not be a t  all surprised, if future 

observations should discover them to be a continuation of the saliferous 

sandstone formation described by Captain FRANKLIN, and that they may 

be traced through the Bharatpur district, north towards Dekli, and may 
thus be connected with the rocks containing salt and gypsum, which 

must occur to the north of Ajrner, and be continued into Lahore, Multan, 

&c. south towards Kutch, extending, perhaps, even into Persia, and 

forming a zone around the great and elevated primitive formation of 

Central India, and separating it from the primitive formations of the 

Himalaya mountains. Traces of a formation, similar to the one above 

described, I have also noticed on the route from Baroda to Uda~pzsr. 

The very partial occurrence of organic remains on the above series 

of rocks, ought not to militate against the position I am endeavouring to 

See also Note to page 53. 

M 
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establish. These are very rare, and besides i t  is not impossible that the 

shales in which these occur, may belong to an older class similar in posi- 

tion to the rocks of the north of Germany, (see CONY BEARE and PHILLIPS, 

page 31 1,) which overly the coal measures. I have never seen any traces 

of them in the well-marked sandstones or sandstone slates. 

Excepting in iron, the above series does not appear rich in metalli- 

ferous substances, neither have I met with any variety of simple minerals 

in it. I have occasionally seen, however, specimens of a fibrous variety 

of quartz disposed in small veins, or rather laminae, interposed between 

the strata ; and Captain D. mentions the occurrence of a '' fat yellow 

clay," embedded in the sandstones. 

The next rock which claims our attention in the above series, is the 

limestone on which this belt abounds, especially towards the north. I 
have little to add to the description of its external appearance, mode of 

occurrence, &c. as given by Captain DANG ERFIELD ; and, if I shall have 

occasion to differ from him respecting the age of this rock, I shall do so 

with all humility, fully aware as I am of the difficulties attending this 

branch of my subject. I t  is not improbable that two distinct varieties 

of limestone may occur in this belt, the one belonging to the mountain 

limestone formation, in which class Captain D. seems inclined to place 

all the calcareous rocks of the portion of the district under consideration ; 

but the one which I am about to describe overlies the sandstones and 

sandstone slates, and I feel disposed to believe that it belongs to the 

lias formation. Perhaps, too, in addition to the above, there may be a 

formation of magnesian limestone of the English Geologists in the 

magnesia limestones described by Captain D. On this point, however, 

I can give no information, as I have only met with one variety character- 

ised in every position, where I have had an opportunity of examining 
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it, by a similarity, or rather identity, of organic remains. As I said before, 

however, the opportunities which I have enjoyed of making observations 

on this belt, have been very limited. 

These limestones, then, occur distinctly stratified. They are of a 

close texture, and of a dull color, generally greenish blue or lead grey- 

sometimes, too, they have a reddish tinge,-in other instances they are 

dirty white, while in one situation I have seen them of a brownish black 

color, and these latter emit a disagreeable smell on being rubbed. They 

neuer occur variegated, nor do they admit of a high polish, or of any depth 

of tint. On exposure, the surface acquires a duller aspect, and becomes 

slightly argillaceous. They are, generally speaking, compact, and many 

of them may be split into slabs of immense magnitude, varying in thick- 

ness from a few inches to a foot or a foot and a half. They form an 

excellent building stone, and are characterised by  their large conchoidal 

fracture which passes, in many instances, into conchoidal sp1intry.l 

These limestones sometime, though rarely so, are found larger 

grained. They occur in strata, generally slightly inclined in an east- 

erly or south-easterly direction. Exceptions to this rule may here 

and there be observed ; but it is my object in this merely to give a 

general description of their mode of occurrence, without descending to 

minute particulars. The strata are very frequently separated from each 

other by thin layers of a loose calcareo-argillaceous substance, and 

nothing like the caverns, which usually distinguish the mountain limestone 

formation, can be observed in the rocks of this belt. 

The ORGANIC REMAINS of these limestones are numerous ; but I am 

sorry that my limited information on this subject will not enable me to 

give as satishctory an account of these as I could wish. Though 

a miserable Draftsman, I have endeavoured to represent one or two 
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of the varieties, if possible, to render my descriptions more intel- 

ligible.. 

No. 1-May be considered as characteristic of this formation, and 

rryecimens, exhibiting the appearances attempted to be represented, are 

every where met with. On breaking a mass of this rock, we very gene- 

rally observe that the surface presents the remains of what might have 

been a succession of cylindrical-convex,-probably solid bodies,-one 

fragment exhibiting these on n sort of baso-relievo, while the other pre- 

sentscorresponding hollows. These bodies taper to a point, a d  frequent- 

ly occur minutely ramified at  both extremities-this, a t  least, I have ob- 

served in several instances. They are perfectly mineralised, are of the 

same color as the mass, on which they appear generally as an incrust- 

ation. In  one or two instances, however, I have observed the terminations 

of similar bodies on the mass itself, and in such cases they had obvi- 

ously been arranged in bundles or fasciculi. I n  other instances, these 

cylindrical bodies appear to send off, anastornosing branches which 

unite them together. The latter may probably be a distinct variety. 

All of the above have a perfectly stony aspect, and I could discover on 

them nothing like a stellular structure, or any appearance of cells or 

pores. The length of these cylindrical bodies varies from about a foot 

to an inch or two inches-their breadth is also various, but they seldom 

occur broader than in the instance represented. 

I n  one or two instances I have also observed longish tapering canals 

in the masses of limestone, which had obviously been occupied by cylin- 

drical bodies. These, a t  the time of deposition of this rock, had either 

been detached from the bundles above alluded to, or had previously 
existed in a separate state. The latter I think the most probable. Could 

any of the above have formed the solid axis of any of the varieties of the 
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lamellated polypifers ? some of the detached specimens somewhat resemble 

the styliform axis of the genus stylina. 

No. 2-1s also exceedingly common in these limestones, and I 
believe that a t  least two varieties of it may be traced,-probably, indeed, 

more. The one is a flattened, polymorphous, lobated, mass-some- 
times seen covering the rock, over a square surface of a foot, or a foot and 

a half, and even more. No. 2 is detached, generally of the size repre- 

eented, and it  protrudes from the mass something in the form of a pear. 

I t  has a stalk like appendix. 

The above remains occur protruding into the calcareo-argillaceous 

substance described as separating the strata. I n  the solid rock, the 

traces of them, if perceived at all, are very indistinct, a circwistance 

probably owing to the delicacy of their original structure. The rounded 
and lobated masses, indeed, appear to terminate abruptly on the side 

towards the solid strata, and their whole as*ect gives rise to the belief, 

that during the deposition of these strata, short intervals occurred,-that 

' the remains at their surface were left partially exposed, and that the infe- 

rior positions of these were lost in the solid rock, while their superior 

were, by this arrangement, more slowly impregnated with calcareous 

matter, which enabled them, on the deposition of the superjacent stratum, 

to retain something of their original form,-and that, in consequence of 

the delicacy of their structure, almost all traces of organization were 
destroyed. The interior of these remains presents, in many instances, 

a pure white crystalline mass, exactly similar to the finer varieties of 
primitive marble,-in other instances they have a loose, inclining to 

chalky, structure, and they are generally covered with a brownish crust, 

the centre being either pure white or dirty white, and rarely of the color 

of the limestone itself. 

N 
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I t  im always exceedingly difficult to refer organic remains of this 

class to any particular genus. I am inclined to believe, however, that 

these form varieties of the alcyonium, and perhaps some of them ought 
to be classed with the sponges. I n  many of them I could trace appear- 

ances, of a corticd covering, and in one or two instances, especially in those 
' 

which occur detached, I think I could discover something like a con- 

centric kxminar ~tructure. This appearance is only observed at their eur- 
face, and might have been occasioned by the original animal having had 

a cortical covering--nothing Z i k e $ b  could be perceived ;--the above cir- 

cumstance, however, inclines me to include them in the class alcyonium. 

No. 3-1s occasionally met with, but is not so common as either of 

the tvo preceding. The accompanying sketch will give a pretty cor- 

rect idea of the remains of this kind,,' both as to their sine, form, and 
mode of occurrence in the limestone. Tbey occur, then, in the solid 

rock,--are perfectly mineralised, and are of the same color as the 
limestone, In  specimens where this limestone has a structure in- 
clining to granular, the remains of this kind exhibit a closer 

and more compact texture than the surrounding matrix. They ep- 
pear to have formed the ribs of some animal, probably of aqua- 
tic origin. The vertebral extremity is flattened about seven-eighths of an 
inch in breadth, and the whole is slightly curved, and tapers to a point. 

The pointed sternal extremity does not seem to exhibit an articulating 

surfce. I t  is thicker than the vertebral extremity, and a sharp spine 
runs from the point of about two inches in length, from which spine the 

bone had sloped on either side. 

The only other organic remain which I have observed, is a shell ; but 
in so imperfect a state, that I cannot decidedly say under what genus it  

ought to be included. I t  had obviously been a bivalved shell ; but little 
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except the margin of one of the valves remains, and 1 can only state tho 

following particulars ; viz. that it belonged to an apparently uearly equi- 

lateral bivalve of a roundish form, about three inches and a half in width. 

That this bivalve was convex, inclining to flat, and that it was longitudi- 

nally rayed, the rays being convex, broadish, and 8tristed longitudinally. 

The hinge portion of this shell was wanting. I t  appears to have had 
considerable thickness and strength, and in all probability belonged to a 
variety of Pecten. The number of rays could not be correctly ascertained : 

their breadth was about two-eighths of an inch. 

The above is all the information which I can give relative to the 

organic remains of these limestones, as I have, as yet, met with none 

other, except, indeed, the impression of what every one who saw it, be- 

lieved to have been that of a small flattish fish. I t  was about three inches 

in length, and its broadest portion was about one inch and a half. Though 

the resemblance was certainly striking, so many characteristics were want- 

ing, that I mention it merely in this hurried way. I was rather myself in- 

dined to consider it as the impression of one of those,polymorphous bodies 

before described, and which assume a great variety of shapes and forms. 

The above limestones do not appear to contain any metallic veins, 

or, indeed, many mineral veins of any kind. I have met with veins of 

calcareous spar in some of them, more especially in the brownish black 

variety before alluded to, but even this is rare. The general structure of 

the rock is that of a uniform $ne grained argillaceous limestow, the sur- 

face of which, in many instances, exhibits a Mm'tical  appearance, and the 

quarries of this rock have, in the distance, a zoned aspect. 

The absence of metalliferous and mineral veins, &. and of the 

caverns and fissures which generally characterize the mountain limestone, 
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would appear to distinguish the rock in question from the rocks of that 

formation, and all things considered, I feel inclined to believe that it is 

a lias-or, a t  least a formation nearly allied to the lias. I t s  position 

leads me to draw this  conclusion^ and there is nothing either in its 

structure, mode of occurrence, or organic remains, to militate against such a 

supposition. The Pecten is a shell of the lias, though certainly not a 
characteristic one. 

The formation I have just described never rises into hills, but is some- 

times seen occupying gentle elevations: the surface of the country 

where i t  occurs having a waved aspect. At Cktore,  the strata of this 

rock are much disturbed, and in other situations I have seen similar 

appearances. 

We shall now proceed to describe very briefly another rock which 

occurs in the belt under consideration; viz. the quurtzose breccia, before 

alluded to, and to which Captain DANGERFIELD has applied the name of 

Bornstone. This belt exhibits numerous low rounded hills, hill groups 

and ranges,--some of the last of considerable extent, more especially the 

one which forms the boundary of Meywar and Harowtee. These hills 
do not rise higher than three hundred feet above the level of the plain, 

and the majority of them average below this height. Their upper por- 
tion is formed of this quartzose breccia, which rests immediately on the 

sandstones, sandstone slates, kc., which rocks form the base, and very 

generally the central regions of these hills and hill ranges. This brec- 

cia I have never seen in low s i tua t io~ ,  or resting on the limestones. 

The shape of the hills is sometimes conical. This is particularly the 

case with detached hills and groups, but the ranges generally exhibit an 

even and uniform appearance, and the summit is occupied by a table. land, 

or a gently waved plain. Some of the detached hills also present this 
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shape, an excellent example of which we have at  Chitor, the ancient 

capital of this country, which is situated on an isolated hill near the 

boundary range before alluded to. 

' The slightly waved plain, occupying the summit of the hill on which 

this ancient city stands, or rather stood, for it is now in a complete state 

of ruin, is said to be about fourteen miles in circumference. Its length 

is six miles from N. to S. ; its breadth varies from quarter to half a mile. 

This breccia passes into a variety of quartz rock, sometimes nearly 

white, more generally ferruginous, and in this caHe it is of a reddish 

color; it also occurs of a bluish green color. The purer varieties are 

distinctly stratified, and some even approach to slaty. The strata are 

sometimes almost horizontal, in other situations they are waved or 

saddle-sh aped. 1 
e 

The rock in question sometimes assumes a very beautiful mpect. 

On a hill to the north of Nimaci, I have seen i t  with a base of the na- 

ture of agate-jasper, containing small rounded portions of quartz, and 

exhibiting minute drusy cavities, lined with quartz crystals : the whale 

being capable of receiving a high polish. At  Bbri it occurs both in 

the form of a nearly pure quartz rock, horizontally stratified, and of an 

unstratified breccia, composed of angular portions of pure white quartz, 

and a red somewhat agatose variety of the same. This rock also occurs 

exhibiting something of the appearance of the millstone grits. 

A very characteristic feature of the hills and hill ranges of this form- 

ation, the conical hills of course excepted, is the bluff, in many instan- 

ces perfeqtly perpendicular crag, which their summits presents. The 

bases of these hills, &c. are formed, as before stated, of the sandstones 

0 
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and sandstone slates ; and as high as these rocks occur the slope, though 

abrupt, is uniform. Immediately resting on these is the breccia which 
I ,  

presents the perpendicular crag, just alluded to, and which rises from the 

slope as in the sketch beneath,-the summit being occupied by a table 

land of considerable breadth, which gives rise to the even and uniform 

aspect which the summit of these hill8 present. 

This is particularly the case throughout the whole extent of the 

boundary range betwixt Mhar .  and Hardoti, and the hill of Chito* 

affords a noble example of this kind of structure. I t  is surrounded 

on all sides by high perpendicular crags, forming a natural forti- 

fication, which, till it was taken by A K B E ~  gained it the name of 

impregnable,-a name which the natives of this country still fondly 

apply to it. The rock forming the summit of this hill and of the 

boundary range, is distinctly stratified, the strata being waved or 
saddle-shaped, -the elevated plain on which Chitor stanhs, exhibit- 

ing several smooth round swells, with corresponding hollows between, 

and the strata appearing to dip in a directly contrary direction on ascend- 

ing from the east to what they do on ascending from the west. From the 

summit of this hill, we could observe a similar plain occupying a corree- 

ponding position on the boundary range. The diagram below will give 

some idea of the way in which the strata are arranged at Chitor. 
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The boundary range runs in a direction nearly north and south 

as far as Chitor, where it takes a turn to the east, and in marching 

from the last place towards Nimach, the route running parallel to-and 

a t  no great distance from-the base of the hills, the line of demarkation 

betwixt the two varieties of rock forming them could be distinctly traced, 

and it appeared to me that the superior strata had accommoclated them- 

selves to the form of a previously existing range, filling up all irregulari- 

ties, and presenting at their summits, the even line before described. 

The base and lower portions of the hills are covered with vegetation, 

owing to the softer and less durable nature of the sandstones, &c. forming 

them ; and the crags rising abruptly above this jungle, appear like huge 

' walls raised art@cially, presenting to the view the bare rock, apparently 

arranged in horizontal strata, but which, in fact, presents the waved 

aspect just described. The rocks so situated, as far as I have had 

opportunities of examining them, are ferruginous quartz, or a siliceo- 

ferruginous grit, containing occasional beds of breccia. Many varieties 

of the series of rocks which I have named quartzose breccia, may probably 

be found in this range. 

The rocks of the formation thus briefly described are characterized 

by the large quantities of iron ore contained in them. This ore occurs 

in small beds, veins, and in the form of embedded nodular concretions. 

These latter sometimes exhibit a jaspery aspect-Botroidal red hoema- 

tite, common hematite, red iron ochre, and sometimes magnetic iron 

ore-are met with, and the whole surface of the crag frequently assumes 

an iron-shot appearance. Iron also occurs in minute grains, disseminated 

through the mass. This rock, either in its .purer or brecciated form, 

never occurs loose or friable. The cemeuting medium of the brecciated 

variety is generally siliceo-ferruginous, and some of the specimens greatly 

resemble the coarse old red smdstones. I have met with no organic 

remains in this formation. 
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I was at  one time pereuaded that the above rocks were of analogous 

formation with the iron sand of the English Ge~log i s t s~ though  in their 

structure, and in many of their characters, they do not resemble the rocks 

of this formation, still these characters might have been modified by 
mauy and various causes. Their position gives some color to such a 

supposition, and a breccia, somewhat similar to the one desrcribed, is 
mentioned as associated with the iron sand. On this point, however, 

I prefer sayiag nothing more. I am anxiom to give as impartial an 

account of the rocks a s  they occur, as I possibly can ; and it is difficult, 

. when once we have adopted an opinion, to void trying to trace analogies 

which exist more in our own imaginations than in reality-not that I 
believe that any individual would willingly deceiye in matters of thie 

kind, but the fact is we are deceived ourselves. I t  is thus that science 

degenerates into a system of vague hypothesis. 

The plains of this portion of the country are strewed with numerous 

rolled masses of the above rock, and from the isolated position which it 
' occupies, viz. only on the summits of the hills, we may conclude that it 

has been much aflmted by those great denuding causes which have operated 

with such amazing force over the whole surface of the globe. How far 

this formation extends into Hardoti I know not-Captain DANGER- 
FIELD in his map, lays down this district as a formation of "irorwtom 

and porphyry."-But whether this hornstone be the same rock as the 

quartzose breccia or not, I have had no opportunity of ascertaining; 

As I before stated, he has applied the name to two rocks of very distinct 

series. Large blocks of this quartzose breccia are constantly observed 

at the base of the hills arranged in large globular heaps. These are 

detached from the crags generally during the rains. The reason of this 

is obvious. The water having penetrated into the rents and fissures of 

the.rock, is exposed to the heat of a nearly vertical sun, which usually 

bursts out after the first fall of rain-the expansion thereby occasioned 
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is great, and the blocks in question are detached, while, the same cause 

accelerates the decomposition of the softer and more friable strata-thus 

affording a thick soil which is rich and fertile, and in many situations 

covered with jungle. 

Regarding the rocks of this narrow belt I have only further to add, 

that the strata, in the neighbourhood of the primitive formations, are more 

inclined than in other situutions. This remark holds good in the case of 

all the rocks of this belt. The wells are seldom deep, water being gene- 

rally obtained near the surface. This circumstance is owing to the 

numerous artificial lakes and tanks which have been formed in this dis- 

trict-and it is seldom necessary to penetrate the strata beyond the 

level of these lakes, and never beyond the level of the nullahs and 

streams. I may also mention that, in addition to the f'dct of springs 

of water issuing from the strata of the low boundary range, &c. as stated 

by Captain DANGERFIELD, that there is a spring at  Gangra, twelve 

miles N. W. of Clritor, which issues from the sandstone slates near (the 

base of the group of hills which are there observed. This spring is 

sensibly hot. When I visited it-it was during the cold season, and we had 

ice daily in our shorais. The thermometer in the morning standing 

below 40°, and during the hottest period of the day, never rising beyond 

47" ; but when plunged into this water it rose to 80'. I t  issues from the 

rock at  the surface, and the fountain is looked upon as sacred by the 

natives. I t  has no sensible taste, and appears to hold little foreign 
matter dissolved.* 

A bottleful of this water, afterwards subjected to the following testa, gave the results an 
below. Nitrate of silver throws down a dark precipitate. A paper, dipped in a solution of lead, and 
plunged in thia water, acquires a dark color ; and a solution of acetate of lead, elm throws down a 
dark precipitate. Tincture of galls has no apparent effect, neither has the addition of a large 
quantity of alcohol. A quantity of the water wae boiled, the contact of atmospheric air being 

P 
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My observations on this belt are confined to its most northern por- 

tion, and they may serve as a supplement to Captain DANGERFIELD'S 
account, to which I beg leave to refer for further particulars. 

But it is now time that we should return to the consideration ofathe 

primitive strata, and I shall premise my remarks on this head by a 
general description of the external features of the country. The southern 

portion, then, of the tract under consideratioa, is mountainous, and 

consists of numerous groups and collateral ranges of hills, studded 

closely together, and separated from each other by narrow ravines and 

deep valleys. These hills do not rise to any great height, seldom to 

more than five hundred feet above the level of the plains ;-they run 

generally in a northerly and southerly direction, and instances occur 

where individual hills attain the height of twelve hundred feet. I n  

many situations, too, the country presents a mammillary. aspect-an 

appect frequently observed to characterise the lower granite tracts in 

otherparts of the world. I n  this southern portion are included the 
northern part8 of Guzerat-the district of Bayar-portions of Rabli, 

excluded, and to two separate portions of this, the sulphuric and nitric acids, were severally added, 
no precipitate or cloudiness was observed even on the addition of a large proportion of alcohol to 
the portion containing sulphuric acid. From this it would appear that no hydrooulphac of lime is 
preaent, which is usually the case in hepatic waters. A ~ediment, in minute quantity, of a light 
color, and which effervesced with acids, remained after the boiling. This was carbonate of lime. The 
water boiled and h e d  from its gases, gave a white precipitate, on the addition of eulphate of silver. 
From the above it follows, that sulphurated hydrogen, carbonate of lime, and muriatic dtr, w m  
present. This water emib the peculiar odour of sulphurated hydrogen, though faintly so when it 
j a ~ y f r e a h , n a d t h n i n g r a d i a n t ~ p r ~ ~ & o . d . r  i n r i r u c . ~ ; t b e e x a e t ~  

tion I had not the means of ascertaining, ae the bottle containing the water was, ac,cidentally, broken 
aRer the above experiment9 were concluded. The muriatic salt indicated by the test, is probably 
mdate of d. At least a very small quantity of the water which remained in the broken bottle 
gave, on evaporation, a minute portion of a white substance, having the taste of common sea salt. 
The quantity was too slsall to be examined. 
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Shiri, and the south of Mkwav, and it is inhabited by the numerous and 

predatory tribes of Bhils, Minahs, Grasius, and Keilis. I t  presents 

a wild and bleak appearance, and exhibits, on a small scale, all the 

bold and striking features of an Alpine country. I t  is traversed by nu- 

merous deep and rugged ravines and ghauts, on the brinks of which are 

frequently seen the villages and huts of the rude people by which it is 

inhabited. As we proceed north, the Country becomes more open-the 

valleys more extensive, and a narrow belt, exhibiting amammillary aspect, 

is very generally interposed between 'the large and level plains of the 

north of Miwar, of the Ajmer district, &c. and the more mountainous 

tract just described. The same mammillary belt also runs parallel to the 

great central range of hills so often alluded to, as far as KankurmE, 

thirty-six miles north of Uduynpr, while to the east of this belt we 

have the usual level plains of the north of Mmar. The hilly tract just 

described may be considered as a continuation of the great central range 

which may be supposed to divide itself, a little to the north of Udayapur, 

into a number of collateral and concentric ranges, so that it is difficult to 

say which ought to be considered the parent range-and which not. 

Suppoee a line drawn west from the cantonment of NimucA to the 

northern extremity of the valley of Udayapur, it will give us a sufficiently 

correct boundary for general purposes, betwixt the northern and southern 

portions of this district to the east of the g m t  central range. The northern 

portion is ehnracterised by plains of large extent, which are perfectly 

level, and from the surface of which are seen, here and there rising 
druptly, hills and emall hill ranges and groups. In the neighbourhood of t 

the mountainous district to the south, these hills and ranges are numer- 

ous, and they gradually decrease in number as we proceed north, till, on 

reaching the Ajmer district, we frequently find ourselves on a perfect- 

ly level plain, bounded by the horizon ou all sides, and at the surface of 
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which the vertical strata are very generally observed. Still, however, 

detached groups and hills here and there present themselves. North of 

Nudrabad, these plains are bounded by the great central range, which 

here takes a turn to the N. E.-East of Nasirabad, and proceeding from 

that cantonment through Jaypur towards Biana, we have still the usual 
level plains with their detached hills and groups. These latter, in many 

instances, appear to form detached portions of two hill ranges, which we 

meet with about half-way betwixt Nasirabad and Biana, and which 

run parallel to, and at no great distance from each other. Frequeut 

secondary ranges pass off from them, generally in pairs, running 

parallel to each other, and nearly at right angles to the parent ranges. 

These parallel ranges are separated from each other by perfectly level 

plains, with the usual detached hills, which are, in this district, generally 

topped by a fort or a strong-hold, andwhich rise abrzlptly from the surface, 

often exhibiting an almost perpendicular crag. South of the most south- 

ern of the two ranges above alluded to, we have also plains of large extent, 

the route in this direction running through the south of Ajmer and Jwgr 

and crossing the fertile jageer of AMIR KHAN near Tmhk. This portion 

is also characterised by hill groupea and detached ranges, some of consi- 

derable extent. The height. of these detached groupes, hill ranges, kc. is 

very inconsiderable ; but the plains themselves are situated high above the 

level of the sea, as may be seen from the measurements made by Captain 

DANGERFI ELD ; and there appears to be a gradual slope as we proceed east 

towards Bharatpr .  The hills composing the central range, rise higher, 

arid their altitude appears to become more considerable as we proceed 

north,-none, however, I believe, rise higher than twelve hundred feet 

above the level of the plains; very few, indeed, so high, and their 

general average may be estimated at between six and eight hundred 

feet. 
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The northern portion of this great tract is very fertile, and is abun- 

dantly supplied by  water from numerous large lakes, tanks, rivers, and 

wells. The deep valleys of the southern portion are also fertile, but many 

of them are indifferentlysupplied with water. The splendid Dha'bar lake, 

however, and several others of smaller size and l e ~ s  note, are situated 

in this portion of the country, and the great fertility of the valley of 

Udayapur, situated on the northernextremity of this southern portion, I 
alluded to in my last. The country surrounding Nasirabud forms a strik- 
ing exception to the above rule.-Here the rock almost universally appears 

a t  the surface, and where any soil exists it seldom exceede a few inches in 
depth. 

In  spite of all these natural advantages, large tracts of land are left 

in a perfect state of jungle, and the contrast afforded us on entering the 
highly cultivated provinces of the British Government, is truly striking. 

The above circumstance may, in a great measure, be attributed to want of 
confidence on the part of the Ryots, owing to the insecurity of property, 
which is but too often the result of Native rule. Besides, this part of In- 
dia has not yet recovered from the effects of war and famine, which, not 
many years ago, rendered it almost uninhabited ; and I believe that even 

now, the produce exceeds the demand. - 

Of the country to the west of the great central range I know little, 

as I have had no opportunities of examining i t  personally. We have 

every reason to believe, however, that the central range forms the highest 

portion of the district under consideration, with the exception, perhaps, of 

the immediate neighbourhood of Ah,-and that the country to the west 
of i t  slopes gradually towards the Irtdus, kc. How far west the primitive 

strata occur I know not, but that these are succeeded by secondary rocks 

I have before stated my belief, and I have in my possession epecimens 
Q 
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from Serooee,. which belong to the primitive class. I believe that the 

southern portion of this western tract is characterised by its broken and 

mountainous aspect, and that some of its hills rise to a very considerable 

altitude. I n  this part of the country is situated the mountain of Abu, so 

famous in Hindoo Mythology, which, according to Colonel TODD, rises 

5,000 feet above the sea ; and from the district of Sirolki passes off to the 
west a range of hills, I believe also of primitive formation. Sirohi itself, 

especially towards the north, is described as exceedingly fertile, and capa- 

ble of being highly cultivated. I t  is succeeded in a northerly direction by 
the country of Marwar, which is described as lying comparatively low. 

This last is bounded by the sterile districts of Bikankr and Jessel&, 

which are situated on the confines of the sandy desert-the sands of 

which make yearly encroachments on the country to the west of the 

central range-the said range presenting an impassible barrier to their 

further progress east. 

I n  concluding this branch of my subject, I may remark that those 

who are in the habit of travelling much in India, are constantly struck 

with the very different aspect which the same country presents at  differ- 

ent seasons of the year, and hence very opposite, and even contradictory, 

accounts of particular districts may be given by travellers, and all of 

these may be correct. The increase of vegetation during the rains is 

a principal cause of this alteration, and it is astonishing sometimes to 

observe the effects of light and shadow in modi.fying the external features 

of the country. During the season of the hot winds, when the sky is 

clear and cloudless, and the sun is reflected with fearful intensity from 

the bare and barren rocks, nothing but ideas of desolation are excited 

in the,mind, but after the first fall of rain the scene changes as if by 

enchantment-tile wilder and bleaker features of the country are softened 

down, the desert seems a t  once to teem with life and vegetation-while 
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the clouds and mists gathering on the mountains here, exhibit them 

of a dark and sombre hue, and there, spotu.of green may be observed 

glittering in all the brightness of reflected sunshine. These causes not 
only modify the external appearance .of the country, but even the shape 

of the mountains seems to undergo a change. 

With regard to the ROCKS OF THIS DISTRICT, they are all probably 

based on granite.-Of this, however, I can offer no proof, except such as  

are derived from analogy, and many of the granites appear so intimately 

connected with the other rocks, that it is impossible p r i m  fmie, to say 

which ought to be considered the eldest and which not-a gradual 

passage of the granites into rocks, resembling the greenstones of the 

tray formation may, in many situations, be observed in this district. 
* 

Dr. MUCCULLOCH has described similar app-earances in Scotland, and 

has drawn from the circumstance conclusions, the correctness of which 

I cannot take upon myself either to contradict or support.-I may be 

permitted, however, to remark, that conclusions drawn from the external 

characters of rocks, appear to me liable to considerable objections. 

These may be modified by many circumstances. Neither can I believe 

that the circumstance of one rock occurring stratified and another unstra- 

tified, justifies us in concluding that these two rocks have owed their 

formation to different causes. I n  this district we often . observe a rock 

in one situation stratified, and at  a little distance from it another of an 

exactly similar nature, in other respects, unstratitied. An instance of 

this kind I have particularly remarked a t  ~ h u l a n a ,  about twelve miles 

north of Mdrta, where there occurs a series of alternations of a close 

grained grey granite, with hornblende rock approaching to primitive 

greenstone.-Some of the alternating beds appear distinctly stratified, 

while others resemble an unstratified mass, of a prismatic form, inter- 

posed among the other strata. I t  is impossible to distinguish which is 
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which, betwixt two hand specimens from the different beds, and the above 
difference is observed over a square surface of several yards. It'would 

be difficult indeed to believe the two different causes had operated in 

forming these different beds of rock. 

That granite does occur oftener in an unstratified than a stratified 

form I am free to confess. This is particularly the case in the well- 

marked varieties. It also exists in long-regular-prismatic beds-inter- 

among other stratified rocks, and alternating with them. These 

. beds are certainly not subdivided into strata, but may not this have been 

owing to a particular arrangement of the constituent parts, and does not 

the circumstance of their alternating with other strata, and the regular 

prismatic form of t h  beds, indicate a stratiform structure, or a t  least some- 

thing very analogous to it. I stated in a former paper, that I considered 

the granite which forms the small hills protruding through the deluvium 

of Guzerat a t  Pandua, to the north of Balasinore, as belonging to a very ' 

old variety, and the out-croppings of a similar formation may, very pro- 

bably, be discovered in many of the granites of this district. The talcose 

and chloritic granites, which form the protogine of Jurine, the last men- 

tioned Geologist considers very antique varieties. These occasionally 
make their appearance here ; but, without speculating farther on this very 

difficult subject, I shall proceed to enumerate very briefly the different 

rocks which occur in the southern portion of the district under consi- 

deration. 

I have, on' a former occasion, given a section of the strata on the 

route from Baroda to Udayapur, and this, in addition to Captain DAN- 
GERFIELD'S ~ C C O U ~ ~ ,  and the section of Captain STEWART, in the Bombay 

Literary Transactions, renders it unnecessary for me to say much on 
this branch of my subject. 
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The rocks, then, which principally occur are chloritic and argillaceous 

schists,-greenstone,-greenstone schists,--quartz rock,-and more rarely, 

though still in considerable abundance, micaceous schist, granitic 

rocks,-gneiss,-with occasional'beds of serpentine and marble. These 
rocks pass into each other by insensible degrees, so that it is often 

difficult to say to which class particular specimens ought to belong. On 
a general view of the subject I Inay state, that the argillaceous rocks 

are more abundant on the southern than in the northern portion of the 

tract under consideration, while in the latter the granitic rocks, with 

their accompanying gneisses, micaceous schists, and hornblende rocks, 

greatly preponderate,-quartz rock being very abundant throughout the 

whole of 'Central India. In the neighbourhood of the Dirhbar lake, 

granitic rocks, with gneiss, hornblende rocks, &c. are discovered, and a 

similar formation, but of no great breadth, may be traced from this, running 

on a northerly and southerly, or south-easterly direction, through a consi- 
derable extent of country, the line of continuity being interrupted by 

the occasional occurrence of rocks of a different nature. This formation 

may very probably be a continuation of the granitic rocks which occur 

at Wari, in Gurerat, as descdbed by Captain STEWART. 

The granites have a structure generally intermediate betwixt large 

and small grained. Their characteristic color is red, but they sometimes 

occur small grained and of a grey color-the color in the red varieties 

depending on the fel~par which usually exhibits a foliated fracture, and 

which is, generally speaking, the most abundant ingredient. I t  is 

eometimes associated with quartz alone, and this variety is generally 
large grained, the quartz being white and semi-transparent. Passing 

into the last the common granite is found, and the mica in this varies 
from nearly Muck, through olive green, to silver white. I have never met 

with it in this portion of the country in large plates. To this lmt, again, 
R 
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hornblende is frequently superadded, and this either replaces the mica, or 

occurs associated with i t  in the same mass. Besides the above, talcose and 

chloritic granites also occur,-and these have occasionally scales of mica 
disseminated through them. The close grained grey granites are gene- 

rally composed of mica, quartz and felspar, the last of which is sometimes 

granular. 

The gneisses are also very generally of a reddish color, and this last 

class of rocks seems to pass into the waved sienitic gneiss, described in a 
former paper, which passes again into a hornblende rock, with which fel- 
spar, of a grey color, is frequently associated. This last passes into pure 

hornblende rock, and into hornblende schist. I n  all rocks where horn- 

blende is abundant, and where felspar is associated with it, the latter is 

almost universally of a grey or whitish color, and a specimen will be 

hereafter alluded to which was broken from the junction of a hornblende 

rock approaching to sienitic granite, and a granitic rock with which 

minute grains of epidote is associated, in which the felspar acquires 

a redder tint in proportion as it is removed from the hornblende. This 
might arise from the coloring matter having had a greater affinity for 
the hornblende than the felspar, when the original constituents of these 

minerals were in a state to enable w l r  a$iaity to be exerted. 

We shall now t u n  our attention to the QUARTZ ROCK of this district, 

a rock which appears to me to be of first rate importance.' I n  treating of 
the Geology on the route from Baroda to Udayapur, we have had occasion 

to describe immense beds of this formation, and it  is of very abundant 

occurrence throughout the whole of Central India This rock varies much 

in its texture in different situations. The purest variety exists in the 

form of a white semi-transparent rock either stratified or very indistinctly 

so, and sometimes exhibiting large unstratified beds, very frequently of 
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the regular prismatic fomn alluded to in describing the granites. I t  either 
occurs compact or granular, the grains varying from the minutest possible 

size to the size of a bean, and many of the varieties have a .sacc7rarins 

aspect. These latter exactly resemble, in their external appearance, the 
very pure white, fine grained, primitive dolomites, with which howeyer 

they cannot, for a moment, be confounded ; but it was not without minute 

examination, and subjecting them to the influence of the common native 

furnace, that I could persuade myr3elf that some of the varieties were 

quartz,-they might possibly be confounded with some of the varieties of 

compact felspar. They are sliglltly translucent. The quartz rock fre- 

quently appears as if composed of a congeries of large angular masses 

closely cemented together. This appearance, in a great measure, depends 

on the seams and cracks which traverse the beds in every direction, divid- 
ing them into a number of square and rectangular portions. In this last 

variety, numerous embedded masses of a nearly transparent quartz, form- 
ing a coarse rock crystal, occur, indeed almost the entire of some of the 

beds exists in this last form. 

The quartz, on one hand, passes into micaceous schist, which passea 

again into gneiss, granite,,&c. ; and on the other, into argillaceous schist. 

I t  first becomes distinctly stratified. I t  acquires a greyish color, and this 

color gradually deepens ; it then becomes more slaty in its texture ; mica 

is sparingly distributed through its substance, and it appears to pass 

into a harder and more durable variety of argillaceous schist. In  many 

situations, but more especially in the boundary ranges of the valley of 

Udayapr,  the connecting link betwixt these two last mentioned series 

is a rock of a fine granular texture, which occurs distinctly etratified, and 
has a structure inclining to slaty. Its color is nearly white, and it can 

with difficulty be scratched by the knife. On exposure, it acquires a 

beautiful dendritical appearance at the surface, and it  passes into a 
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rock of nearly a similar nature, but which is softer and has a greater 

proportion of alumina associated with the silica, which last, however, 

appears tq be the most abundant ingredient. This rock greatly resem- 

blee, in its structure, the fine grained freestones ; but it occurs in strata 

highly inclined alternating with the other rocks. I t  is seen passing 

both into the more compact quartz rocks and the argillaceous schists. 

A very common variety of quartz rock in this district appears in the 
form of a compact, fine grained rock,--translucent, or transluceilt at the 

edges,-of a bluish color, with sometimes a tint of red, and capable of 
being split into layers of from half an inch to nearly a foot in thickness, 

and in the deep ravines in which this portion of the country abounds, many 

sections of the strata of this rock may be observed. From the compact- 

ness and durability of its structure,-from the regularity of its stratifica- 

tion, and the nearly vertical position of these strata-the surface of thesle 

crags is often perfectly smooth and perpendicular. This variety occurs 
abundantly in the boundary ranges of the valley, and forms the entire 

of the hills which skirt the Udayasdgar lake, running south, till it is 
succeeded by the granitic rocks and gneiss of the neighb~urhood of the 

Dh&bar lake. I t  is also of very abundant occurrence throughout the 

whole of the southern portion of the district under consideration. It is  
the bornstone and columnar hornstone of Captain DANGERFIELD. 

Ferrnginous quartz ie a180 abundant, and the color of this varies 

from very dark blackish red to a red of a light shade. The quartz rocb, 
too, sometimes approach to the nature of the millstone grits, and many 

of them have a tendency to waume, on exposure, a globular form, the sur- 

h e  of these exhibiting a concentric laminary structure. This is parti- 
cularly the case with those varieties which have a small quantity of 

felspar associated with them. Indeed, these laet s k m ,  in many iostasceo, 
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to pass into an imperfect variety of granitic T O C ~ .  In  this the quartz is 
associated with a considerable proportion of felspar, generally of a red- 

dish color-an instahce of this kind was alluded to in page 38, an& I shall 

have occasion to describe in my next a series of rocks of this kind, 

which occur in the boundary ranges of the valley. They aye composed 
of reddish colored felspar and quartz,-the felapar having a tendency to 

be decomposed and crumble down on exposure. They are sometimes 
fide grained, but more frequently intermediate betwixt fine and large 

grained-they have, generally speaking, a porphyritic structure, and paas 

insensibly into the quartz rocks. 

I t  is not my object in this sketch to trace the different rock formn- 

tions throughout their whole extent, or to d d n e  correctly their limits. 

1 merely wish to give a general account of their structure and mode of 
occurrence, and as opportunities occur, hereafter to give a more detailed 

account of individual portions of this extensive tract. To trace correctly 
the different quartz rock formations, would be a work of great difficulty. 

They occur very extensively distributed and associated with all kinds of 

rock. I may remark, bowever, in a general way, that a belt of quartz, 
exhibiting, in many situations, craggy and precipitous hills, seems to 

skirt this great primitive diatrict through a large extent of country, 

and to separate it from the newer rocks described at  the commence- 
ment of this paper. Captain STEWART'S section exhibits it interposed 

between the sandstones and the granitic rocks on the route ~ ~ O J B D .  MOW 
to Bar&,-west of the sandstones near Chitor I have also seen it, 

and north of this last mentioned city it still makes its appearance. 
I t  is probably a continuation of a similar formation which occurs in 
the neighbourhood o l  Suaar, forty miles from Bkna, in the B k a t p r  

district, which extends to the south and north of the former place, and 

which is bounded to the east by the rocks described in a former paper w 
s 
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occurring a t  and near Biana. The hill fort of Sdhar is situated on an 

isolated rock of this formation. The hill exhibiting an exactly similar 

shape to those of Nakkm, (see section p. 50.) The rocks of this belt I look 

upon to be the last formed of the great primitive series of Central India, 

and they deserve more than any others which I have seen to be consi- 

dered as belonging to the submedial class. 

I t  would appear that the cause which operated in forming the strata 

of this district was liable to great, though not to sudden, alterations,-that 

the purest variety of rock formed was quartz,-that to this, under pecu- 

liar circumstances, other ingredients were added,-sometimes mica alone, 

sometimes felspar, hornblende, kc., and sometimes alumina, and that 

this forming cause had a constant tendency to revert to that state to which 

pure siliceous rocks owed their formation,-the original constituents 

of felspar, argillaceous rocks, &c. being occasionally superadded to 

those of the siliceous rocks, modifying their external structure, color, &c. 

according as the former were more or less abundant. I here merely state 

the broad principle without speculating on the nature of this forming 

cause. The granitic rocks might have been first formed, and the forming 

cause might have gradually acquired that state to which the pure sili- 

ceous rocks owed their formation ; this cause might undergo another 

gradual alteration, and thus, from the superah.ndance of one or other of the 

- original ingredients, constituting the solid strata of the earth, various 
modifications of these might have been produced. 

The wonderful powers of chemical affinity-powers to which it is 
impossible to assign any limits,-and the changes which result from the 

absence, or presence, or superabundance of particular ingredients, all of 

which circumstances modify the attractions and repulsions of the original 

atoms of bodies for each other, are well known to every Chemist, and it 
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is surely not going too far to say, that these causes might have operated 

most powerfully in modifying the external characters of rocks. 

The ARGILLACEOUS SCHISTS, with their accompanying GREENSTONE 

SCHISTS, GREENSTONES, and CHLORITE SCHISTS, next claim our atten- 

tion. The argillaceous schists vary much in their texture. From the 

siliceo-argillaceous schists, which pass into the more slaty varieties of 

quartz rock, to a schist of a loose friable texture, we have a regular gra- 

dation. Several varieties of argillaceous schist have been described be- 

fore (see paper on the Geology of the route from Barodu to Udayapur,) 

together with the rocks with which they are associated. They are very 

generally of a dark grey color, and many of them approach to the nature 

of roofing slate. These last are generally of a bluish color--other va- 

rities are also bluish, but are soft and friable with a slightly greasy feel, 

the color depending on copper-others are black, making an indistinct 

mark on paper, while others are light grey, buff, fawn colored, and 

greenish. The latter pass sometimes into chlorite schist, and a t  others 

into greenstone schist. Many of them have mica disseminated through 

their substance, and these last pass into micaceous schist, while others 

have a distinct greasy feel, and the latter, in one situation, I have seen 

passing into well marked talcose schist. This last rock does not 

appear to be of abundant occurrence in this district. The instance 

alluded to was discovered in the boundary ranges of the valley. The 

talco-argillaceous schists, or those which have a distinct greasy feel, 

are, however, common. To the above, the calc : schiste of the French 

may be added, which occasionally presents itself, Thin laminae, of a 

whitish colored limestone, in small patches, being disseminated through 

a basis of argillaceous schist. This forms a calcareo-argillaceous schist. 

The argillaceous schists frequently resemble the greywacke schists, 

as commonly described, and these again pass into greenstone schist and 
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greenstone. The latter, in many situations, perfectly resemble8 the green- 

stones of the overlying trap formation, and frequently contains imbedded 
calcareous spar, as do also the greenstone schists. The greenstones, and 

less frequently so, the greenstone schists exhibit a porphyritic structure. 

The low hills of the valley of Udayapur consist of a series of alterna- 

tions of argillaceous schist and greenatone, greenstone schist, &c.-and 

the greenstones ocour both stratified and in regular prismatic beds, alter- 

nating with other strata. There is another rock which frequently occu- 

pies the place of the greenstones in alternations of this last mentioned 

rock with argillaceours schist, the relative position to the argillaceous 

schists being similar. I t  appears to begreenstow, which has lost i t s  horn- 

b h d e ,  and is principally composed of felspar of a greenish grey color, 

associated with a proportion of quartz, greater or less in different si- 

tuations. A similar occurrence is described as taking place in Wales 

-this rock exhibits a porphyritic structure, and somewhat resembles 

the clay stony porphyry of JAMESON. I t  is found abundantly in the 
valley. 

Several of the argillaceous schists, especially those which pass into 

greenstone and greywacke schist, as well as the greenstone schists them- 

selves, are capable of being cut into long masses of various thickness and 

breadth,-and also into flat slabs. Some of. these masses are fourteen 
feet in length, and are used in place of beams to support the flat roofs - 
of the numerous rectangular buildings of Hindu origin, which abound 

in this portion of India. The flat dabs  are used as roofing stones, and 
the series of pillars on which these flat-roofed buildings are supported, 

are also solid masses of the same rocks. These are often fancifully carved. 

Indeed, these stones are used in place of beams in all the buildings, 

whether flat-roofed or domed, in this part of the country, excepting in 

such as are built of marble. 



GEOLOGY OF CENTRAL INDIA. 69 

The above series of rocks form by far the greatest part of the 

souther11 portion of the district under consideration, and numerous veins of 

quartz make their appearance in all the rocks here observed. Beds of 
serpentine are also found, generally in low situations, and this last some- 

times appears to pass into chlorite schists. Of it tables, and various 
ornamental works, are fabricated. I t  occurs nnstratified. Marble is not 

very abundant, but is here and there observed in beds in micaceous 

schists, gneiss, k c .  I t  is generally large grained, and I believe is also 

found, though rarely so, associated with the argillaceous schists. A con- 
siderable bed of this rock occurs near Salumbher. 

The strata are highly inclined, sometimes almost vertical. Their 
general dip is to the N. E. or E. N. E., this is particularly the ease with 
the granitic rocks, &c. They frequently, however, dip to the N. W. and to 
the intermediate points between N. E. and N. W. sometimes too, though 

rarely so, they are found inclining in a south-easterly direction. The 

strata of the softer varieties of argillaceous schist are sometimes eonsi- 

derably distorted, and the more slaty varieties of this last mentioned 

series frequently exhibit a waved aspect. No change, excepting that of a 
gradual passage of the one rock into the other, is observed at the junc- 

tions of the various a l temt ing strata. I n  some instances where the tran- 

sition is abrupt, and in alternations of greenstones and argillaceous 

schists, this is frequently the case. After minute examination, I could per- 

' ceive no alteration or change of structure in either of the rocks at their 

points of junction-the liue of demarkation being well marked. 
\ 

The number of simple minerals in t.his district appears to be small. 

Rock crystal, amethyst, but not of any value,-garnets, which last occur 
in  the micaceous schists, gneisses, &c., iron pyrites, which is found 

occasionally in the argillaceous schists, calcareous spar,--schorl and 



70 SKETCH OF THE 

actyn&te, with other minerals usually found associated with the granitic 
rocks, complete the list. The metals are iron, copper, and lead, with 

which last silver appears sometimes to be associated. The iron is very 

abundant in many situations-and there are several founderies for this 

metal. Copper does not appear to be very plentiful, but may be detected 

in many of the soft bluish varieties of argillaceous schist. On digesting 

a mass of this rock in nitric acid, a steel rod plunged in the fluid 

acquires a coating of copper. There is a lead mine at  the village'ef 

Joeuar? twelve miles ~ o u t h  of Udayapur, which occurs in a series of alter- 

nations of quartz rock and argillaceou~ schist,. and it is said that a con- 

siderable proportion of silver was found combined with this metal, which 

was worked at one time to considerable advantage. Were this county 

properly explored, I have no doubt but that many rich mines might be 

discovered. 

A county where such a diversity is perceived in the nature of tho 

rocks must, necessarily, present a bold and striking appearance, and in 

accordance with this diversity, we observe a corresponding difference in 

the ~ h a p e  of the hills,-the harder and more durable rocks appearing, as 

it were, to penetrate through the substance of the softer, and rising in the 

form of peaks, denticulated ridges, kc.  From the extensive distribution 

of the quartz rock, and from its hard and durable nature, many very 

striking appearances are exhibited. I t  is suiliciently obvious, when 

a hard mck is associated with one of soft and less durable nature, 

that in the course of time the former will occupy the highest posi- 
tion, whatever might have been its original situation. This, then, is 

the case when the quartz rocks are associated with the dofter argil- 

laceous schists. The latter gradunlIy crumble away, and leave the 

former occupying the summits of the hills, and presenting different 

aspects according to the nature of the quartz and the breadth of its 
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beds. A very .common appearance throughout the whole of Central 

India is derived from this source. I allude to the occurrence of a thin bed 
of quartz, seldom more than a few feet in thickness, often only a few inches, 

which runs along the ridges of the hills throughout the whole extent, form- 

ing a sharp augle frem which the darker colored argillaceous schists slope 

on either side. Where the quartz beds are thicker, they often rise 
abruptly to the right and left on rugged, nearly perpendicular cliffs-often 

presenting the appearance of ruined fortifications and castellated walls 

rising from the slope of the hills, and exhibiting altogether the most strik- 

ing scenes which I have ever witnessed. Numerous perpendicular cliffs 

also present themselves-the perpendicular face of these cliffs, being on 

the opposite direction to that on which the strata dip. This is particu- 

larly observed in hills formed of the distinctly stratified qnartz rock, 

described in pages 80 and 81, and even more strikingly so, when the 
above rock alternates with argillaceous schist, and on the direction in 

which the strata dip the hills are often almost destitute of soil, the 

sun being reflected from the bare surface with fearful intensity, while 

on the other side the slope, especially in such cases, when the out- 

croppings of argillaceous schist are observed, is covered with jungle, 

above which the cliffs just described, are seen rising abruptly. The 

~idge-shaped hills are, however, the most common, and these are gene- 

rally formed of distinctly stratified quartz, the strata being arranged in a 

nearly vertical position. From the sharpness of the angle and the regu- 

larity of the outline which the summits of many of these hills present,- 

these summits appear in the distance to be flat, and the deception is in- 
creased by their frequently assuming the form of a truncated cone. In 
the latter instance the sharp ridge still exists. It is continued for some 

distance in a direction parallel to the horizon, and then suddenly slopes on 
either side at a very acute angle. We have also denticulated ridges, the 

hills exhibiting this appearance being generally composed o f  siliceo- 
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argillaceous schists, and the more durable varieties of argillaceous schist, 

while peaks, often of fantastic form, are seen rising above the surround- 

ing hills. The softer argillaceous schists occur generally forming round 

backed hills and gentle swells. While the granites, hornblende rocks, 

which approach to primitive greenstones, kc. are frequently arranged in 
large heaps piled on each other, as if artificially. The pure 

white quartz rock, too, frequently assumes the form of low rounded 

swells, entirely destitute of soil, and resembles, in the distance, extended 

plains covered with snow. 

The form of the hills in this district is constantly liable to change- 

during the rains immense blocks of the harder rocks are detached, and 

the process of decomposition in the softer and less durable varities is car- 

ried on with amazing rapidity. Hence its rugged and broken aspect, and 

this ruggedness is yearly increased by the channels which the hill tor- 

rents are constantly forming for themselves. 

That this district has been subjected, at  various periods of time, to 

those violent convulsions of nature which have operated with greater or 

less force in every quarter of the globe, there can be no doubt. The deep 
valleys and rugged ravines-the sliding off or sinking of the strata form- 

ing the whole sides of mountains, a narrow ravine only separating the de- 

tached portions from the parent hills,--all which appearances are frequent- 

ly observed in this portion of the country, are sufficient to prove this; but 

let not a love for the marvellous lead us beyond the limits which reason 

has prescribed. The difference observed in the nature and durability of 
the rocks, and their capability or the reverse of resisting the decomposing 

effects of the atmosphere, of the mechanical effects of water, &c. will ac- 

count for very many of the appearances described, and in a climate like 

this these causes operate with amazing force. 
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In this district too, we can traee appearances which have probably 

resulted from the LAST GREAT FLOOD to which our planet was subjected, 

in the huge blocks and rolled masses which frequently present themselves 

detached from the beds in which they originally occurred, and at  a great 

distance from them. The sharp angular appearance of these fragments 
indicate that they were not long exposed to the action of water. Im- 

mense tracts present themselves strewed with angular blocks and massea 
of the white quartz, which has been described as being characterised by 
its numerous seams and cracks, and which, owing to this circumstance, 

was peculiarly liable to be detached from its original position ; and in 

many situations I have observed heaps of the masses of this rock piled 

upon each other as if artificially, and resting on low rounded hills, composed 

of a similar variety of quartz. I t  is impossible, on witnessing these, not 
to conclude that higher hills, formed of this rock, originally existed in such 

situations, and that all that now is left of these are the heaps just alluded 

to, which still remain to mark the spot where mountains have existed 
before-and we cannot fail to perceive the ruins of these mountains in 

the masses of quartz which atrew the country far and near. 

I t  is impossible, from facts of this nature, to. arrive at any certain 

conclusions regarding the direction from which this flood came. Croes 

currents and a thousand other circumstances must be taken into consi- 

deration ; but from the general position which these detached fragments 
' 

~ ~ u p y ,  I am inclined to believe that it came from the west or north- 

west. 

GEOLOGY OF THE NORTHERN PORTION.-We shall now proceed to 

describe, as briefly as possible, the Geology of the northern portion of the 

district under consideration. The great difference in the external appear- 

ance of the country betwixt the northern and southern portions, has already 
U 
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been pointed out, and my observations are confined to that part of i t  

which lies east of the central range. 

With regard to the central range itself, in the neighbourhood of Udaya- 

pur, i t  is formed of the distinctly stratified quartz rock described in page 63, 

-which alternates with argillaceous schists, kc. and exhibits sliarp and 

denticulated ridges, peaks, &c. As we proceed north, the granitic rocks 

make their appearance with their associated gneisses, micaceous schists, 
and hornblende rocks. These are found a t  no great distance to the north 

of Uduyapur, and on the most northern portions of Mewar, in the Ajmer 

district, and where this range borders on Marwar, they are the only rocks 

met with. From the large plates of mica, which are brought from the 

latter portion of the district, we may judge of the nature of the rocks of 

this range to the north. 

The country lying betwixt this range and the belt of secondary rocks, 

which form the Chitor rauge, and from thence extend west for a short 

distance, is generally level, and from its surface rise several detached hills 

and hill ranges. The nature of the rocks in this portion of the country will 

be understood from the accompanying section of the strata which occur on 

the route from Ni~naci  to Mertai, which last is situated about a mile 

and a half from the base of the central range. These rocks cross the 

country in an oblique direction, the strata running nearly from N. W. 
to S. E. 

Proceeding north from Mertah, we hare a continuation of the rocks 

described in the.explanation of the section as occurring at  and near Mer- 
tah. I n  these, the associated felspar is frequently granular, and the last 

sometimes occurs nearly pure, in which case it forms the white s t m  of 

WERNER. This, however, io rare. Beds of semi-transparent quartz also 
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occur, and in some instances this rock assumes an almost schistose 

aspect. When this last is broken in a direction parallel to the schistose 

structure, minute scales of mica may be frequently observed, which 

divide the mass into a number of thin parallel bars. The mica can- 

not be observed in the unbroken mass, or in the cross fracture, and 

the bars are sometimes so thin that the rock assumes af;how ap- 

pearance. 

When felspar occurs associated with hornblende, the former is gene- 

rally white or grey, and in some specimens of sienitic granite, I have 

observed that the felspar, when exposed at  the surface, has acquired 

a reddish tint, and it is only on breaking the mass that we discover its 

real color. I n  one hand-specimen, broken from the junction of a horn- 

blende rock approaching to sienitic granite, and a close-grained granitic 

rock, through which are disseminated minute yellowish green specks of a 

mineral, which appears to me to be Epidote,--the felspar of the hornblende 

rock is grey, while that of the other is reddish; the felspar acquiring a 

redder tint in proportion as it is removed from the hornblende. Through 

many of the granitic rocks which occur here, the minute green specks just 

alluded to, are disseminated. When these rocks are exposed to a powerful 

heat, the green color of these specks is converted into a black, and a 

similar mineral occurs intimately associated with a rock which appeared 

to me, on first seeing it, to be a variety of a schistose quartz. I t  has a 

specific gravity, however, varying from 2-9 to 3-4, or even 3-5, according 

as this green mineral is in larger or smaller proportion. This last ap- 

pears to be translucent at  the edges, to have n fracture slightly foliated, 

and something of a fibrous structure. I ts  hardness is intermediate, 

between that of felspar and quartz-it is rather brittle, and before the 

blow pipe, or when exposed to a powerful heat, it is converted into black 

or dark bl-oxn scol-iar. I t s  color is light yellowish green, and sometimes 
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greyish green. I t  appears to be a variety of Epidote, and the rock just . 

described occurs in considerable abundance.* 

In  the peries of rocks under consideration, chlorite appears frequent- 

ly to occupy the place of the hornblendes, and the rocks containing this 

mineral have, sometimes, a structure approaching to that of gneiss,-the 

chlorite being arranged in nearly parallel, interrupted layers, alternating 

with layers of the other ingredients. This last rock is distinctly strati- 

fied, and passes into chlorite schist. Chlorite also occurs in minute quan- 

tity in many of the rocks approaching to the nature of white stone. 

In  the neighbourhood of the central range, in this part of the coun- 

try, we have numerous detached ranges, and the surface of the country, 

on proceeding towards Na'th'dudra, becomes rugged and uneven, exhibit- 

ing a mammillary belt, in which are situated several deep and small val- 

leys. The rocks observed are different modifications of granitic rocks, 
alternating with hornblende rocks. Na'th'dwcbra (famous for its temple, 

which is one of the most sacred in India, with those of the Vairhuuva 

persuasion,) stands about twenty-four miles north, and a little to the east 

of Udayapr. I t  is situated on the inner slope of a group of hills of a 

rugged aspect, and which group is connected with the mammillary belt 

above alluded to. The rocks which occur there are argillaceous schists, 

containing a large proportion of mica, and these pass into micaceous 

schist, which alternates with quartz rock passing into gneiss. The 

B u d s  river, skirts this group. For about four miles east of Nbth'dwhra, 

we ha& still numerous detached hills and groups, and the country is 

broken and rugged,-we then enter the level plains of Mewar. 

* In addition to tlis mineral, I euspect that Schiller spar occasionally occurs. Associated with 
the quartz is a rock which has a specific gravity of about 2-8. It is so intimately blended with the 
quartz, however, tliat I could not determine with any degree of precision respecting itn nature. 
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In  the district north of Ndth'dwcira, including the most northern 

portions of Mewar, and the Ajmsr and Jaypur districts, we find gra- 

nitic rocks, gneisses, micaceous schists, and hornblende rocks, with occa- 

sional beds of marble and serpentine-while the argillaceous rocks are 

rare. But before describing these, it may be as well to give, in this place, 

a short description of the Geology of the country on the route from 

Na'th'dwa'ra to Kankarauli, distance of about nine miles north, and 

slightly east. This portion of the country acquires importance from the 

marble quarries which abound in it. 

Proceeding then north from the Bermis river. the route running parallel 

to, and at no great. distance from the central range, the country exhibits 

a mammillary aspect, and to our right stretch out the level plains of 

jWewur. The first rocks which present themselves, are micaceous schists 

approaching to argillaceous schists, which appear to pass, on one hand, 

into argillaceous schists, with which a large proportion of mica is asso- . 
ciated, and on the other, into gneiss, generally of a schistose structure. 

Small thin laminae of a white limestone, occasionally occur in patches in 

the schistose rocks, forming a variety of the calsehiste of the French. The 
preponderating rock, however, is micaceous schist, in which occur beds of 

quartz and hornblende rocks. 

On arriving at  Kankarauli, several low ranges of hills are observed. 

The Lake, for which its sacred city (for it, as well as Ntith'dwdra, is the 

seat of a Gosain of the Vaishnrrva persuasion) is famous, may be about 

fourteen miles in circumference. I t  is skirted on two sides by these low 

ranges, and on the other sides the water is confined by two b u d  of large 

extent, and there is another bund which blocks ,up a broad ravine which 

separates two of the ranges just alluded to. 
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I t  is in these ranges that the marble formation of Kankaraulf occurs. 

On the side to which the strata dip, the acclivity is gentle ; but in the o p  

posite direction, they present bluff crags which: overhang the lake. The 

marble occurs in distinctly stratified beds. In a hill examined, the first 

rock which presented itself was micaceous schist, composed of quartz and 
< 

mica, the last in large proportion, and in silvery plates of considerable 

size. Dipping under this, occurred a thick bed of marble, the outcrop- 

pings of the strata making their appearance throughout the whole extent 

of a low ridge skirting the lake. Under this again, a micsceous schist, 

of a more stony aspect than the last, occurred. This contains a consi- 

derable proportion of associated felspar, and passes into a gneiss of a 

slaty structure, which is succeeded by a sienitic granite, or rather a horn- 

blende rock, with which is associated a very large proportion of liorn- 

blende. All these rocks are distinctly stratified, and dip at  an angle of 

about 45"-the dip being southerly, a little inclined to the east. 

The marble which I had an opportunity of examining, was coarse- 

grained and crystalline. One variety was nearly pure white, while another 

was greyish white, the last being rather of a closer texture,-both were 

slightly translucent at  the edges, and in their structure they frequently 

approached to slaty. This marble is a primitive dolomite. I t  is dissolved 

slowly, but entirely in nitric and muriatic acids, with slight ~flervescme, and 

contains a considerable proportion ofcarbonate of magnesia, associated with 

the carbonate of lime. The marble quarries from which all this portionof 

India is supplied, occur a few miles from this town, and near another lake 

of smaller size, called the Rajnagar. This marble is Inore compact and 

fine-grained than the variety just described, and is associated with a 

similar variety of rocks. 

The Bunds which are constructed of marble, have a very imposing 

appearance, and numerous Aat-roofed buildings, supported on pillars, 
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exhibiting very richly carved specimens of Hindu architecture, adorn the 

principal of these. These buildings are completely covered with figures 

of the Hindu deities, carved in alto relievo. The strata of this limited , 

portion of the country generally dip in a southerly direction, while those 

in other situations, to the N. S., and in the same parallels of latitude, 

generally dip to the N. E. 

The ranges run in a direction parallel to the direction of the strata, 

and the micaceous schists and gneisses of this series generally contain 

embedded garnets. 

With regard to the other portions of this district, north and east of 

Kanknraulf, I may remark, in a general way, that in it are probably dis- 

covered, in any abundance at least,-the oldest rocks which occur in 

Central India, and these may very probably dip under the argillaceous 

rocks of the south. The whole of which last series would appear to repose 

against micaceous schist, passing insensibly into gneiss, the last passing 

again into granite. Immediately to the north of Kankarauli, we enter a 
perfectly level plain, which is continued to the base of the central range, 

which range rises abruptly from its surface-and, supposing a line drawn 

in a north-easterly direction from Kankarauli to the fort of Banira, 

situated forty-two miles north of Chitor, we have to the N. W. of this 

line a perfectly level plain, at the surface of which the primitive strata 

constantly appear-and this plain is, in many situations, bounded by the 

horizon, not one single detached hill or range making its appearance till 

we approacll the hill groups at and near B a d ,  which lies nineteen miles 

S. E. from Nasirabad. 

To the S. E. of this line we have also level plains, but from the 

surface of these rise numerous detached hills and hill ranges-and a 
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6' considerable extent stretches in a south-wester1 y direction, from 

the fort of Bareira. The first rocks which present themselves are 

micaceous schists, in which the mica is abundant, and in plates of consi- 

derable size ; in these are embedded garnets. Beds of quartz, and a 

micaceous schist, approaching to argillaceous schist, are frequently met 

with-and the latter of these rocks is more abundant towards the south. 

For a very considerable distance to the north of Kankarauli, and from 

thence east to Bhilwara, situated thirty-four miles north of Chitor, the 

micaceous schists still preponderate, and they alternate with hornblende 

rocks and quartz. In the neighbourhood of Bhilwara, we observe an 

extensive series of alternations of this kind ; and the hornblende rocks, 

which occur in great abundance, exist in the form of hornblende schist,- 

hornblende rock, and hoinblende rock approaching to sienitic granite. 

Proceeding north, the granitic rocks preponderate, and the range of 

hills, on the termination of which to the north, BanEra is situated, is en- 

tirely composed of granite. The granites of this range are various, and 

the different varieties alternate with each other,-some of the beds being 

stratified, and others assuming a regular prismatic form. One variety 

is a very fine-grained grey granite, of a crumbliug nature, easily affected 

by the atmosphere, and, in its partially decomposed state, exactly reeem- 

bling asandstone. Another variety is a granite, in which quartz and 

felspar occur in large angular concretions, the quartz being white 

and semi-transparent, and the felspar being nearly opaque, and 

of a milky white color-with these a very small proportion of mica 

is associated. This last ~ o c k  was traversed by veins of felspar, or 

rather adularia, of .a beautiful pearly lustre. Another variety of gra- 

nite also occurred, in which the mica, of a dark olive color, wps dis- 

tinctly crystallized, as were also occasionally the quartz a d  felspar. The last 

variety is large granular. The hills of this range are low, and they do 
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not rise higher than three hundred feet above the level of the plaia 

Their shape is round, approaching to conical. 

On leaving Banira, we enter the level primitive plaia, described in 

pages 79 and &and this plain is, in many situations, almost literally 

covered with garnets, giving to the face of the ceuntry a red aspect. The 

precious and common garnet both occur. The former is small, and seldom 

in perfect crystals-the latter is large, often the size of a hen's egg, and 

is regularly crystallized in the usual manner. The rocks are still different 

modifications of granitic rocks, with which are associated occasional beds 

of hornblende rock, and hornblende schist-the first passing into sienitic 

granite. Some of the granites are composed of quartz and felspar alone, 

the latter being milky white, and the former semi-transparent. These 

are.arranged in large angular concretions, and have at  a little distance 

quite the aspect of calcedony. This rock is stratified, and felspar in thin 

seams, which run parallel to the strata, occurs in it. This felspar is trans- 

lucent, of a slightly greenish color, and easily breaks into fragments of a 

rhomboidal form. I t  exhibits, in some small degree, the play of colors 

so remarkable in the Labrador felspar. Besides the abeve granites, 

composed of quartz, bright flesh-colored felspar and steatite occur,-the 

last ingredient being sometimes wanting ; common granite is also found- 

in this the mica, as seen in the mass, is of a brass yellow color, but when 

placed between the eye and the light, is of a greenishstraw color. Schorl , 

is occasionally met with in these granites, and in their structure they vary 

from fine grained to large grained. 

The above rocks are continued till we approach B a d i ,  nineteen miles 

south-east of Nasirabad, when we now again perceive numerous detach- 

ed hills and hill groups-and rocks containing hornblende preponderate. 

The rocks heretofore met with have, generally speaking, been regularly 
X 
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stratified, and the strata appearing to cross the country obliquely, and 

running nearly north-west and south-east. 

B a d i  is situated at  the base of a group of hills, which, though they 

appear smooth and conical in the distance, are found, on nearing them, to 

be entirely destitute of vegetation, the rock of which they are composed 

having a tendency to assume the form of large globular, or rather colum- 

lzar masses, which are piled on each other,--one of these masses fre- 

quently occupying the very summit of the hills, and presenting a very 

striking appearance. A small fort tops a low, conical, and precipitous 

bill, or rather crag,-the fort appearing to rise from the rock, and to be 
L 

a continuation of it. 

The rock composing this group of hills does not appear to be strati- 

fied. In its texture it inclines to small granular. I t  is composed of grey 

felspar, quartz, and black shining hornblende, and has a structure similar 

to that of gneiss, the hornblende being arranged in slightly interrupted 

nearly parallel layers, alternating with layers of quartz and felspar inti- 

' mately mixed. Small garnets occur disseminated through this rock, and 

in many situations it has a perfect gneissy structure. I t  may be classed 

with the sienitic gneisses. 

Proceeding from this last place towards Nasirabad, we have alter- 

nations of granitic rocks, with hornblende rocks asd gneiss, all these pass- 

ing into each other-hornblende being a common ingredient in all. Large 

rounded heaps of these rocks are seen piled upon each other near the route, 

and they do not occur stratified, but in large and broad prismatic beds, 

running i n  the usual direction of the strata of this district. The route 
from B a d i  to Nasirabd is in a direction nearly parallel to, but a little 

to the west of, the direction in which these beds run, and we frequently 

meet with the same rock for the distance of one or two miles. 
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The country surrounding Nm'rabad is bleak and desolate. The 
cantonment itself is situated on an elevated plain, exhibiting, in almost 

every position, the out-croppings of the vertical strata ; and the soil, 

where thereis any soil, is seldom deeper than a few inches. The surface 
rises into several low rounded swells, destitute, or nearly so, of vegetation, 

and in the neighbouring country several detached hills and hill groups 

are observed. To the west and north-west, the central range of hills is 

seen to stretch. I t  presents a bleak and rocky outline. I t  rises abruptly 

from the plains, and in some situations exhibits peaks, frequently of con- 

siderable altitude,-some of them, in the neighbourhood of Ajmere, rising 

about one thousand two hundred feet above the level of the plain. In  
this portion of the country there is scarcely a single tree observed. 

The rocks which occur are different modifications of granitic rocks, 

alternating with each other in narrow 'beds, and these are associated with 

gneiss, micaceous schist, and hornblende rocks. All these pass into each 

other by insensible degrees. The hornblende rocks pass into greenstone, 

and also exist in the form of pure hornblende rock and hornblende 

. schist, with both of which felspar occurs associated, and these last 

pass into sienitic granite. The gneisses are generally schistoses, 

not waved, and the granites are very various-sometimes large grained, 

but more generally small grained. In the above, beds of pure white quartz 

occur,-these last frequently rising into hills completely destitute of vege- 

tation. The quartz, exhibiting a saccharine structure, described in page 62, 

is found here, and other varieties are semi-transparent. Some also exhibit 

an almost schistose structure, and are similar to those dewribed in page 73. 

Indeed, the whole series of rocks which occurs at Nm'rabad, is very simi- 

lar to that described as being met with at and near Mertah. The rocks 

of this series are, generally speaking, stratified, and the strata run in a 
drection N. W. and S. W. probably skirting, through a large extent of 
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county, the western limits of the formation described at  Banhi, and 

exhibiting in their course. different appearances. The granitic rocks found 

in the neighbourhood of Shapoora, fourteen miles east of Ban'ra, are pro- 

bably a continuation of this series, while a continuation of the Banira . 
rocks may probably be discovered in those to the west of Nasirabad. 

Proceeding east from Nusirabad, in the direction of Bianu, we pass, in 

the first instance, through the same bleak and desolate country-the rocks 

every where appearing a t  the surface. We have still alternations of gra- 

nitic rocks and hornblende rocks, with numerous low rounded swells, com- 

posed of pure white quartz, large masses of which latter strew the line of 

march. The granitic rocks lose, at  a short distance to the east of Nmi- 

rabad, their stratiform stn~cture, and frequently appear a t  the surface in 

the form of immense lenticular masses, often many yards in diameter, the 

superior flattened surfaces of which only protrude ; and we also observe 

the piled up heaps of globular masses above alluded to. This formation 

is obviously a continuation of that observed at  Badd.  Proceeding east as 

far as Bamboli, about thirty miles distant from Nasirabad, we have a 

continuation of a similar variety of rocks, but micaceous and chlorite schists 

mow occasionally make their appearance ; the granites, however, prepon- , 

derate, and in these the felspar is the most abundant ingredient. It is 

frequently of a crumbling nature. Among other varieties of granite which 

occur near Barnbo6, there was one of a very beautiful appearance com- 
posed of quartz-hornblende, the last in very small proportion-flesh- 

colored felspar, and green mica, a d  in this rock were imbedded portions 

of a semi-transparent, nearly white, felspar of a rhomboidai form, giving 

to the mass a porphyritic structure. Numerous detached hills occur in 

this neighbourhood. They are all very low-some exhibiting the above 

described appearance of globular heaps piled upon each other-others are , 
smooth 'and conical, while others are peaked. 
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Still proceeding in the same direction, about half way betwixt 

Nasirabad and Biana, we perceive the two parallel ranges of hills described 
in page-, and between which ranges our route lies. These ranges seem 

to terminate to the west in a number of detached hills which rise here and 
there in the line which the ranges would have followed had they been 

continued. Some of these detached hills are conical, others are round, 

while others are occasionally peaked. The rocks are still granites, some 
of them containing imbedded actinolite, and with others steatite and chlo- 

rite occur associated. Gneiss and micaceous schist are also observed, and 

the last, as we proceed east, becomes very plentiful. Many of the speci- 
mens of gneiss have a zoned aspect, parallel layers of red felspar being 

observed in these, alternating with layers of quartz, k c .  and this last rock, 
in some situations, passes into quartz, the connecting link being a rock 
composed of parallel bars of quartz, separated from each other by plates 
of mica. At a small village called Gkrwcisi, about eighty-six miles 

from NaPirabad, occurs a low hill, composed of micaceous schist, with 
subordinate beds of gneiss and granites, into both of which it appeared to ' 

p s .  I here found specimens of a variety of Jbrm quartz of a slightly 

&dish tint-the fibres were arranged in a manner similar to those of fib- 
gypsum, and it occurred imbedded in the rocks in oblong portions of 

small size, the superior and inferior surfaces of which were slightly convex. 

Proceeding in the same direction, the above rocks are still observed, 

and small gained granites, compoeed principally of quartz and felspar, 
with which occasional minute scales of mica are associated, preponderate 
as we proceed east. Beds of micaceous schist ana quartz are also met 
with,-and the rocks just alluded to are succeeded by the quartz rock 
formation, in the centre of which stands the hill fort of S d h ,  or Olrsiur 
Sdhr---see page 65. Felspar, in small proportion, occasionally occurs 
associated with this quartz. 

Y 
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The hills of the parallel ranges which bound to the right and left, 

the plain over which the line of march lies-are low. Their summits 

very frequently present a sharp ridge, the acclivity on each side being 

rapid, and this ridge exhibits an even and uniform line. Sometimes, tho, 

the summits are flattened, and their outline altogether is exceeding1 y 

monotonous, the even line which these summits exhibit, being frequently 
continued for miles without interruption. This is more particularly 

observed in the most eastern portion of the Jaypur district, while to 
the west denticulated ridges occasionally occur, and sometimes, though 
rarely so, low conical peaks present themselves. The hills which rise 

from the plain, especially those of the quartz formation, are more abrupt 

and precipitous. 

Proceeding from the hill fort of f in i ra  N. E. towarde TONK, we have 

still level plains with their detached hills and hill ranges, and these hills 

become more numerous as we proceed east,--several small ranges too, 

are seen running on a north-easterly and south-westerly direction. The 
country is generally covered with soil, from which occasionallg protrude 
granitic rocks, &c., and these are probably a continuation of the rocks 
observed at and near Nudrabad, and to the east of this cantonment; and 

about twenty-six miles N. E. from Ba~rira, we observe several hills corn- 

posed of granite rocks, gneiss, &. in large unstratified beds, the large 

lenticular masses described in page 84, together with the hills formed of 

the globular masses so often alluded to, being frequently perceived. This 

last formation is probably a continuation of that perceived at Badi,r&c. 

A village called Tora, is situated at about .twenty-four miles S. W. of 

TONK, and stands near the base of a considerable range ofhills, whichruns 

in a north-easterly and south-westerly direction. The hills of this range exhi- 

bit ridge-shaped and denticulated summits, and the preponderating rock 

is gneiss, on one hand passing into micaceous schist, and on the other into 
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granite. In some of these the felspar exists in the form of a soft earthy 
substance, (kaolin,) sometimes it is of a reddish color, and at others it ig 

greyish white. The last is. frequently granular. 

The country surrounding TONK is characterised by its numerous 

detached groups, and the hills often rise into peaks of fantastic form, 
denticulated ridges, &c. Many of them are entirely destitute of vegetation, 
and a sharp craggy peak, of a very striking appearance, and crowned by 
a domed building, overhangs the city. The rocks observed are graaitic 
rocks passing into gneiss, quart31 being a very abundant ingredient in 
these. 

Proceeding N. E. from TONK toward8 SwdJi, situated in a pass in the 
most southern of the two parallel ranges, alluded to in page 85, and distant 
twenty miles S. W. from Shhar, the detached hills are still numerous, 
and many of them are crowned by a strong-hold. The windings of the 
Banks river are frequently crossed, and the racks gradually pasa into 
quartz rock, approaching to gneiss, with which hills of micaceous a& 

chlorite schists are associated. 

Five miles to the S. W. of a small village called Bopa'i, which stands 
about twenty-six miles S. W. of Sowiili, is a hill fort, of a very imposing 

appearance. The small detached range, on the highest point of which it  is 
situated, appeared principally composed of quartz of a white color. The 

lower and central regions of the hills were covered with stunted jungle; 
the rock then suddenly took a more perpendicular direction, and rose by 
a very steep acclivity, till, with the slope on the other side, it formed a 
sharp denticulated ridge, frequently rising into needle-shaped points, and 
exhibiting a peculiarly bristled aspect. The upper regions of these hi& 
were entirely destitute of vegetation. Many other of the hill ranges 
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presented similar appearances, and we had also the usual ridge-shaped 

hills, and some were conical. 

On approaching Sowhli, these detached ranges were still very num'er- 

ous, and the secondary ranges, described in page 56, were seen paflsing off 
in pairs from the range, *at the base of which Sow6li is situated. I need 

scarcely add that the word " secondary" has no reference, in this place, to the 

rocks of which the hills are formed, but is merely used as a relative term 
to express the connexion of these ranges with the greater range. These 

secondary ranges, then, are not continued far, but terminate a short dis- 
tance to the south. Their summits present various appearances,-some are 
flattened or slightly rounded, and are bounded on either side by nearly 

perpendicular smooth crags which rise abruptly from the slope. Others 
are ridge-shaped, while others are slightly denticulated. 

The racks which present themselves are small grained granitic rocks, 
the quartz and felspar being by far the most abundant ingredients, and 

these are associated with micaceous schists and quartz rocks. Succeed- 
ing these, the quartz formation of Shhr occurs. 

'The above is all 'the information which I can give relative to the 

Geology of this district. My communication has already been extended 
beyond the limits which I at first proposed for myself, and myconcluding 

observations shall be few and general. 

In the northern portion of this district, I stated that beds of marble 

and serpentine are found, excepting, however, the marble formation of 
Kankurauli. I have not had an opportunity of examining these, and shall 

therefore content myself with remarking, that marble appears to be plen- 

tiful in the northern portions, both of A ~ M  and Jayput. 
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Regarding the metals of this district I can say but little. Dai- 
in@; the past cold season, I had proceeded as fat as Nasirabad, fdr 

the purpose of examining the Ajmer lead minee; h t  the sudden 

calls of duty obliged me to return to Udayapur, when I was on the very 

point of setting out on my intended excursion. I can, therefore, gioe 

no additional information to what is already known respecting these 

mines,-and I must be satitdied with remarking, in a general way, 

that iron, copper, and lead, with which last silver has occasionally been 

found associated in small proportion, are the only metals which have as 

yet been found in this district. Several specimens were shown me as ores 

of antimony. These were, however, well-marked galena. There are 

several iron founderies in this district, and this last metal appears to be 

very abundant in the quartz rock formation. Copper mines, too, hwe, I 
believe, been worked near Madul, in Miwar. 

Several simple minerals have been mentioned as occurring in the 

granitic rocks, &c. ; and in one variety of granite was observed a mineral 

which appeared to me to be Saussurite. 

The depth of the wells in the primitive portions of Central India 

appears to depend, in a great measure, on their being near, or at a dis- 

tance from-the large lakes which abound in this district, and the remark 

first made by SHAH BABER, (see LEY DEN, and ERSKINE'S translation of 

his life,) who appears to have been a wonderfully intelligent observer of 

nature, I have found to be perfectly correct. This remark is, that in the 

apparently dried-up courses of rivers and nullahs in India, water is ani- 

versally found close upon the surface, and that, even during the hottest 

periods of the year, it is only necessary to dig afew feet through the sand 

to reach it. We cannot but agree in the reflection made by this monarch 

upon statmg the circumstance ; viz. that it presents an instance of one 
z 



SKETCH OF THE 

of the many bountiful arrangements which Providence has made to sup- 

ply the wants of its creatures. Many of the wells a t  N&sirabaal are 

eighty feet deep, and are bored through the solid rock-the water in these 

. is generally brackish-and is impregnated with saline ingredients. The, 

hill fort of Harnirgicer, situated twenty-one miles north of Chitor, is 
remarkable on account of a well which has been bored, with infinite labour, 

through the solid rock from the summit to the very base of the low hill 

on which the fort is situated. This well is nearly two hundred feet deep. 

During the rains, springs of water may be seen, in many of the hilly 

districts, iauing from the rocks a t  the surface. 

In  the north of Ajmer and Jaypccr, the water is bad and brackish. 

In  the southern. districts it is excellent ; and the only foreign ingredient 

which I have as yet detected in i t  is carbonate of lime, whichsometimes 

exists in considerable proportion. A quantity of carbonic acid gass, in a 
free state, must, of course, exivt in these waters, to enable them to hold 

the carbonate of lixhe in solution. 

With regard to the Geology of the primitive portion of the district to 

the west of the central range, I can say nothing. My specimens from the 

Serooee district are as follows, and these indicate a similar variety of 

rocks to those which we have described as occurring to the east of thia 
range : lst, a rock composed of pure black shining hornblende without 

intermixture; 2d, nearly the same as the above, but with associated 

felspar in small proportion ; 3d, a sienitic granite, approaching to primi- 

tive greenstone ; 4th, a granitic rock, composed of flesh-colored febpar, 

with a distinct foliated fracture, quartz in much smaller proportion, and of 

a white color, and stehtite-the last in very small quantity, and in other 

specimens of the same rock entirely wanting'-this granite is very large 
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granular; 5th, a sienitic granite intermediate between small and large 

granular, and principally composed of grey felspar, with which is occa- 

sionally associated quartz and hornblende, the last in minute proportion- 

a soft reddish iron ochry-looking substance occurs disseminated through 

this variety ; 6th, a very . compact primitive limestone, with a texture 

approaching to that of calcareous spar ; 7th, a limestone, or marble of a 
whitish color, consisting of a congeries of minute grains, which appear to 

thenaked eye rounded, but vhich seen through a microscope have an imper- 

fect crystalline structure, exhibiting sharp angles, &c.-through this rock 

is disseminated minute scales of a dark colored mica ; 8th, a limestone 

somewhat similar to the last, of a cream-color, composed of similar grains 

in a very loose state of aggregation, so that it crumbles into a fine calca- 

reous sand almost on being handled. Through this rock are disseminated 

ecales of an olive-colored mica, and a portion of it being thrown into nitric 

acid, the calcareous grains were completely dissolved with brisk efferves- 

cence, while there remained as a residuum, the scales of olive-colored 

mica, a few minute grains of quartz, and two other minerals, the nature of 

which I do not altogether undelwtand. 

One occurred in small cylindrical grains, or rather six-sided prisms, the 

lateral planes of these not being very well marked, but at  the same time 

sufficiently distinct to entitle them to the appellation of cryspals. They 

are about the size of a grain of rice, are slightly translucent, approaching to 

opaqm-of  a white color and silky aspect ; they are soft, and easily crum- 

ble between the fingers into a fine silky looking powder. Before the 

blow pipe they acquire a more opaque degree of whiteness, and they do 

- not appear to be affected by acids. Their specific gravity does not seem 

to exceed e0 00, but from the smallness of the size of these crystals, and 

from their lightness, I could not ascertain this point with precision, not 

being possessed of scales sufficiently delicate. 
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The other is of an emerald-green colm, translucent or semi-t~aos- 

parent. I t  occurs in grains or crystals of nearly a similat form to.the 

last, but these are frequently flattened. I t  dso occurs in amall irregular 

graiafi which amume no dietinct form. Like tlie first, it exhibits a very 

fine fibrous structure. I t  has a shining vitreous aspect-it is soft, so as to 

be scratched by the knife, but it is harder than the other ; ib is exceeding- 

ly brittle. Its fracture appears to be foliated, and its specific gravity 

does not exceed that of the laat. When exposed to the flame of the blow 

pipe, it acquires a darker color, and becomes opaque and friable. 
4 

The above minerals appear to be more dlied to apatite, than to any 

other substance with which I am acquainted. The friend to whom I am 

indebted for my specimens inhrmed me, that the rock in which theae 

are found occurs very abundantly on the route from Udayapur to Sera. 
A specimen of this rock I have the pleasure to forward. 

I have only further to add, that I have found imbedded in Kunker, 

in the valley of Udayapur, several varieties of primitive rocks, which I 
have not yet been able to discover in situ. Of these I may mention one. 

I t  has A waved appearance, is close grained, almost compact, and consists 

of white quartz and a dark colored limestone, arranged in waved alternat- 

ing layers. It effervesces strongly with acide. A specimen of this rock 

I have also the pleasure to forward. 
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ON THE 

F O R M U D  FOR CALCULATING 

A Z I M U T H  

I N  TRIGONOMETRICAL OPERATIONS. 

BY CAPTAIN G. EVEREST, F. R. S. M.A.s., &c. 

Surveyor General and Superintendent of the Great Trigo~noretrical Survey of Idia. 

IN offering to the notice of the Society the accompanying paper, I beg 

to explain that my object is to put on record oertain formulae, connected 

with the method generally employed in the Trigonometrical Surveys of 

England and of India, for determining Azimuths. 

Those of my readers, who are familiar with this subject, will remem- 

ber that the method in question consists in observing the difference of 

Azimuth between a fixed lamp of reference and some circumpolar star, 

generally a ursae minoris, a t  the time of its greatest distance on the east 

or west side of the meridian. 

But to accomplish this, the actual time of the phenomenon, and 

frequently the altitude, require to be known, and as it is advisable to 

have these elements prepared for the occasion at  leisure, the latitude of 

the place is sometimes drawn from data to which the final corrections 

have not been applied, and the polar distance is perhaps taken from a 

catalogue which succeeding observations have shown to be imperfect. 

The second part of this paper is intended therefore to furnish formulae, 

whereby the observer may introduce the required corrections without 

2 A 
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undergoing the toil and loss of time which would attend a formal recom- 

putation of the whole set of observations, and it will be remarked that 

the second hypothesis will also enable him to compute, by means of 

differences, a series for mahy nights in succession with quite as much 

correctness as if entire quantities had been used ; for in that case he 

has only to calculate the elements for the first night, and substitute for 

the value of d b the increment or decrement of polar distance, the other 

terms being virtually constant. 

I t  has always, however, been an evil complained of in operations of 

this kind, that by limiting the caae to thc actual time of maximum 

Azimuth, the powers of the observer are much curtailed, because he can- 

not take more than one observation on the same night. 

If  observations, take; intermediately between the culmination and 

the time of the greatest Azimuth, were to be computed with reference to 

the meridian, it would be illdispensable to employ large quantities, and 

the operose formulle of Spherical Trigonometry, which would not only be 

laborious, but would not give so much accuracy as the method of eliciting 

the correction by means of differential terms. 

I shall explain this better by a reference to 

the diagram in the margin, wherein the two Arcs 
ZS, ZSf  are drawn very near to each other, the 

angle PSZ being a right angle, and it will be seen 

immediately how much more easily and accurately 

the angle PZS' may be found by computing the 

partial angle SZS',  and deducting it from PZS, 
than by direct computation of the entire angle 

PZSt itself. 8 

I have introduced, in the first part, the ordinary rules for com- 

puting the elements a t  the time of maximum, with the view that 

those, for whose use these formulae are intended, may not need a 
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reference to first principles, but have the subject in a complete state be- 

fore them ; and this must be my apology, should it be objected to me that 

I have presumed to intrude on the Society with propositions strictly 

elementary. 
R 

In any spherical triangle A B C if the sides 

b and c are constant, the sines of the angles B a 
and C will attain their greatest values contempo- 

raneously. 

A 

For the general equation is 

sin b 
sin B= sin C.  - sin c 

in which the term sin B is obviously a maximum when sin C is a maxi- 

a mum ; i .  e. when C=-or 90". 
2 

If, therefore, A represent the Pole, B the Zenith, and C the place 

of a circumpolar star; when the Azimuth which is represented by the 
angle B is a maximum, the angle of position at  C will be a right angle : 

in that case, therefore, we have 
............................ 1st. Cos A = tan b.cot  c (4 

sin b 2nd. sin B z- .................................. 
sin c (P) 

COS C ................................. 3rd. Cos a =-. (7)  
cos b 

But A represents the hour angle, or portion of sidereal space passed 

through between the instant of transit and that of maximum Azimuth ; 
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r c ,  the complement of the Latitude of the place of observation, or c = -1; 
(I 

b, the polar distance of the star ; B the angle of Azimuth, and a thezenith 

distance : consequently, if t' denote the seconds of sidereal time, the above 

equations are transformed to 

1st. cos (15.t') = tan *'s Pol. dist x tan A 

2nd. sin * 's Azimuth = sin * 's Pol. dist x sec h 

3rd. sin * 's Altitude = sec I 's Pol. d i ~ t  x sin 

If t' be required in mean solar time, it must be diminished in the ratio 
H.  M. 5. 

of twenty-four hours to 23 56 4, or if 7' denote the seconds in mean solar 

time, then we have Log. . r k  Log. t' + C0nst.~9988127. 

The corrections are also easily obtained from tables constructed on 

purpose. 

To take an example of this ; let the time of the greatest Western 

Azimuth of the Pole-star be required on the 4th May, 1830, in Latitude 

24" 0' V ,  as also the Azimuth and Altitude at that instant; the Longitude 

being 78" East of Greenwich, and the Polar distance 1" 36' 0". 

Hour Angle. Azimuth. Altitude. 
Pol. dist lo 36' Ofl. . . . tan 8,446 1103. . . .sin 8.4459409. . . . sec 0.0001694 
Lat. . . . .24O 0' 0". . . . tan 9,6485831 . . . . sec 0.0392698. . . .sin 0.6093 133 

5 57 8.98 Siderial time. Refraction + 0 2 9.83. 

Space 89" 17' 14.'8 cos 8.0946934 sin 8.4852107 sin 9.6094827 

I 6  18 51.21 Sid. time 

4 

Appt. Altde 24 2 45.66. 

- - 2 40.37 Corrn. 
16 16 13.84 Mean Solar Time. - 

lo 45' 5.'37 24" 0' 35.'83. 
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Hitherto the two sides bandc have been supposed to becorrectly known, . 
but it is not an unusual'occurrence that a series of observations is com- 

puted for many nights by anticipation, with a Latitude merely approx- 

imate, and that when this element comes to be finally determined, correc- 

tions must be applied to obviate the effects of errors which may thus have 

been introduced. 

To find these corrections, we must differentiate the equations (a), (P ) ,  

( y ) ,  with respect to c; whence we obtain 

tan b tan b 1st. - sin A. d A = - - d c = -  
sing c s i 3  c . dh 

tan b . d h = -  tan b ;. - d A =  - 
sin A. sing c sin a .   in c 

. dh 

tan B 
Whence - d A = - . dh = tan B. sec h. dh sin c 

- sin b. cos c. dc 2nd. cos B. d B  = = - sin B, cot c. dc 
sit12 c. 

;. d B  = tang B. tang A. dh 

-sin c. dc 
3d. , - sin a. da = 

cos b 

si~c c ;. da = . dc = dc 
sia a.  cos b sin A. cos b 

dh ;. -da=-- - sec B. dh 
cos l3 

To show the application of these formulae, let it be supposed that the 

parts of the triangle of greatest Azimuth had been computed previously 

for some nights in succession, with a Latitude deduced from an approx- 

imate series of triangles, and that instead of 24" (Y V, as supposed in the 

2 B 
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. last  example, the Latitude was found t6 be 24" 1' 45". Then the operation 

will stand as  follows : 
Hour Angle. Azimuth. Altitude. 

d X = 105" ........ Log .... 2.02110 .... Log 2.02119 .......... Log 2.02119 

B = lo 45' ...... Log tan 2.48541 .... Tan 5.48541 .......... Sec 0.000U) 
& 

X = 24' W 0" ...... Sec .... 0.08937 .... Tan 1.64858 ...................... 
15 A. C. Log 8.82391 

- .. Corrections.. .... 0 -93  Log .... 1.36978 1."43. .Log 0.15518 1' 45."05 Log 2.02139 

H.  M. 9. 0 1 11 

Correct values 16 16 13-81 .......... 1 46 6, 70 ........ 24 4 30. 7l 

I t  will also sometimes happen i n  practice, that a series of observa- 

tions, computed with data drawn from an imperfect catalogue of former 

years, requires to be corrected in conformity with the superior accuracy 

obtained by modern observers. In  that case we must differentiate the 

same equations (a) (p)  (7) with respect to the Polar distance b, whence 

we obtain 

cot c 
1 s t - s in  A.cl A = - 

COS? b 
. d b  

cot c COS C . . . -c lA= . d b =  
sin A. cosf 6 sin c.  sip& A. cosf b . d B  

cos c cos a  O r - d A =  d b =  
silt a.  COS* b . d b = cot a. sec b. db 

sin. a. cos b 

2d cos B . d  B = cos b.  d b 
sin c 

cos b . . . d B =  d b =  d b 
cos B. sin c sin A. cos h 

cosc. sin b. d b 3d - sin a. da = 
cosf 6 

cos c .  sin b :. - da . d b = cot a. tan b. d b. sin a. cos' b 
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These formuIae, computed similarly to the former examples, will stand 

as follow. Suppose that (instead of lo 36') the polar distance had been 

lo 35' 34", but that all the observations had been already computed with 

the former of these values. Then we shall have d b = - 26". 
..... ..... ....... d b = - 26".  LO^ 1.41407..   LO^ 1.41497..   LO^ i.41407 

b = lo 36' ON. ..... Sec 0.00017.. ....................... .Tan 2.44611 
- - ( - ) = 24' 0' 38. .... Tan 1.(14878. ......................... Tan 1.64878 
- ......... 15 A. C. Log..  .2.82391 

A = ......................... .Cosec. .... 0.00003 
X = .......................... sec ...... 0.03927 

- - -~ -- -.~ . - 

- 
Corrections, ............. .0.77. . Log 1.88783 28".46. . Log 1.45427. .0n.32. . Log 1.60986 

. ...... ........ 1st. Compd. valoes,.l6 10 13.84 lo 45' 5 .37 24 2.45.86 

........ .... ....... Correct values, 16 18 14.61. lo 44' 38.91" 21 2.45.34 
- --. - - 

In  these computations, the correction is applied to the altitude with 

an opposite sign to that resulting from the formulae, as  due to the 

zenith distance, the rationale of which will be evident. The formulz will 

evidently shorten such operations considerably, because there is no 

necessity for more than five places of decimals, unless the variations are 

very large, a114 thus, if we retain all the quantities but the variation 

of b, we may compute a set of observations for many nights in succession, 

by merely finding the variations which are occasioned in the other parts. 

I n  the work on the great Meridional Arc of India, which the Court 

of Directors did me the honor to have printed, the principle is examined 

(vide page 89,) of determining for how long periods some of the principal 

circumpolar stars of the Greenwich Catalogue may be considered as 

stationary in Azimuth ; and it is therein shewn that, during the 2' 3."6 

preceding and subsequent to the Maximum, the variation in Azimuth of 

the Pole Star is only 0.95,  a quantity less than the powers of our best 

instruments can be considered capable of detecting uuder ordinary 
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circumstances-similarly (3 U r m  Minoris and B Cephei, the two stars in 

former edition? of the Nautical Almanack nearest the Pole, have 11 23' 

and 1' 12# for their stationary periods. 

I t  must, however, be remarked, that the hypothesis, on which that 

enquiry is conducted, is not rigorous ; for it is therein taken for granted 

that the same vertical circle will pass through the upper and lower 

positions of the star at equal lapses of time before and after the Maxi- 

mum, an assumption which, .though perfectly admissible for the end 

therein proposed, will not bear to be much extended : as for instance, 

suppose it  were required to determine what would be the. effect on the 

Azimuth, if instead of the precise instant of the Maximum, the observa- 

tion were made at  any time before or after that phenomenon. 

To this end let PSZ be the polar triangle z 
A 

right angled at  S,  and let S' be the place of a d \ 
star before or after arriving at S-Draw the 

Arcs of great Circles PSI, SS', ZS1, and then 

since PSS1 is Isosceles, if a perpendicular were 

drawn from P on SS' it would divide that side, 

and also the angle at P into two equal and 

similar parts, so that if B P, 62 denote the 

variations of the hour angle and Azimuth, we 

have 

;up 
i 

S ' 

1st. Tan PSS1= Cot 4 6 P Sec PS 
2d. Sill + SS1 = Sin + 6 P Sin PS 

' Hence, because of the right angle at S, we have sin ZSS1 = cos PSSI 
and cos ZSS1 = f sin PSS' and therefore the general equation *becomes 

(qide Woodhouse's Trigon. page 157-3d edition). 
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tan 6 Z = COS PSS' 

cot SS'. sin Z S  ? sin P S S ' .  cos ZS 

cos PZ sin h But eos Z S  = - 
cos P S  - cos PS 

And tang Z S  = cos Z cos Z -- 
cot P Z  - tan h 

cos Z. cos h :. sin Z S  = 
cos P S  

Consequently tau 8 Z = cos PSS'.  cos P S  

cot SS'. cos 2. cos h f sin P S S ' .  sin h 

- - cot PSS'. cos P S  1 

sin h cos Z - 
tan SS'. tan h. sit4 PSS' + 1 

- cos2 P S .  tan 3- 6P 1 - 
sin h cos Z - 

tan SS'. tan h. sin PSS' + 

Where the upper sign is used, when the star is nearer the Zenith, 

and the lower, when i t  is further removed from the Zenith than in the 

position of maximum. 

I f  in the former of these cases, which occurs in the Western Elonga- 

tion before, and in the Eastern after ariving a t  the maximum; we put 

tan SS'. tan A. sin PSS'. ( cos z = sin B 

cos' P S .  tan ) 8 P  , tan2 
Then tan 6 2  = 

sin h 

cosg P S .  tan + 6 P .  tane B 
O r 6 Z =  in seconds of a great circle 

sin A. sin 1" 
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Likewise in the latter case, which takes place when before the maxi- 

mum in the Eastern and after the maximum in the Western Elongation, 

if we put 

tan SS'. fan?.. sin = tan 8' 
cos Z 

cosl P S .  tan + 6 P 
Then tan 6 Z = . sin9 4' 

sin h 

cos9 PS.  tan + 6 P .  sille 8' 
And 6 Z =  sin h. sin l4 

This method is quite rigorous, but it is rather more operose than the 

nature of the case usually requires : before, however, proceeding to sim- 

plify the formulae, i t  may not be worth while to give an example of each 

of the cases above adverted to, and to that end let it be required to deter- 

mine what would be thecorrection to be applied to the Azimuth, if instead 

of the actual instant of maximum on the 4th May 1830, the star had 

been observed thirty minutes before or after that occurrence. 

This computation will be most conveniently arranged according to 

the following form, premising that, in deducing the tangent of a very 

small arc from its sine, and vice versa, the easiest method is to add or 

subtract the Log. Secant, and that to deduce the tangent of an angle 

from the sine of half the angle, the easiest way is to add to the latter the 

Log. of 2, + 3 times Log. Secant; as is evident from the following con- 

sideration : 

2.  tan 8 tan 2 8 = = 2 tan 8. (1 + tane 8 + tan d4, kc.) 1-tad B 

:. tan 2 8 = 2 sin 4. sec 8. (1 + tane 8 )  = 2 sin 8. secS B 



To find Tan PSS' and Sin PSS' 

A M P L E .  

) 8 P (= 15'in time) = 3°46'0w .... L. Col .. 1.1834706 1 ........................................ L. Sin .. 9 . m W  

PS = lo 36' 0" ................ L. Set .. 0.0001694 : . .Ss' ................................ L. Tan .. 7.5625715 1 1 :  
PSS1.. ........................ L. Tan .. 1.1836400.. .. : : Sin Z = 8.4852107 .................. L. See .. 0.0802028 

To find Sin a S S  and Tan SSP 

4 3.p = 3" 45' 0" ................ L. sin .. 8.8155985 

.. PS = lo 36' OH ................ L. Sin 8.4450409 I 
: X = 24' Or OH ...................... L. Tan.. 9.6485831 

: 8.6052136 L. Tan 1 ( I .  sin . . 8.6062136 

t 1. sin . . 7.2615304l i 0.0003528 L. Sec L. &c . . 0.0003528 
SS' .. .. .... 3. CON L. See 0.00000'21 , : 8.6048608 L. Sin L. Tan. . 8.6056664 

.. ................ Log of 2. ...... 0.3010300 ) 0.9098306 L,. COS PS L. COS O.OD98306 

. 8.6046914 8.6053970 

.................... 7.2003828 Double Double. .  7.2107040 

8.8165204 L. Tan 8P .............. L. Tan. . 8.8165294 

................ 0.3900887 L. Cosec A L. Coaec 0.3906867 

5.3144251 A. C. L. Sin 1" ...... A. C. L. Sin.. 6.3144251 

1.7310240 Log. 53".830 54'"005 Log. .. 1.7324352 

Value of 6 2  below. Value of 6 2  above. 



104 ON THE FORMULB FOR CALCULATING 

I t  will now be in place to explain how the above formula can be 

simplified, to which purpose let S1, S' be two positions of a circumpolar 

star a t  equal lapsed of time before and after 

the maximum, so that the angles at  P ,  viz. z 
SPSf ,  SPSu may be equal to each other; then 

if  the diagonal Sf S" of the Quadrilateral formed 

b y  the pole and the three positions of the star 

be drawn, i t  will intersect the other diagonal 

P S  at right angles in a and the two vertical 

circles Z S f ,  ZSfl (produced in the former case) 

will intersect the great circle P S  obliquely in 

two points d,  ab making two very small tri- 

angles Sf a a', S" a 8, each equal and similar S 

to the other and right angled at  a. Now in P 

A ZSd which is right angled at  S,  if we denote S 'I 
as  before by 6 Z  the variation or SZd ,  we have 

1st sin S Z =  cot 6 2 .  tan S d ;  or tan S d  = sin SZ. tun 3Z 

.-. S d  = sin SZ..6Z = sin P. c o s ~ .  bZ .......... (a) 
2d cos d = sin 6 Z. cos S Z  

3d :. aS1a' or L S f  = cos SZ. 6 2 -  (in A Sfad) 
And since tan a a' = sin Sf a. tan Sf 

Therefore a d  = S f  a. cos $2. 6 Z .......... (0) 
Again,in A PSfa  right angled a t  a we have 

1st cos 6 P = cot PSI. tan P a ;  but tan P a = tan (PS-Sa)  

tan P S -  tan S a -- 
" 1 + tan PS. tan S a - cos 6 P. tan P S  

:. tan P S  - Sa 
coso PS 

= cos 13 6. tan PS 
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;, Su= tanPS.(l-cosBP).cssePS=sin9: PS.sine$ 6 P. . . .. (y )  

2nd Tan Sfu = sin P a. tan 6 P = sin ( P  S-S a). tan 8 P 
\ :. Sf a = (sin PS - cos PS. S a). tan 3 P 

Or S'u=sinPS. tan6 P. (I-cotPS.Sa) 

= sin PS. tan 6 P. (1-2. cof PS. sine 8 6 P) . . . . . . . . . . . . . . . . . . (d 
Combining now the equations (P) and (E) we obtain 

ud = sin PS. tan B P. (1-2; cof PS. sin2 t d P)  cos SZ. 3 Z 
= tan PS. sin A. tan b P. (1-2. cog PS.  sine + 6 P). 8 2. . . . . . . . . (0 

cos ZS = cos PZ sin A - 
cos PS - cos PS 

and this value of ad answers for both the upper and lower positions, 
being subtractive in the former, and additive in the latter, with respect 
to the mean distance Sa.  

We have, therefore, generally 
Su = Sd t ud . . . . . . in which, by substituting the values given in Equa- 
tions (7 )  (a)  (0 we get 
Sin 2 PS.  rinP J 6 P = (sin P. car A tan PS. rin A. tan 6 P. (1-2. cost PS. he 3 6 P)). 6 2 

sin 2 PS.  sine 6 P :. BZ= 
tan PS. tan A. tan B P. (1-2. COP PS. sing + 3 P )  

sin P --I 
- sin 2 PS. sine $ B P 

sin P. cos X. ( L + cot P. tan B P. (1-2. cog PS. sing & 6 P)) 

Or bZ= sin 2 PS.  sing + B P . ( 1 t cot P. tan B P) nearly. 
sin lb. sen P. cos h 

Whence Log 8 Z = Log sin 2 P S  + 2. Log. sin + Q P + Log. cosec P 
+ Log.sec A + A. C.Log.sin l U 4  M.cot P. tan 8 P. . . :. . . . . . . Where M 
denotes the number 0.4342944919, kc. whose Log is 9.6377843, the upper 
or lower sign being used according as  the star is above or below the 
maximum. 
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The hature of this last substitution has been shewn in my york on 
the measurement of an Arc of the Meridian (Page 61) and is simply thus. 

in which, when x is very small, the series converge so rapidly that a11 
terms but the first may be omitted, and we get merely 

Log. ( I  +x) = & Mx. 
Therefore Log. (1 5 cot P .  tan 6 P )  = - + M. cot P.  tan 6 P .  

Taking now the elements as in the first of the above instances, viz. 
I 

the computation will be as  follows : 
To find M. cot P .  tan 6 P 
9.63778 
9.11943 Tan. 7" 30' 

0 

8.09472 cot P 
- 

6.85193 Log. of .................................... + ,0.0007111 
.... . .  2 P S  = 3" 1 2' Ob Log. Sin. 8.74680 15 

+ 6 P = 3" 45' OR. . 2  Log. Sin. .. 7.6311970 
P Log. cosec .................. 0.0000336 
h = 24' (Y Off Log. Sec .......... 0.0392698 
Ar. Co. Log. S in  l4 ............ 5.3144251 

6 Z above 5d4. 005 .............. 1.73.24381 

b Z below 5.3'. 829 ............ 1.7310159 

The above computations will shew that the approximate method may 
be quite as much relied on as 'the more elaborate one, and i t  will appear 
on pursuing the enquiry that, for about thirty-two minutes prior and an 
equal lapse subsequent to the maximum, the Polar Star only varies one 
minute of space in Azimuth in the latitude of 24" (Y O". 



MEMORANDUM 

T H E  FOSSIL  S H E L L S  

DISCOVERED IN THE HIMALAYAN MOUNTAINS. 

BY THE REV. R. EVEREST. 

I HAVE ventured to say a few words respecting the Fossils sent down 

from the Himalaya mountains, by Dr. GERARD, because nobody else is 

about to do so; and i t  is a pity that they should remain unnoticed. . 

In  doing this, I shall make no remark upon the general difficulty' of 
identifying fossil shells with recent genera, as that is well known to any 

one who has ever attended to the subject. But to one who lives at  a 

distance from means of reference, such a difficulty is greatly increased, 

since, in many cases, he must speak from recollection alone. Upon this 

ground I must plead for the indulgence of my hearers towards sukh 

imperfections as they may observe in this paper-my purpose in entering 

upon a branch of Geology, not the most familiar to me, will have been 

answered, if I can induce others to join in a pursuit, which circumstances 

will no longer permit me to continue. 



108 MEMORANDUM ON THE . 
I 

To begin, then, with the specimens before us, in the relative order of 

their abundance, we have- 

I. First. Numerous blocks of a compact greyish silicious limestone, 

(in some parts passing to sandstone), filled with shells and'casts of a 
small inequivalve, eared bivalve, which do not appear to differ .from the 

small Pecteus imbedded in the lias blocks from the Coast of Yorkshire, 
which we owe to the liberality of Mr. TAYLOR. The shells themselves are 

changed to a black colour as they are in that formatioh. As they are 

mostly mutilated, it is not improbable that other genera may hereafter be 

distinguished among them. One such I have recognized-a very tranvverse 

bivalve, not unlike Unio, in external shape-but, as I conld only find one 

cast of it, I have not attempted to give it a name-with this genus of 

Pecteus must be ranged two mutilated specimens, which we have in a dark 

bluish black limestone, and which are only a variety-possibly only the 

same shell in a more advanced stage of growth-The generic da rks  are 

wanting, but by comparing them with a beautiful English specimen of 

Mr. TAYLOR'S, no doubt can remain as to their identity. . 

. 
2ndly. Many specimens of an inequivalved bivalve, which has been 

changed into a white crystalline substance, and from its hardness pro- 

bably contains much silex. They are imbedded in a hard slate of the 

same bluish black colour, which is covered with small scales of mica- 

They appear to belong to the genue Producta, and may be compared with 

a specimen of the same genus, the Producta Scotica, in Mr. CALDER'S 

collection, and a plate of the same in URE'S Geology. They differ some- 

what from this species by the greater flatness of the lower valve; bat 
as most of the specimens have suffered from compression, it is'difficult to 

ascertain what bas been their natural shape. Besides the larger and 

more a b u ~ d a n t  variety of which we have been speaking, there is a 

smaller one, or rather some casts of one of itr, valves-the depression in 
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i t  is large and deep, and towards the beak appears some trace of a 

perforation and its operculum. 

Srdly. Several pieces of a bluish grey limestone, abounding in a 

plaited variety of Terebratula, and loose specimens of the same. The 
limestone has imbedded in i t  some calc spar of a yellowish white colour, 

and is partly covered with a yellowish earthy powder, of the calonr we see 

in the oolitic countries. The shells themselves differ little from those 

which are so abundant in the inferior oolite near Bath and elsewhere, and 

which may be referred to in Mr. CALDER'S collection-but without Mr. 

SOW EBBY 'S Mineral Conchology to refer to, it is impossible to add the 

specific name. These blocks also contain No. 1. 

4thly. Many specimens of an eqnivalve transverse bivaIve, trans- 

versely striated, and the valves crenuIated on their interior margin. Its 
external shape is similar to that of a short variety of Unio, to which it has 

been referred, but internally i t  has no lateral teeth, n& any remnant of a 

lateral ridge ; and though the specimens we have are too much worn to 

shew what the teeth really were, they appear to have been situated 

directly under the beak. Its  flattened and acute beaks, and form ap- 

proaching to that of a variety of fossil Trigonia of Mr. CALDER'S, once 

made me incline to reckon it with that genus. I ts  shape too a good deal 

resembles a Venus, but its characters are not satisfactorily made out, 

and I have not aecess to any plate or speeimen with which I can identify 

it. With these are some larger specimens of a triangular or rather subor- . 

bicular bivalve, which, in external shape, resembles a Venus or perhaps 

a Donax, but the characters are not distinct enough for me to venture to 

give it a name. 

5thly. Several small very transverse eqnivaived bivalves, about 

three-fourths of an inch in length, and of a black colbur ; they appear to 

be of the genus Modiola. 
2 E 
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' . 
6thIy. Two small specimens of a variety of Arca. 

7thly. Several specimens of Ammonites inblack limestone, some- 

times filled inside with calcareous spar. There is but one species distin- 

guishable, which appears to differ little, if a t  all, from one of the English 

ones of Mr. TAYLOR ; but unfortunately I cannot' refer to any book for the 

specific name. 

8thly. Belemnites-the furrow appears to be rather more distinctly 

marked than in the English ones. 

9thly. Orthoceratites, which do not appear to differ from the English 
. ones. 

10thly. A cast of a Patelliform shell-but whether one of the real 

Patellae, or the upper valve of one of those species of bivalves, which bave. 

bmetimes been confounded with them, we have no means of determining. 

Ite shape is conical, and somewhat obliquely curved. 

llthly. Two fragments of the back of a testudinous animal, aldo in 

black limestone. 

,We have, then, genera determined-of 

BIVALVES. UNIVALVES. 

Producta. Ammonites. 
Terebratula. Orthoceratites. 
Pecten. Belemnitev. 
Modiola. 
Arca. 

... Total,. Three Genera. 
Altogether,. ....... 5 

Undetermined, ..... 4 - 
Total,. ...... 9 

Testudinous remains of one kind. 
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Let us now see to what conclusiohs these genera will lead us. 

The three Chambeied Univalves are all extinct genera, and the Nau- 

tilus, the only living analogue to the Ammonite, is wanting. 

Of these, the Orthoceratite has usually been considered the oldest, 

and characteristic of the so-called transition strata. 

The Ammonite comes next in age, and occurring sparingly in the 

transition strata, is'deposited most abundantly in the Lias, and the other 

more ancient of the secondary strata ; then becoming more and more rare, 

as we advance to more recent deposits, it finally disappears in the strata 

above the chalk, that go by the name of Tertiary. . 
The species we have, though apparently coinciding with one of Mr. 

TAYLOR'S from the Lias of Yorkshire, is not one of those which has the 

siphuncle in a raised ridge between two furrows, which are considered as  

characteristic of this formation. 1 have several times looked for such 

among the Salagrams in the Hindoo temples, but without success. 

, 
The Belemnite is found from the Lias to the Chalk, both inclusive. 

On the other hand, the Spiral Univalves, which increase both, in num- 

ber and variety as we approach the more recent formations, are with us 

totally wanting, nor have we as yet any other indicationsof such formatiom. 

Of the bivalves, the Producta is considered as the oldest'genus, and 

is most abundant in the transition formation. The slate in which it is 

imbedded, is probably, therefore, a transition slate--the same which is 
the repository of the Orthoceratite. 
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The Terebratula, if not identical in species with those of Mr. 

CALDER, from the lower Oolite, is very similar to them, and totally 

unlike any from the newer formations. 

The Pectens, at least the larger variety, do not appear to differ from 

the common ScaIlop which is found recent. . 

The shell I have called Trigonia, cannot be compared with any fossil 

specimens we have. The genus is, with one exception, a fossil one. 

The generic characters of the Arca and Modiola, are tolerably well 

marked ; but w e  have neither plate nor specimen from. which to  identify 

the species. They are not, however, important. 

The testudinous remains seem to point to the Limy or aome of the 

secondany strata, that being the deposit ia which the remains of reptilee 

eccur mast abundantly. In  strata more ancient than that, they are nearly . 
(if-not quite) wan*. It is to be hoped that the spot where these two 

fragments were found, will be again diligently searched-we must forlotar 

from indulging in too sanguine anticipations- but such a search can hard1 y 

fail af rewarding UEJ with gome interesting discm~es. 

Nm, if we coneidec the Orthoceratik and Prodata,  ae peculiar to 

ene formation, and the rest of our specimens to sn&her, (the Terebrakda, 

perhaps, being eopHpon to both) and campare them with the list of Lias 
fossils, we have,-of Chambered Univalves-two genera the same, out of 

j#U ; viz. Ammonites and Belemnites--a£ Biralves, feur genera the same 

eut of eighteen; riz, Terebiaida, Pecten, Area, Modiola. We m y  

now then consider this poeition as established. That &?re exist, h tb 
Himalaya range, strata analog~us to dirs  e d y  sraonslrvy a d  kiansa'twta 
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formations of Europe. How far that analogy may be complete or not, 

must be left to future investigation. But the wonderfuI similitude which 
has, as  yet, obtained in fossils from different parts of the world, leads 

us to hope that the principal members of each group will be hereafter 

supplied. While we are on the subject, however, we cannot so well 
estimate the real amount of progress we have made in the question, as  by  

recapitulating, on the other hand, the leading names in each division, 

which are as yet wanting to us. 

We have nothing either of Encrinal or Coralline remains, which are 

so abundant in the transition rocks of Europe, that their absence here 

seems remarkable. We have none of the extinct order of Trilobites, the 

presence of which is peculiar to transition rocks. 

We have no remains of the two vast marine lizards, the Icthyosaurus 

and Plesiosaurus, the bones of which every where mark the presence of 

Lias, and (I speak from authority in saying) without the discovery of 

which, we must not attempt to use the term Lias in Indian Geology. W e  

have neither of the three shells, the Ammonites Bucklandi, the Plagios- 

toma Gigantea, and the Gryphoea Incurva, which are also considered a s  

characteristic of that formation-nor have we any of its vegetable remains, 

which are both numerous and interesting. 

I must now again beg to be excused for the imperfections of this 

paper, and the great length to which i t  has been extended. 

N o ~ ~ . - S i n c e  the above was written, S I R  CHARLES GREY has kindly put into my 
hands some specimens he has just received from the same quarter-Mr. JAMES PRINSEP 
bas also favoured me in a similar manner.-They are as follows : 

1st. Tl~e two former varieties of the shell I have called Producta-a third, which 
can hardly be said to differ from the Producta Scotica-besides what appears to have been 
the larger valve of an inequivalved Bivalve resembling Producta-the hinge straight 
linear; the sheU marked with longitudinal farrows and ridges, and a deep depression, as 

2 F 
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in that genus, but at the beak is a large angular sinus, with what appeais to have been 
an operculum, and ligament protruding-Spirifer ? 

2dly. Terebratulites, the same as the others, and at least two new varieties-both of 
the plaited kind. . rn 

3dly. Repetitions of the Bivalve, I have before spoken of under the third head. 

4thly. Another impression of the same patelliform shell, as before mentioned. 

Bthly. Three broken pieces of a Bivalve shell, greatIy resembling the' ~noce'ramus, 
for which I beg to refer to the plates in CUVIER. 

6thly. Two casts of Spiral Univalves, which appear to be Cirrus and Helix. The 
first may be compared with a Cirrus from the chalk,.and another from the Oolite forma- 
tion in Mr. CALDER'S collection, so that no doubt can well be entertainedas to the name.- 
The one I have called Helix resembles the elongated variety, which is called Helix 
vivipara. I t  may be compared with the casts in a piece of Petworth marble, which we 
have. But there are other genera to which it may be ascribed-perhaps Turbo, for one of 
them. 

7thly. Two small varieties of Ammonites, both much worn, and we have nothing 
to refer to for the specific name. One of them has the Siphuncle in a raised ridge at the 
back. There is also an imperfect oast of another variety, which hardly differs from one 
we have from Mr. TAYLOR, and .named in his list as Ammonites Planicosta. W e  have 
then here three additional genera, Cirrus, Helix,' and 1noc.eramus (!)-besides a multi- 
tude of brokenand worn impressions of the genera before described, with many nodules 
of what I believe, to' be. clay! ironstone ; but I have not yet had time to examine them 
sufficiently. 

Dr. FALCONER has found the specific gravity of some of these nodules to be 3.00, 
or nearly so; one or two that we have broken, have shewn us Ammonites covered with 
a thin coating of Pyrites. ' I t  would always be better for Collectors to split these nodules 
as carefully as possible, when they are found, instead of sending them down whole. 

REFERENCE TO PLATES I. AND 11. OF HIMALAYAN FOSSIL SHELLS. 

Figure 1. Orbnlite. Fig. 2. Ammonite. Fig. 3. Ditto. Fig. 4. Orbulite. Fig. 5. Ammonite. 
Fig. 6. Ammonite. Fig. 7. Orbulite. Fig. 8. Helix or Turbo? This Shell is represented rather too 
large in tbe drawing. Fig. 9. Oobulite. Fig. 10. Cast of a Patelliform Shell. Fig. 11. a, b, Cirrus. 
Fig. 12. Turrittella? Fig. 13. Undetermined. Fig. 14-15. Orthoceratites. Fig. 16-17. Belemnitea. 
Fig. 18. Fragment of a Testudo. Fig. 19. Fragment of Rock, containing small mutilated Pectens 
and other genera imbedded. Fig. -21. Pectens. Fig. !22-23. Products. Fig. 24. Terebratula 
Pig. 25. Spirifer? Fig. 26. a, b, c, d, The aupposed Unio. Fig. !27. Arca. Fig. 28. a, b, and o, 
Modiola. Fig. 29. Fragment of an Inoceramus ? 
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VI. 

ON THE 

GEOLOGY O F  THE PENINSULA. 

BY LIEUT. S. CHARTERS MACPHERSON, 

M d r a s  Survey Department. 

THE mountain groups of the IndianPeninsula, which are referrible in 

their immediate connections to either line of Ghauts, may, in the compre- 

hensive assignment of relations, be regarded as the continuation of the 

branches, which, depending from the Himalayan chain, merge in the plains 

of the Ganges and of Sin& respectively. And apart from considerations 

of geographical analogy, the region which declines on the north of the 

Kistm, from Hydrabad towards the Corornandel shore, bears similitudes 

in superficial character to the mountain lines to which it claims affinity. 

This tract of the eastern declension of the Peninsula is Primary ; and 

as the overlying formation which proximately succeeds it to the West- 

ward, prevails thence continuously to the opposite coast, it presents 

complete, the series of that division displayed in this parallel. Its plane 

is eminently traversed by the three hilly ranges of Hydrabad, Conda- 

pilly, and Beixwarra, which, with a general north-westerly direction, 

tend to convergence to the southward. And of these, the Granitic district, 

with its subordinates, embraces the first, extending to the rise of the 
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Gneiss facade, which forms the western exposure of the second. The 
gneiss tract passing to quartz rock, the latter alone constitutes the 

eastern quarter of the Cor~drcpill' cluster, while the final range of Bedz- 

warra displays an extended deposit of argillaceous schist. The granitic 

region exhibits in external configuration the ordinary classes of unstrati- 

fied forms, but with diffuse variations in mineral character, presents no 

determinate connections betwixt the elementary modifications, and those 

of arrangement in mass. The rocky environs of Hydrabad, chiefly assum- 

ing the concretionary etructure in prisms, vertically superadded to the 

bedded form, afford in disintegration a wild assemblage of columnar 

and cubic fragments t while irregular masses, wasting with spheroidal 

contours, rise in the same vicinity in isolated mountain domes. The range 

appears boldly compacted beyond the plain of the fiIoussy, one of the 

numerous feeders of the Kistna, which here reticulate the land, and with 

slight elementary alteration, a lamina1 tendency is there combined with 

the bedded structure. The rock is  of quartz and felspar, and usually 

porphyritic by additional crystals of the latter, and the hue and lustre of 

the quartz communicate a reddish shade, while neither the rounded nor 

the prismatically fragmented characters continue eminent: In  the course 
of an easterly transverse valley, the bedded masses persisting upon a 

cumbrous soale, the contours incline again to asperity and opake quartz, 

with hornblende, slightly diffuged, p r e d ~ i n a t e s  in the rock. Beyoud 

Sasgrn- appear extensive masses of magnetic iron ore, now level 

with the granite of the valley, now irregularly emerging over it, and 

aoeompanied by beds of hornblende schist,* usual to this mineral in 

primary sites. The approach to Malhapu'r is marked by a general 

retirement of the hills, and an abraded rock overhangs the hamlet as a 

large cupola upon the plain, alone affecting departure from the rugged 

By this term varietier of Primitire Greenrtone are conveniently comprehended. 
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outlines around ; and the transection of the range being here com- 

pleted, its eastern flank ex tends with well-sustained elevation to the  

southward, presenting no marked deviation from the lately prevalent 

characters of form. Rare granitic elevations are scattered over the plain 

that succeeds, and beyond a tract of arid and incumbered wastes, the sur- 

face becomes less difficult, with altered vegetable characters ; hornblende 

schist alternates with quartz rock in wide undulating courses, and around 

Narhilpilly, the granite is  determined to crested summits, by the m a -  

sionally vertical disposition of its beds. Towards Hytephmali, a sur- 

face simply granitic, recurs, and felspar predominates in the eoil of Soria- 

pet, while hornblende rock indistinctly stratified, and of xnaesive texture, 

occasionally appears. The low, bald hills s f  Mungal, Kamrabnnda, 

and Godmeram, slowly descending through laminar disintegration to the 

superficial level, are frequently pervaded by veins of jasper, becoming 

cancellated on exposure: the materials of the rock and vein frequently 

intermingle, but while fragments of the former appear isolated in 

the latter, both unaltered and in the grades s f  aesimilation, the 

venous matter does not occur under reciprocal circumstances in the 

rock. I n  some instances also, through combination of the prismatic 

and bedded structures, the granitic surfaces in this district afford 

tabular aggregations of short vertical prisms, the rock varying in 

constitution betwixt gneiss and splinkry hornstone. Immediately 

beyond the village of Shir M d d  Pet, an extensive mass of Horn- 

blende Schist is  disposed in the great basis both in the manner of inter- 

ference and of superposition : and a stream bed displays the course of an 

emanating vein in which the felspar, having by  this accident of locality, 

passed to some depth to the state of indurated clay, this portion of the 

rock assumes the constitution and aspect of grey wacke, while the prin- 

cipal bed remains an unaltered greenstone. In  the water-course were 

abundant fragments of compact red iron ore, rolled, with vitreous glaze, 

with occasional masses of calcareous tufa and of quartz, including 
2 G 
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crystals of white and flesh-red felspar, while the granite around deviates 

widely into constitutional irregularities. I n  the neighbourhood of Nan- 

dig-amah, primary limestone, chlorite schist, and white slaty quartz rock 

appear. I could not ascertain the site in mass of the first, a clear lime- 

etone, laminated by  argillaceous matter. The chlorite occurred foliated 

with laminar quartz, and scaly with greyish compact felspar and 

quartz : the former variety being of the usual splendent lustre, and occa- 

, sionally tending to talcose schist. Beyond the village, hornblende and 

chlorite schists appeared in frequent alternation, and affording rich cotton 

moulds : the strata of hornblende were nearly vertical, while the incli- 

nation of the chlorite was under 70" ; and a general conformity was 

maintained, amid the frequent intrusion of granitic veins, until approach- 

ing the western face of the Condapilly group, which rises boldly interckain- 

ed near Parteal: these tracts are lost in an alluvial plain. The great 

alluvium of Ellore, extending betwixt the Deltas of the Kistna and the 

Godavery, here intervenes ; and it exhibits a layer of superficial mould 

resting upon an uniform calcareous deposit which covers an apparently 

co-extensive bed affording the diamond, and in the neighbourhood of 

Parteal, formerly the most productive of the jewel-bearing spob  of Gol- 

c d a .  The superficial mould is fifteen feet, the tuhceous bed being 

from five to six, and the diamond stratum of two feet in average thick- 

ness. The obscurity attached to the geognostical history of the diamond, 

seems rather to result from inadequate investigation in persistent geology, 

than from the perplexed texture of alluvial co~lnections with which i t  is 

frequently associated. I t s  common matrix in I d i n  and Brazil appears 

to be a superior sandstone conglomerate, closely affined to the carboni- 

ferous rocks, and to this series the transported alluvia which afford the 

gem may be uniformly assigned. But while its rich depository in this 
tract does not esseiltially differ in constitutiorl from the diamond rocks of 

either hemisphere, i t  is remarkable that the overlying tufaceous bed, in 

which the gem has never appeared, is identical with it in materials, ouly 
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with the addition of calcareous cement. Pebbles of sandstone, hornstone, 

¶uartz, jasper, and flint, with fragments of occasional rocks, epidote, 

and abundant ferruginous sand constitute the common materials, while 

both the Kistna and its supplementary streams are extensively connected 

both with the gangue rock of the diamond, and with calcareous tracts. The 

western faqade of the Condapilly range is of granitic gneiss, in which 

the ordinary ingredients are disposed in compact parallelism, and the 

strata inclined at  an angle of about 75". A detached mass displayed the 

intrusion of a vein of hornblende, into which the granitic matter entered 

in the filamentous form, and fragments of ochry iron ore appeared scat- 

tered on the surface. A double breach through this and the Beizwarra line 

of hills, here affords to the Kistnar an escapetowarde the ocean, the farther 

chasm appearing in the ontline of argillaceous summits. Along the north- 

ern base of the first intersection, the gneiss passes by the gradual demis- 

sion of mica to quartz rock, and upon the side of Condapilly the range 

presents an aspect essentially different from that of its opposite quarter. 

The summits were there obtusely moulded, their contours broken or 

minutely serrated, and marked by projections of rifty cliff: the 

transverse valleys rare, and deeply channelled by mountain streams. 

Here the outlines are rounded upon scales of great radii, the fragmented 

aspect is wanting, and the mountain flanks are projected not in preci- 

pice or cliff, but in broad smooth convexities, the side shields broken 

by transverse steppes, and cumbered by dependant verdure. The 

quartz rock, of quartz and felspar, affords numerous varieties of white, 

reddish, and purpled hues. I t  is inclined at  an angle somewhat more 

acute than the subjacent gneiss, while the presence and frequent predo- 

minance of garnets in the mass extensively modify its characters, and 

the alamandine or precious garnet, variously tinged, and of superior size 

and beauty, is found abundantly in the mountain torrents. The range of 

Beizwarra rises with soft outline beyond a succeeding plain. I t  consists 

of coarse and thickly fissile argillaceous schist, inclined in texture and 
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stratification a t  angles of from 40" to 60°, and through the exuberant pre. 

sence of unessential minerals, both venous and imbedded, i t  exhibits modic 

fications of rich variety. The rock is sometimes simply constituted of 

argillaceous matter with mica and quartz sand : in other portio~ls it is 

traversed in all directions by filamentous veins of pearl and calcareous 

spars, and through these often affects the minute contortions proper to 

gneiss, while veins of spathose iron, and of quartz rock, frequently occur, 

disposed indifferently to the lines of ~tratification. To the southward, 

a t  Cottah Mangahgherry, i t  embraces, at least from one quarter, an elevat, 

ed and indistinctly stratified mass of serpentine, which sole example of 

this rock observed in India, I regret to say, remains unexplored ; and 

assuming to the eastward a more uniform and finely schistme character, 

it sinks gradually to the ocean level, upon the whole affording the 

annexed constitutional and Mineral Synopsis. 

1. Argillaceous Schist, achistose from the disposition of Mica and 

Garnets. 

2. Argillaceous Schist, laminated by Pearl Spar and Staurolite. 

3. Argillaceous Schist laminar, with pink Garnets, Staurolite, and 

Mica. 

4. Argillaceous Schist with Staurolite, Tremolite, and Mica. 

5. With Staurolite and Kyanite. 

6. Mass of Trernolite with Kyanite Garnets and Prismatic Mica. 
7. Quartz vein with Calcareous spar and pink Garnets. 

8. Quartz vein with Garnets in ranges, and perhaps. Epidote. 
' 

9. Vein of Tremolite with Brown spar. 

10. Mass of Tremolite, Staurolite, and Pearl spar. 
11. White Pearl spar iscluding Bitter spar. 
1.2. Flesh-red Pearl spar. 

IS. Vein of striated Spathose Iron, with Crystals of Pearl spar. 
14. Vein of purplish Quartz with Garnets. 
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The relations of succession and of magnitude presented by this 

section may be deemed to exhibit in the extreme, the prevailing priilciples 

of Geological Association. The space occupied by granite, with its subor- 

dinates, equals three-fifths of the whole, one-fifth of the remainder being 

allotted to gneiss and quartz rock, while argillaceous schist, upon the 

superior limit of the series, equals the two last in extension. The 

transition of granite to gneiss by the intervention of limestone, horn- 

blende, and chlorite, and the apparently direct passage of quartz to 

argillaceous rock, are in the spirit of somewhat difficult graduation, but 

the methods of approximation and of transition, here less perfectly dis- 

played, must appear under circumstances of the highest. illustrative 
interest at the points of interference and collision of the series in i ts 

southward progress. In respect to economical suggestions which arise 

upon first regard, the extended plain of Ellore, the Golconda of proverb, 
yet remains intact, being but slightly encroached upon in the vicinage 

of a few hamlets, and if this tract may not again degrade the jewels of 
the earth, the speculation of glittering increase from it  may be entertained. 

The groups of Condupilly and Beizwarra are stored with gems of the 

garnet tribe, and with varied mineral abundance, while the coast hills to 

the southward appear distributed in rich and nearly continuous succes- 

sions of metallic deposits. And while nations of the western hemisphere 

assume a new genius through enterprise, awaked by their mineral advan- 

tages, the physical developement of these regions may conduce no less 

eminently to the interests of science. and of wealth. 
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ON THE MIGRATION 

01' THE 

N A T A T O R E S  A N D  G R A L L A T O R E S ,  

AS OBSERVED AT KATHMANDU. 

BY IX H. H O D G S O N ,  Ese 
ACTING RESIDENT AT KATHMANDU. 

THE migration of birds is a subject which has, I believe, occupied and 

puzzled the observers of nature in .all ages of the world, and which is still 

but very imperfectly understood. Were persons in various parts of the 

globe-particularly in such situations as are favorable for observation-to 

note down and make known the results of their individual experience, we 

might hope more speedily to arrive at  the solution of the mystery, by 

collecting and comparing such scattered records. With this view, I beg 

leave to lay before the Society the general results of my observation of 

migrating birds, in the valley of Nepal; and, as the grallatorial and nata- 

torial tribes would seem to be, a t  least in the East, the great and steady 

-nomadic class of the feathered creation, I shall, in this paper, confine 
myself to them. 
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The valley of Nepal in shape resembles an oval or rather a diamond, 

beiug about sixteen miles in largest diameter either way ; i t  is situated 

about half way between the plains of India and those of Tibet. The 
distribution of its eeasons is essentially tropical ; the valley is ele- 

vated above the sea about four thousand five hundred feet; and conse- 

quently the temperature averages from ten to fifteen degrees of Fahrenheit 

lower than that of India generally. The face of the valley is bare of 

wood Bnd jungle, nearly every part of i t  being under cultivation, of 

which rice forms the principal object ; and its population is dense 

and spread, a t  all times, for one industrious purpose or other, over 

almost every field in the country. The streams are numerous, but 

shallow: permanent swamps are small, but frequent. From the 

middle of November to the middle of February, little rain falls; the 

soil becomes gradually and slowly desiccated of its autumnal load of 
moisture ; the cold i's too severe for winter crops ; and, hardly a blade of 

grass, or of corn, is then to be seen. From the middle of February to the 

middle of June, various sorts of mustard, pulse, field vegetables, and 

wheat, successively occupy a dry soil, which is daily growing drier; the 

accessions of fresh moisture from the epring showers being very moderate. 
From July to October the rains prevail, and rice covers the greatest part 

of the land; which is flooded, to promote its growth, in the earlier months: 

in the later months, as the succev~ive crops ripen, the water is no longer 

artificially retained. The rains terminate usually with September: the 

first crops of rice are cut in the earlier fortnight of that month ; and the 
last crops in the concluding half of October. 

f ' 
These general remarks upon the position, climate, and aspect of the 

valley will prevent the necessity of reiteration, by showing at once how far 

the country is fitted for the temporary abode of the birds alluded to : and, 

with reference to those birds which seek and frequent moist w d s ,  it ig only 

necessary to add, that the mountains confining the valley are covered every 
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where with the noblest garniture of trees and copiously supplied with rills, 

and with mould saturated by these rills. 

The wading and natatorial birds, generally, make a mere stage 

of the valley, on their way to and from the vast plains of Idia and 

Tibet, the valley being too small, dry, open, and populous for their 

taste-especially that of the larger ones. Some, however, stay with 

us for a longer or shorter time, in their vernal and autumnal migra- 

tions : and some, again, remain with us throughout that large por- 

tion of the year, in which the climate is congenial to their habits. Of 

all of them, the seasons of arrival, both from the north and from the 

south, are marked with precision ; and I am led to conclude from what 

I have observed here, that the mass of the grallatores and swimmers are 

found in the plains of India, only during the cold months : for they all 

arrive in the valley of Nepal, from the north, towards and at the close of 

the rains ; and all as regularly re-appear from the south, upon, or soon 

after the accession of the hot weather. I n  my enumeration of them, 

therefore, I shall divide the birds into the three classes, above indicated. 

1st.-Of such as usually pass over the valley, seldom alighting, and 
only for a few hours. 

2d.-Of such as alight and stay withus forafewdays ; or, a t  most, weeks. 

3d.-Of such as seem to seek the valley-not as a caravansary 
merely, or house of call, for momentary or temporary sojourn in, on their 

way to some remoter abode-but, as their permanent dwelling place 
for the entire season. 

A 4th class will be constituted of such as do not appear to migrate 
at all ; notwithstanding that all their nearest kindred (so to speak,) do so 
regularly. 
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Clase I. embraces- 

Order NATATORES. Family Anutida ; the Genera Cygnus and Anser : 
Farpily Colymbide, none ; Family Alcada, none. Family Pelecanida ; 

the Genera Phalacrocarax and Pelecanus. Family Lurida; the Genera 
Sterna, Viralva, and Larus. 

Order GRALLATORES. Family Gruida ; the Genus Grus. Family Ar- 
deida; the Genera Ardea, Phenicopterus, Platalea, Ciconia, Myc- 
teria, Anastonus, Tantalus. Family Scolopacida, none. Family Rallictce 

the Genus Glareota. Family Charadriada ; the Genera Himantopus and 

Edicnemus. 

Class 11. embraces- 

Order NATATORES. Family Amtida ; the following Genera, Tadonra, 

Anas, Hynchaapis, Dafila, Mareca, Querquedula, Merganser, Truligula. 

Family Colymbida, none. Family Alcada, none. Family Pelecanida; 

the Genera Phalacrocorax and Pelecanus. 

Order GRALLATORES. Family Gruida ; the Genus Antbropoides. 

Family Ardeida, the Genus Ibis. Family Scolopaci&; the Genera 

Nwnerius, Limicula, Recurvirostra, Limosa, Rhynchaa, Pelinda, Phaeopus. 
Family Rallidce; the Genera Rallus, Parra, Gallinula, Porphyrio, Fulica. 

Family Charicdriadce; the Genera Erolia, Squatarola, Vanellus, Charadrius. 

Class 111. embraces-. 

Order NATATORES. Family Anutide ; the Genera Mareca and Quer- 

quedula, (where protected, as in some sacred Tanks). Farnily Cblymbida, 

none. Family Ak&, none. Family Pekcanidce, none. 
2 I 
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Order GRALLATORES. Family G r u i h ,  none. Family Ardeide, the 

Genera Botaurus, Ardcea, Ciconia, Family Scolapacid~, the Genera Gal- 

linago and Scolopax. Family Rallide ; the Genera Parra, Rallus, and 

Fulica, (where protected, in holy Tanks). Family C h a r a d r i h ;  the 

Genus Charadrius, (one small species of.) 

Class IV. embraces- 

Order NAT ATORES, none. 

Order GRALLATORES. Family Gruide, none. Family Ardeide ;l tbe 

Genera Ardea, (small species, or Baklas, only) and Nycticorax. Family 

Scolopacida ; the Genera Totanus ? and Gallinago ? Family Rallidtr ; the 

Genus Rallus. Family Clraradriuda-the Genus Vanellus, one species 

-the Tithiri. 

N. B.-The notes of interrogation merely denote a doubt whether 

the Genera so indicated belong to Class I11 or IV. 

REMARKS U P O N  THE ABOVE ENUMERATION.  

The Grallatorial and Natatorial birds begin to arrive, from the 

North, towards the close of August, and continue arriving till the middle 

of September. The first to appear are the common snipe, and jack 

snipe, and Rhynchcea ; next, the Scolopaceous waders (except the wood- 

cock ;) next, the great birds of the heron and stork, and crane families ; 

then, the Natatores ; and lastly, the woodcocks, which do not reach us 

till November. The time of the re-appearance of these birds, from the 

South, is the beginning of March ; and they go on arriving, till the mid- 

dle of May. The first which thus return to us are the snipes ; then come 

the teal and ducks ; then the large Natatores ; and lastly, the great 
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cranes and storks. I t  will be noticed that the Grallatores which visit us, 

or pass over us, are much more numerous than the Natatores ; and, unless 

I am mistaken, observation in the plains of India would satisfactorily 

prove that this is a just and decisive indication of the superior prevalence 

of wading over swimming birds in that extensive region. India, I fancy, 
is too hot for the taste of the Natatores-a great majority of which seem 

to affect arctic regions, or, a t  least, high latitudes: I throw out the 

remark for canvass and enquiry : and, for fear I should deceive any one 

by the display of the Genus ' Cygnus' at  the head of my list, I must 

add that  the wild swan was never seen here but once, in the mid winter 

of 1828, when the apparition suggested a new version of the well known 

hexameter- 
Rara avis in terris, alboque simillima cygno.' 

Such a bird is never seen, I suppose, in the plains of India? 

None of the Natatores stay with us, beyond a week or two, in autumn, 

(when the rice fields tempt them) or beyond a few days, in spring; 

except the teal, the widgeon, and the coot, which remain for the whole sea- 

son, upon some few tanks whose sanctity precludes all molestation of 

them. There are cormorants throughout the season upon the larger 

rivers within the mountains ; but none ever halt in the valley, beyond a 

day or two : for'so long, however, both they and pelicans may be seen, 

occasionally, on the tanks just mentioned. 

Lest any one ahould admire my enumeration of Larus, and Sterna- $ 

birds which usually affect the high seas-I think it proper expressly to 

say that I have killed both the red-legged Gull, and a genuinely pelagic 

Tern, in the valley ! But, so have I $shing Eagles ; and, in truth, who 

shall limit the wanderings of these long-winged birds of the Etherial 

expanse ? 
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I t  will be observed, that I have not followed the arrangement of Cuvier, - 
but that of Stevens, apud Shaw. The latter is adopted from our distin- 

guished English Zoologist, Vigors; and as I think his distribution of 
Birds possesses many advantages, I have given it the preference to that of 

Cuvier, how much soever, I may reverence the genius and knowledge of 
this distinguished Naturalist. Perhaps it may be objected to my enume- 
ration that it ought to have descended to species; to which I answer that, 

besides the prolixity of such a catalogue, the avowed principle of the dis- 
tribution of the feathered tribes which I have followed, is, to aeparate 

into a distinct genus, every bird or small group of birds which is distin- 
guished by any marked peculiarity of organization or manners, whence 
it is probable, that my gerierical enumeration will suffice for every useful 
purpose. 

NIPAL RESIDBNCY, 
5th October, 1831. 



VIII. 

THE WILD GOAT, 

AND THE 

W I L D  S H E E P ,  O F  N E P A L .  

BY B. H. H O D G S O N ,  Ese 
A ~ I N O  R E S I U ~ ~  AT KATHYANDU- 

I.--THE J H ~ R A L  WILD GOAT, Cqra  JEral .  (Mihi.) 

Habitat, juxta-Himalayan Mountains of Nepal. 

SPECIFIC CHARACTER. 

GOAT with short, thick, simply recurved, sub-triangular, sub-compressed, 

carinated horns ; sharp above, flat beneath ; towards the tips, smooth and 

rounded : wit11 beardless chin and double coat. 

This capricious, vigorous, and agile, yet tractable and intelligent, 

animal, measures from the tip of the nose to the root of the tail, four and 

a half feet nearly ; sad stands two and a half feet high, at the shoulder. 

His peculiar habitat is confined to the regions in the vicinity of the 

snows-but I am not aware that he ever ventures amongst the actual 

glaciers. He is capable of enduring, perfectly well, the heat of the valley 

2 6 
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of Nepal; and can be tamed and brought up in confinement, there, with 

the greatest facility. He possesses entirely the characteristic manners 

of the genus, so finely delineated by BUFFON. Soon after his capture, (if 

he be taken young,) he becomes content and cheerful ; and, within a year, 

he may be safely let out, to graze and herd with the tame ~ h e e p  and 

goats. Intelligent and observant, he gives the keeper little trouble ; and 

is an annoyance to the flock, only by reason of his wantonness: but, 

ever and anon, as it were in sheer contempt of sobriety, he will display 

the most amazing feats of activity, and the most fantastic freaks of 

humour. He  is very wanton ; and so ardently courts the tame females 

he may be turned amongst, that i t  is often necessary to deprive him of 

the tips of his horns, lest he gore them to death ; or else to segregate and 

confine him. I have known him to have had sexual commerce with 

sheep, goats, and even musk deer; but never, to have begotten young 

by any of them. From the tame goat he is eminently distinguished 
by the superior compactness of his frame, length of his limbs, and ex- 

pressiveness of his head; as  well as by his fine deer-like ears and 

tail. 

The body is shortish, full, and compact : the limbs, long but stout : 

t b ~  head moderate, with great vertical dimensions ; small fine muzzle, 

gqd slightly collvexed forehead, running in one uniform plane from the 

setting on of the horns to the termination of the nasal bones : neck, 

longish and slender, bowed out and down : ears, small and finely formed, 

erect, very moderately opened, having short hair outaide, and naked 
almost, within: tail short, depressed; base broad, rapidly pointed: 

muzzle dry: no lachrymary sinuses. The Jhdral, ia  his ordinary quiest 

cent attitude, has the back slightly arched; the withers lower than the 

croup: the hind quarters very slightly stooped; and the neck, in a 

small degree bowed, after the fashion of deer and antelopes. There 

is not a vestige of beard on his chin; the entire lower part of the head 
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being as closely shorn as the upper surface. Upon the neck, especially 

the superior surface of it,-and upon the top of the shoulders, the hair 

is considerably elongated, and has, when the animal is in fine con- 

dition, a length of seven or eight inches. The rest of the coat is only 

of moderate length ; and is full, fine, loosely applied to the body, straight, 

and mixed with a small portion of very fine wool at its base. 

The long hair of the neck and shoulders is wavy, straight, and part- 

ed on the ridge, or apex of the body. The general colour is slaty gray, 

mixed with rusty on the flanks : forehead, and top of neck and back, 

red brown or dusky brown : fronts of the limbs, below the hocks and 

knees, the same : a line from the eye to the gape, and a lateral patch on 

the lower lip, the same : tips of tail and ears, black: base of tail, but- 

tocks behind, and round the eyes, clear rusty : inferior surface of the 

head, impure yellowish : neck below, and centre of the belly, and insides 

of limbs, the same ; but smeared with slaty : irides, brown red : muzzle, 

hoofs and horns, dusky black. 

As it is by the horns chiefly that we are enabled to separate the 

species of this genus, I shall add a few more words upon them to the 

careful enumeration of diagnostics in the specific character. The JhhraZS 

horns ascend very little above the crown of the forehead, being directed 

backwards with a strong convex curve which accurately describes a small 

segment of a circle ; in as much as  there is no peculiar twist towards the  

extremities of the horns. At the base they are in contact ; and the sepa- 

ratio0 of the tips is rather created by gradual' attenuation than by diver- 

gency. Directly above, the horns present a sharp edge; which, towards 

their bases, is strongly carinated ; but plain, forwards; and below, a broad 

surface, forming the third side of the triangle, the other two sides of 

which are the kteral surfaces of the harns. 
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But there is a slight convexity, as well on the infel'ior, as on the 
lateral surfaces; and the angles below are somewhat rounded off. Hence, 

I have characterised the horns, not as triangular, but only ~ub-triabgular ; 

and, as the lateral compression, though distinct, is trivial, I have added 
that the horns are sub-compressed also. The wrinkles or grooves towards 

the base are (as usual) transverse, irregular, close, and small. So far as 

they extend, they go perfectly round the horns, keels and all, in an 

uniform manner, without any knobs. 

The dimensions of the animal are as foliows : 
Ft. In. 

.............................. T i p  of nose to root of tail, 4 4 
Length of the head, .................................... 0 11 
Utmost vertical measure of ditto, ........................ 0 7 
Length of tail, hair, .................................... 0 7 
Ditto ditto, flesh only, .................................. 0 3& 
Height, a t  shoulder, .................................... 2 6 
Depth of chest, ........................................ 1 1 
Height  of fore-leg, .................... 3 T o  line of belly, 
Ditto of hind ditto, 

........................................ Length of ears, 0 4k 
Ditto of horns, straight, ................................ 0 7 

.................................. Basal height of horns, 0 3k 
Ditto breadth of ditto, .................................. 0 12 
Weight  80 lbs.* 

* Among the papers communicated to the Society by the late Mr. D v v ~ v c s ~ ,  is a description 
of a Wild Goat of Nepal, which in nome measure corresponds with the above, although for want 
of a plate, it is impossible to remove all doubt on the subject. As that distinguished naturtiliet's 
discoveries were uniformly transmitted to Paris for publication, the Asiatic Society deemed it 
superfiuous to give insertion to his papers in their Researches, but now that a separate volume is 
set apart for Physical subjects, the same reason does not apply, and all that can elucidate the natural 
history of India obviously falls within the scope of the present branch of their Proceedioga:- 
t l ~ e  French description is therefore here inserted from the Author's original Manuscript.-Ssc. 

" Notice sur une Chdvre Sauvage, des montaynes du Napaul. 

gr Les chcvres sont de tous les rnammiRres ceux dont la tradition est la plus incertaine et la 
zoologie doit saisir arec empreseement tout ce qui p e u  l'6clairer dans cette partie si confuse et o i  
intkressante de eon histoire. 
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To the above account of a wild Goat, proper to Nepal, I may as well 

add a short notice of wild Sheep of the same region; although I am 

acquainted only with the female of the species. This animal dwells north 
of the Jhdral, immediately beneath and amid the permanent snows, and 

is named, by the N i p h e ,  Nayarr, or Nyaur. I t  is distinguished by 
them (and, I fancy, justly) from the Ovis Ammon or Argali ; which latter 

Un examen severe de leur nombreuse nomenclature, en indiquant la cbevre w a g e  de Perse, 
(enpraagagrw, Gmel.) comme la source de toutes lee chevres domestiques, a kgalement admis, 
pour especes primitives, le Bouquetin du Caucaee feapra Caucasica, Guldenst.) le Bouquetin de tout 
1' ancien continent (eapra h, Lin.) et le Bouquetin B crinibre d' Afrique (Daniels Afric scenery, 
81. XXIV.) aux quels nous ajouterons la chkvre de Sumatra, (mmbing-outung de Marsden,) si dis- 
tincte de toutes les autres par une groese protubdrance sphkrique situke au dessoua dee yeux. 

Avant d'etre modifiCa par la domesticitk, les ceractkres gknkriques de ces animaux consistent 
principalement dans la disposition de leurs cornea dirigkes en haut et en arrikre, et dam la prCsence ' 

d'une barbe au .deseous do la michoire infhrieure. Quand aux caracthree sp6cifique~1, ils mnt 
dCterminCs par la forme mCme des cornes, de sorte que 1' on peut admettre comme espkce primitive 
et  nouvelle, toute chbvre sauvage qui presentera, 6 0 U  ce rapport, des diErences constantee et 
notablee. 

Les espkces indiqu4ee c i -daus  eont mi bien connues, qu'il n'est paa barein de reppela leur 
description pour rendre sensible ce qui l a  distingue de la cli&vre rapport& rlcemment du Napaul 
par M. WALLICII, nous bornant donc B dCcrire celle-ci avec exactitude, on eaiaira facilement leu 
disecmblancee qui la dbsignent comme une espkce nouvelle ou peu connue. 

Sa taille eat B peu pn?s celle d' nn bouc domestique, c'eet-8 dire qu'elle a environ 2 pieds 10 
poucee la partie la plus 6levBe du do& See cornes sont cylindriques, annelbs irmgulikement ii 
Jeur base, arquCes dans toute leur longueur et dirigkes en arribre vers le haut; lea oreillea sont droites 
et la queue toujours basse ; au dessous de I'angle interne des yeux est un vestige de larmier; le menton 
est priv6 de barbe et derriere chaque oreille re trouve une g l a d e  recourerte par In peau e t  qui 
mhkte une matihe inodore PCcoulant par un petit trou p e r d  au milieu. 

Le  pelage de ce Bouquetin se compose de deux aortes de poils, ainsi que celui de  toutes lea 
chkvres et de beaucoup d'autres animaux. Le plus long est pendant, rude et grossier, I'autre un 
peu frisC, myeux et rare. Ce pClage est d'un grid variC de fauve et de neir ; le fauve domine au 
ventre et aur les membres ; le ooir s'Ctend sur lee parties supbrieures et trace mkme une raie distincte 
de l'occiput ii la queue. La  gorge d'un beau blanc ee dessine nettement sur le fauve du cou. 

L'individu que nous dkcrivons est un male qui parait jeune encore. Son corps ClancC, see 

mouvementa brusque8 et see jamt~es de derriere plus hautes que celles de devant sont les conditions 
d'une parfaite agilit6 commune ii tous lee animaux de ce genre. 11 a i t6  rapport4 dea frontPres d u  
Napaul par M. WALLICH et se trouve Cgalement dans lee montagnes de I'est limitrophes du Bengale." 

2 L 
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they call B h a d .  I have never been able to procure the Blmral, alive or 

stuffed : but I have obtained, occasionally, his horns, so justly celebrated 

for their prodigious size. Six years ago, I had a pair which I could only 

raise from the ground by a considerable effort. I mention this strong 

distinctive feature of Argali, because i t  is one that is familiar to the 

natives; who are thence unlikely to confound the species, so marked, with 

another. Unluckily, when I possessed the horns of the Bharal, I was too 

incurious about such things to make any note upon them, ere I gave 

them away : I am therefore uuable to say whether the dry, stuffed, head 

of a male wild sheep which I now have, and which professes to be that 

of the Nayaur, be essentially different in character from the Bharal of 

the Nipalese, or, from L I N N ~ Y S  Argali. L I N N ~ ' S  specific character of Oris 

Ammon is " 0. cornibus arcuatis, semi circularibus, subtus plaaiusculis." 

Now, the horns which I possess, and suppose to be those of the male 

Nayaur, are directly the reverse of this ; for they present a sharp angle 

below, and a broad flat surface above ; being in shape accurately trian- 

gular ; with two sides of the triangle constituting the lateral surfaces of 

the horns, and the third side, their frontal or superior, surface. Beneath, 

there is merely the acute angle of the triangle. Besides, though the 

auimal which bore the horns in question died ere he had quite complet- 

ed his second year, his horns, large as they are, could never, I think, 

have reached, a t  maturity, the prodigious dimensions of those of the 

Argali. I n  other respects, these horns answer sufficiently well to the 
description of those of 0. Argnli, ayud Shaw.--11. 370-80. 

Subjoined is a sketch of the Horns under discussion, attached to 

the skull. 

After these remarks upon the supposed male of the species, I now 

hasten to the account of the female. 
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11.-THE NAYAUR WILD SHEEP.-Ovis Nayaur. (Mihi.) 

Habiht.  The Himilaya. 

S P E C I F I C  CHARACTER. 

The male ? with large, accurately triangular, horns, flat above and 

cultrated beneath; curved and wrinkled as in the common ram :* a 

double coat : and beardless chin and neck. The female, with small, 

strongly depressed, sub-erect, sub-recumed, and divergent, horns, obso- 

letely wrinkled. 

In proceeding from the description of an individual of the genus 

CAPRA to that of one belonging to the genus OVIS, it is scarcely possible 

not to pause and pay a tribute to the elegant genius of BUFFON. Defi- 

cient, perhaps, in scientific precision, he yet studied nature with a truly 

philosophic spirit; and his pictures of the manners of animals are no less 

useful than delightful. 

Nature having separated the sheep from the goat by no palpable 

physical signs, we consult LINN; in vain for directions under which genus 

to place a newly discovered species of either; but, if we can procure liv- 

ing individuals of the species, and so observe their demeanour, we have 

but to turn to BUFFON'S lively and just contrast of the mannera of the 

two genera, to be satisfied as to whether our animal be goat or sheep. 

L I N N ~ S  ~lpecific character of Argali gives horns, "arcuated, semicircular and flattish be- 

neath"-that of Oak A r k ,  " horns, compressed and lunated." Now, Ovis Aries is the common 

Ram : yet, SHAW says the horns of Argali are curved and shaped like those of the common Ram f 

I do not understand all this; but may as well add, ere I conclude this note, that my supposed male 

Nayaur has liis horns curved, and formed generally like the common Ram's horns, from which they 

differ chiefly by being more accurately triangular. Are Argalt's horns t r i Z ~ u Z ?  
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Though I have kept and petted the Jhhral and the Nayaur for years, 

I could never, with the dry Linnean aid of SHAW, have affirmed that the 

former was a goat, and the latter a sheep, but for the moral charac- 

teristics of the genera furnished me by the graphic BUFFON ! I have 

mentioned that the Jhbral is a saucy, confident, capricious, clambering 

animal, whose freaks of humour and of agility are equally surprising. 

  he Nayaur, on the contrary, is a staid, simple, helpless thing, which 

never dreams of transgressing the sobriety of a sheep's nature. Like the 

Jha'ral, i t  is easily tamed, but requires more care to acclimatise i t  in the 

valley. I have tried in vain to breed from the Nqaur.  Comparing the 

figure and general aspect of the two animals, i t  can merely be noted, in the 

way of distinction, that the Jhdral is the more compactly framed, and 

stands straighter and firmer on his legs, than the Nayaur ; and that the 

former has an arch genuinely goatish expression of the face-the latter, 

the proverbially simple look of the sheep. 

As compared with the tame sheep, it is very obvious to remark that 

the Nuyaur has a fuller, shorter body; much longer limbs; a longer 

neck; and ears and tail of a more deer-like character. 

In  the ordinary state of rest the Nayaur, instead of the straight back, 

neck, and limbs of the tame sheep, has the arched back, bowed neck 

and stooping hind quarters of the feet, and graceful antelopine and cervine 

races. There is a great drop from the shoulders; and the withers are 

lower than the croup: the head, as in the Jhbrul, but rather more rec- 

tilinearly tapered from above and below: ears, tail, and hoofs, likewise, as 

in the Jhriral ; but the hoofs longer and less compact, and the ears larger. 

The coat or covering of the Nayaur, as nearly as possible, resembles 

that of the Chirti or Antelope Hdgsonii; the most careful comparison 

only enabling one to say that the latter, from being somewhat thicker, 
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is more perfectly porrect from the skin ; and that each of it8 hairs waved 

beneath the surface,* wheneats the hair of the Nayaur's hide is straight- 

mt merely in its general direction, but, in all its length, from point to 

pain*, of each hair. 

Excepting such minute variations as these, all the rumiqantia of the 

Hinrcilaya and Tibet, which I have seen, are similatly cbhed.  There is 
always an outer coat and an inner : the latter, spare, very fine, wooUy, 
more or less applied to the skin : the former, very thick, porrect, and of a 
substance which we must call hair, though it resembles not ordinary human 

or animal hair, or bristles. I t  is stiffish, brittle, feeble, rather thick o~coiuse, 

and of a quill-like feel and look. I t  might be imagined that this sort of 
hair is peculiarly adapted. for prdecting its wearers from caM : but dissec- 

tion and the microwope -frtil to detect eny- peculiarity sf structure.t 

I t  ir not a twnb, or, rpiral~eowolutiorr, .bur am. alternation m d y ,  am the sidq of salient 

and rerilien9cuwes. - . . - . . - . 

a .  

t I speak under correction, and am favored by Dr. BRAMLBP with the foUowing obeervations: 
. . a ,  . , 

I t  is most difficult to dissect a hair; but so far ae I have performed the operation, the result 

contima ML HDDG~ON'B observation. 

In regard to the waviaess.of. the Ghirr's hair,.having maraiired r s e M  of the l e c e ,  and 

having found the alternationt~of eelienb and redient eurpe IOCLPB into each other (that h, the salient 

bows of oae hair fitting into the reeilient bends of enother) it struck me thd tbie pecrlhv confor- 

mation might be of more importance than Mr. H o n a s o ~  seemed to k @ o e ,  I tbougbt Bo when I 

examined the hair, and retain the opinion on reflection ; aa matter of conjecture merely, I would 

elate, that the wavioess of the Cliiru's hair-which is more distinctly marked. fiom the base upwards- 

may serve the 11peci6c purpose of copfining the wool beneath in closer adaptation to the skin, under 

dl changes of attitude by the animal, than if the hair were straight, and may tllus constitute an 

additional eecurity against injury from the rigour of that region which forms the C h i d e  habitat." 

J. M. BAWLBY. 

2 M 
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The general and pervading colour of the Nayaur is a pale, dull, brownish, 

slaty-blue, which, however, merges into more superficial tints, - of 

rufous, on the flanks, hams, and shoulders; and of yellowish white, 

upon the cheeks, lips, abdominal surface of neck, belly, and insides of 

limbs, of ears, and of tail: bridge of nose, fronta of limbs, tips of ears 

and of tail, patch on chest, and line separating flanks and abdomen, 

dusky brown: in old animals, vertical line of neck and body, the 

same : iris, speckled, brown-red : muzzle, black: hoofs and horns, 

dusky. 

Dimensions (of female) as follows : 

Ft. In. 

Tip of nose to roots of tail, ............................... 3 4 

.................................... Length of the head, 0 94 

Ditto of tail to end of hair, .............................. 0 7 

Height of animal,, at the shoulder, ........................ 2 4) 

Depth of the head,.. .................................... 0 6 

Ditto of the chest, ...................................... 1 0 

........................ Length of fore leg to line of belly, 1 5i 

Ditto hind leg to ditto, .................................. 1 84 

Ditto of the horns, straight, .............................. 0 4 

Basal breadth (across,) .................................. 0 14 

.............................. Ditto height, (fore and aft,) 0 oil 
Ditto interval,. ......................................... 0 0J 

Length of the ears, .................................... 0 5 i  

Weight (of a very thin animal) 75 lbs. 

N. B. The dimensions are taken from a female of less than four 

years old, three of which she had passed in confinement. 

NEPAL, October 5, 1831. 











IX. 

ON THE 

R A T W A  D E E R  O F  N E P A L .  

BY B.' H. H O D G S O N ,  ESQ. 
ACTINO BESIDENT AT KATHMANDU. 

111. THE RATWA D E E R . - ~ ~ ~ Z C S  Ratwa (Mihi) 

CERVUS MUNTJAC ?-Pennant. 

Habitat. Central and lower Hills of Nepal, and great Saul forest. 

SPECIFIC CHARACTER. 

Small red Deer, with very small, suberect, sublunated, bi or trifurcate, 

rounded, horns, set on lofty, hairy, compressed, pedestals ; and with 

frontal as well as suborbital fissures. 

This remarkable animal, whose horns bear some remote analogy to 

those of Camelopardalis, which is affined to Moschus by its tusks, and to 

Capra by its shortish and full body, as well as by its capricious and airy 
manners, has yet all the influential characters of Cervus, to which Genus 

i t  unquestionably belong8 its muzzle being very moist, its suborbital 

sinuses extremely conspicuous, and its horns, annual, bony, and branched. 

But these horns, inatead of being amply developed and springing imme- 

diately from the crown of the forehead, after the manner of most, if not 
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of all, others, of the Cervine Genus, are so small as to deserve almost to 

be termed obsolete ; and are elevated on pedestals higher than themselves, 

which pedestals are, nevertheless, covered to their summits by a continua- 

tion of the skin of the forehead. S o  that when the Ratwa periodically 

sheds his real horns, their pedestals, as above described, remaining, give 

the animal's head the very appearance af that of the Girafle, PO far a t  

least, as the frontal prominences are concerned. Nor is this all : for, as 

much as these pedestals of the horns; ascend above tbe crown of the fore- 

head, so much do they descend below ; their origin being the very extreme 

points of the os frontis, considerably below the insertion of the nasal bones. 

Here, then, the pedestttls of the horns commence ; and, in the shape of 

two prominent ridges, graddaily diverging, they run along the outsides of 

the entire length of the forekead, only quitting the skull a t  the outer angles 

of the sutures connecting the frontal and parietal bones. Yet more : down 

the inner side of either of these ridges of the pedestals runs a most ~ i n g u -  

lar fissure, -formed by a strong reflexion of the skin. The margins of the 

fissures are fdll and dilateable ; and the animal expands them under 

excitement as well as applies them, s o  expanded, to object8 of curiosity 

with the apparent purpose of feeling or smelling such objects ; just as he 

applies the suborbital hsnres .  The frontal figsares are abont tm i n b  

long, straight, and longitudinally directed down the sicha of tbe! osfiontis. 

The skin is continued without interruption or s e n s i b  diminution.of &k- 
ness throughout their interior : but the interior is nearly denuded of hair. 

When the hide is stripped from the carease, thereisno i n t e n d  indication, 

sot even the crease,-of the strongnfofi prevailing on tbe otztaide eP the 

skin and ferming the fissures : but there is a very slight indentatian of 

s k d  ccxtrespnding with them. 

The ridges of the p h t a l s  are e l d  aeady ome-hind af an inch, 
above the sides of the os fmntis ; and their sabs tana  is d i d ,  4 bony, 
Kke that of the skull, of which indeed, tha Rbges. form aa integral part, 
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without the intervention of any suture. From the p i n t  where these 
ridges commence, to that a t  which they rise above the crown of the skull, 

their length is about four inches. From the latter point, the pedestals 
proceed, rectilinearly, but inclined pather backwards, about three and a 
half inches more; and there they terminate, and the horns cmlaeence. 

I n  this second portion, the pedestals are bony as before, and entirely 
covered, by a continuation of the frontal skin, with rather more then its 
usual quantity of bair on them, The pedestals have, in this their fully 
developed part, a strong Iakeral compreseion ; their shape being preGse1y 

that of an ordinary stick of sealing wax ; and uniform throughout. They 
have a gradual and not inconsiderable divergency a m n t i n g  to about 

three inctiee at their summits, At the crown of the &dl, their interval is 
about two inches. The horns which rise from fb remarkable uolumas 
have all the well known characters of the genus. They fall off and are 
renewed, annually, between June and September ; their llucleus being a 

swollen marginal protuberance, just like tbe burr of the h o w  in common 
Deer. The horns are very iaoignificant, having an extreme length of 
about three and s quarter inches, and only a pmpartionate thickness. 
Like tbat of the pedestals, the general direation of the horns is upwards, 

with an inclinatien backwardad They are rounded, in the main, but have 
ar slight lateral empression near to the pedestals. : their eurhce, in gene- 
ral, umooth, but furrowed, more or less, by longitudinal grooves. The 
principal curve of the horn$ ie an outward or lateral convexity, with the 
points turned, very decidedly, inwards ; and, 1- decidedly, backwards, 
but not abeolntely " hookedw-at least not in &he majority of individuals, 

Hence, in tbe specific character, I have called the horns sublunated. But 
the term can only be justly used in a qualified sense ; and, as not merely 
the points but the upper halvee of the horns are, in some specimens, 
m l y  turned back, though, ia a less degreu, than they are bowed lateral. 
ly, perhaps they might be little lese jnetly characterised as subrecurved 

than as dmuttdi Fmm the base of either Bma proceed one or two erect, 
2 N 
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short, conical, branches-sometimes one from the one horn, and two, from 
tbe other of the same pair of horns. These branches (so to speak) are 

never above an inch long-where there is one only, it is thick-where two, 

they are slender. The second branch or antler is so rarely met with that 

it ought perhaps to be considered a lusus merely, and as such should be 

excluded from the specific character of this species : but, as I have one 

fine apecimen in which two basal antlers are developed, and, as PENNANT 
expressly says his Muntjac is trifurcately horned, I think it  safest to 

designate the Ratwa as bi-or-trifurcate, and not as positively bi-furcate only. 

Having thus painfully, and I fear, tediously, described the pedestals, 

horns and frontal fissures, of the Ratwa, I shall now proceed to the account 

of its manners, haunts, appearance, size, and remaining characters. 

This elegant and lively little animal bears a great resemblance in size, 

figure, and carriage to the Porcine Deer of the plains of India : but the 

Ratwa is the lighter and more graceful, considerably, of the two. His 

motions are full of elegance and elasticity, and he stands and even walks 
upon his toes rather than upon his entire hoofs, as though he disdained to 

touch the ground. In  a quiescent state his back is much arched ; his hind 

limbs stooped ; his withers lower than hie croup ; his neck retracted, and 

bowed downwards and outwards ; his head carried low ; and his tail close- 

ly.applied to his buttocks. Excite him ; and he will, a t  once, straighten 
his back, raise his fore quarters and head, erect his scut, and appear 

instinct throughout his frame with spirit and agility ! I have,seen him, in 

pgre display, as it were, separate his fore and hind legs extremely, and 

throw his back into a concavity as decided as ever is the convexity of the 

~ t i t u d e  of rest. The body of the Ratwa is, for a Deer, short and full : the 

limbs, too, short ; and stout as far as 'the hocks and knees-below them, 

exceedingly slight and fine : the hoofs, small and compressed : the false 

hoofs inconsiderable in siee and blunt : the tail, longish, tapered, cylin- 
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dricadepressed, moderately d uniformly clnthed with hair ; in general 

resembling the tails of the Axis and Fallow Deer: the neck, shortish and 
rather spare : the head, rather large ; of small vertical dimensions ; 

tapered ; the nose acuminated, and having a well defined, moist, and nak- 

ed muzzle : the eyes large and beautiful, with transverse oblate pupils : 

the ears, rather small and well formed ; moderately opened ; the lining, a 
small quantity of longish, soft, hair, disposed into stripes or striae on a 
naked ground ; the tips, rounded. I have already observed that themuazle 

is moist ; and the suborbital sinuses, large and conepicuous. Comparing 
the cranium of the Ratwa with the skulls of other and large Deer, 

nothing markedly peculiar to the former.asrests the attention save the two 

elevated ridges bounding the whole extent af the fraetal bonee, and w k h  
have been already particularly noticed. The craoinrn of the m w a ,  may, 

however, be further distinguished by the relative length of the frontal, and 

correlative shortness of the sasal bones. The Ratwa's ,focabead is decidedly, 

tho' slightly,, convex ; and the usual drop or daprassion is  further forwad, 

and-less sudden than i t  ia ,ob,qerved to be in lwge ,Deer. Qwiug to tbe. 
character and position of their respective horns, the buin  is ,thrown lesa 
far back; and, lastly, the nwal bones are vaid, o f  that ,ancuatiaa which 
usually belongs to those of Large Deer. The boay ca~ities prepared fw 
the lachrymal sacks, and corresponding with the suborhital.fiseures,of the 

superjicies, are, in the &tw, as lqnge as, -or laagar even in pzopartiaa, 
than, ,tho= of the huge Ba'ru rginilaa's head, Tbe tuvka oE bhe Ratwe h v e  
the s m p  general character with those of: the propr or Tibetan &k: * 
but they are shorter, stouter, less carnpmsee&, and much more curved, 

The portion exerted from the jaw i s  about 14 inch in Length,-rnaasurtd 
straightly-24 inches in extent ~s measured, along the corve. They 
are loose in the sockets,, but fixable a t  tbe aaimal's pleasure. The 

Rdw,  when taken young, can be tamed w .easily qPd e-tually 
G * 

t ' ,  

* Vie $ u s  G e d  Zoqbgy, vd. 11, p 250. 
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ag ths spotted Axis: but i t  is volatile and capricious in its temper, 
m i n d i n g  one a good deal O~BUFFON'S exquisite description of the Goat ; 
only the Radwa loves not rocks and precipices; nor possesses the Goat'ej 
~onderful power aud propensity to climb & spring. The tamed Ratw 

is aconfident, fearless, creature, which, small as it is, will not retreat before 

man or dog, annoying it ; but will (the male) turn en the assailent and 
attack resolutely both with its horns and tusks--cutting with the l a t h ,  
in the manner of the wild Hog. The female of the speciq is gentle and 

timid, having neither horns or tusks ; but, in place of the former, two 
bristly patches of dark hair like eyebrows-and of the latter, small conical 

mnines not protruding from the mouth. She has four teats, disposed qua- 
drangdwiy on a whiteudder; and a specimen procured on the 28th February, 

had the udder teeming with milk. T h  individual must have j u t  drop4 
ped her young. She is rather smaller and paler in colours than the male. 
The RQdcucr  is about three feet five inches long, exclusive of the tail; abouf 

one foot eight inches in height, at the shoulder; and fromforty to fifty lbs. 

m weight, Colmr, a bright, uniform, full, yellow red ;--darkat, above; 
palest, bel~w, or on the belly and pectoral surface of the neck : forehead 

and iilnbe obscured with dusky-brown: insides of thigh, a patch on 
either side the chest, insides of ears and tail, pum white : a blotch of black 

in  front of eachpedestal of the horns, where the pedestals quit the forehead, 
OP the inferior surface, and a good deal of the upper lip, impure white : 

irides, dark brown ; muzzle a d  hoofs, black : coat or hair, elm, full, 
soft, short, applied to the akin ; in the living animal always exquisitely 

clean and void of all offensive odour. 

The Ratsoa is found in the great central mountains of N M ,  
as well as in the small hills beneath hem, and in the great forest 

at their foot. He is mare common, however, in the latter than in 
the former tracts ; a d  in the folnner Be cenfiees hippoelf to the basal 

and gently sloping parts of the mountains; and, of them, to such 
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distrieb only as are closery screened by brushwood, in the midst of which 

the Ratwa always has his lair. The species is gregarious-the hede 
usually amounting to from twenty to thirty individuals. The mountaineers 

denominate the animal, Ratma. I t  is not known to the pltYi~ls of India, 
I believe ; nor to any other of the Indian mountains, as far as I am aware. 

Whoever will turn to SHAW'S General Zoology, vol. 11. p. 301, will find 

there the description of a small species of Deer denominated the Rib-faced 

Deer, or Cmus Muletjac, belonging to Java and the Malayan Peninsula; 
which I apprehend to be either a variety of the Ratwa, or another species 

most closely allied to ours. But SHAW'S description is so wretchedly 
imperfect that it is impossible to speak with any confidence about it. I 
recommend the curious in such matters to r e d  attentively my description 

and then to refer to SHAW'S ; by which means they will belable to appre- 

ciate the following remarks. The specific character of Cimw Muntjac 
gives " oylindric" pedestals to the horns, and makes the " upper fork" 

of the horns c 6  hooked." Whoever had not seen the pedestals denuded of 

hair would take them to be cylindric, notwithstanding their really s t r q  

lateral cornp~eshiim : and, as the tips of the horns are-at leaat in some 
old males-strongly curved inwards and backwards, there is room to say 

that the 6 b  upper fork is hooked," though I cannot admirethemode af expres- 

sion ; because the insignificancy of the frontal fork or forks makes the 

expression upper fork" as applied to the beam or trunk of the horns 

peculiarly apt to miskad. I have already intimated that the trifurcation of 
the horns is probably not a general or permanent characteristic. SHAW 
observes, that " that which chiefly distinguishes the Cerorlss Mmtjac is the 

appearance of three longitudinal, subcutaneous ribs, extending from the 
horns to the eyes." The three ribs in question are, I suppose, the two 

frontal fissures, and their intervallary crease, which last, in t b  dry skin, 

presents almost as decided an indentation and apparent peculiarity of struc- 

ture as the fissures on either side of it ; owing chiefly to the constant 

habit the living animal has of dilating the fissmres, whereby the skin of 

2 0 
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the forehead, contracted on either side by their dilatation, forma a strong 

crease between them. Nor, however strange it  may at first sound 

to one who has beheld the living animal to hear that these "ribs" 

run frbm horns to eyes," is the thing at  all difficult of solution 

by means of an ill-dried, distorted, skin. What is meant by the 

thickening of the pedestals a t  top, and their having the appearance 
of a rose after the horns are forced off, I cannot divine ; unless, in 

the particular case, the horns should have been forced from the pe- 

destals, leaving their own marginal protuberance or burr, attached 

to the pedestals. In  one of BUFFON'S Supplements it seems the 

Cerv&Muntjac is described as of a grayish-brown colour : if this be just, 

Cervus Muntjac will constitute, probably, a distinct species from Ratwa ; 

and I cannot help thinking that, in such case, the two ought to be, 

sectioi~ally at  least, separated from Cervus. I have no late work on 

Mammalia to refer to, and must crave pardon therefore, if I have been 

anticipated in regard to that point; and perhaps also for the length of this 

paper; which yet should find its excusein the acknowledged futility of 

summary descriptions of new and foreign animals, The following are the 

dimensions atld size of a male Ratwa, which lately died in my possession. 

Ft. In. 
.............................. Tip of nose to root of tail,. 3 44 

....................................... Head, length of,. 0 8& 
Tail, ditto, to end of hair,. ............................... 0 74 

............................ Height of animal, at shoulder, 1 74 
..................... Utmost vertical measure of the head, 0 32 

....................................... Depth of chest,. 0 89 
Length of fore leg, to elbow,. ............................ 1 l a  

................ Ditto of hind ditto, to corresponding joint, 1 34 
Ditto of ears,. ......................................... 0 44 
Ditto of pedestals, above the skull,. ....................... 0 4 
Ditto of horns,. ........................................ 0 3J 
Weight, 40 lbs.. .to 36 Ibs. 

VALLEY OF NEPAL, October, 1831. 
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Since the paper on the Ovis Nayaur was written, I have received a complete stuffed 

skin, but sadly distorted and injured, of a young male Nayaur. Though the animal when 

b e  died was not above eight months' old, he must have measured four feet in length from 

the nape to the insertion of the tail, and nearly three in height at the shoulder. H e  has a 

double coat exactly of the same character as, and rather thicker and longer than the 

Chirir's; whence i t  follows that the slight differences observed upon in the course of the 

paper were only the consequence of confinement, change of climate, and perhaps sex also, 

in respect to the Nayaur. From much conversation that I had with the Bhotea who 

brought me the skin of the young male Nayaur, I now incline to believe that I was mis- 

taken in supposing there are two species of wild sheep in these regions. The  Bharal  of 

one dialect is probably the Nayaur of another; and the Himdayan wild sheep, most 

likely, only a variety of that widely diffused species, Ovis Aryali ; though I confess I can- 

not reconcile LINNAZUS' or SHAW'S descriptions of the horns of theNayaur. The young 

Nayaur just received has the wool and greater part of the hair, beneath the surface, dull 

pnrplish grhy slaty; merged in more superficial hues ef m t y  brown, above, and of impure 

hoary, below. The  lips and inferior surface of the head, and insides of the shoulders and 

thighs, pure white : superior snrface of the head, like the body above, but paler. no dark 

marks on the limbs, flanks or forehead, as in the female : neither this young male nor the 

female before described, have any appearance of that peculiar elongation of the hair upon 

the pectoral surface of the neck for which 0, Aryali is conspicuous.-But the circum- 

stance is no way decisive, owing to the youth afthe one and the feminine gender of the 

other-such appendages most usually appertaining exclusively to matare males. As the 
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young Nayaur now spoken of was Yaken in midwinter and died immediately, his coat 

must exhibit the full winter raiment of the species. The  hair is about two inches long, 

and so thickly set on as to stand erect from the skin, in its ascent from which the hair is  

accompanied about half way by a spare-fleece of fine wool. A larger quantity of the same 

inaterial lies closely applied to the skin : but the whole quantity of the wool is much less 

than that of the hair. The horns, though small, have exactly the form already described 

and figured, and justly referred to the male Nayazir, as I have now satisfactorily ascer- 

tained. 
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I 

SHORT SKETCH 

OF THE 

G E O L O G Y  O F  P U L O  P I N A N G  

AND THE NEIGHBOURING ISLANDS, 

WITH A MAP AND SECTIONS. 

BY T. WARD, Ese 
ASIBTANT [NROEON YADRAE WABLIBEMENT. 

THE geographical situation, the extent and general appearance of Prince 

of Wales' Island are well known, and it will not be necessary to dwell 
upon them here, more especially as they are included in the accompanying 

Map. 

PINANG may be described as being formed of a group of hills occupying 
about two-thirdsof its extent, running through its centre from north to south, 
and having a plain on it8 eastern and western sidee. The hills, thickly 
covered with lofty forest on all sides, seem at  first sight so irregularly 

grouped, as to defy all arrangement ; but on more accurate examination, 
2 P 
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they may be divided into three principal chaing, commencing a t  the north, 

gradually approaching towards the south, where they form one narrow 

barrier between the two sides of the island, branching off at  last, along 
its southernextremity, a t  right angles, east and west. The middle chain, 

including the western hill and Mount Elvira, is that of gteatest elevation, 

being about two thousand five hundred feet above the level of the sea. 

They are all loftiest towards the north, decreasing gradually as they 
advance southward. Between the terminations of the chains towards the 

north are deep bays and sloping vallies, filled with alluvial deposit. The 

greatest diameter of each hill is from north to south. The general 

outline id rather blant and ridged, presenting no very bold. peaks or 

points. Some of the lower hills are obtusely conical. Besides the prin- 

cipal group above described, there runs a small chain parallel to the east 

coast of the island, behind the Nutmeg Plantations a t  Glugor, of an 

elevation varying from six hundred to eight hundred feet, uniting with the 

great range near its southern extremity. There are also some isolated 

hills along the coast, the principal of which are Mount Erskine, Mount 

Olivia, and Mount Albina. 

The valleys are not deep ; few of them have very abrupt, and none, 

pnecipitaus sides. The whole group, or rather aeriee of chains, is so 

cloeely c a v e d  with forest, that not a bare epot ie viaible, except whew 

the industry of man has been exerted. The height is not su6cieatly 
great to produce much effect upon the nature of the vegetation ; bnt 

small as i t  comparatively is, towards the summits, the palms and ferns 

increase in number, and the forest in general becomes more stunted, 

though even on the highest point are to be seen aome magnificent timber 

trees. An arborescemt fern of great beauty, rising to the height of from 
fifteen to twenty feet, is met with only on the great hill at  a considerable 

elevation. 
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The soil of the hills is a reddish light sandy clay from thedecompoei- 

tion of the granite composing them, the process of which may be Reen 

going on, wherever roads have been cut below the surface. I t  is seldom 
more than eight feet in depth, most frequently less, and the vegetable 

xhould above it  ig from six to twelve inohes. There is little gravel and no 
fragments, except occasionally of quartz, probably from exposed veins. 

The whole of the group of hills, and indeedrevery rocky or elevated 

part of Pinang, is composed of granite. No other mountain rock oacure 

in immediate connection with it. I t  varies in grain, in colour, and occa- 

sionally in the proportion of its ingredients. It is esmy where t t a v e d  

by veins of quartz and quartz-rook, which are often of large size. Com- 

mencing a t  Fort Cornwallis, and going round the ishmd, first to the 

north, we find the following varieties : at P& Ticoose Point, where the 
beach ie rocky, and composed of immense fragments, i t  is of a fine grmn 

and grey colour, as in specimen No. 64. At Batu Ferhgi, where s 

small stream forms a magnificent waterfall, and a great mass of rock 

is exposed, the granite of rather coarse grain (No. I*) is traversed by 
a vein of quartz rock (No. 2) resembling primitive sandstone, very 

hard, and from two feet to two and a half feet in breadth. In  it, 

the stream has formed numerous tub-like cells, some of them two or 

three feet deep. I have seen some fine specimens of colorless rock 
crystal, containing crystals of ~ h o r l ,  which were collected here, 

but I had not the good fortune to meet with any an my visits. At 

the east point of TuMb B o h g ,  t h t~  granite is grey and coarse grain- 
ed (No. 3). At  the west point of it, it ie of a fine grain and of a 
slightly greenish colour. On the beach, to the wwt of Kzicha 

Mzika, a small village on the north mck of the islmd, among the rdled- 

* The figure8 throughout refer to the numbere of the specimen8 herewith aent. 
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massee of granite are some with beautiful veins and imbedded crystals 

of quartz, and prismatic .crystals and amorphous portions of hornblende? 

(No. 5). Specimens of these, of good size, were, with difficulty, broken 

off; and indeed to shew them in perfection, it would be requisite to carry 

away the rolled masees entire. No. 6, is a specimen of t$e granite found 

opposite Saddle Island, of moderately fine grain, and containing a large 

proportion of mica. On the aouth-west the granite, containing a large pro- 
portion of felspar and quattz, is nearly of a whitis -colour--(No. 16). At 

night, from reflecting the moon's rays, it is observ ! d to glisten at  the dis- 

tance of more than a mile. Imbedded in  it, we found a globule of fine 

grained black granite, containing abundance of mica (No. 17). The whole 

of the south side of the Island is composed of a coarse brownish granite 

(No. 18). On the south-east point opposite Pulo Rimar, it occurs again 

of a grey colour (No. 19). These different varieties found along the 

coast, occur also in the body of the mountains, and it has therefore been 

considered unnecessary to transmit specimens taken from the interior. 

* The east and south-west plains are entirely of alluvial formation, pro- 

bably in @;reat measure formed by the detritus of the mountains washed 

down and Mected through thelapse of ages. At first sight of the east plain 

particulaxly, which juts in a triangular form into the narrow strait between 

the Island, and the Quedah coast, and on which are built George Town, 

the Fort, the various public buildings and the habitations of the English 

residents, the geologist is impressed with the idea that the sea must have. 

at  one time covered it and washed the base of the mountains. This is. 
confirmed in some measure by the phenomena, observable on the opposite 

shore of Quedah, where Captain Low has traced the successive deposits of 

* Some of the following remarks on the plains, rivulete, water, &c. have already appeared 
in my Ic Contributione' to the Medical Topography of Prince of Wales' Islaod," printed by the 
Pinang Government. 
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alluvialmatter, for several miles inland, and the gradual retirement of the 
ocean indicated by ridges running parallel to the present line of m a t ,  

The prows of conversion of such a hard material as granite into alluvial 

matter is distinctly seen on the road to the Great Hill, in the small valley 

between " Mount Olivia" and the " HighLanda of Scotland." The pre- 
cipitous bank, about sixty or seventy feet in height, presents a mass of 

red clayey sand, used generally in lieu of gravel for repairing the toad#, 

which is merely decomposed granite as seen in the specimens Nos, 
35 and 56, taken from the spot. Notwithstanding this alluvial origin, 

no organic remains, not even shells, have been found hitherto imbedded 

in any part of the valley. Query-may not this be accounted for, 

by the small number of animals which iahabit the  island, end by the 
' paucity of shells now in exhtenca along the coast? The indigemno 

ahimals are principally birds and insects, and on two tours round the 

island, I did not discover in all one hundred shells on any part 
of it. 

The  soil of the valley is various. Near the point i t  is eandy, witb 

a surface of about four inches of vegetable mouM from decayed leaverr 

and branches of trees. I n  advancing about a mile into the interior, 

the ground begins to rise, and the srrperficial stratum is also a light 

vegetable mould, about a foot in thickness, resting on the mad. Neal 
the fbot of the mountains, the mil .becomes rich in many places, and 

beds of white clay resembling fuller's earth, are found here and h e ,  

more especially in Ptdo Tkooee bay. In those pa& of the island, 

near the sea coast, which are generally overflowed aod thickly covered 

with mangrove, (RRizophwa) the asoil fsr a fmt  in thickness is a rich 

black mould. Throughout the ieland it is light, and in most parts is 

compssed of clay, with a large portion of sand, which renders it 

very poroue. 
2 Q 
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Water, generally speaking of good quality, is to be had in almost 

every parf *of the island b y ,  digging a few feet below the surface. In  

some places it isaslightly brackish ; in others it is tainted by passing 

over the decayed roots or leaves or branches of trees ; and sometimes it 

is .mixed with the clayey particles. of the soil over which it runs. 

There is no large. river in the island ; the several rills from the 

mountains collect into two or three rivulets, which traverse the valley in 

different directions. Their beds are sandy ; the water pure as crystal, and 

of excellent quality, unimpregnated with any deleterious ingredient. I am 

not aware of the existence of any mineral water in the island. 
) 

, Stream tin has been found near Amee's mills, a t  the east foot of the 

great hill, and at  Batu Feringiree on the north side of the island, washed 

down from the containing veins which have not yet been discovered. 

Indeed the immense mass of vegetation, which so closely covers the island, 

that scarcely an exposed portion of rock can be found, renders it extremely 

difficult to trace them. At both of the above mentioned places, the tin 

was collected for same time, h t  the works were given up as the quantity 

was not sufficia~t to cover their expence. 

Round the island are extensive mud banks, which, on the north and 

east. sides especially, are left uncovered at  low water. On the north- 

east side of the tongue of land, forming the.valley, from Pu2o Ticoose 

point to Fort Cornwallis, extensive changes have taken place within the 

last twenty years. Between,the outworks of the Fort and,the beach there - 
was formerly a space of aboutl one hundred  yard^ occupied by a 'row of 

cocoanuts, and a walk along the. beach. Now the sea washes the very 
walls, which are in part destroyed by its encroachments. The houses ow 

the beach. also for some distance, are .endangered by the same circum- 

stance; the banks have been rapidly diminishing, and the strongest 
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bulwarks of stakes and stones are necessary for their protection. I n  P u b  
Ticme bay, on the contrary, the sea has been retiring, the mud bank is 

daily increasing; and the mangrove has been gradually extending itself. 

I t  is too likely that some years hence, the bay may be entirely filled up. 

These-changes are probably owing to the tides setting in strongly from 

the northward and westward. ' Pulo Ticoose point protects the bay from 

their 'action, which is exerted in full force upon the Fort point, or Taorjong, 
as it is called by the natives. 

. % 

The sand dong the coast, round the island, is generally whitish and 

pure: in some places, however, more particularly on the north side, i t  is 
nearly black, from the intermixture of numerous amall particles of mica. 

. . 

So much h r  Pinang itself. We now. proceed to the neighbouring 

islands, commencing with those to the narthward. ! 

I. Pulo Ticoose, or Rat Island, is merely a barren rock of white 

granite, with a few large canes. I t  is about a mile from the north eaat 

point of Pinang, is of small extent, and offers no geological phenomena 

of any interest. 

11. The Bomtings are four small islands to the north of Pinung, 

arranged in a eemi-circular form, the nearest being about fourteen'miles, 

the farthest about twenty-five from Fort Cornwallis. The most remote 

one, from a fanciful resemblance to a " femme enceinte" lying on her 
back, has received from the nativres the name of Bmntaiag, a Malay word 

signifying " pregnant." In  connection with this idea, the other islets 

have derived their appellations. That nearest Pinang is called Bedan, 

or " the midwife" ; the name of the next is Pasghil, or the messenger sent 

to call her,-and behind it is thusong, or the companion of the messenger. 
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~.-Rdo Beedun, or Bidan,, is about a mile iu length and three-fourths 
of a mile in breath, of an elliptical shape, with a bay on its southern side. 

It is thickly wooded, the t r m ,  as usual, coming in most places down to 
the water's edge. I t  may be noticed here once for all, that this circum- 

stance offers an obstacle to the complete investigation of the gealogical 

atructnre of the island round Pinmg, as it does of Pirrrng itself in same 

measure. The interior cannot be penetrated, and were it even possible to 

do so, the closeness of vegetation would shut out all view of the racks. 

The observations are thus necessarily limited in most instances to the coast. 

The beach, on Pub Bidan, near the south-east point, ie composed of 

an argillaceous rock, resembling grey wackC, both lamellar and conglo- 

merate, irregularly intermixed, (Nos. 41 and 42). This seems to dip at a 

considerable angle to the west ; i t  is entirely covered at high water by the 

aea, and the outgoings or crop of the strata form sharp ridges, more or 

less elevated. Rolled masses of ironstone, (No. 43,) are found on it, of 

various sizes. On the argillaceous rock, rests a mass of limestone strati- 

fied, the strata dipping to the south-west a t  an'angle of 45". I t  is 

af a bluish grey colour, (No. 40,) and at first sight seems to have 

a slaty texture. The colour of some of the strata is nearly black. 

They are every where traversed by veins of quartz and calcareous spar, 
irregularly intermingled. The whole island seems to be composed of the 

same material. s 

2.-P& Panghil is a small rather elevated &land, abut two m h  

to the northward of the pzeceding, and celebrated for its turdes, which 

b y  their eggs in t b  sandy p i n &  and bays. The coast is coyelled 

with smooth round stones of argillaceous matter, probably rolbd over 

from P u b  Smsmg ; but the body of the island i~ composed of tbe same 

kind of iimestme as Pub Bidan, (Ns. 45). In Turtle-bay, at the dis- 

tance of ten or twelve yards from the main body of the island, s m  
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isolated strata of grey marble,* (No. 44,) of fine'grain, arid highly crystal- 

lized, dip a t  an angle of little less than 45"' to the.westward. 

3;-P& S m n g  is  about three miles to the northward of Pula 

Panghil; a mile'and a half in length, and about one broad a t  its aoathern 

extremity. At the landing place, a small aandy point, we observed some 

masses of coral rock, close to the beach, and the whole coast wrw covered, 

with broken piecea of white coral thrown up by  the waves. The island is  

rocky and bold all round, and as  usual thickly covered with wood. The  

rock (Nos. 46 and 47,) is entirely argillaceous, running in regular strata, 

a t  an angle of more than 65", and dipping to the eastward. On  the 
beach i t  presents more of the schistose or lamellar structure, (No. 46,) 

and is every where traversed by veins of quartz, (No. 49,) with a coating 

of a black substance, (metallic ?) On the south and east sides, hnd 

apparently forming the lower strata of the island, the rock is of a 
reddieh color and soft, (No. 47). O n  the west side, which is  particularly 

bold and precipitous, i t  is of a bluish grey colour, soft and silky in  

same places, presenting the slaty texture, (No. 48,) but not splitting into 

.thin iamellae as  regular clay-slate doea. O n  this side are numeroue 

caves ; and the precipices crowned with lofty tree$, the immense frag- 

ments of rack, the dashing of the waves against them, and the hollow 

sound of the water rushing into the caverns, have all an imposihg effect 

on the observer. 

4.-Pulo Boonting, about four miles north of Pulo Bbkimg, is of 

nearly oval shape, thickly covered with w d ,  h u t  one and a half 

mile long, and one in  breadth a t  its broadest part. I t  is  precipitotui 

* Thb is well adapted far architectural purporee; and ia fully equal to that brought Rom 
China at  considerable expence.-I am now aware that its existence in the neighbourhood was known 
heretofore. 

2 R 
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only on its north-west side; in all other places, the forest comes close 

down to the shore. There is the channel of a mountain torrent on 

the north side, choked up with large fragments of rock, a t  the foot 

of which is a spring of excellent water. The rocks are intirely gra- 

nitic, the feldspar of the granite being in a state of decomposition, 

(No. 50). Large veins of quartz, in some places highly crystallized, tra- 

verse them in all directions, (No. 51). Among the rolled masses of the 

channel above mentioned, are specimens of a greener granite, approach- 

ing to primitive greenstone, (No. 52) ; and on the beach were found a few 

pieces of black limestone, (No. 53,) probably conveyed from Pulo Beedun 

or Sonsong. 

Round the whole of the Boontings the sea is beautifully clear; 

and the coral beds are distinctly visible a t  a considerable distance 

below the surface of the water. The only one inhabited is Pulo B i h n ,  

in which live, in huts of miserable construction, about twenty Malays, 

engaged in catching and drying fish for the Pinang market. I n  sail- 

ing round these islands, we had a magnificent view of Quedah peak, 

or Gumng gerai, on the mainland, which rises to the supposed height of 

five thousand feet. I ts  composition, I am informed, is entirely granitic ; 

its outlines are bold, sharp and pointed; the sides are steep, rising 

rapidly from the base ; and i t  presents one immense dense mass of 

vegetation, unbroken some here and there by a few precipitous white 

crags. By the aid of the glass, we discovered the channel of a mountain 

torrent, which, in the rainy season, must form splendid cascades in its 

course. I t  has never been ascended by Europeans, and so great is the 

jealousy of the Siamese government, in whose territories i t  is, that it is 

not likely i t  ever will be. The whole of the coast below it, seems one 

flat uncultivated plain, covered with mangrove, extending a considerable 

way inland. 
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111. Pigeon Island, situated near the southern extremity of the. 

west side of Pulo Pinang, is of small size, and thickly covered with jungle. 

The rocks a t  the base, from the action of water, present some most fan- 

tastic forms ; now, like a huge wall standing apart from the rest, now, like 

a Martello tower; and sometimes like a piece of Hindu sculpture from 

Mahabalip2iram or the caves of Elora. I t  is entirely composed of coarse 
grey granite, with a large proportion of mica, (No. 6.) 

IV. SaddEe I s l a d ,  or Pulo Kvndit, about two miles distant from 
the south-west point of Pinang, is about two miles in circumference, being 

three-fourths of a mile long and one-fourth broad. Like all the other islets 

we visited, i t  is thickly covered with jungle and a few forest trees. On its 

north side these approach within a few feet of the water. The south and 

west sides are bold and rocky, the rock in some places being nearly perpendi- 

cular, and on the west side there is a deep bay, where several prows might 

lurk in safety. All round are numerous caves and cave-like fissures, 

into which the sea rushes with a hollow sound. The constant action of 

the water has so much worn the rocks, close to theedge, that they present 

a t  first sight the appearance of lava. At low water mark a great 

quantity of coarse coral is to be found, which is collected and removed 

by the lime-burners, in lieu of limestone. The geological structure of the 

island resembles that of Pulo Sonsong, formerly described. I t  is a mass 

of argillaceous schist of various colours, according t~ the greater or less 

action of the weather, but principally grey, bluish, and red, amorphous in 

many places, but presenting a laminar, and even fiasile slaty texture in 
some, especially on the east side. I t  is distinctly stratified throughout ; 

the strata running north-west and south-east, a t  an angle of about sixty 

degrees. Near the beach on the east side, the out-croppings of the strata, as 

on P u b  Sonsong, form sharp ridges ; the rock is soft and of a reddish colour, 

(No. 8,) traversed by veins of quartz, and of a metallic matter (?) In some 
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places the veins appear to be of quartz, mica, and chlorite blended tdgbther, 

(No. 9). The body of the rock on this side, above the red material, is an 

amorphous grey-wacke looking substance, resembling old sand-stone, 

(No. 7). Above this again is the more slaty-looking rock, (No. 12,) 

resembling clay-slate. On the south-east side, it seems a t i r e ly  composed 

of the red argillaceous rock above mentioned, (Nos. 10. and 11). On the 

south-west and west sides of the island, from the precipitous nature of 

the coast, the structure is easily noticed. The rock is entirely like 

clay slate, (No. 12,) presenting more or less of the laminar structure, 
slaty in some places, as  marked in No. 15. .In some parts there is a 
bending in the strata, similar to that sometimes observed in gneiss; thus 

The rock is traversed by veins of quartz of about 

three i n c h e ~  in breadth, (No. 13,) and of a sub- 
stance like iron-stone, (No. 14,) which also runs , 

in thin laminar beds through the slate. I n  the rolled masses, near the 

beach on the east side, are observed portions of indurated clay, tinged 

with chlorite. 

V. Pulo Rims is situated a t  thd south-east corner of Pimug, from 
which it is distant about three-quarters of a mile. It is of an obkmg shape, 

about a mile in length, and one-third of a mile in breadth ; bold and rocky 

except on the north side; covered as usual with wood, aud composed 

entirely of grey granite of a fine grain, (No. 20). On the south side, the 

rocks are rather fantastiedly shaped; One at a distance exactly resern- 

bles the gable of a house. They were all exceedingly hard ; and with a 
good siaed hammer, I conld'with difficuIty break off specimens of proper 

size. Near the centre of the south side of the island, a curious appearance 

presents itself. Veins of from one and a half to two feet in breadth, of quartz 

rock (Nos. 23 and 23,) traverse the granite in different directions. The 
walls of the veilas are of a red colour, and finely crystiillmed, (No. 24) 
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The granite is more compact and finer grained, as if compressed by the 
quartz rock, while in a semifluid state. Veins of red granite, and bed-like 
masses of i t  are ob~crved in the neighbourhood, (No. 21). I n  the old 
stockade on the north side, we saw a rolled mass of primitive greenstone, 
(No. 25.), probably part of the ballast of some vessel, as none like i t  is to 
be found in situ, near Pinang. 

VI. Pulo Jerajah is the largest and loftiest of the islands round 
Pinang, from the eastzcoast of which it is distant about three-quarters of 
a mile. I t  is about two and a half miles in length, and nearly a mile in 
breadth a t  its broadest part. I ts  greatest height is a t  its north end, 
where the hill is between three hundred and four hundred feet above the 
level of the sea. I t  is entirely composed of fine grey granite, with a small 
proportion of mica, and i s  of no interest in aegeological point of view. The 
soil is a fine red clay, and the trees grow to a great height, with remark- 
ably luxuriant foliage. 

VII. Pulo Kra.  Two islands close to the main land of the Malayan 
peninsula, near Batta Kawang, are so named : they are ~eparated from 
each other by a narrow channel: each is about a mile long, aud about 
four hundred yards in breadth, rather lofty and thickly covered with wood. 
Their geological structure resembles that of Saddle island, above described, 
distant from them fully thirteen miles, with Pulo Rimau, of granite for- 
mation, between them. The principal rock of the northernmost, Prdo Kra, 
is a kind of argillaceous schist, which is of a laminar structure, and 
disposed in strata dipping at  an angle of about forty-five degrees to the 
south-east ; traversed by veins of quartz, with acrust apparently of metal- 
lic matter running down in long black perpendicular lines along the face 
of the rock, occasionally crossing each other 
in a net-work fashion ; thus- 
It is of various colours and consistence, pro- 
bably as it has been more or less subjected to 
the action of the weather. I t  is sometimes 
greyish white, (Nos. %7,28, and 3 1 .)sometimes 
reddish, (No. 30.) sometimes blue,. more or 
leas deep, Nos. 26 and 29). Every where i t  presents the laminar 

2 s 
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structure, and splits into tables when struck with the hammer. The 
veins vary from half an inch to one and a half inch in thickness, and 

the quartz in them seems to be broken in pieces, between which is observed 

a metallic(?) crust, (Nos. 32 and 33). The beach is stony and clayey, 

different from that of the granite island, which we invariably found either 

rocky, sandy or gravelly. At low water mark, the' quartz veins form a 

curious cancellated appearance. The softer rock between them having 

been destroyed by the action of the water, they rise in sharp lines 

considerably above the level of the clay, and are, in some places, scarcely 

passable without danger of having the feet cut or bruised. Beds and 

rolled masses of iron-stone were seen along the coast, near the north-west 

corner more especially; the former dipping at  an aagle of about 52". 

The rolled masses are of considerable size, some being twelve or fourteen 

feet high, and as many in breadth, looking, a t  first sight, like volcanic 

rocks, from their burnt and cancellated appearance. They are formed 

of a kind of jaspery iron-ore, containing numerous drusy cavities, 

coated with semi-globular crusts of chalcedony and yellow ochre, some of 

the specimens of which are yery beautiful, (No. 34). The specific 

gravity of it is 3.000. I t  strongly resembles, in all its characters, t he  

mineral substance described and figured by Mr. SOWEBBY, in the  

5th volume of his British Mineralogy, page 173. tab. 494, under the 

name of " Burnt rock." No. 35 represents another ore of iron, of specific 

gravity 3.640, found also in rolled masses on the coast, from which that 

valuable metal might be obtained in abundance. In  some places, by the 

action of the water, the softer iron-stone has been converted into a fine 

yellow ochre, which might be used in painting. The whole of the west 

~ i d e  of north Pulo Kra is rather bold and rocky, in some places even 

precipitous ; and here and there are deep caves. Along the shore are 

found numerous sea slugs, or Holothurie, and the beautifully polished 

and variegated Cyprea shell, beaides coral and sponges of various kinds. 
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Near the centre of this side, about one hundred yards from the shore, is 
a small detached rock, resembling,. a t  a distance, the ruins of an Indian 

Pagoda, entirely composed of a soft red clay, impegnated with iron, 

(No.+ 37,) similar to what is called Gerti by the -natives of India, and 

-which, like it, might be used as a coarse paint. The lowest stratum of 
the southernmost Pulo Kra, is a very hard compound rock, which, for 

want of a better appellation, I have called grey wacke, composed seem- 

ingly .of quartz and felspar, very compact and of a blackish blue colour, 

traversed by numerous veins of quartz, large and gmall, in every directios, 
(No. 38). The upper rock is the same argillaceous echist as that.  cow- 

posing the northernmost. This structure is well seen at  the south-west 
point of the Island. 

Batla Kwang,  on the main-land less than a mile cross from Pulo Kra, 

i s  composed entirely of granite. I t  is a hill about two hundred and fifty or 

three hundred feet high. Behind it are extensive sugar plantations. The 

soil is a fine rich clay mixed with sand. On the east side of the hill, beds 

of potter's clay occur, from which the coarse conical pots, used in. the 

manufacture of sugar, are made. The small hills along the coast of 
the main-land opposite Pinang, are, I understand, entirely composed 

of granite. On this subject, however, I shall not enlarge, as Captain Low 
has already published an account of their structure in the First Volume of 

the Transactions of the Physical Class. For the most part the ground is 

alluvial, and, as stated by M ~ ? F I N L A Y S O ~ ,  in his account of the Mission 

to Siam, in some places, resembles peat-moss. 

Such were the observations which I made on two tours round this 

Island, in which every part described was carefully and minutely exa- 

mined. Specimens 'of the rocks accompany, which speak for themselves. 

1 am unwilliug to obtrude my crude remarks on the Society, but I think 
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the formation round Pinang, will be found entirely primitive, though 

some of the rocks have very little of the appearance of that class. The 

total absence of organic remains of any kind, the great inclination of the 

strata, and their immediate comection with granite, I think, lead to this 

conclusion. The accompanying geological sections will exhibit a t  one view 

the succession and arrangement of the strata. I n  the direction south and 

north from P u b  Rimau to P u b  Boonting, a distance of thirty-five miles, 

we first find granite, then limestone resting on argillaceous rock, then 

argillaceous schist, and $gain granite. In  the direction from west to east, 

from SaddZe Island to Batta Kawang, a distance of fourteen miles, we find 

argillaceous schist, then granite, then argillaceous schist, and again granite. 

Should the investigation not prove valuable in a geological point of 

view, it has at  least extended our knowledge of the resources of Pdnang, 

by the discovery of the existence of two valuable mineral substances- 

limestone, including marble, and iron ore, which, should this station ever 

recover its former importance in commerce, may be of considerable utility. 

Pinang, October 18, 1831. 

SUPPLEMENTARY NOTE ON THE GEOLOGY OF THE ELEPHANT 

ROCK, IN THE QUEDAH COUNTRY. 

t 

DURING a visit which I made in November last to the capital of 

Qwdah, I had an opportunity of examining a remarkable rock, called by 

the Natives Gunong Giriyan, but better known by the name of " the 

Elephant," given to it by navigators, by whom it is reckoned an excellent 

land mark. As it has not been hitherto described, and as it is in some 

measure connected with my former paper, I hope the following brief 

description of it may not be uninteresting to the Society. 
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The country, north of Quedah peak, is an immense plain, nearly level 

with the sea, covered near the coast with rising mangrove, with a very 

gentle elevation, and bounded to the east by a small chain of hills about 

from sixteen to twenty miles inland. The breadth of the belt of mangrove 

along the coast varies from half a mile to a mile. This is succeeded by a 

narrower one of ataps, behind which the country is richly cultivated, laid 

out in rice grounds, broken every two or three miles by natural boundaries 

of forest, left most probably when i(t was originally cleared. The soil is 

a rich whitish clay, mixed with sand. From the above described plain, 

a t  a distance of about six miles from the sea, and about twenty-four in a 
northerly direction from the northernmost Pu lo  Boonting, rises abruptly 

the Elephant rock ; no hill or other elevated spot being within several miles 

of it. I t  is of an oblong shape, apparently about a mile in length from 

north-west to south-east, and half a mile in breadth : presenting on every 

side bold and craggy precipices, between three and four hundred feet in 

height; lofty columnar and needle-like masses being here and there 

detached from the main body, and shooting up like the spires or turrets of a 

Cathedral. The top is closely covered with wood, which also rises in some 

places half way up the precipice, shewing the grey or purplish rocks, in 

contrast with the foliage, and adding much to its beautiful and romantic 

appearance. The ground in its immediate neighbourhood is a complete 

swamp, in which grow a variety of marsh plants which were at  this time in 

flower. A belt of cocoanuts, plantain, betel-nut, and fruit trees of various 

kinds, extends all round it, and conceals the huts of the Malays which 

appear to be numerous. A deep ditch, either artificial or natural, surroundrn 

the whole, and renders the approach to the rock extremely difficult, even 

to elephants, with which the Rajah of Ligore had kindly furnished us. 

It was the object of our guides to shew us the caves with which 

the rock abounds, and which, when Quedah was of greater consequence 

than it  now is, made it  a place of common resort for the natives, more 
2 T 
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specially the C R W  visitors, who seem to have looked upon it  with 

some degree of religious veneration. We succeeded in crossing the ditch, 

the elephant sometimes being nearly up to the howdah in mud, and 

having p a a d  through the cocoanut grove found ourselves near one of 

the caves. It was not deep, and was formed merely by the over-hanging 

of the rock. We knocked off some specimens here, and found it  to be 

limeetone, close grained, of a dark smoke grey colour, (No. 1). In  some 

places the grain was coarser, the colonr deeper ; sometilhea brownish with 
minute veins of calcareous spar running through it, (No. 2). Numerous 

stalactitical masses of a dirty white colour and of immense size, hung 

from the face of the rock and from the roof of the cave, and when struck 

with a hammer, gave out a peculiar hollow ringing sound-specimens of 

these Kill be found in No. 3 of the series. 

Near to this care there is another, not very deep, but of immense 

height, the light penetrating at  top, through an opening, apparently half 

way up the precipice. Between these two extending along the base of the 

ro& for eome distance, risiqg a few feet above the surface of the soil, and 

resting an tlae limestone, is a bed of reddish yellow cellular calcareous 

breccia, containing smdl angular portions of a deep red argillaceous sub 

sbme resembling that composing Pub Sousong, formerly described, along 

with tunall rhelh and pieces of c o d ,  (Nos. 4, 5, and 6). In No. 4, near 
the label, ie s distinct impmsion of a fossil shell, apparently a species of 
cirrus-(?) and on attentive examination with a magnifier, others much 

smaller rue d i l y  d i s m r e d .  We saw the brecciaonly in this spot; but 

aa we fomd it  i m p s i b  fmm theswampy nature of the soil, to walk along 

the base of tbe precipice, i t  may exist in other places which we did not visit. 

The third m e  we came to is somewhat further to the northward. I t  
ie of splendid extent, apparently on+ hundred and fifty or two hundred feet 

in height. Tha entrance is bw, lmt we aatended a steep slippery road, 
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covered with brown calcareous earth, about sixty or eeventy feet, at the 
top of which are numerous stalagmites, one in particular of a large aiae, 

perfectly white, and resembling at a distance a full length marble etatua 

standing on a pedestal. Tbe top of one of a smaller size forme No. 7 of 

the series. From this point the cave branches off in several directions ; 
the torches cast a lurid glare over the nearer walls, occasionally shewing 
stalactites hanging from the roof, but the darkness of the more diatant 

passages was impenetrable. So far aa we mnld see, the mf and aides 

were very irregular, the latter being rugged and precipitoue. 

The fourth cave is situated apparently a t  the northoweat end of the rock. 

I say apparently ; for not having a compaes with us, we were obliged to 

guess in what direction we went, and on that account I cannot be so correct 
as I could have wiahed to be. I n  our way to it, at the foot of a detached 
limestone rock, at an elevationof from eight to ten feet above the level of the 

surrounding plain, we found a maas of shells, principally cockles, oysteru, 
and a larger kind of muscle, connected together by calcarmue matter, the 

interstices being filled with soft earth containing numerous smaller shells, 

(Specimens 8 and 9). The mass warr of irregular ehape between three and 

four feet square, and abont the same in thickness, perfectly mperfkiaf, 

and not connected in any way with the rocks near it. No appearance of 
strata of shells was discovered in the neighbourhood. I t  will rest with- 
better Geologists than myself to determine wbether t h e  are to be con- 
sidered of a fossil nature, and in tbis enquiry the nature of the emall shells, 

embedded in the soft earth, may be of material use. Leaving the shells; 
we ascended about thirty feet among large loose fragmenm af Itmeetone of 
the same nature as No. 1, and by a small opening in the rock, entered a 

dark and spacious cave, which, as the eye became gradually accustomed 

to the change from the previous glare of sunshine, and distinguished the 

surrounding objects, appeared to us like a splendid gothic Cathedral in 

ruins. The walls are worn smooth, as if by the action of water, and 
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covered with a white chalky coating. The roof is dome-like. The 
stalactitic masses form numerous fret-works, with arched window-like 

apertures. There are numerous chambers too, and lofty perpendicular 

passages, some of them admitting light a t  top, communicating with each 

other, and producing a pleasing effect when illuminated from within by 

torches. In  places, water is dripping constantly from the roof, but few 

stalagmites are formed. The floor is nearly level, covered with a brown 

calcareous earth and with portions of calc-tuff, (No. 10). No. 11 is a 
specimen of the calcareous sinter, from some of the stalactitic masses. 

No sculpture or in~cription of any kind was found in the caves. A 
tradition exists among the natives of the county, that i t  was at  one time sur- 

rounded by the sea, and from its general appearance, from the existence of 

fossil shells in the breccia, and the low nature of the surrounding country, 

I am inclined to believe that such was the case, and that at no very distant 

period. I t  may be remarked also, that it strongly resembles the description 

of the Limestone Rocks, on the Tenasserim Coast, given by Captain Low. 

During the same tour, I had an opportunity also of viftiting the near- 

est range of small hills before mentioned as running parallel with the 

coast, about sixteen miles inland, and about three miles to the eastward of 

Alw Ganuh, the then residence of the Rajah of Ligore. They are so 

thickly covered with wood, that i t  is scarcely possible to examine their 

geological structure. I n  a few places, however, portions of rock jutted 

out above the surface, and were found to be formed of a h e  kind of 

sandstone, of which probably the wllole range is composed. 











XI. 

D E S C R I P T I O N  

OF THE 

BUCEROS HOMRAI O F  THE HIMALAYA. 

ACTING aElIDENT AT KA-ANDU. 

ORDER, INSESSORES. Tribe, CONIROSTRES. Family, Buceridce. 
Genus, Buceros. Species new. 

The HGmrAl Bnceros. B. Hbmr&. (Mihi.) Habitat, The Lesser hills 
overlooking the plains of India, from the Ganges to the Brahmaphtr. 

SPECIFIC CHARACTER. 

Largest, black, Btcceros, with white tail a d  neck; t k  wings doubly, and 
the tail singly barred. 

THE HGmrili Bucerss (so called by Parbatiahs of Nopal,) is the largest 

species yet discovered of this singular Genus, measuring h r  feet and a 

half from the tip of the bill to the end of the tail, and six feet in expanse 

of wings ; and, as  all the peculiarities of the Genusd are fully developed in 

&is species, their exhibition on so large a scale presents a spectacle 

caledlated to arrest the attention td the most incuriou~ observer of nature. 

The HGmrAi tenants the whole of the lower ranges of hills which lie 

coptiguoul~ to the plains, from Ea~ldwdr,  on the west, to As&m on the'east ; 
2 u 
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and, following the course of the larger rivers traversing these regions, it 

penetrates a considerable distance into their mountainous interior ; but in 

such cases always confines itself to the low valleys through which the 

rivers flow, and never ascends the neighbmring lofty mountains to dwell 

among them. I have beell told, indeed, that the HGmrAi is migratory, that 

he tenants the lower hills only during the winter and spring, and proceeds. 

northward to the vicinity of the snows on the accession of the hot weather, 

there to reside during the hot months of the year. But I am ii~clined to 

doubt the accuracy of this report, though it  came from those who are 

familiar with the bird during his periodical residence in their limited 

district, and though I have known a tail feather of the species to be picked 

up in the woods of Nepal proper, where the HOmrAi certainly does not 

reside at any season ; the only feasible explanation of the circumstance 

therefore seems to be, that the feather in question was dropped by a 

passedger,-probably, a casual passenger merely. 

The district above alluded to is Dsmjd, a small, open, and cultivated 

tract, a t  the confluence of the Rosi and Szin Kosi, in the interior of the 

mountains, but communicating by the narrow valley of the latter river 

with the lesser hills and Tdrai. Dzimjd is low and hot, with a climate like 

that of the Tdmi. I t  is abundantly furnished with fine old Burr and Pipal 

trees (Ficus Ind .  and Relig-iosa) : and these probably form the attraction 

which draws the HOmrAi to the spot : for, he loves the lofty perch they' 

afford and is passionately addicted to their fruit. I have received speci- 

mens of this species from the neighbourhood of Haridwa'r, from the 

valley of the Rapti, near where it enters the plains-and from Dzimjd; 

but all procured during the cold season, when alone Europeans can safely 

enter those malarious tracts. The people of Diimjii assure me that the 

HOmrAi frequents their district exclusively in the cold season, and that he 

migrates northerly towards the close of February, when the heats become 

excessive. ,I cannot imagine the species to be truly migratory, but think 
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it probable that i t  resorts to the valleys during the cold weather; to the 

prozimatc heights, both for coolness and for retirement in the breeding 

season, during the hot and rainy months of the year: and, it may be 

easily supposed to move about from district to district, within the general 

limits assigned to i t  by nature, in quest of those various fruits which 

constitute its principal, if not exclusive food ; and thence to appear migr* 

tory to the peasantry of any one of these districts. 

Having weighed attentively the substance of what is said by CUVIER, 

by his translator, and by SHAW, respecting the habits in respect to food of 

the birds of this Genus, I am convinced that there is a great want of well 

ascertained facts on the subject, and that the prevalent opinion which holds 

that these birds are, in the main, carnivorous, and feed principally upon 

small birds, rats and mice, lizards, frogs and even carrion, is erroneous. 

Mr. GRIFFITH is assuredly mistaken in the supposition ",that they do not, 

in a natural state, ever take fruit." CUVIER, 11. 431. Aves. Imp. Oct. Edi. 

Of the four species with which I am acquainted, I have myself seen 

two take fruit, in the wild state ; and, having subsequently shot them, 

have found their stomachs filled exclusively with fruit.* The remaining 

two species I never beheld, at  liberty, but have kept them, in confinement 

for months. Both of these showed a great aversion to the frogs and 

lizards which, in conformity with the prevalent opinion as to their habits, 

I, a t  first, offered them. Both always refused to touch mice, rats, or 

birds ; but without manifesting any disgust at  the sight of them : . and, 

lastly, both were fed entirely, after testing their palates, upon fruits and 

boiled rice, as that sort of food which was found to be most agreeable to 

* A common Indian species, different from either of these, was described in the Asiatic Society's 
Transactions so long ago ae the time of Sir W. JONES ; it is stated to be frugivorous in the state of 
nature, and to feed upon the nux vomica, voraciously, so long as ouch food is procurable. Mr. 
STIRLINF notices the same fact in his account of Cuttack, in the 16th vol. of the Researches. 
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them, though both would still eat fresh good meat, either raw or dreaeed, 
when vegetable diet wae not within their reach. 

No offensive orlour exhaled from the bodies of any of these four species, 

.nd the flesh of k.l was wholesome and pleasantly flavoured ; facts which 

seem to me decisive as to their never feeding on carrion, or even, on sw:b 
living animals as lizards and frogs. 

Is there a single bird or beast arnang the carnivora, the flesh of which 

is wholesome and agreeable to  our taste ? 

With respect to rats, mice, and small birds, i t  appears to me that so 

awkward and inagile a creature as tbe Bnceros (any of the species) must 

soon die of hunger if he were obliged to sustain himaelf by the capture of 

such nimble prey. 

Indeed, the whole external structure of the birds of this Genus affords 

a strong presumption against their being caruivora-except in the meanest 

sense : and against their feeding on unclean reptiles and carrion, the 

absence of oflensive d o u r  from their bodies and the wholemmenesa of 
their flesh, to my judgment, are concIusive. 

What arguments might be drawn on either side from their i n t d  

structure I am not anatomist enough to say, and I regret I could not 

aflForrd Dr. BBAMLEY* an opportunity of judging. The character of the 

stomach and intestines of a large species which forms the subject of thd 

T To the kinctness of this gentteman f am indebtea for the anatomical observations upon the 
HGmrfii which are given in the seq~iel. Imperfect though they be (circumstances not admitting of a 
regular dissection of the bird) they will  I am sure be acceptable and biglily valued by every true 
ornitl~ologist-moat works on the subject, and especially English works, being sadly deficient in this 
important kind of information. 
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present paper is, I believe, doubtful : but I can only say that the stomach 

is single, simple, pretty capacious, thin in its coats, and possessed of very 

moderate rugosity on its internal surface ; and that the intestines are 

rather less than three times the length of the body, from the occiput to 

the rump ; not obviously distinguishable, by difference of size or otber- 

wise, in the different parts ; and of such capacity or diameter as just to 

admit the insertion of the fore finger. I fear that the foregoing remarks 
respecting the habits in respect to food of the birds of this singular Genus 

will, to some, appear tedious and prolix. But whoever is aware of the 

strict analogy between structure and habits which prevails throughout 

animated nature, will receive indulgently every attempt to remove errors 

as well as to contribute facts relative to the most important of the habits 

of a large groupe of birds which are so singularly formed that we are apt 

to regard their structure as  monstrous and anomaloue. 

I proceed now with the description of the species before me, of which 

I possess ten specimens, showing both sexes in maturity, and the young 

in various stages of progression towards it. From a comparison of these 

I am led to conclude that the body of the H6mrbi does not reach its full 

size under two or three years, and that the bill and casque, especially the 

latter, are not perfectly developed in less than four or five years. 

At  birth, the young have no casque. The developement of .this 

appendage to the bill commences from behind ; and, in the posterior part, 

is tolerably distinct as to form by the close of the first year; whilst, ante- 
, 

riorly, there is no distinction but that of colour between the casque and the 

ridge of the bill. In  the secoud year, the fore part of the casque begins 

to rise and spread itself out above the bill ; but does not acquire its full 

dimensions and characteristic shape till the fourth or fifth year, as will be 

more particularly noticed hereafter in speaking of the young. . 
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This specks is gregarious, like most others of the Genus; of staid and 

serious man- and motione ; f d l  of confidence and quietness ; and seem- 

ing to prefer the few open and cultivated spots in the wilds i t  inhabits- 

which spots are usually limited to & banks of rivers. There, perched on 

the top of some huge, fantastic Bar tree, you shall see this large, grotesque, 

and solemn bird sit motionles~ for hours. with his neck concealed between 

the high shoulders of his wings, and his body sunk upon his tarsi; the 

very type and emblem of the orient world ! 

Occasionalfy, he will take a short flight accompanied by one or two 

companions (for he is  a social bird,) to some other high tree ; never, so fa 

as I have o b s e d ,  alighting on tbe ground, nor on a low tree. Twenty or 
thirty birds are cdtnmonly found in the same immediate vicinity-six or 

eight, upon the same tree, if i t  be large. And they will continue perched 

for hours with the immoveable gravity of judges, now and then exchang- 

ing a few syllables in the most subdued tone of a voice as uncouth as their 

fmms and manners. 

This subdued articulation is not louder than, and is similar in character 

with, the low croaking of a bull frog. But, if the remorseless gunner in+ 

trude upon this solemn congress and bring down, without mortally wound- 

ing one of its members, the clamours of . the . captive bird will utterly amaze 

him. I cannot liken this yehement rociferatian to any thing but the bray- 

ing of a jackass :-its power is extraordinary, and is the consequence of an 
unusually oslieous 6 t t n 6 t u ~  of the rings of the trachaea and of the  larynx. 

The HBrnrhi flies with his neck stretched out, his legs retracted, and his tail 

kvelled and somewhat expanded. His flight is straight and laborious, with 

heavy uniform frcquent motion of his wiugs, which, though ample in size, 

have not apparently a corresponding degree of energy:-I presume so, from 

the short, straight, and labsrious flight of the HBmrtii ; and Dr. BRAMLEY 
infers the same thing from the lax concatenation of the vertebrze of his back. 



With respect to food, my impression is that the HBmrE1I is almost 

exclueively frugivorous. That he is altogether so, a t  certain s e a m s ,  is un- 
questionable ; h r ,  out of six birds which I opened in January and February, 

there was not one the stomach of which contained a single particle of auy 

thing but the fruit of the Papal tree. 

When and how the HOmrAi nidificateu, I cannot ascertain : but I pre- 

aume that his habits in respect to breeding are similar to thol~e of the 

Buceros Nipalmis, a species of nearly equal size, tenanting the same 

region which I described four years ago in the Society'e Transactions. And 
i t  may be observed, that this peculiar nidification explains the serious in- 

jury done to the bill ; which nothing that is known of the bird's habits in 

respect to food will, in the least, account for. The mature male of the 
Hbmr%i s p i e s  measurea four and a half feet long, and six feet in width 

between tbe wings. 

/ 
The bill is nearly a foot in length, of straight meaeurement,--consi- 

derably more, if measured along the curve ; and the tail is one and a half 

foot. The bill and casque are both extremely large, and bear a close 

resemblance in their forms to those of the Bifrmted Buaros. The legs are 

short and stout, and the feet exhibit the perfaction of that peculiar struc- 

ture whidl induced CUVXER to separate his Syndactyles from the promis- 

cuous heap of the Passerine birds. The body is full and plump, but very 

amall in proportion to the size of the extremities. The neck is as lang as 

the body, the vertebrae being large in size, though few in number. It h a 

long, lank bird, of uncompact structure, almost helpless on the ground, and 
sf but limited power on the wing, with feet incapable of grasping, in the 

raptorial sense, but admirably suited for laying a strong hold uyw the 

larger branches of those tall treesin which the species seem to spend nearly 

their whole lives-feeding and roosting in one and the same place, and 

having no necessity to go abroad in search of water, since they never take it. 
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The bill is extremely large, cleft to the eye, smooth, hard, considerably 

arched throughout, much compressed, except at the base, where it is as 

broad nearly as high, the cutting edges broken and separated in the cen- 

tral parts of the bill, closed and even towards the extremities, but not in- 

terlocked. The cutting edges are composed of a separate brittle substance, 
which, in the perfect bill, is furnished with serrations. But as these ser- 

rations, together with most of the substance contailling them, are not deve- 

loped in the young bird, and are soon, for the most part, destroyed, nor 

ever afterwards replaced, in the maturer one, it is as difficult precisely to 

define them as to conceive the purpose for which they were intended. 

The hard substance in which these serrations are cut, likewise lines 

the whole inside of the bill, and is never itself entirely destroyed on the 

cutting edges, though the teeth-like processes are : its entrance into the 

composition of the bill, must give the bill considerable additional power. 

The palate is placed near the cutting edge of the upper mandible : in 

the lower mandible it is remoter, except near the tip, where, as in the upper 
one, the palate lies in contact with the cutting edges of the bill, both man- 

dibles of which are nearly solid towards their forward extremities. A sharp 

ridge runs down the entire centre of the inside of either mandible. The 
upper and lower mandibles are of equal length, and rather sharply pointed. 

The casque is rested on the basal part of the bill and on the cranium, 

passing beyond the posterior boundary of the latter more than an inch and. 

a half. I ts  most forward point is about four inches before the eye; its 

most hindward three and three-quarter inches behind it. From the tip 
of the bill to the forward point of the casque, nine inches. The casque is 

frail, hollow, very large, flat topped, broader than high, as broad almost 

before as behind, its upper surface level with the margins, posteriorly 

dipped between them, and inclined towards the ridge of the bill, anteriorly ; 
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squared behind, concavely creseenterl before, with the horns of the crescent 
a elevated one inch above the bill, and directed forwards and downwards 

with a slight curve parallel to the bend of the bill : the posterior edge of 

the casque, full, rounded, and soft; the lateral and anterior edges, spare 

and hard. 

The nostrib are small, subtriangular or irregular oval, transversely 

cleft, placed at the base and top of the bill, where it joins the casque, and 

covered with incumbent reflected setaceous feathers. 

The tongue is fleshy, flat, small, with point entire ; its position, the 

bottom of the throat. 

The head is small ; the parietal and occipital bones, firm and solid ; 

those of the anterior parts of the skull, cellular and feeble ; the occiput, 

strikingly defined and furnished with large transverse and vertical cristae ; 

theorbits, medial and almost entire. Both eyelids have strong bristly 

lashes, the upper being the stronger and conspicuously flattened or 

depressed. The tail is long and rounded slightly, consisting of ten very 

broad, strong, feathers of nearly equal length, but the laterals somewhat 

ehorter than the centrals, and subgradated fiom below. 

The wings of medial length, high-shouldered, rounded, acuminated, 

the sixth quill longest; the fifth and seventh nearly equal to i t ;  the first 

and eecond much c~maller, narrowed, sharp, and incurved ; the longest pri- 
maries and longest secondaries, equal; the tertials and scapulars, small. 

The legs and feet very stout. The tarsi, low ; knees plumed before ; 

acrotarsia, brokenly and heavily scutellated ; posterior and lateral surfaces 

of the tarsi, covered merely with coarse reticulated skin ; the toes, of sub- 

medial length, depressed, broad, shielded by a single row of transverse 
2 x 
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heavy scales, and of strictly gressorial or syndactyle character; the nails, 

arched, compressed, obtuse. 

The dimensions will be given in detail in the sequel. Thecolours are 

as follows : 

The casque and upper mandible of the bill, deep waxen yellow, merging, 

more or less, into rich red, on the top of the casque, and towards the tip of 

the upper mandible ; the tip itself, and the lower mandible, ivory white ; base 

of both mandibles, anterior and posterior surface of the casque, a line along 

the ridge of the bill, its cutting edges, and the whole inner surface of the 

bill, black; iris, intense crimson ; legs, deep obscuke green ; nails, black- 

ish ; naked skin round the eye, full black; body and wings, subterminal 

bar on the tail, chin, and junction of the head and neck, black-the body 

above and wings, feebly glossed with green-the rest, ungloused; neck, 

yellow-tinged white; tail, pure white, with a broad black bar crossing it 

entirely at  the distance of three inches from the lower extremity : all but 

the two first quill-feathers of the wings, broadly whitened a t  either extre- 

mity ; tips of the long coverts, also white, forming altogether two conspi- 

cuous white bars on the wings : vent, rump, thighs, legs, and upper and 

under tail coverts, dirty white. The unctuous secretion from 4he rump is 

of a yellow colour ; and, either with this, or with a local secretion of the 

same kind, several of the prime quills are dyed on the white part of them, 

going to form the upper bar of the wings. Why this spot should be thus 

dyed, and no other part of the plumage, I cannot imagine; but note the 
fact, because all my specimens agree in respect to it. 

The whole plumage of the head, neck, inferior surface of the body 

and of the thighs, is lax, discomposed, and more or less setaceous; that of 

the hind head being also somewhat elongated, forms a slight drooping 

crest. The crest and the neck feathers, the bird erects partially when 
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much excited. The female and young of a year old have the legs and 

plumage coloured exactly like the male ; from which the former differs by 

being smaller ; by having the irides of her eyes, pure hoary ; the naked 

ekin of the ophthalmic region, pale purpurescent dusky; and lastly, by  

wanting the black colour which distinguishes the casque, and ridge, cutting 

edges, and interior surface of the bill, in the male; those parts of the 

casque and bill of the female, being red, like the subterminal portion of 

the upper mandible of both sexes. The mature female's bill and casque 

are shaped like those of the old male, but are both smaller in proportion. 

The young have the bill much less arched, and thicker in proportion 

to the length ; the cutting edges are entire, void of brittle substance or 

serration ; and there is no casque, or rather the casque has no develope- 

ment or separation from the bill, anteriorly : for, posteriorly, it has both, 

very soon after birth. In  the second year the anterior portion of the 

casque begins to separate itself from the ridge of the bill, exhibiting a 

wedge form ; the apex of which, gradually receding during the third year, 
' 

in proportion as the casque acquires more breadth and height in front, 

comes at  length, in the mature state to form the centre of that inward 

curve or ci-escent, the ends of which are the horns of the old bird's casque. 

The youuger the bird, the narrower the casque in front. Old age alone 

makes it nearly as broad before as behind. The sketches appended to 

this paper will complete the illustration of this point, which is of importance 

as a guard against the multiplication of imaginary species, derived solely 

from diversities in the shape of the bill and casque. The bill of the young 

is at first of an uniform pale greenish yellow, with a small portion of black 

at  the base only. Their iris, whatever the sex, is a t  first, hoary, like the 

females; and the ophthalmic region, pale dusky. Posteriorly, their 

casque is soon darkened, if they be males-reddened, if they be females : 

but the black or red space defining the separation of the casque and bill, 

anteriorly, is later manifested ; because its manifestation depends upon the 

developement of the-casque itself in that the last developed part of it. 
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The black or red (according to sex) of the cutting edges begioe to 

show itself before the close of the 1st year, and is as abundant in quantity, 

though less intense in hue, in the 2nd year as ever afterwards. Indeed, 

the brittle edging of the bill, which is alone thus coloured, no sooner is 

perfected than i t  begins to be rapidly destroyed, together with the serration 

which belongs to it-an enigmatical circumstance-like, indeed, every 

other.connected with the purpose and use of this most remarkable organ. 

Dimensions of the mature male and female. 

MALE. 
Ft. In. 

...................... Tip of bill to end of tail, 4 54 
. Bill, length of,. ............................... 0 l l f  

Ditto basal height of, .......................... 0 3 
Ditto basal breadth of, ........................ 0 24 
Length of the casque,. ......................... 0 7 3  

........................ Utmost height of ditto, 0 14 

........................ Utmost breadth of ditto, 0 34 
Length of the tail, ............................ 1 61 
Expanse of the wings,. ......................... 5 10 

........................... Length of the tarsi, 0 34 
Length of central toe and nail, .................. 0 4 
Weight of the bird,. ........................... 841bs. 
Weight of the bill and skull, .................... 8402. 

VALLEY OF NEPAL, February, 1832. 

FEMALE. 
Ft. In. 
4 0 
0 104 
0 23 
0 24 
0 6 

0 18 
0 34 
1 6  
5 5 
0 3 
0 .3d 
741bs. 
caret. 

REMARKS ON T H E  SKELETON OF THE HOMRAI BUCEROS. 

The Bill consists of horny matter of considerable thickness, which 

lies in close adaptation with the osseous s t ~ c t u r e  beneath, and is con- 

nected with it by means of a membrane, over which numerous small 

blood vessels are distributed. 

The casket, (which is of large dimensions) has also ib horny cover- 

ing, though somewhat different in structure, that of the former being 
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laminated, and bearing a close resemblance to proper horn, while that of 

the latter is much thinner, of a fibrous consistence, and nail-like in struc- 

ture. The edges of the bills, of both mandibles, for about two-thirds of 

their length from the point, are horny, but the surface is so irregular and 
jagged, that their appearance leaves no doubt that much of the natural 

structure has been broken off, by the use which the bird makes of its bill. 

In consequence of this, when the jaws are closed, there is a considerable 

vacancy between the cutting edges throughout the whole central portion of 

the bill. In  some specimens in Mr. HODGSON'B Collection the fractures 

have taken place a t  such regular intervals, as to give to these parts the 

appearance of natural indentations. 

To entertain this supposition, however, would be erroneous, as there 

is evident reason to believe that in a bill, which is perfect, the horn by , 

which it is covered does not extend to its edges, but terminates just before 

i t  arrives at  these, in a substance not very much unlike solid bone. The 

chief difference from the latter, is, that it is exceedingly brittle in its nature, 

though it is by no means deficient in compactness. 

That this substance borders the edges of both mandibles in their 

natural state, is confirmed by numerous portions which are here and 

there left, in all the specimens I have examined. There is, also, a distinct 

line along the bills denoting the termination of the horn, into this hard 

structure, which in some individuals is of a red colour, and in others, a black. 

There is no trace of reproduction, after a portion has once been destroy- 

ed, and so much of it is lost in early life, that in the mature bird, the only 

portion which remains perfect, is that which is situated nearest the cranium. 

I n  six out of seven of these birds which I have examined, all these remain- 

ing portions of sound bill, have certain serrations on their edges, which 

proceed from this hard substance : in none, however, were they arranged 

2 Y 
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with aufiient regularity, to admit of description, except in the ihdividual 
from which them notes are chiefly taken. In  this four very distinct ones, 

m y  be said to exist on the lower mandible, the interval between them 

being so uniform, and their shape so similar, as (from appearance alone) 

to warrant the concIusion, that they are natural productione. In  the 

seventh specimen, however, (which was a young bird supposed to have 

been hatched last rains,) these serrations are not visible in either mandible. 

Whether (in the perfect bill,) these tooth-like processes always exist, 

I will not pretend to determine. I f  they should be found to do so, it would 

at leaa~t, become a matter of question, for what purpose they are destined, 

The circumstance of the birds being deprived of a greater portion of 

the hard substance constituting the edges of the mandibles, in early life, 

never afterwards to be replaced, is a strong evidence that such formations 

are not necessary in aiding them to secure their food, moreover their 

presence would not correspond with the supposed natural habits of birds 

of this alas8 ; and, furthermore, as there are no corrersponding depressions 

in the opposite jaw, and as the birds ljve very well without them, i t  L 
reasonable to conclude, that the existence of serrations on the edges of the 

bill must be denied, as necessary formations, while to account for their 

presence, the exoeeding brittlenew of the sub$tance 9n which they are 

ei tuated deserves consideration. 

The osseous structure beneath the horn, as will be apprehended from 

the enormous size of the bill, is very light, and cellular throughout, The 

same structure is also observable in the bones, a t  the base of the skull. 

The oasket on its interior exhibits nothing but innumerable, and minute 

processes of bony matter, which intercept each other, so as  to form a reti- 

cular arrangement. The upper mandible is firmly joined to the skull, 
and admits of no motion whatever. This variety (which ia met with in 

very few birds) may be accounted for in the present species, by the large 
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casket being fixed to the bill, and resting pssterhrly on the vertex of the 

cranium. If  therefore the upper mandible was moveable, the casket would 

h o m e  subject to the same motion. The orbits, when compared with 

those of most birds, are small. There is no trace of a bony septum 
between them, but their diviion is egected by a membraneom partition. 

The cervical vertebrae are twelve in number. They are articulated to 
each other by means of small eminences, which constitute real joints, 

This provision, which is common to all birds, gives to them that peculiril! 

freedom of motion in the neck, which the whole class more or leas posaess; 

I n  the Buceros this motion is considerably restricted, in consequence of 

the firmness with which the ligaments bind these vertebrae together, par- 

ticularly the large one which pasees along the proterior past of the neck, 

and attach- itself to the spinous processes. 

There are seven dorsal verAebrae-which are articulated to each other 

by synchondroses, or plane joints. They are all separated, but the first 
three are so Armly connected by ligamentous structure ~ r s  scarcely to 

admit of any motion ; the remaining four are more loosely joined. 

I t  may here be noticed, that as the dorsal vertebrae of this bird are 

all moveable, i t  becomes a matter of question whether ite power of flight 

is in any way remarkable. Except in birds which do not fly, as the 

Ostrich, &c. it is by no means common to meet with examples, where the 

dorsal vertebrae are all separated ; two or more of these are generally 

found to be anchylosed at  their spinous processes, or tbe whole of this 
part of the spinal column may be rendered fixed and immoveable, by the 
connecting ligaments being substituted by bone, as is very gwdl~dly the 

caae in birds p a e s s i n g  any extraordinary aativity on the wing, or 

extensive power of flight. 
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This immoveable structure of the dorsal vertebrae of such birds is 

believed to be necessary to give support and steadiness to the trunk, 

during their varied and violent motions in flying ; and BLUMENBACH affirms 

that the want of motion inseparable from it, is compensated by a larger 

,number, and greater mobility of the cervical vertebrae. 

In consistency with this supposed system of compensation, the 

Buceros which has dorsal vertebrae capable of considerable motion, has 

but a small number of cervical vertebrae,* and those rigidly connected. 

From this structure I infer the limited power of the Buceros on the 

wing. 

The lumbar vertebrae,. as is usually met with in birds, are all anchy- 

losed. The remains of the three first are visible, but their total number 

cannot be ascertained. The tail consists of eight bones. The last of 

these is the largest, it0 greatest length measuring 24 inches by 18 in 

breadth.?- All the bones have large transverse processes. They have 

also~apiaous ones situated posteriorly, and the three last bones, have in 

addition these processes arising from their anterior surface. , 

There are seven pairs of ribs, namely, six pairs of true ribs, and one 

pair false, i. e. not attached to the sternum. The true ribs are joined to 
the sternum by intermediate bone. 

The pelvis is similar in formation to that of birds in general, except 

in those which have it closed in front. The length of the os innominatum 
is 4+ inches, and 22 inches broad. 

* This bird has the aame number of cervical vertebre ar the raven, and one leeo than the cock 

+ The dimeneioos of thie bone are noticed in consequence pf the bird being obeemed to erect 
and expand its tail feathers. 
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The sternum measures in length 49 inches, and in breadth 28 inches. 

The large crista which is situated on its centre and anterior surface is 

continued down the whole length of the bone-and is elevated above 

the sternum at  its most superior part inches. At  this point is united 

the os jugale, (merry thought) the cornua of which proceed outwards and 

upwards, and nearly parallel with the two large clavicles, to meet the 

scapule at  the point of either shoulder, where these three bones become 

united by ligament, and form the glenoid cavity of the Humerus. 

The wing is composed of the following bones. 1st. The brachium- 

which measures 54 inches in length. Sadly. The two bones of the fore- 

arm (cubitus) in length 8+ inches. On the largest of these bones are 

fourteen small prominences, arranged longitudinally, which denote the 

attachment of the quills of the secondary feathers of the wing. 3rdly. 
Two small bones of the carpus. One articulated by firm ligamentous 

structure to the end of the small bone of the fore-arm. The other is 

attached to the large bone, by means of a long tendon, which is 
inserted a t  about the terminal third of this bone, and it is joined to the 

metacarpus just below its articular surface by ligaments. This bone is 
situated in the bend of the wing, and plays on the outer condyle of the 
metacarpus. 4thly. The metacarpus consists of two bones consolidated 

into one at  either extremity, and open in the centre. I t  measures in 

length be inches. 5thly. The thumb (false wing) formed of one small 
bone, articulated to the metacarpus on its edge, and immediately below 

the carpal joint. Gthly. The two fingers, that which lies on the same 

line with the thumb, has two phalanges, the other but one. 

The Leg. The first of these bones is the femur, in length 4 inches. 

2ndly. The tibia and fibula. The former measures 5+ inches in length. 

The fibula, which can scarcely be said to exist, in most birds, is very 
2 z 
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distinct in this. I t  ehters into the formation of the knee joint, and 'corn- 

pletes the vuter ?m& of the articuiat surface, part of the outer condyle 

of the femur resting on it. 

The breadth of its articlilar surface is 8 of an inch. From thisl it is 

cdntinued down the outer edge of the tibia, but Baa ho osseous connec- 

tion with this bone, for 2% inches in its extent, here the two become 

consolidated, and towards the termination of the bone, above the articula- 

tion, a small speculum of bone arises from the tibia, which denotes the 

termination of the fibula. 3rdly. One metatarsal bone (anewem to the 

tarsus) 25 inch& in length. To this the toes are atticulated, , Them ia 
also another which is attached to the metatarsal boae, by a broad 

aynchondrosis, and proceeds obliquely outwards, for ttre exclusive attach- 

ment of the great toe. This bone has been observed in dome I&& of the 

Parrot kind, and I can testify its existence in the foot of the King-fisher. 

I t  is difficult to m v e y  an adequate descripticm of its shape. In tbe pre- 

sent bird ( B h r o s )  it i b  nearly an inch in length, and half an inch h d  

at its articulation tb the great toe. It has twb pawmihence$ um its articgigr 
surface, resemblingcondyles, the inner one being twice 'the giae of the outer. 

To meet thee,  there are corresponding concavities at Ithe base of the fimf 
phalanx of the great tm, by which a very perfect jbint is h r ~ d .  There 

is a groove i n  the metatarsus in which the base of the small bone is iodg- 
ed. 4th. The toes. The great toe ha$ two phalanges, The one next & 

this has three, the middle toe foar, and the last has five. 

Memorandum concm'ng the aatztomy of the towgue and .ttocaZ wpns of Jke 
Hdmrdi Buceros. 

The tongue consists of a small flesby substance of triangular form, 

and measures about 2 of an inch in length, by + an inch in breadth. 
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On its mperior surface, and towards its b k ,  several small cartila- 

ginous ptwesses are seen with their points directed towards the throatl 

I ts  edges, 'on this part, ate also barbed by similar structures. 

There are no papillae observable on its surface, nor can it be consider- 

ed ali organ of taste, since i t  is so firmly connected to the sheath of the . 

lower mandible, as to admit of little or no elongation even with the aid of 

considerable force, which I applied very shortly after the bird was shot. 

The tongue terminates by a strong fleshy attachment to the 08 

hyoides, and is further connected to this bone, by a process of cartilage 

which arises from the body, or centre portion, of the latter, and becomes 

embedded in the muscular structure of the organ to about half its length. 

The os hyoides consists of five distinct bony portions ; viz. The 
body or centre portion, and two pairs of cornua. The first pair of the latter 

'are attached to either side of the body ; at  the ends of these commence 

the second pair, the two being joined together by syuchondrosis. Their 
united length on either side is three inches. The second pair terminate 

by two round cartilaginous ligaments, which measure 2 of an inch in 

length. 

Besides the cartilaginous process which arises from the body of the 

os hyoides, and gives attachment to the tongue, there is a similar one 

which proceeds from its inferior edge, which is loosely bound to the poste- 

rior surface of the trachea by bands of ligamentous structure. 

The superior larylix is formed anteriorly and latterally of bone, its 

posterior part being completed by membrane. 
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. The annuli'of the T r a c h a  are all more or lees ossified, and there is 
also a bony addition at the inferior larynx, which latter may probably be 
the same as that found in some of the Mergan sers. ' 

M. J. BRAMLEY. 
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ON THE 

COMPENSATION MEASURING APPARATUS 

OF THE 

GREAT TRIGONOMETRICAL SURVEY OF INDIA 

B Y  C A P T A I N  E V E R E S T ,  
* .  

BengaI Artillery, 
P.BS MA.& F.G.B. &c SURVEYOR GENERAL, AND SUPERINTENDENT OF THE 

GREAT TRIGONOMETRICAL SURVEY OF INDIA. 

[Being the subdunce of a Lecture d e l i m d  in illustration of the Meamring dppcaolw, 6tfm the Physical Clnrr, 
on the 11th March, lBS1.1 

NOTHING seems easier, a t  first sight, than to measure a straight line. If, 
for example, i t  were wanted to ascertain the length of the room we are in, 

or the table a t  which we are seated, the mode commonly used on such 

occasions would be to take a foot rule and try how many feet and inches 

i t  was, and this would be quite a sufficient solution, provided. that there 

was no further object in view. But suppose it were necessary, for any  

particular purpose, to know'the exact relative lengths of two rods or bars, 

one of which had been determined in the national measure of France, and 

the other in that of Great Britain. Here, a t  first sight, is a very different . 
state of the case, for the. English rod has been measured with a foot rule, 

and so has the French; but though they should be of perfectly equal size, 

the lengths would not be expressed by  the same number. 

3 A 
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Now, therefore, i t  will be necessary to enquire a little further into 

first principles; and let us think for a moment what is a foot? The 
definition of a foot is twelve inches. But what is an inch ? Three barley- 

corns make an inch, as we are told at school; but unless i t  can be shewn 

that the ears of barley in France have grains longer than those of England, 

i t  will be difficult to shew why the French foot is longer than the English, 

as it actually is, in the ratio of seventeen to sixteen nearly. 

Our enquiries will lead us at  lalst to the conclusion, that what is called 

the standard yard of Great Britain is not in itself a very determinate 

quautity ; for take several carpenter's rubs and compare them, and two 

of them will hardly ever be found alike ; or take several brass Gunter's 

scales, as they are called, made by  different makers, and they will by no 

means correspond with each other, nor is i t  easy to conceive how they ever 

should, for the d d  standard of r e k r e w , '  which was three grains of dry 

barley, must vary from causes almost innumerable. Indeed, in resp-ect to 
national measures we owe no tbanks to the wisdom of our ancestors. 

Every country in Europe has its own particular measure. We have 
the Raman pdm, the brc~~cio of eome parts d Italy, the ruthe of Dautzic, 
a a d n a m a r o u s d ~ .  Moat ceuntries, however, use the twm fwt,  hcaua~e 

it k supposed to have eome relatien so the part sf the burnaa frame most 

easily accessible, and whether it is .owing to what are called the &gene  

rete rnedern d a p ,  or  whether the h o t  originally was taken as a 6tandard 

ef reknenoe w&h a she on it, oertais i t  ig that twelve of ow inches, 

m-a -days ,  would be rather a l ~ n g e r  foot than suitable to oraamant w 
mtili ty . 

I t  will hardly be credited, yet i t  is an actual fact, that t h m  are b, 

Europe done upwarb of a hundred diffe- national measures, no itwo of 

which had, until Jately, their relative value. thoroughly ,known ; but if 
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tbis should sleem matter of surprise, still mare extraardinary must the-fact 

appear, that un ti1 Captain Kn~en's  experimeats, there wnrp weasuras 

bearing the same denomination in our own country, none of which corres- 

ponded, 80 that every instrumeat maker, when he constrqcted what he 

called a standard scale, w a ~ t  his own standard, which he bad either arbi- 

trarily axed fm himself or inheritad from his predecessnr. 

The want of a determinate idea as to the measures of antiquity, has 

always been a subject of perpbxity to Historians,-in fact, in consequence 

of that defect, all the geographical details which we derive from that source 

are a maze of cmjecture for tbe iageai~w to build airy bypatbesea in. 

Pe rhap ,  bweiv~r ,  this sydem, imongrueus as it is, mi@ B a ~ e  bees suffi- 

cient to aiwwer$ha ordinary purposes of life, and, if the question had ;aav.er 
been atartsd respecting tJu figure of the earth, would, in aU pr.ob$Wy, 
have been but lit* agitated,.if at all. 

This was ak 4 h i .  a mere speculatiye quest i~n : i t  had been hd by 
M. RICHER, a French mathematician, who went to make astr~mrnical 

observations a t  Cayenne in 1672, that the pendulum of his astroanomical 

clock, which had been adjusted to mean time at Paris, lost above two 

mieutes erery day, and he was obliged to shorten the pendulum one-tenth , 

of an inch to make it h p  time in the latitude af 4' 56". Such was the 

state of science at that period, (and we are not yet two centuries removed 

Qom it,) that when he drew coaclusians from this respecting the diminn- 

tiQp af gravity, his +&s w e  SCOIlfB62 by h e s t  al l  the Phikwqhera 

~f Eusope. H U Y G E N ~  was the 4irst person who gave the subjeot fair con- 

sideration, and as he brought with him an overpowering array of mathe- 

matical reasoning, combined with inexhaustible patience, he soon discov- 

ered that pendulums must vibrate slower as they approach the equator ; 

but-even HUYGENS could not solve the dificulty of asigning the form 

which the earth must assume. H e  made what we should call the two 
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hemispheres consist of two parabolic conoids, the bases of which met at 
the equator, where there was a ridge formed. 

Now, Navigators had gone over the equator, and they knew very well 

that the line was a mathematical line-that their ship did not strike 

against, or shew any manifest signs of such a ridge, and besides this, two 

plumb lines placed on opposite sides of the equator, but near each other, 

did not shew any sensible difference in their directions, nor did nature on 

enquiry appear to vary from her usual course of doing nothing abruptly. 

Sir ISAAC NEWTON was the first person who gave any solution of this 

question. I n  Prop. 19* Book 3d of the Principia, he demonstrates that a 

homogenous body like the earth might, in consequence of its diurnal 

motion, form itself into an ellipsoid of revolution, whose Polar axis was te 

the diameter of the equator as 229 to 230. This solution was the effect 

of the new arm, then, for the first time, brought to bear upon this disputed 

point, for unless the law of the variation of gravity inversely as the square 

of the distance had been previously discovered, no power of analysis ever 

would have sufficed to elucidate it. 

But the demonstration was imperfect like almost all first attempts, 

and some points were taken for granted which were not mathematically 

true. W e t  shall find some of these pointed out by M. CLAIRAUT,-one of 

which is very important to the subject, and consists in the annunciation $. 

* PROPOSITIO X1X.-Est igitur Diameter Terrre secundum q u a t o r e m  ad  ipsius diametrum 
per polos ut 230 ad 229-Ideoque cum Terrae semidiameter mediocris juxta mensuram Picarti sit 
Pedum Parisiensium 19615800 seu miliarum 3923,16 (posito quod miliare sit mensura pedum 5000) 
terra altior erit ad equatorem quam ad poloa excessu pedum 85472 seu miliarum 17&, 

j- 11 est aisC de  voir que ce theor2me est entierement contraire ti c e  que M. Newton a avarice 
dans la proposition XX. du troisieme livre des Principes, P. 25 1, &c. PS. 50. 

' . $ Liber Tertius Prop. XX. E t  propterea terra aliquanto altior est sub sequatore quam pro 
superiore calculo et densior ad centrum quam in fodinis prope superficiem. 
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that an increase of density in the earth, from the surface to the centre, 

would be attended with a greater protuberance at  the equator than in the 
cases of homogeneity. 

As it is not an object to enter into a minute investigation of this 

abstruse question at present, this part of the subject may be dismissed 
with the name of M. CLAIRAUT, who first fully considered the question of 

the figure which a planet must assume with a density gradually increasing 
from the surface towards the centre. 

The theory of Sir ISAAC NEWTON was not well received at  first-it 

impugned the doctrine of the vortices of DESCARTES, which was then i n  

high favor in France. M. PICARD had measured an arc of the meridian in 
France between Amiens and Malvoisine about 1'4 of the quadrant; 
RIM. CASSINE, DE LA HIRE, and others, resumed this, and continued it 
through the whole extent of France in several sections, which were finish- 

ed in 1718, and it was found that the lengths of the degrees diminished as 
the latitudes encreased, which rather tended to give an elongated than an  
ablate form to the globe. This was afterwards found to result from errors 
of computation, but since the comparison of contiguous degrees is not the) 

best way to determine with great accuracy so very small a quantity, as 
the compression would be, the Government of LOUIS XV. resolved on 
fitting out two expeditions, one of which should measure an arc as near 

the equator and the other as near the pole as possible. 

It was in 1735 that MM. BOUGUER, DE LA CONDAMINE, GODIN, and 
several assistants and artists on the part of the French Government, act 

companied by D O ~ S J U A N  and ULLOA, on the part of that of Spain, went to 

Quito, in Spanish America, and at the same time the northern expedition 

under MM. MAUPERTUIS, CLAIBAUT, MOUNIER, CAMUS, CELSIUS, and 
3 B 
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others- went to Torneo in Lapland-permission having been obtained from 

the Swedish Government for that purpose. 

Both these expeditions were fitted out with the best instruments 
then 'to be'obtained; a t  the expence of the French Government. The 

operations under the equator occupied upwards of ten years, and those of 

the polar circle about two. 

One cannot too much admire the determination and constancy with 

which the French Government seems to have been actuated on that occa- 

aion. The onus probandi did not lie with them more than with us, per- 

haps not so much so-nature and fortune had bestowed upon England the 

greatest philosopher mankind ever saw, and our ancestors must bear the 

reproach of having neglected as unworthy of them that pre-eminence in 

science, which had it fallen to the lot of any other natiod in Europe, would 

have been looked on as a high source of pride. I t  is very true Sir ISAAC 
NEWTON was recompensed, whilst living, by a lucrative post a t  the Mint, 

and it  is equally true that monuments have been erected to him in West- 

minster Abbey, and elsewhere ; but the best monument which a grateful 

country could have bestowed on this most eminent and distinguished of 

her sons;would have been to establish the truth of the doctrines he had 

promulgated by actual experiment, instead of leaving them entirely to the 

mercy of strangers. 

Not to dwell too much upon these preliminary matters, i t  will now be 

advisable to explain what the figure of the earth has to do with the subject 

on which we started, for i t  is desirable to show that this is not merely a 
speeuhtive *point for the philosopher tu amuse himself with in his closet, 

bnt one of actual practical utility, according to the conception which 

I have of the meaning of that term. 
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If i t  be conceded that geography is useful-then there is no pure source 

from which we can draw our elements, but this. Let us msaeure a 
distance on the earth's surface by the primitive mode of the drying of 

a wet leaf,* the more modern method of the duration of a smoking 

pipe,f by pacing, by chains, by rods, by perambulators; we must (do what 

we will) for geographical purposes reduce the distances so found to degrees, 

minutes, and seconds, of latitude and longitude. But unless we know how 

many miles, or feet, or pipes, go to the degree, the mode of comparison is  

wanting to complete the reduction. 

I f  the earth were quite spherical, all degrees of latitude would be 

equal, and all degrees of longitude would vary as the cosines of the latitude, 

but that is not 'the case if i t  be compressed a t  the poles, for the length of de- 

grees of latitude would thenincrease as we recede from theequator, and t h e  

length of degrees of longitude would cease to vary in the above proportion. 

There is a class of people who will reply to this that we have only to 

leok into any elementary book on arithmetic, and there we shall find that 

sixty-nine and a half British miles make a degree ;-the same gentlemen, 

amongst whom Mr.. COBBETT has ocaasionally figured, whilst.the humour 

was on him, together with many others as fax surpassing him in rank as 

Be does them in intellect, will be ready. to declare that pounds, shillings, 

and pence are the only useful knowledge, and that tare and tret, and 

bills of parcels, are the fittest boundaries to limit the mathematical educa- 

tion of Englishmen. We all must recollect M. VOLTAIRE'S story of JEAN- 
NOT and COLIN. HOW the young JEANNOT suddenly became raised to  the 

peerage from being a peasant, and how the fatber and mother of JEANNOT 

* A practice common with the Hindooa. - .  

t The Dutch boors at the Cape of Good Hope commonly eatinate by t b  method. I am told 
the natives of the hills near Aooam do the same. 
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discussed with his governor what he was to be taught, but that author 

must be left to speak for himself, for it is impossible to improve upon hie 

delicate irony by any description. 

.c Mais hu' apprendra-t-il donc ? Car encore faut-il qu'il sache 
quelque chdse; ne pourroit-on pas lui montrer un pen de geographie? 

A quoi cela lui servira-t-il ? repondit le gouverneur-quand Monsieur le  

Marquis im dans ses terres, les postillons ne sauront ils pas les chemins ? 

ils ne 1' egareront certainement pas." 

We are' all acquainted with what is called the preceesion of the equi- 

noxes. The mean annual precession is the joint effect of the Sun and 

Moon, acting on the protuberant portion of matter about the equator, and 

is determined by finding how- much any particular star has retrograded 

in right ascension, by a comparison of observations made by the older 

astronomers with those made in recent days. 

But BRADLEY never would have been able to separate the inequalities 

which he detected only in heaps and parcels into the atoms of aberration, 

Solar and Lunar nutation, and inequality of precession, unless he had 

had an approximate value for the excess of matter at the equator, and 

it cannot be doubted for a moment that the nearer we approach to the 

real value of this astronomical datum, the more truly we shall be able 

to assign the amount of the effects which are produced by it. 

Not to tarry too long at this part of the subject it will suffice to notice, 

that on account of the ellipticity of the earth's meridians, the direction 

of gravity is .not towards the centre, and that in the determination of 

Luuar parallaxes it is necessary to compute the angle, which the normal 

makes with the diameter drawn to any point on the surface, but this 
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angle being a function of the compression, a knowledge of the figure of 

the earth becomes 'here also an indispensable condition. 

Enough has perhaps already been said to warrant the conclusioil 

that this is one of the most important problems of astronomy in respect 

to practical utility, and he who would deny the expediency of prosecnt- 

ing the researches necessary to its investigation, must be prepared to 

pronounce the same sentence of exclusion against astronomy as con- 

nected with navigation, against geography, against every other branch 

of science, or else to waive all claim to consistency. But the figure of 

the earth can only be known by a comparison of measures made in 

parts of the globe separated from each other by a considerable difference 

of latitude, such as two large aros of the meridian or of longitude, 

Hence then we arrive at  the absolute necessity, as far as science is 

concerned, of establishing the exact relative value of the units which have 

been used as standards by the various nations who have engaged in what 

are called Geodetical operations, and first it is of all things requkite that 

we should begin by having some decided measure of our own. 

For this purpose the Parliament of England selected the yard used by 

Mr. BIRD as the standard, and Captain KATER had the task assigned to 

him of comparing all the other measures, such as Sir GEO. SH~CKBUROH'S, 
General ROY'S, kc. with this ; a detail of the experiments made for this 

purpose will be found in the Philosophical Transactions for 1821, as also 

the comparison of the English and French standard measures with each 

other. 

The French at the time of the Revolution of 1791, when the rage for 

fraternizing and levelling was at its height, .sought for some means of 
c 3 
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establishing an universal system of weights and measures which should 

be common to all nations ; but i t  would obviously be necessary to that end, 

that some unit, 'which nature afforded as a constant mark of reference, 

should be fixed upon as the basis of the system ; now nature gives us 

many lovely flowers and beauteous plants, and a thousand and a thousand 

diversified shapes, but we can only cull from all her productions two units 

which are at  all accessible and unchanging. These are the lengths of the 

pendulum in a given latitude, and of the meridional quadrant. The latter 

of these accordingly was selected, and great pains were taken by the 

French to deduce the exact distance from the Pole to the Equator by means 

of the cornpariaon of an Arc extending from Formentera to Dunkirk, with 

the former measure of 1735, which I have above adverted to as having 

been undertaken under the government of LOUIS XV. 

The ten millionth part of the meridional quadrant thus found, was 

take11 as the future national standaid unit of France, and called the  

MBtre. 

The old French measure was the toise of 6 Paris feet, and the two 

iron bars of this denomination which went, one to the Polar circle, and the 

other to the Equator in 1735, had been rigorously compared with each 

other a t  the temperature of 13" of Reaumur ; one of these, called the 

toise de l'dcademie or toise de Perou, was &ill in good preservation, 

but that which went to the North had been rusted in convequence of having 

been shipwrecked in the gulp11 of Bothnia. 

13" of Reaumllr is equivalent to 16; of the scale of Celsius, or the 

centigrade, and to 61 Of of Fahrenheit. The English standard temperature 

is 62" of Fahrenheit. The temperature of the metre, or module, is zero of 
the centigrade of Reaumur, and 32 of Fahrenheit. 
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We have still therefore much to abolish before we can arrive at  any 

uniformity of measures, but in the present case it is an object to avoid 

wnfounding the subject of measurements made with a view to determine 

the figure of the earth, with those whose object is the establishing the 

. length of the m4tre. The latter seems to be now generally allowed to be 

a fanciful attempt, for what can it matter, whether we get our standard 

anit from nature or from art?  Whether we first fix, our foot or yard, and 

deduce the quadrant of the meridian in terms of i t  ; or derive the length 

of our standard from the length of the second's pendulum, or from an 

aliquot part of the computed quadrant ? 

But to the determination of the figure of the earth, the relative values 

of the different national units which were employed, must be accurately 

known; moreover, as all operations undertaken for the purpose must 

depend on some base, which has been measured under different states of 

the thermometer, and perhaps under great alternations of heat and cold, 

i t  follows of course that the exact mean temperature must be known and 

corrected, uuless some method can be devised of introducing into our 

apparatus the principle of its own compensation. 

It is not an easy task, however, to ascertain the exact temperature of 

a rod of metal ; thermometers may be placed near it, but they will only 

give the temperature of the surrounding air, which may differ very sen- 

sibly from the metallic bar. 

The mode ef measurement with a steel chain has hitherto prevailed 

in England and in India, but i t  is very objectionable principally on the 

following accounts. 

1st. The impossibility of knowing its exact temperature and the 

consequent allowance to be made for expansion. 
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2nd. Of giving an equal degree of tension. 

3rd. Of preserving the joints from the effects of oxydation and fric- 

tion. Other reasons there are, but they might perhaps be remedied- 

those now detailed are insuperable. 

I t  is not necessary to enter into the details of the various measure- 

ments made in France, or of that made by MAIRE and B o s c o v ~ c ~ ,  com- 

mencing near the tomb of CECILIA METELLA, and the high way to Alba 

Longa, or the two operations of YAROUQUI and TARQUI in Peru. 

Suffice it to say that in all such operations, the coincidence of a mea- 

sured base of verification with one computed has never been free from the 

imputation of arising from a happy compensation of errors, whilst if there 

were a difference, no surprise was excited by it. 

The apparatus before us is the invention of Colonel COLBY, of the 

Royal Engineers, and contains the principle of self-correction for increase 

of temperature. 

* I t  consists of a series of bars arranged in pairs-each pair consisting 

of one bar of brass and one of iron. The pair thus formed is firmly 

clamped together in the middle by two cylindrical pieces of iron, so that 

no motion can take place towards the centre. 

The length of each bar is 10 feet 1-4 inch, the breadth is 0.55 of an 

inch, and the depth 1.5 inch ; at each of the extremities an aperture is 

worked out 0.9 of an inch high, and 1-1  inch longitudinally, extending 

* The reader is referred to the accompanying plates containing plans, sections and elevations of 
the apparatus and its principal parts, for an explanation of t l~is  description. 
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through the whole breadth, and leaving 0.3 of an inch of the dep'th above 

and below; the parts which remain being perforated so as to admit a 

conical pivot to work in the two concentrically. 

Now, if the two bars be placed parallel to each other and clamped 

together as abovementioned, and if a flat tongue of iron 0.25 of an inch 

thick, 1.1 broad, a i d  6.2 long, with two pairs of pivots, each pair forming 

an axis projecting perpendicularly to its plane, be applied horizontally to 
I 

the apertilres abovementioned, .the distances between the centres of the 

two axes being 1.8 inch, i t  is plain that if one bar increase in length more 

than the other, one extremity of the tongue may, by means of these axes, 

revolve through a small arc round some point near the other extremity ; 

and moreover, if there be such another tongue and apparatus at  each end 

of the compound bar, both tongues will have a similar tendency, so that 

if the cause be the same of this increase in length, the one tongue will 

revolve through an arc just as great as  the other. b 

I n  Colonel COLBY'S system, one of the two bars is of brass, the other 

of iron. The tongue has one axis at 0.5 of an inch from one extremity, 

working into the aperture of the brass bar, and the other a t  2*3 nearly 

working into that of the iron bar, whilst the rest of the tongue projects 

outwards. 

The expansions of brass and iron are variously stated by different 

authora, but they are not far from tlle ratio of three to two.* Let us 

Buppose them to be exactly so, then since 1.8 inch is the distance between, 

the two axes, i t  double that distance, or 3.6 inch were set off from the 

* Expandon of brass bar, . . . . .. . . . . 
'0000104850 1 H d a t  for lo. of Fahrenheit. 

Ditto of iron bar, ,... .. .. .. *0000069844 
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centre of the axis, which works in the iron bar on the line produced 

through both axes, we ought to arrive at a point which wo~lld in no wise 

be affected by the forces arising from the jutting outward or shrinking 

inwards of the ends of brass and iron bars in consequence of increase of 

temperature. 

Upon the principles of similar triangles, this point would form the 

vertex of a set of triangles whose bases are the relative increments of 

the brass and iron bars from heat, and as there would also be some 

nodal point on a tongue similarly situated at  the other extremity of the 

compound bar, therefore the distance between these two nodal points 

would be constant, and in no wise liable to be affected by changes of 

temperature, provided such increase or diminution of temperature were 

suffered by each metallic bar at the same time and in equal intensity. 

The difficulty then is to mark these neutral points and it is accom- 

plished as follows. Two miscroscopes, with moveable wires, are fixed on 

solid stone pillars let into a wall of masonry, and when this has had time 

to dry and become perfectly consolidated, the moveable wires are adjusted 

over the two dots of an iron, or other standard of ten feet in length, at the 

temperature of 6.2" of Fahrenheit. 

The bars are then heated in an oven as equably as possible up to the 

temperature of 180" or upwards, in that state they are taken out and 

placed under the mural microscopes, and a point on one tongue having been 

assumed, the corresponding point on the opposite tongue is sought for, which 

maintains an invariable distance' from it during the process of cooling. 

This operation in slow and tedious like all works of approximation, 

but it is particularly so because it  appears from experiment that the brass 
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and iron bars do not cool equably, if their natural surfaces be exposed to 

the air. Hence it has been necessary to apply coatings of varnish so as 

to give surfaces which shall make them radiate alike, and as this varnish 

must be only applied partially, the quantity, which is just sufficient for 

the purpose, and no more, must be patiently ascertained by a series of 

repeated trials. 

Strictly speaking, the distances from the neutral points on the tongue 

to the centres of the two points ought in every position to bear the same 

proportion to each other as the increments of the brass and iron bars do, 

but a very little consideration will suffice to shew that the increments of 

the tongue itself will not be sufficient to answer that condition ; the error 

must however be one of the second order, and has hitherto been considered 

as rejectaneous, which it most probably is. 

The compound bar thus formed, is placed. upon two brass rollers 

which revolve each upon an axis fixed into a deal-box, whose length 

is suffibient to enclose the whole metallic apparatus, except the tongue 

which protrudes at  one s,ide, and is protected by a cylindrical cover 

of braes tube, part of which turns round and brings a circular aper- 

ture over the dot marking the neutral point. The box is of deal 

and painted white on the outside, i t  is lined with white cloth, and 

there is an inner box covered on both surfaces with white eerge, so 

that a stratum of air may pass between the outer box and its interior 

lining. 

At each end of this deal box there is a common brass sight which 

serves to lay the bar approximately; there is also a brass plate with 

screw holes, by means of which are fixed to the box the arms intended to 

support the microscopes. 
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' There are seven sets of microscopes, each consisting of two common 

microscopes, and one telescopic microscope. The use of these is as 

follows. The two common microscopes are compensated by means 

of parallel bars of brass and iron in the same manner with the mea- 

suring apparatus, and the condition of compensation requires that, 

when .each microscope is in focal distance in respect to the dot of 

the bar to which it is attached, the horizontal distance between the 

lines of collimation of the two microscopes shall always be the same 

quantity, which ought to be six inches of Parliamentary measure at  the 

temperature of 62" I 

There are six of these compound bars which are aligned in succession 

by means of an instrument called a boning instrument, placed at  a certain 

number of paces in the rear. 

The first operation is to drive a set of pickets into the ground to 

support the tressels, two of which are required for each bar; this must be 

accomplished by measurement with a common chain or rope, the line of 
the pickets being traced with respect to the middle of the bars, and not 
that of the dots or microscopes. 

The pickets being driven, one of the bars having a set of microscopes 

a t  each end, is brought into the alignment, by placing the telescopic 

microscope over the limit of the line to be measured. 

Over the eye tube of this telescopic microscope a small brass 

upright called a director, is then raised, and the boning instrument, 

by means of this and the other limit, being now properly placed i1x 
alignments, the other end of the first bar is also placed right by means 

of its director. 
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The second bar is now brought up to the firat by placing the rear dot 

under the advanced microscope attached to the first bar, and raising or 

lowering it  to focal distance. I n  the same manner the 3d, 4th, 5th and 

6th, when the series is terminated by fixing one of the triangular registers. 

After the length of the whole six bars has thus been taken off, the leading 

register is left standing and another set of bars is placed and measured 

off in the same manner. 

For the better preservation of an equable temperature, the whole of the 

measurement with these bars is carried on under shelter ; a certain number 

of tents of a suitable form being constructed on purpose, and especial care 

is taken to preserve the apparatus from the direct action of the sun's rays. 

The adjustments of the sets of microscopes consist in placing the 

side telescope parallel to the plane which passes through the lines of 

collimation of the two microscopes, this is done as follows; direct by  

means of its sights, the six inch brass ruler to a mark on a piece of paper 

fixed at  thirty or forty feet distance on a wall, and place over it the two 

microscopes with each of the dots under a wire, then direct the side teles- 

cope to the same paper, and mark the point i t  cuts. Now turn the set of 

microscopes half round in azimuth, so that the positions may be over the 

contrary dots to what they were before, and having turned the side teles- 

cope half over in altitude, mark the point on the wall which its wire cuts 

in this new position. If then the distance between each of these  point^, 

and the middle point be exactly equal, the line of collimation is quite 

parallel to the line running through the microscopes, otherwise it must be 

adjusted half by means of the screws, which affect the axis, and half by 

those which affect the line of collimation. 

The measurement of every individual set of bars is taken horizontally, 

but i t  does not follow that the surface over which it  is conducted need be 

horizontal ; for each tressel stands upon three pickets driven into the 
E 3 
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ground, and lst, the heads of these pickets may be left more or less above 

the surface. 2nd. Upon the pickets a large triangular frame of three 

inches thick deal is placed, which in cases of emergency may be dispensed 

with or doubled. 3rd. The tressels may be of different heights, and do 

actually vary from thirty to six inches ; again, each bar is supported upon 

a brass fabric called a camel which rests upon the tressel, and is furnished 

with three levelling screws, and one in the,middle for elevating, therefore ; 

4th. The additional height given by 
the screws is three inches. These 

four means of adjustment may all be 

brought into play in descending or 

ascending a slope ; let us suppose the 

former case: then we should begin 

with the lowest tressel, with the pickets as near the surface ofthe ground 

as possible, perhaps without any triangle over the heads of the pickets, 

and with the elevating and levelling screws of the camel quite drawn down 

whilst a t  the advanced end of the 6th bar, we should leave one inch or 

more of the pickets exposed, the highest tressel, supported on perhaps 

two triangles, would be used, and the elevating and levelling screws would 

be drawn out to their full extent. 

. T h e '  extreme difference of height which might thus be produced, 

would be about thirty inches in a set (or sixty-three feet,) but in this as 

in all other cases of human life, it is desirable to avoid having recurrence 

to extremw, and 'the medio tutissimus is the best guide. 

I have said that each end of the frame of the bar rests on a brass 

support called a camel. These have rollers at  top so that the motion 

of the whole longitudinally is easily effected with the hand, but that one 

of each pair of camels which supports the rear end of the bar, has a brass 

plate appended to it with a steel screw, whereby after the dot has, as nearly 

as can be, been brought into its proper position under the microscope, any 
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small alteration may be giveu to it longitudinally. This will be seen by 
I a reference to the apparatus where the plate being fixed to the box by 

two brass screws, the long steel screws I have above mentioned, act in the 

same manner as a tangent screw on the limb of an instrument, and draw 

the whole bodily forward or thrust it backwards in a direction parallel to 

itself. There is also to each camel a large milled headed brass screw, 

which gives a differential motion laterally to each end of the bar. 

The registers which mark the limits of each set of bars in succession 
I 

consist of a frame of cast iron, of a pyramidal shape, surmounted by a 

brass plate with a circular aperture of two inches in diameter. Through 

this aperture a tube is adapted to slide up and down, at  the top of which 

is a circular head hollow, and perforated in the middle, so that an internal 

plate on which Eour screws act a t  right angles to each other may be moved 

differentially in a lateral or longitudinal direction ; this moveable plate 

carries a very fine dot engraved on silver : some of these registers have the 

tube made to slide below the frame altogether, in which case the ground 

must be excavated from beneath it. Some are a mere triangular slab of 

cast iron with a moveable brass register in the middle, they are used at . 

leaving off at night, and in cases where they are likely to be left standing 

for any time, being less liable to derangement than the more lofty ones. 

Each register rests upon a slab of stone sunk into the ground for the 

purpose. 

The meaning of the sliding tubes is that the small dot on the move- 

able plate may be kept as nearly at  the same distance from the telescopic 

micrometer as practicable, but in cases of ground which slopes greatly and 

always where this is not attainable, a provision is made for altering the 

focal length of this microscope by changing the object glass. A small 

box which accompanies contains twelve sets of object glasses for this 

particular purpose, varying from four to twelve inches, and there are four 

others which are adapted to a difference of height so great as twenty feet. 
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I have n o r  given you a description of all this apparatus, which you 

will see is very complicated. It is only the second which has as yet been 

constructed, and has been made after the model of that used in the base 

line near Loch Foyle, in Ireland. I wish I had the particulars of that base 

line with me, because I am persuaded they would have been very interest- 

ing to you, but as that is not the case, I must content myaelf with doing 

the best I can by way of dessription from memory. 

The different parts of the base were tried against each other some- 

what in the way shewn in the margin. 

The points A, and B, are the limits of the base in which a, b, c are 

intermediate points : at, b', d are points chosen on the left, au, bb, CI on the 

right. The angles about A, a, b, c, B, are observed with an instrument as  
well as those at  a', a', b', b', c', cO, so that taking any one intermediate 

distance, that from a to b for in- 

stance, i t  will be determined in three 

different ways independent of each 

other, viz. lst, actual measurement ; 

B 2nd, by the triangle a, a', 6;  and 

3rd, by the triangle a, at', b. Some of 

the  intermediate distances are tried 

by five, some by I think as much as 
seven computations, and the greatest difference does not exceed 0.25 foot, 
or three inches in ae many miles, in which are included the errors of cen- 

tering the instrument wherewith the angles are observed. 

The apparatus now before us was subjected to a full trial by order of 

the Hon'ble Court of Directors in April last, under my direction, in the 

spot called Lords7 Cricket Ground in St. John's Wood road. I measured 
nine sets of bars with the assistance of Mr. BARROW, Mr. WESTERN, and 
the Astronomer at Madras, Mr. TAYLOR, a party of the R. E. I. Volunteers 
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hsving been lent for the occasion by the Chairman, and i t  is of importance 

to remark, that two of the Gentlemen of the Royal Engineers who had 

taken a prominent part in the xnemupement a t  Loch Foyle, Lieutepantv 

DRUMMOND and MURPHY, were with me far two days, in order that 40 

inlportant step of the operation might be overlooked. 

I 

Having measured the nine sets of bars in question, I returrted over 

the same ground, and on reaching the register from which I had originally 

started, the return measurement exceeded the prior one by  h t h  of an 

inch. Now .",h of an inch in five hundred and sixty-seven feet, would 
- amount to 5-6 iuches in eight miles, and to one hundred and forty-five 

inches in a section of the meridian of .about three degcees. I . 

, ,  

The increments of degrees between the latitudes of .8".and 31" vary 

from 5.2 to 16.6 fathoms; if therefore we could be certain that this were 

the greatest quantity to be feared, there could be no doubt, philosophically 

considered, that the compensation. bars would be quite adequate to the 

purpose for which they were designed, and that the suphrior accuracy 

attainable from t l~em, would be commensurate with the greater toil entailed 

by  their use, and the increased expence and complexity of their structure. 

I t  is my opinion that the variation of &th of an inch is rather more 

than need be apprehended, because the formation of Lords' Cricket 

Ground is a thick clay, which retains the moisture at  the surface, and as 

for several days of the operation rain descended in great quantities, there 

was an alternation of dryness and humidity much more unfavourable than 

need be looked for in actual measurement on a great scale. 

I n  fact the constant trampling of the feet of the soldiers and others 

who were occupied in the work, rendered such parts as were hollow perfect 

swamps, and ancle deep in mud and water, whilst the more elevated parts 

were hard and dry. 

F :I 
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This is a matter of opinion in which every person mu$t judge for him; 

@elf; but if we refer to the bases measured by MAXRE and B o s c o v ~ c ~  in 

Italy, by DELAMBRE and YECHAIN in France, by B o u o u e ~  and DE LA 

CONDAMINE in Peru,* by ROY and MUDG E in England, by my predecessor 

and myself in India, we shall find no very insecure test of comparison to 

direct our judgment in forming an estimate of the superior accuracy likely 

to be attained by  the new apparatus, I select these instances because I 
am not aware of any other operations in which two bases, verificatory of 

each other, have been measured. To take theee then in order of their dates. 

The first base was measured in the plain of Yarouqui from Carabouron 

to Oyambaro. I t  was performed with wooden rods called perches, pre- 
pared on the spot from a comparison with the iron toise. I t  was com- 

menced on the 3d October, and ended on the 3d November, 1736. The 

ground was gone over by two parties independent of each other, and the 

mean of the two results was 6272.6559 toises = 7.60 miles in a horizontal 

direction. The base of Tarqui, which is iu 3" 4' South of the Equator, 

was measured in the same manner in the month of August, 1739 : i t  was 

carried on through swampy ground, and the wooden rods floated on the 

stagnant water, (" nous fCmes dispenshs dans ce trajet de faire usage du 

niveau, les perches avec les quelles nous opbrions flottaient sur l'eau.") 

This base, reduced to the level of Carabouron, was 5258,949 toises, equal 

t o  6-37 miles, and the same distance computed from the series of triangles 

was found to be 5260.03 toises,t shewing a variation of 1.081 toise 

* The Conquestudore of 64  guns, and the Inoendio of 50 guns, sailed from Cadiz Bay, May 
'26th, 1735. Bouguer, Godin, and De la Condamine, miled from la Rocllelle, in a Royd r e e l  
16th May 1735. 

24th November embarked at Portabello, in company with the Spanish gentlemen; on the 
10th June 1736, all the party assembled at Quito. 

Dans un des intervallee de ce travail nous observamea, le 19th Septembre au soir, I'&clipse & 

]a Lune. Tandis qu'on prepar it lesaperches que devaient noua servir P mCsurer la base. 

t 5260 toises = 6 miles 3 furlongs. 
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between actual measurement and computation ; but a length of 1.081 in 

5260.03 amounts to 13 inches in a mile, or 104 inches in 8 miles, and 

nearly 38 fathoms in a section of 3 degrees. In the month of April, 1751, 

MM. MAIRE and B o s c o v ~ c ~ ,  under the auspices and a t  the charge of 

Pope BENEDICT XIV, commenced the measurement of a base line from 

the tomb of CECILIA METELLA to within 3 miles of Alba. The operation 

was executed with wooden rods set off from the Roman palm, and was 

found to be 7901 .I4 passi Romani, equal to 7.312 English miles : the base 

of verification for this was measured a t  Rimini, and found to be 8034.67 

passi, equal to 7.436 miles, whereas the latter deduced from the former in 

the table of triangles (Liv. 11. Art. 20,) is only 8033.4, differing 1.27 

passo, or 10 inches in a mile, 

The length of the base of Perpignan is 6006.25 toises, i t  was com- 

menced by MECHAIN and finished by DELAaasnE, in the month of Germinal, 

year 6 of the Republic, with the platina bars. I t  was connected with that 

of MELUN, which was executed by DELAMBRE, and is 6075,9 toises, the 

former deduced from the latter is 6006.09, exhibiting a difference of 0.16 of 
a toise, which is about 0.17 of an inch in a mile. The latter was completed 

in thirty-eight days: the expressionsof the author are-" en travaillant de- 

puis neuf heures du matin jusqu'au coucher du soleil nous n' avons jamais 

pus parvenir A mesurer plus de 360 mbtres* en un jour, c'est A dire, A placer 

plus de quatre vingt dix rbgles au bout l'une de l'autre." The base of 

Perpignan occupied in all 48 days, and was terminated on the 1st supple- 

mental day of the year 6. The author says in regard to this-" on voit 

donc que dans les circonstances les plus favorables ou ne peut gukre se 

flatter avec tous les soins et  le scrupule que nous y apportions de mksurer 

,une base de 1-12000 m6tres en moins de cinquante jours." 

* 1181.1237 English feet. 
-f 39370.79 feet, or 74 miles nearly, which ie at the rate of 797 or 800 feet per day. 
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The bars used by the French Geodists in measuring their bases are 

of a peculiar construction. They are of platina, two toises in length, 

6 lines in breadth and about 1 line in thickness. Each of them is sheathed 

with a bar of copper within 6 inches of the extremity. The two plates of 

platina and copper are united at one end whilst the other is at  liberty, 

and as the expansions of these two metals are nearly in the ratio of 1 to 2, 

i t  is evident that the unconnected end of the copper bar will advance or 

recede from that cause on the platina ; the quantity being the difference 

of the increments or decrements due to the whole length of the bar. This 

then would be a thermometer of a most exquisite and delicate structure, 

provided the two metals radiated eqnally, and that the heat were equally 

diffused through the mass of each, but it is evident that such could never 

be the case unless the apparatus be sheltered from the direct action 

of the rays of the sun, and all other cauees of inequality of tempera- 

ture. 

We come now to the measurements by General MUDGE with RAMSDEN'S 

steel chain. I n  1784 trials were made on Hounslow Heath, of a new chain, 

a set of deal rods, and a set of glass rods, on tlie 21st June of that year, a 
distance of 7.800 feet was measured and re-measured with the chains, and 

the return measurement differed from the 1st by I+  inch, that is, t inch 

per mile. On the morning of the 18th August, a Ppace of 1000 feet was 

measured &th the steel chain, and with a set of glass rods, and the differ- 

ence after reduction for temperature was only -02 of an inch, a quantity 

incredibly small. The remainder of the Hounslow Heath base was mea- 

sured with glass rods. 

On Monday, 30th August, the measurement with the glass rbds was 

completed, being after all reductions made, 27404,0137 feet at  the level of 

the sea ; so that the daily rate of progress .was 2,108 feet. Here the soil 

is so level that the rods lay on the ground without support. 



TRIGONOMETRICAL SURVEY OF INDIA. 213 

The base of Romney Marsh was measured with the steel chain, sup- 

ported on coffers, it was begun on the 15th October, 1787, and ended 4th 

December, and was 28535.677 feet, and here we find introduced two of 

those cases of perplexity which I have alluded to before : viz. 

Correction for contraction of the chain, . . . . . . . . . . Sub. 1.0667 feet. 

Correction for wear of the chain, . . . . . . . . . . . . . . . . Add. 0.2735 

I do not mean to say these are incorrect-all I mean is, that they are 

hypothetical, and as such are not as satisfactory to the common sense 

and good understanding of mankind as a measurement which is depend- 

ent on fact alone. 

This base when deduced from that on Hounslow Heath by the triangu- 

lation, was 28533.3 feet, so that there is a difference between computation 

and actual measurement of 2.277 feet, which is at  the rate of 5.06 inches 

in a mile. 

In  the Summer of 1791, the base on HounslowHeath was re-measured 

with the steel chain in coffers, supported on pickets. The operation occu- 

pied 43 days, and was found after all reductions, to be 27404.3155 feet, or 

about .3018 of a foot greater than the former one-this is about ,607 of an 

inch per mile, and the daily progress was 638 feet. 

I t  is not necessary to go into a detail of all that has been executed with 

the steel chain in Great Britain, but it is Rome criterion for us to form a 

judgment respecting that apparatus, when a gentleman of Colonel COLBY'S 

reputation and talent, who has been so active a participator in all connected 

with its application, comes forward as an active reformer, and by introduc- 

ing the apparatus of which you now see the fac-simile, virtually pronoun- 

ces his opinion as to the fallibility of that which he seeks to supercede. 

G 3 
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As to the operations by my predecessor, they are all before you in 

the memoirsof this Society, excepting the last two bases, of which adetailed 

account is found in my printed book. 

The first of these is the base of I'akal Khtra, which was measured by 

Colonel LAMBTON on the ground, between the 6th January and 25th Janu- 

ary, 1822. I t  was 37912.56, &c. feet, and consequently the daily progress 

was 1896 feet nearly. 

The base of Seronj was measured by me on coffers, and was 3841 1.9 

feet, it  was completed in 20 days, i. e. between 24th November and 13th 

December, 1824, the daily rate of progress was therefore 1920 feet. 

The base of Seronj computed from the triangulation between it and 

Takal Khtra is 38412.16 feet, giving a difference of 0.26 feet in the whole 

length, or .4288 of an inch in a mile. 

The Beder base, as will be seen on reference to the Transactions of this 

Society, was found from measurement to be 30806.176 feet, but the same 

-base deduced from the series of triangles connecting it with Taka1 Khera, 
is only 30799.61, giving a difference of 6.57 feet nearly, or 13.516 inches 

per mile. 

Thus then, it would seem, that the chain though generally correct, 

is not of that trust-worthy nature that can induce an entire confidence in 

the results it produces. A happy combination of errors may perhap,  

and generally will make them annihilate each other, but there is an uncer- 

tainty attached to the reliance on such a contingency, which is any thing 

but satisfactory in cases where the exact sciences are concerned. 











XIII. 

EXPERIMENTS 

ON THE 

S T R E N G T H  A N D  E L A S T I C I T Y  

OF 

INDIAN WOODS. 

BY C A P T A I N  H. C .  B A K E R ,  
Bengal Artillery, 

AGENT FOR IRON SUSPENSION BRIDGES, Lr 

THE experiments detailed in the following Table were made on differ- 

ent occasions, to determine the strength of various specimens of Wood 

supplied to me by the Honorable Company's Timber Agents, and by  

private individuals, who were interested in the subject, and who had 

opportunities of obtaining foreign Woods in their visits to the Tennasse- 

rim Coast, Arracan-the Rlorung forests, Orissa, &c. A short account of 

some of my original experiments, was published in the GZeaniws in Science, 

vol. I, pages 123 and 231 ; but as many of the Woods then submitted to 

trial, were hardly in a seasoned state, I have included in the preselit Table 

only the later experiments upon them when they were perfectly seasoned, 

and when therefore morn - dependence could be placed on the results. 
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I regret that the Notes furnished with the Specimens were, in most 

cases, insufficient to enable me to describe at  large the qualities of the 
several kinds of Timber, or the purposes to which they are applied in 

the countries where they flourish: the native names too, are, in many 

instances, of doubtful orthography, resting upon the vague pronunciation of 

the people of the spot, and taken down by mere sound of ear. In  most 

instances, however, with the kind assistance of the Revd. Dr. CAREY, and 

Mr. POTTER, for the Woods of Bengal and the East, and of Drs. ROYLE 

and FALCONER, for those of Upper India, I have been able to assign the 
I 

Botanical names of the trees. 

The numbers in the first column refer to the Specimens lodged with 

the Society. The results given are the means of about four experiments 

on each kind of wood. The term C, or direct cohesive strength in lbs. 

avoirdupois in the square inch, in the last column, is experimentally 

found by tearing asunder about an equal number of specimens, turned 
according to the method described in BARLOW'S Treatise on the '' Strength 

and Stress of Materials." 

The Specimens, except when otherwise stated, were six feet long, 

two inches square : the distance of the supports five and a half feet. 

CALCUTTA, 
November 1, 1832. 



Meapr results of a course of Expmerzments on tL elaslicity, and on the transverse and direct cohesive strength 
of variow I d i a n  Woods, 1830. 
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37 Pussoor, .. .... Xylocarpus granatom, . . .. 831 150 a~~ 478 2-64 981 boo4220 1075 oondurbuns 

37 Ditto, ........ Ditto,.. .................. 200 -669 706 3.7 700 5968929 l&@ 65885 

38 Chittageon Oak, Qnercus castanicarpa? . . . . 962 600 1.13 1168 4-0 648- 103!221m !2628 z' k ~ : ~  .si 25.3 
41 Ch~malie,.. .... Artocarpos chaplaaha, .. .. 581 300 1.086 575 3.3 786 4241910 M04 10429 

43 Choangree, .. .. 582 300 -wl  616 3.96 771 4743900 1386 6470 ci 
42 Hurina, . . . . . . Acacia heterophylla? . . . . . . 904 MK) 1.6 1352 4.7 661 7!2fMOOO 3042 ~ * ! i = , g  
39 Gulgulia, . . . . . . Amyris agallocha, . . . . . . . . 714 300 .m 666 3.0 664 6416116 1273 0210 ; a & O z a  I$..:; 
40 Telsur, .. .. . . . . shorca t a lun? .  .. . .. .... 769 300 1.0 7 6.2 4Qo @Q64Oo 2131 1- / $ - 3 ; ~  
44 Koorye ,.... .... Acacia marginata, ........ 839 300 -981 778 3.4 760 71- 1760 12506 J m  

47 Sassafras, . . . . . . Crgtocarya glaucescena! . . 657 200 -91 

48 Red or dye wood, 

Mere , . .  .. .. Melanorr&oea nsitata, ..... 823 450 1.3 
64 Pyeng-ma, .... Lagentroemia, ... ......... 734 330 

66 Kanza kurro, . . Meliacea, .. . . . . . . . . .. . . . . 703 350 1.0 

M Anann, .... .. . . 1048 300 
62 Then*, .. . .., Hopea odorata, .. ... . . . .. 707 300 

66 Kaddoot, . . . ,. . 761 960 1.0 

69 Thaban, ...... 
41 Cbnmalees, .. .. Artocarpns cbapllrsba, . . . . 499 150 

2dC, Much, .. . .... . Pterospermum acerifolium, 672 300 1.0 

258 Lohanae pooya, . 600 130 

246 Badna, .., ,. .. Quercus catanicarpa, . . . . 
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XIV. 

D E S C R I P T I O N  

OF THE 

W I L D  DOG O F  THE H I M A L A Y A .  

- 

BY B. . H.' HODGSON, Esa 
KATHMANDU. 

.-- .. . 

CANIS PRIMEVUS. (Mihi.) 

The Blirinszi of the Nipalese. Habitat, The wbole of the Sub-HimQlayan 

ranges from the Satlej on the West to the BrahmapGtr on the East. 

SPECIFIC CHARACTER. 

Wild Dog, with six molars only in the lower jaw, double coat, hiy-soled feet, 

large erect eats, and very bushy straight tail, of medial h g t h ,  deep rusiy 

colour above, yellowish below. 

a .  

THE Dog, man's first and best ally among the brutes, cleaving to us from 

the beginning, accompanying us in all our settlements in every climate of 

the habitable globe, and submitting his fine plastic form and faculties to 

be moulded at will by our wants and our caprices, has been so thorough- 

ly changed by influences very similar to thoae which have operated upon 

ourselves, that his original, like our's, has been supposed to have now 

become inscrutable. 

1 3  
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The Greyhound and the Bull Dog, like the Georgian and the Negro, 

are, i t  is supposed, in their respective kinds, specifically the same ; and 

the test of this specific identity is that the progeny is prolific. But the 

application of this test to the Canine race having been found to identify 

the Wolf, the Jackal, and the Fox, with the Dog, the Zoologists of the 

last age, who unhesitatingly admitted the test, and who had no knowledge 

of a Wild Dog, properly so called, assumed, of necessity, some of them, 

the Wolf, others, the Jackal, and others again, the Fox, as the primaeval 

type of the Canine race. The superior Zoological Science of the present 

age has perchance suggested some little doubts as to the soundness of the 

test of species above named; and, certainly, if we pursue this hypothesis 

into all its known consequences, we shall see room for hesitation. Al- 

though, therefore, anatomical investigation has failed to discover any 

material difference of organization or habit between the Wolf, Jackal, Fox 

and Dog, and although these several races will breed together, yet the 

present masters of the subject of Canine genealogy (M. F. CUVIER and M. 
DESBI AREST) notwithstanding their continued want of an unquestionable 

Wild Dog, have refused to supply the deficiency of an original type by 

adopting as such the Wolf, the Jackal, or the Fox. 

By M. F. CUVIER whose arrangement of the CANINE, has been 

ratified by all the first Zoologists in Europe,-the Dogs are dispoaed 

according to their approximation to the primitive type so far as that type 

was discoverable in the wildest race known then to exist, and of which 

there were specimens accessible to  him. The race in question is the 
Dingo of Australia. 

But, as the Dingo is, unquestionably, at least half reclaimed, I pre- 
sume that a careful account of an entirely wild Rpecies of Dog, will be 

very acceptable to all who take an interest in the subject. And which of 
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us but must regard with interest the portrait of the pritqitive Dog, either 

from affection for that devoted friend and follower of human kind, or, from 

the light which the inquiry is calculated to throw upon the nature and 

limits of the distinction of species. 

, 

The Bdhlcsti, or Wild Dog of the Nipalese, inhabits that part of 

these mountains which is equidistant from the snows and the plains, 

or in other words the middle region of Nepal. But he frequently 

wanders into the southern division, and, sometimes, into the northern. 

His limits, east and west, are, as I know, the Kali and Tista; and, 

as I am informed upon gczod.authority, the Satlej and the Brakmaptitr. 

Wild Dogs, probably not materially differing from those of' Nepal, are 

found, likewise, in the Vindhya, the Ghdts, the NiZgiris, the Kasyq 
Bills, and finally, in the chain extending brokenly, from 2) f~rza . r ,  

through south Behar and Orisda to the Cormandel Coast, 

Nor do C e y h  and the Eastern Islands want their Wild Dogs ; and it is 

not therefore without surprise that I find the f iqt  Zoologists in Burope, 

whilst expressly treating of the Dog, as he was prior to all cultivation, 

instancing the more than half domesticated races of Australia and of 

North America. But the fact is that the Wild Dog of the E a ~ t  (where 

alone he seems uow to exist) is so extremely wild as to be really seen, 
more rarely killed, and still seldomer procured alive ; and that Britons 

iu India have too little leisure to record with the requisite accuracy of 

detail for scientific purposes their casual observations, whilst sporting, of 

new and remarkable animala. I have myself been acquainted with tbe 

existence and general character of the Wild Dog of Nepal, for a long 

time past, and some years ago I sent to M. DUVAUCEL, two very fine 

specimensalive; which, however, probably met the fate too often attending 

presents of this sort. 
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Biit having since obtained many individuals, alive, some of which 

lived in confinement many months and even produaed young, having been 

enceinte when they reached me, I considered it my duty, to keep memo- 

randums of such traits of character and manners as 1 was enabled to 

observe; and, as I see no prospect of the task falling into abler hands, 

I shall now record the substance of those memorandums, embodying them 

in such a 'description of the essential characters, aspect and habitsof this 

most rare animal, as my small conversancy with the science will permit 

me to give. , . I 

I 

To my description, I shall add drawings of the Bu'6nsii and of his 

sknll, together with (for the sake of comparison), others of the Jackal and 

Fox, and of their'skulls. These drawings are upon an unihrm scale, 

reduced with the Camera, from others of the natural size ; and, in order to 

be more precise, I shall in my descripbion of the Bsia'nsh follow. the 

principle upon which the sketches have been executed; that is, I shall 

endeavour to illustrate my subject by constant reference to the Jackal, 

and occasional reference to the Fox-animals which ,are, or ought to be, 

sufficiently well known. I .  . 

Of all the wild animals tbat I know of similar size and habits, the 

Bu'hnszi, which is large, gregarious, and noisy in his huntinga, is the most 

difficult to be met with. H e  tenants' solely the deepest and most solitary 

fdrests of this woody and little peopled region. The wmds which cover 

the mountains environing the valley of &pal proper afford shelter to 

numbers of Jackals as of other wild animals; but ,the Blidnszi never was 

knokn to enter them, or, to approach so near to a populous district. This 
prototype of 'the most familiar of all quadrupeds with man is, in the per- 

fectly wild state, the most shy of his society. I never beheld the Blicid 
myself in the state of freedom, and therefore what I am about to say of 
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his manners in that state must rest upon the authority of others-highly 

respectable natives who spoke to what they personally knew. 

The Wild Dog preys by night and by day, but chiefly by day. Six, 
eight, or ten unite to hunt down their victim, maintaining the chase by 

their powers of smell rather than by the eye. They usually overcome 
their quarry by dint of force and perseverance, though they sometimes 

effect their object by mixing stratagem with direct violence. Their 
urine is peculiarly acrid: and they are said to sprinkle it over the 

low bushes amongst which their destined victim will probably move ; 

and then, in secret, to watch the result. If the stratagem succeed they 

rush out upon the devoted animal, whilst half blinded by the urine, and 

destroyed it before it has recovered that clearnes~ of vision which could 

beat have enabled it to flee or defend itself. 

This .trick the B h 6 d  usually playoff upon the animals whose speed 

or strengthmight otherwise fail them, such as the buffaloe, wild and tame, 

and certain large deer and antelopes. Other animals they fairly hunt 

down, or furiously assail and kill by mere violence. I n  hunting they bark 

like hounds; but their barking is in such avoice as nolanguage can 

express. I t  is utterly unlike the fine voice of our cultivated breeds ; and 
almost as unlike to the peculiar strains of the jackal andof the fox. The 

Blidnsir does not burrow like the wolf and fox : but reposes and breeds 

in the recesses, and natural cavities of rocks, in the manner of the jackal 

of Nepal. These peculiarities of domicile are probably in a great degree 

the consequenceso fthe respective habitats ofthe animals in open plains or 

mountain fastnesses: and they doubtless change them when constrained to 

change their location. There is scarcely a wild animal, however large or 

formidable, which the Wild Dogs will not sometimes attack and destroy; 

and tame buffaloes and cows, when grazing in very solitary districts, 
K 3 
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sometimes fall a sacrifice to their ravenous appetite. Human beings they are 

never known to attack; and indeed they seem to be actuated by a very 

peculiar degree of dread of man. Those which I kept in confinement when 

their den was approached rushed into the remotest corner of it, huddled one 

upon another with their heads concealed as much as possible. I never dared 

to lay hands on them, but if poked with a stick they would retreat from i t  

as long as theycould, and then crush themselves into a corner, growling 

low, and sometimes, but rarely, seizing the stick and biting it with vehe- 

mence. After ten months'confinement, they were as wild and shy as the first 

honr I got them. Their eyes emitted a strong light in the dark ; and-their 

bodies had the peculiar fetid odour of the Fox and Jackal in all its rank- 

ness. They were very silent, never uttering an audible sound save when 

fed, a t  which time they mould snarl in a subdued tone a t  each other, but 

never fight : nor did they on any occasioi~ show any signs of qnarrelaome- 

ness or pugnacity,-I turnedafemale jackal amongst them, which they ad- 

mitted to share their den without the least sign of dissatisfaction. Shelived 

amongst them many months, but never showed any symptoms of breeding; 

nor indeed did any of the Dogs amongst themselves, though there were 

males and females. Three of the latter, at  different times, came to 

me enciente ; and, in the early part of February, produced from two to 

four whelps ; in no instance more. The mothers licked them clean, and 

then utterly deserted them, but in no instance devoured them. One of the 

finest males I had broke loose, and, leaping a six-feet wall, attempted to 

make off; but being instantly apprised of the fact, I gave him chase with 

greyhounds and horse. I shall mention his peculiar action by and bye, 
and meanwhile shall only observe that, after a run of a mile, we suddenly 

came up with him and found him quite dead ! The violent exertion after 

long confinement, proved too much for him ; he broke his heart. All 
my specimens refused dressed meat, and were fed with raw buffaloe beef. 

Beaides the grown animals, I procured one young one, in March, about 
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a month old. I kept it in the kennel with the other dogs, where i t  lived 

for four months, and then died of diarrhea. This little creature, too 

refused every sort of food but raw meat. As it  grew up, it was suffered to 

go at large, and never attempted to run away. I t  was very f~olicksome, 

and would play, for want of a mate, with its own tail-for, notwithstand- 

ing all its efforts to induce the other dogs to romp with it, one pup only 

out of several would have anything to say to it, and the grown dogs all 

avoided it. I ts  voice when extremely excited was a squeak. At all other 

times it  was silent, aud it never made the least approach to a bark, properly 

so called. When angered, it showed its teeth and applied its tail close 

to the buttocks, in the manner of the domestic dog. When gratified by 

caresses, i t  threw itself on its back, pawed the caresser's feet, and uttered 

its peculiar squeaking notes. I t  distinguished the dogs of its own kennel 

from others, as well as its keeper from strangers, and in its whole conduct 

manifested to the full as much intelligence as any of my Sporting Dogs 

of its age. But i t  was a shy shrinking creature, and rather unmanageable 

on that account, and it would not endure being tied up. When this young 

animal reached me, it had scarcely any taint of the villainous odour proper 
to its race-the consequence of youth merely-for as it grew up the odour 

increased more and more. The whelps, when born, have it  not in the 

slightest degree,males and females,when adult, are equally infected with it. 

The Bticinsd is, in size, midway between the wolf and the jackal, 

being two and a half feet long from the tip of the nose to the insertion 

of the tail ; and twenty-one inches in average height. I t  is a slouching, 

uncompact, long, lank, animal, with all the marks of uncultivation 

about it-best assimilated in its general aspect to the jackal, but with a 

something inexpressibly, but genuinely, canine in its physiognomy. I t  

has a broad flat head, and sharp visage : large erect ears : a chest 

nor broad nor deep ; a shallow compressed barrel somewhat strained a t  the 
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loins ; long, heavy limbs ; broad, spreading, feet; and a very bushy tail of 

moderate length, straight, and carried low. Its colour is deep rusty red 

above, yellowish below. I t  stands rather lower before than behind, with 

the neck in the line of the body, the headunelevated, and the nose pointed 

almost directly forwards ; the fore limbs, straightened ; the hind, stooping ; 

the back, inclined to arch, especially over the croup ; and the tail pen- 

dulous. In  action the tail> is slightly raised, but never so high as the 

horizontal line. Though the B64nsu' be not deficient in speed or power of 

leaping, yet his motions all seem to be heavy, owing to their measured 

uniformity. He runs in a lobbing long canter, is unapt at the double, 

and, upon the whole, is somewhat less agile and speedy than the jackal- 

very much so than the fox. In general aspect there can be no comparison 

instituted between the Bkhti and the fox : but one may illustrate him 

by such acornparison with the jackal. To a rather more full opened eye, 

better placed in the head, and provided with something like a brow, the 

Bdhlrsti chiefly owes his leas sinister and more dog-like expression of 

countenance-the effect being aided by a rather better forehead, and less 

elongated and sharpened face. The Wild Dog's ears are twice aslarge as 

the jackal's; his limbs considerably longer ; and his feet larger and more 

spread out, not to mention the great tufts of Aoccy hair with which their 

soles are provided, and of which we find hardly a trace in the jackal's feet. 

The fur or external covering of the Bkinsii consists of wavy wool, and 

straight harsh hair-in Summer in nearly equal proportions-in Winter, 

two parts of wool to one of hair. The hair is, on the neck, 3 inchee 

long ; on the back, 28 to 2% inches ; and on the tail 4+ to 5 inches. 

On the face, ears, forehead, upper surface of the head, and legs, the hair 

is very short, closely applied to the skin and unmixed with wool. On the 

body in general it is longish, smoothly directed backwards, and rather 

Loosely applied to the skin, by reason of the wool insinuating itself 
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between the interstices of the hair and ascending with it for two-thirds of 

its length. But on the neck and cheeks you have none of the more or less 

composed set of the hair elsewhere, those parts being shaggily dressed in 

hair, the set of which is irregular, but mostly outwards or porrect from 

the skin. The cheeks have in consequence the appearance of being 

whiskered; and the apparent volume of the head is thus greatly increased. 

The hams posteriorly are somewhat feathered; the belly and legs scarcely 

so. The hair generally has a four-fold annulation of colour, from the base 

thus ; whitish, black, deep rusty, black-the first ring being very small-- 

the second and third large and equal-the fourth, small. The visible effect 
of this distribution and proportion of the colours, aided by the reddish blue 

of the wool, is, that the animal appears to be of a full ferruginouu red; the 

two basal rings being invisible and the terminal one scarcely noticeable 

from its smallness-not to mention that it exists only on the dorsal surface, 

and not on the sides ; nor, of course, below, where the colour of the animal 

is and no rings are found. The tail towards its base is ringed 

with pale rusty and blackish-towards its tip the hairs are almost or 

wholly blackish. 

The jackal, which is furred in a very similar manner to the Btidd, 
has his hair likewise ringed in the same way. But owing to the largeness 

of the terminal black ring, and to the very pale tinge of the penultimate 

red one, the general effect is very different. The jackal in consequence 

appears to be pepper and salt coloured with a tawny tinge; whilst, as 
already observed, the BChd shows deep rusty red. Let us now recapitu- 

late the colours of the animal in the ordinary mode of description. Whole 

superior surface, with outsides of ears and of limbs as far as the wrists and 

hocks, deep rusty red, sprinkled with black on the back: whole inferior 

surface, with insides of the ears and limbs, and also the lips and jaws and 

feet, yellowish: .chin darkened and reddish : bridge of the nose brownish : 

terminal half and more of the tail, blackish. Bristles of the lips, cheeks and 
L 3 
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chin, reddish: those abwe the eyes, black: irides, red brown : naked skin 
of the noee and lips and the nails, black : palate and tongue fleshy wliite, 

* with noms catains on the former near the muzzle. Such is tbc male. The 

female ia  rather paler and has hardly a sensible sprinkling of black-tipped 
hairs on her back. She is rather smaller than the male, has her cheeks less 
tufted, her tail less bushy. She has connexion with the male once a year 

only, in the months of November and December, and produce8 her young, 

after (it is presumed-and, for the most part, determined by facts) the 
uoual period of gestation, in January and February. Though she has as 

many as thirteen teats, it would seem that she brings forth no more than 
from two to four whelps ; which are born blind, aud covered with short 
aoft fur of a deep brown colour without any tinge of red. The red hue, 
however, soon begins to develope itself, but does not entirely obliterate 
the brown till after the milk teeth have been cast. ID breeding ouly once 
a year, and in producing a small number of pups, the Wild Dog agrees 
with the PCiritfr, or Chien de rue of India, and with the jackal: whence it 
i s  probable that the double brood and numerous offspring at a birth 
characterising our sporting dogs, are sheer consequencee of their ,being 
pampered and highly and regularly fed.* I shall conclude this account 
of the Bzia'nsti with a separate notice of each of hi8 principal members and 

- 

One of the fancied distinctions between Canis and Lupus, upon which BUFFON founded his 
assertion of specific difference in the two races, was, that the Wolf breeds only once a gear, the Dog 
twice. But so purely is the double brood of th8 domestic Dog the conrequenoe of high and regular 
feeding that the hard-faring Pariar, reclaimed though he be, essentially, yet breeds but oncea 
year. Facts like this ought to make one chary of creating specific difference8 founded on the m- 
nomy of procreation, where the objecte of comparison are not in a purely wild strtc. 

Domestic Dog8 in general have no more than ten teats-and in this p o i ~ t  the Periar agrees 
with tliern. On the other hand, the Btidd lias as many as thirteen teats, a fact which he who is 
inclined to separate the Bii(id from Canis will doubtless insiat on ; see in the sequel, the remarks 
on the dentition of the B&5d. But what do I mean by thirteen, that is by an odd numdrr of teab?  
I mean simply that I have counted them ; and that, proceeding on the same principle of using 
my own eyes instead of the spectacles of books, I have found several birds with an odd number 

of feathers in the tail, independently of accidenu. Yet I never found a hint of the kind in any work 
on Natural Hietory ! 
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organs. But having already described with sufficient particularity the body 

and legs of the BziZinni, I shall confine myself here to the feet, tail and head. 

The feet are large and somewhat spread, peutadactylous before, four- 

toed behind. The fifth toe before is short and elevated, as usual; and at the 
back of the wrists is the ordinary callosity. The nails are strong and trun- 

cated by attrition ; and the soles of the feet are provided with the common 

number of balls or rests. These balls are made, as usual ; but every part 
of the inferior surfaces of the feet beyond the strict confines of the balls . 

themselves, together with the interstices of the digits, is furnished with 

long, soft, loose, hair, projecting beyond the feet in every direction, and 

giving them an appearance of extreme size. I know no domesticated 

dog, but the Kabul greyhound which $ similarly provided : and as both 
live in mountainous countries where their feet are apt to be cut by sharp 

edged stones and rocks, the purpose of these socks or sandals (so to 
speak) is probably to protect the feet from snch injuries; since pro- 

tection from cold can be no object in snch temperate regions. The 
tail is of very moderate length, but extremely thick aud bushy. The 
length is that of the jackal's tail, extending only just belw the heel 
properly so called-the fullness considerably greater than in the jackal, 

but otherwise similar. In  action, the tail is carried subhorizontally ; at 

rest, ~ d u l o u s 1 y  and always straight. 

The head, with its integuments, is moderately elongated, brod, flat 
crowned, and low ; the real breadth of the posterior part much increased 
in apparent size by the quantity and outward set of the hair on the 
cheeks : the face more seemingly than really sharpened-broad and short 
by comparison of that of the jackal-the eye, oblique and nanow, but less 
ro decidedly than in the jackal ; its pupil round : the ears, twice as large 

as in the jackal, broad, erect, subpointed, the posterior margin furnished at  

its base with the ardinary fissure : externdy, covered with soft short hrrir, 
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which prevails likewise all round the edge of the ears within ; rest of the 

internal surface, naked, but protected by long silky hair proceeding from 

the base and anterior margin, and extellding nearly to the tips : cartila- 

ginous part of the nose, longish, somewhat acuminated ; the muzzle and 

nostrils, sharper and smaller than in most tame dogs-blunter and larger 

than in the jackal. If  the face of Bu'a'nsti be characterised justly as 

elongated, with reference to all domestic dogs but greyhounds, this is 

to be attributed to the length of the cartilaginous-not of the bony-part 

. of the nose. 

T h e  skull, or head without its integuments, is such as, with reference 

to the whole of its characters, and especially that most important one the 

ample swell of the parietes, to point out this animal's place in the Second 

Section of CUVIER. 

I t  being admitted that the intelligence of dogs varies exactly as the 

size of the encephalon, the fact that this entirely savage race has the 

brain as finely developed as in the most sensible of our cultivated breeds, 

and milch more so than in the majority of them, offers a curious subject for 

speculation ; the more especially as, so far as I have seen and heard, the 

inference from the size of the cranium is justified by the sagacity of the 

animal. Are, then, all our pains bestowed or vainly or mischievously 

upon this favourite object of our care ? and is nature, after all, too much 

for art ? I confess it seems to me probable that the stern necessities of 

the savage life may more effectually elicit the intelligence of the Dog 

than all our factitious devices. Man, with his peculiar gifts of speech and 

reason, is the true object of education: and it is very possible that, in 

respect to  all other animals, the " noble savage running wild in woods" 

has more sagacity, properly so called, than any tame individual of his 

species, however long and carefully nursed and trained. The nasal bones 

are shorter than in the spaniel-much shorter than in the jackal; and 
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the posterior halves of them, instead of being bent concavely as they 

approach a considerably elevated forehead-as is the case in all domestic 

dogs, are bent convexly, uniting insensibly with the arcuation of a low 

forehead. There is consequently very little transverse dip or depression 

in the fore part of the head: and indeed the entire vertical line of the 

skull approaches, by its pretty uniform and gentle curvature to that of 

the hyaena,-a form of head of which the true type is to be sought in the 

f e l iw:  Frontal bones, lower and flatter than in any domestic dog-rather 

higher and more arched than in the jackal, much more so than in the fox. 

Frontal processes or brows, small, but rather larger and fuller than in the 

jackal or fox. Frontal sinusee, not inconsiderable notwithstanding the 

lowness of the frontal bones; their want of development upwards and 

outwards being compensated by a larger longitudinal range than is usual 

with domestic dogs. The extent of anterior development of the frontal 

sinuses in the Biia'nsti, and their connexion with the nasal cavities and with 
the brain, are, in particular, more striking than in any domestic dog's skull 

I have had an opportunity to examine : and perhaps in these peculiari- 

ties, taken in connexion with the superior elongation of the cartilaginous 

portion of the nose, we may find the true explanation of the Wild Dog's 

superior powers of smell, despite tlie inferior development upon the whole 

of his frontal sinuses, as compared with that of the same sinuses in the 

spaniel. Parietals, as largely developed as in the spaniel. There is 

eomewhat less amplitude anteriorly, near the frontal sinuses : but it is 

compensated by greater enlargement posteriorly and inferiorly. Great 

longitudinal and transverge cristae, medial. Rami of the lower jaw, very 

little bent; and the condyles, consequently, scarcely raised above the line 
of the upper cheek teeth. The upper maxillary bones less compressed, 

and the lower jaws more separated, and the intermaxillary bones more 

widened to the front than in the spaniel ; greatly more so than in the 

jackal. By reason of these peculiarities the incisor teeth stand nearly in 

a line as in the felim, instead of being bent into a segment of a circle, 

M 3 
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as in the canim. Jaws rather shorter than in the spaniel--decidedly so 

than in the jackal : and herein we must, perhaps, look for the explanation 

of that remarkable anomaly in the dental system of the B t i h d ,  viz. the 

absence of the last molar in the lower jaw. 

Upon this point I expect to meet with abundance of scepticism in my 

scientific readers, which I shall only increase by telling them that the 
teeth have in every other material* respect the well known characters. I t  

is the second tubercular behind the great carnivorous tooth that is want- 
ing, all the rest having precisely the ordinary forms and positions. To 

remove as far as I can the doubts I anticipate, I beg to state that I speak 

upon the authority of no less than five skulls-three of old-two of mature 

-and one of a young but fully grown animal ; that the deficiency of the 

lower molar corresponds with the diminished size of the last upper one ; 

that this anomaly is  in harrqony with the somewhat less than usual 

elongation of the jaws, and with the consequent closer than ordinary 

arrangement of the false molara, which stand anteriorly to the carnivorous 

teeth, both with respect to one another, and to the canines. 

\ 

  he' more we see of nature the more are we convinced that iu her 

wheme all generic and other distinctions, established by us, are byeher 

insensibly blended into one harmonious whole. The Blihsti by his teeth, 

his jaws, and the form of his skull along the vertical line, tends to con- 

nect, although with a long interval, the Dogs, through the Hyaena Dogs 

and the Hyaenas, with the Cats. But, i t  will be asked, if the & i i i ~ t i ' s  

The reserve implied by the use of the word material, refers solely to the slight difference 
immediately noticed in the text, viz. the closer set of the molars standing anteriorly to the great 
carnivorous tooth. These molars are, clearly though trivially, nearer to each other; and the fore- 
most of them is nearer to the canine, than in any of the numerous skulls of tame dogs belonging 
to all three of CUVIER'S Sections which now lie before me. A minute examination, tooth by tooth, 
has not enabled me to discover the least diwtinction between the qrdinary canine dentition and that of 

the Biirinsli, with the above exception ; and, of course, that important one which is dwelt on as such. 
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head has any resemblance to that of the Hyaenas, why is not the BGnszi 

. classed under CUVIER'S Third Section of the Dogs distinguished by a 
short muzzle? and why is not this animal separated altogether, by reason 

of his dental system, from the dogs proper, instead of being made their 

archetype? In answer to the first question I would observe that I have ranged 

the .Bzibnsti under the Second Section rather than the Third or First, from 

the preponderant character of the skull, derived from the greater number 

and importance of all those indications which belong to it. I n  reply to 
the second question I would say, much in the same way, that though the 

232icinsh's system of dentition be anomalous, the anomaly is of small im- 

portance in comparison of the whole of those peculiarities of entire form 

and expression, manners and habits which decide him to be a proper Dog: 

and that, assuming him to be such, there seems to be peculiar propriety 

in selecting him, an unquestionably wild animal, to be the prototype of 
his race in preference either to a half reclaimed variety of the Dog, or, to 

the wolf, jackal, or fox,--races, wild indeed, but such as the learned now 

a t  last are agreed with mankind in general in considering as distinct from 

the true Canine race. There are indeed difficlllties lying a t  the bottom of 
this subject, as connected with larger question of the true nature and limits 

of species, which I pretend not to cope with ; but until they are solved I 
deem it natural and philosophical to adopt the specifical differences and 

identities of the world a t  large. The Nipakse universally call the Rid& 
a dog ; and this general impression, derived from a much closer acquaint- 

ance with the natural habits and demeanour of the animal than Europeans 

can ever hope to possess, has, I confess, the greatest weight with me. 

For the rest, and in conclusion, I crave ~ermission to say to the querulous 

objector-si quid novisti &c. or, in a better spirit, let me exhort him to use 

my facts-reject my speculations-and substitute his  owl^; creating, if 

he pleases, a new Sub-division of the Digitigrades characterised by one 
tubercular tooth behind the great carnivorous tooth in the l ~ w e r  jaw. H e  

will find a vacant niche for such a new group between C~VIER 'S  second 
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and Third Sub-divisions ; and he has my full permimion to place the 

Bziinszi therein, provided he will pardon me for having relieved the toil of 

collecting and recording a multitude of facts by some little indulgence in 

the way of speculation upon them. 

Dimensions of the animal. 

Fti In. 
Nape to mmp, ............... 2 51 
Length of the head, .......... 0 84 
Ditto of the tail (end of hair,). . 1 49 
Height, at the shoulder, ...... 1 84 
Ditto at the hip, ............ 1 94 
Depth of the chest, .......... 0 82 

Dimensions of the skull. 

Fi. 
Extreme length, ............ 0 
Extreme breadth (between the 

eygomatic processes,). ..... lo 
Extreme height, ............ 0 
Greatest breadth between the 

......... temporal bones,. 
Symphy sis of intermaxillary 

lo 
bones to posterior points of 0 

..... ...... nasal ditto,. .,. 

Thence to the posterior extre- 

1 
Thence to the coronal suture, 0 

mity of the skull, or end of 
crista occipitalis, ......... 

In. 

7tiT 

4rSs 

w 
w 

3T% 

247 

2& 

Ft. In. 
Lengthoffore-leg, to line of belly, 1 Of 
Ditto of hind ditto ditto ditto,. . 1 3 

.......... Length of the ears, 0 42 
... Snout to fore angle of eye,. 0 34 

Thence to the occiput,. ....... 0 5 
Weight (thin) 30 lbs. 

Ft. In. 
Length of lower jaws from the 

condyle to the sjmphysis of 0 q6 
.......... the jaws in front, 

The  same from the former to the 

1 
posterior edge of the last mo- 0 3& 
lar tooth, ................ 

Length of upper jaw, from sym- 
physis of intermaxillary bones 

I 
to posterior edge of last mo- I 0 3% 

lar tooth, ................ 
Symphysis of intermaxillaries to 

foremost edge of orbits, 
10 23 .... 

Thence to end ofcristaoccipitalis, 0 @ 

N. B. These latter measurements (of the skull) are rectilinear, taken 

with calipers-and not drawn along the curves. 
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A P P E N D I X .  

CANIS AUREUS INDI~US, scarcely differs, as a variety, from the type of Pallas and 

Gnldenstadt : is two feet long and seventeen inches high : the head seven, the tail eleven and 

half, the ears three inches in length : Above, dark or iron gray, with a pale rusty t i n g e  

below, whitish : tip of the tail and a patch on the chin and on either fore arm, blackish: 

weight twenty pounds. Feeds chiefly on carrion, preys by night, is fearless and familiar, 

found every where, seldom abroad by day, does not usually burrow. 

CANI s VULPES ~ N D I C U B ,  new : has some affinity with the Coraac: is twenty-one inches 

long and twelve high: the head five, the tail twelve, and ears three and quarter inches in 

length: Above, pale or ashen gray, with a very pale rusty tinge-below, yellowish; a 

dark line from the eyes to the nostrils: Tail reaching to the sole of the foot, blapk- 

tipped. Remarkable among its congeners for the acuteness of its canine teeth and of its 

nails. Feeds chiefly on insects and vermes, preys by day and by night, constantly abroad 

by day, very familiar, resides in burrows on open dry plains, found all over India, 

excepting the hills. Weight seven to eight pounds. 
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OBSERVATIONS 

ON THE 

V A L L E Y  
AND 

BY SURGEON J. G. GERARD, 
BENOAL NATIVE INFANTRY. 

PART I. 

IT had long been supposed upon theoretical inferences and conclusions, 

deduced from accordant but vague information, that the chain of mountains 

which defines a natural boundary beteen India and Thibet, recognised as 

the HtmbZuya, had a corresponding but less rugged declivity on the north, 

which sinking into a table land, undulated with a downward slope and 
spread out into a plain, and that the whole level of the soil immediately 

assumed an opposite declension to that of India on passing that lofty crest. 

But on crossing various ridges a t  elevations between fifteen and sixteen 

thousand feet in altitude, by the course of rivers which had their' 

origin on the southern slope, the snowy zone was found to be of great 
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breadth, and, instead of an insulated line of peaks, to present consecutive 

ranges, or detached clusters of summits rising in rivalry, and even trans- 

cending the hither precipitous cliffs which appear from our plains in such 

gigantic desolate grandeur. The passes into the interior of the country 

were observed to run upon a higher line of level, and the streams to ramify 
many days journey within the snow-girt region, as the branches of the 

Ganges, Jaonna and Chzinlib, or like the Satlej, to pursue their course through 

the chain, deriving supplies from its northern skirt, and the high land 

at the back of the peaks, or penetrating more remotely, and receiving 

accessions from more inward regions and higher table land, as the rndus. 

In this vast alpine tract, no line has yet been discovered that marks an 

opposite slope to the rivers, nor have we any grounds of inference for the . 
probable limit of that lofty level, of which the Ganges and I d u s ,  with the 

Pmja'b streams, may be considered as defining the southern declivity, and 
the Bmhnmphtra and Oxus the eastern and western slope ; but nothing is 

known or conjectured of a northward or north-eastern boundary, and we 

still remain ignorant of the extent, the altitude, and the nature of the great 

central platform of Asia.* Lake Mlinsarovara may be indeed assumed as the 

highest point of the Indian Peninsula, forming a plane which throws off 

the great rivers from south-east to north-west, and the base of cluster8 of 

peaks insulated between their sources and the northern slope of the 

plateau, of which all our knowledge is still confined to conclusions 

from the upper course of the Sat@ and Indus, where the basins of 

those rivers, and consequently the lowest depression of the soil, have 

been ascertained to rest upon the zone of fifteen thousand feet, and the 

table land, through which they roll, to rise beyond seventeen thousand. 

These are but approximations to the altitude of the broken plains of 

Tartay,  which only serve to prolong conjecture as to the extreme verge of 

the highest lines of level. All the waters from the northward deflexure of 

* Baron HUMBOLDT'B Reeearchee were not known to the author, when this was written. 
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this mass of mountains, from the great KyMs chain and table land on both 

sides of it, running into the grand rivers, which form the Peninsula of 

India, or intersect the Gangetic plain, or tending towards an aspect 

comprehended between the debouchures of the Brahmaptltra and Omcs. 

I n  crossing the remotest accessible points of the snowy barrier, or winding 

round the bases of its detached peaks, we find the declension of the soil 

every, where, towards the hollows which drain off the southern waters, 

marked by innumerable rapid torrents throughout a reticulation of levels, 

, which opening into a common trunk or lateral valley, pour their tribute 

into the great rivers. 

On the north-western frontier of British India, the Sat& is the 

centre of this system of rivers, collecting in its downward course from 

Mansarovara, streams from. the northern skirt of the Himcilaya on one 

side, and the high table land on the other, which, rising in bluff undula- 

tions, terminates in a rival crest (Kylds) which sends its waters to the 

I d u s .  At the deflexion of the Sat@ a t  Shipke, (Chinese Government), 

i t  receivea similar feeders from the high ridge of Paralcissa on tbe'north- 

west, and others from the north, to the limit which turns the declivity of 

the soil towards Ladcfk and the InduP, and on the south the liquified 

snow of lofty mountains which have their corresponding base washed 

by the streams of the Ganges. I n  this area of intersections, the river 

Spiti is the great trunk descending from clusters of peaks a t  the heads of 

the Clrandrbt-ig-a or Chhncib. I t  meanders through an inhabited valley, 

and debouches into the Satlej, a t  the iillage of Namgetc, in Kuntiwer, 

where the stream is elevated eight thousand six hundred feet. Like the 

other Intra Rimalayajr rivers, its slope decreases with the rise of its 

course, opening out from a narrow rock-girt channel to an expanded bed 

of sand and alluvial sediment, and towards its source creeping sluggishly 

round the roots of the cliffs. At  its conflux with the Satlej, it emerges 

from a gorge, or mere fissure, between perpendicular walle of granite rock. 



At the villages of C h g o  and Shicilkar, twenty miles up the stream; 

the banks exhibit horizontal strata of water-worn pebbles, loam, marl, 

and finely attrited sand, with occasional imperfect traces of fossil exuviae 

a t  heights from one to two thousand feet above the river's bed, or eleven 

to twelve thousand above the sea. The channel continues sharp, but is 

here little hampered by  rocks. The mountains of a gravelly structure, 

rising out of the dell on each side to the verge of twenty-two thousand 

feet, are almost bare in summer, the rnargi a1 snow resting close to 1 
their tops in a narrow but well defined belt. At the fortified rock of 

Da'nkar, the bottom of the valley attains its maximum expanse, which is 

here flat, sandy, and intersected by the Y tream : the mountains, forming a 

steep rugged boundary on each side, are indented by water courses, 

which, descending abruptly from the snow, swell the river t o  nearly the 

size of the Satlej. Villages and cultivation are thinly sprinkled along the 

banks. I n  summer, the climate is mild and even sultry, notwithstanding 

the great elevation of the soil, and dense crops of wheat, barley and pease 

ripen in August and September. The winters are proportionally rigorous, 

but the sun's rays are always extremely ardent, and when the ground is 

sheeted in snow the reflected glare is intolerable to the eyes. 

The forks of the river are near the village of Lossur, the last inhabited 

spot in the dell where the stream has an actual elevation approaching 

to thirteen thousand four hundred feet, winding with a slow declivity 

in a broad pebbly bed round the feet of the mountains, here preventing 

an almost mural scarp to their near summits, which are flat or slightly 

inclined, but the ravine continues beyond Losszsr, and receives the 

remotest feeders from the recesses of the Parakissa, which is here the 

limit of the plane, and gives a northward slope to the waters in the origin 

of the Chu'nhb. The valley of Spiti is thus comprehended between 

the heads of that river in latitude about 32, and the Satlej in 31" 45'. 

The course is south east, flanked by snowy mountains on one side and the 

0 3 
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declivity of a hftier chain sloping to the table land of Rdpsliij on the 
other; the more precise boundaries of the district being, the hill-rajship 

of KtiZlli and the Hidlaya south-west, the ~ a i l j  and the British Territory 

of Basdliir (Kancfwer) south-east. Snowy ridges and high tabular land 

to the 1~~ north and north-eaat, and the Pamlrissat mountains with the 

branches of the Chndru Bdga north-west, including an area of about 

ten thousand square miles drained by the Spidi. From the southern 

base of the snowy zone to the valley of the river is a geographical 

distance of fifty miles, and aqequal space in the same line of direction 

(north-east) falls over snowy mountains, belts of table land and ridges, 

which, though only capped with snow, do not yield in elevation. The 

great lines of level continue rising to the I d u s ,  and the land, sloping up 
to the north by successive ranges, at last opens into a continuous plain 

inhabited by Nomade races, who live in black tents, and migratewith their 

flocks in search of pasturage. These are the Huns and Mmgals, whsse 

figures are described as very hideous. All hither to that limit, including 

the upper portion of the Satlej and its ramifications and even the valley of 

the Indus, considered by European geographers as  table land, is but the 

rugged skirt of this great plateau ; a tract of country unseen by the eye of 

civilized man, and almost inaccessible to the natives of any other region. 

The skies are here so arid that little snow falls even in winter and is only 

perennial in the loftiest spots. The section of country made by  the Spidi 

and its tributaries, though cutting the northern base of the Himrllaya, p r e  

sents a singular contrast to its opposite or plainward aspect, not only in 

climate and vegetation, but in the condition and character of its inhabi- 

tants, and in geological structure, the rocks themselves appearing new 

and all the productions of nature different. 

A traveller entering the valley by the sources of the Chd~ra'b and 

Purcslhsa chain on the north-west, and tracing down the rive6 particularly 

remarks the steep and insular form of the cliffs on each side. Where 
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the hollows af stream take their course, they appear like lofty islands 
with their erect bases, planted in the sand, and their almost murat 

aides ending in a flat top on a plane sloping outwards. Near the head of 

the valley these tabular masses are sheeted in snow. In  the descent of 

the river the margiwl rocks terminate in a sharper crest, and sink with 

the level, but the snowy zone upon the north, though more remote, 

preserves a very lofty line, displaying erect peaks with slanting 

summits, like the crest of a wave that has gone by. The structure of the 

rocks 13 generally a packed or scabrous limestone, the stratification of 
which is arrayed in nearly horizontal belts, super-imposed upon each 

other in layers like benches, having their vertical faces to the river, and 

their dip inclined outwards at a very small angle with the horizon, which 

gives their declivity a very regular slope, that sometimes breaks off 

abruptly, but commonly softens into beaps of soil, like the undulations of 

the sea, producing furze pasturage for cattle: but the faces towards the 

river are too steep and rtagged for any species of vegetable covering. The 
entire featuresl of the country are extremely arid, with no natural verdure 

or cultivation, except through the medium of irrigation. The valley is 

but thinly inhabited, owing to the absence of streams for agriculture; 

tbe villages are consequently far detached along the step of the river, 

at a varying level between eleven and fourteen thousand feet; yet 
cultivation which; upon the Indian exposure of the mountains, shrinks 

and ceases beyond nine thousand five hundred feet, here maintains 

its ground and assumes even a deneer character at belts of elevation, 
which often correspond to the marginal limit of the snow upon the 

southern aspect of the mountains, or the line of fifteen thousand feet. 
These cultivable spots occur along the course of adjunct feeders of the 

Spiti, or in open hollows facing to the sun between the marginal rocks 

of the dell and the parent ridge which defines the levels on either 

side. Theee villages, though subjected to night frosts during more 

than three parts of the year, and the keen rigors of a protracted winter, 
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are more densely tenarited than those in the trunk of the river, where the 

patches of soil for cultivation are dry, rocky and baked ; and the fields, 

eaten away by the stream on one side, and hampered by the attrited 

splinters of the cliffs, (which are constantly accumulating,) must in time 

become extinct.  hi's desolating influence, though slow, is irresistible, 

and all th6 villages will eventually disappear under it, and the whole 

shelf of the river be turned into a desert: the very cause which has 

opened the country to the abode of mankind, will overwhelm it, and when 

the mountains, from gradual abrasion, no longer bear any snow, the river 

itself will be dried up. 

The tributary villages, or those not actually in the dell, are planted 

high above and behind the terminal rocks upon a waving slope in the midst 

of a black argillaceous soil, which from its open situation, is permanent. 

The loftiest tenanted spots that have been barometricolly determined, rest 

at  fourteen thousand seven hundred feet, and crops of beardless barley 

extend to the verge of fifteen thousand. Men, animals, and vegetable 

productions succeed better here than in the valley below, all thriving 

profusely in a zone that contracts and terminates every trace of plants in 

the Andes under the Equator ; nor is it a t  all improbable that the interior 

and flatter continuity of the country may nourish a cultivable soil in a 

much loftier region, where increasing aridity and solar reverberation tend 

to a higher limit of the Isothermal lines. At  the extreme altitudes where 

grain ripens in Spiti, the summer temperature, though considerable, is of 

very short duration in an atmosphere where the heat dissipates so rapidly 

that the nights are keel1 even in July ; hoar frost sometimes appearing 

near the fields upon the highlaud and vallies of Rdpshti, where the 

want of water for irrigation baffles all attempts at  agriculture. I t  freezes 

throughout the whole year, and so early as the middle of September, the 

morning temperature was found between 13" and 17", while in the day 

time it reached to 58'. Upon the declivity of the S'iti valley, in the 



early part of October, a t  permanently inhabited spots, the thermometer 

usually pointed between 14" and 16", once 12", in a hollow surrounded 

by dead sand hills, and five thousand feet below the level of the eternal 

snow; thus giving a frightful presage of their winter, against which 

the people are, however, well provided through the Sun's unintercepted 

rays and their comfortable houses, their clothing, and even their food ; but 

fuel is so sparingly procured, that during the day a fire is rarely to be 

seen, though always at command amongst people who, enslaved to tobacco- 

smoking, are individually accoutred with flint and steel, and the furse so 

dry and brittle as to ignite even when growing. 

Animals of every description derive a woolly covering from the 

effects of their arid climate. The yhk, the dog, and even the horse, 

all partake of this provision of nature, but the human race in this 

respect is more defenceless than in other Asiatic countries, being denied 

all beard, while their black bushy heads seem to be insensible to the 

Thermal changes. The Ldmhs or Priesthood are, by their creed, always 

uncovered, and their black hair being thick set and closely cropped, 

give them a frightful appearance, like Banditti. There is a characteristic 

aspect here in every thing, which betrays a foreign influence. From 

the soil to the ~ k i e s  the whole is new to the eye and strange to the 

feelings. I n  animal life, this is peculiarly displayed in the shawl goat, 

the ydk, and a species of sheep ; and to the dryness of the climate more 

than to its rigors is owing the singular physiognomy of the landscape. 

TheTsilky softness of the goat's fleece, and even its existence, depends upon 

the arid air and vegetation ; all attempts to naturalize it even in adja- 

cent tracts, however cold, have failed, and must continue to fail even upon 

a more precise principle than that which regulates the migration of plants, 

for it is not heat but moisture that is here inimical, and both are combined 
immediately on passing the snowy crest towards India. In  their own 

country, their only pasturage is tufts of spiked gramina, so brown as to 

. P 3  
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be scarce distinguishable fiom the surface of the excoriated rocks-for 

when removed from under their native skies to however elevated a region, 

they cease to live. Solitary individuals out of large flocks have, indeed, 

by great care survived a cei-tain period upon the hither side of the 

Himdlqa, and have even reached the plains of India;-but in no country 

apart from their own bleak elevated pastures, can the species be preserved. 

I t  is the same with the ydks and the sheep which have black heads and feet : 

they may be acclimated upon the very border of their native soil, as in Spiti 
or ,Kuna'wer, but the wool degenerates, and the animals tbemsolves out- 

grow their status and proportions. On transplanting them to the southern 

hills where vegetation is rank and verdant, they find no nourishment, droop 

and die; those which survive exchanging their soft fur for one of coarse hair. 

Even in neighbouring districts, beyond the influence of the periodical 

rains, and in a very cold climate, though the animals seem to thrive, the 

fleece of the goat deteriorates, and upon the hitber side of the HimdZuya 
becomes extinct. The deserts of Thibet are their natural soil, where 

they feed upon a prickly stubble or heathy like grass, scarce visible to 

the eye, yet myriads of these beautiful animals checquer the almost bar- 

ren slopes of the mountains to which they seem destined, and it is futile 

to puraue the experiment of acclimating them to European countries, 

which will be found a mere illusory advantage, for even if they survive, i t  
is certain that the third or fourth generation will lose their identity, and 

the fine wool wtirely disappear.* The sheep of the table land have 
an equal peculiarity of habit, and are even more difficult to naturalize. 

* Captain TURNER, who visited Thibet in WARREN HASTINGS' Government, brought down 
several Ydks and Shawl Goats, which were transported to Europe i n  safety, and a Ybk actually lived 
in Mr. HASTINGS' park for several yenrs. Mr. MOORCROFT was equally fortunate in the Goats he car- 
ried away from the Table land near Mhsamara, which also reached England. Those subsequent1 y 
imported into France have indeed survived under the advantages of a route by the Caspian sea, 
through an arid country, and the care of a Physician who expressly attended them, but though the 
animals are considered to be thriving, it remains to be seen whether the fleece will preserve its 
natural softness. 



They are remarkable for siae, and the quality of their wool and flesh, 

and a long and very small black head, with legs and feet of the same 

eolour. - These immense animala are used for the transport of grain, 

salt, tincal, k c .  kc. They pasture upon the leafless plains of C/iliznurd& 

asd the high table land, all along the forks of the Indus, being 
indigenous to the whole of Thibet from the limit of Y a r k d  to the 

east of Lliassa. They come down in vast flocks to Spiti in the autumn 

for grain, but though here in a tract of country arid and desolate t a  the 

last degree, they cannot be reared with any advantage. I n  the deserts 

occupied by the Nomade tribes, b t h  the animal and its fleece reach a 

finer standard, and there the climate' is drier, and vegetable productions 

more scanty. Horses alone undergo the transition from tbeir elevated 

pastures, but they lose the woolly covering that invests the roots of their 

long hair : the wild animal has never been domesticated in any situation. 

Both would appear a priori to have a common origin, yet the circumstance 

of their eluding every attempt to tame b m  when caught, and their uniform 

speckled colour of fawn and white, and their wild agility, demonstrate 

them to be distinct species. 

The inhabitants of Spiti afford even ampler traite of distinction than 

the animals ; a c a m u n i t y  of condition arising from individual penury has 

generated reciprocal ties of social attachment. Though poor in those 
rewources which denote easy existence, there is nevertheless a degree of 

comfort in the necessaries of life amongst the lowest classes unknown to the 

natives of the southward hills, where indolence and insulated habits have 

alienated those feelings of concord which make even poverty agreeable. 

The common repast of the Thabetans consists of a greasy soup, called 

Lappi, and buttered tea: animal food is also naturally abundant in 

a region where pasturing flocks are almost in a state of nature, and in 

every house may be seen the dried carcasses of sheep and y6ks, and skins 
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of fat and butter. They are much addicted to tobacco and fermented 

liquor, and upon the whole the comforts of life are in their kind neither 

sparing nor unsubstantial. Their manners partake of the grossness of 

their food ; no feeling of female delicacy prevails here, and a promiscuous 

familiarity and coarseness in all the habits and decorum of life reign 

everywhere. Their wearing apparel accords with the exigencies of the 

climate and the suddenness of the thermal changes. From the sheep-skin 

tunic to the chintzes and fine silks of Lhassa, which last are the insignia 

of the higher classes, or from the Vazir of the State to the Nomade of 

the desert, there is little in education or manners to denote distinction. 

Authority here, as elsewhere, claims a certain respect; but the only 

courtly deference I observed in my interview with the Khcirpa'n of L d h k  

(and this seemed to be due to me rather than from me) was duringdinner, 

which we eat together in the midst of his greasy attendants, who devoured 

the fragments with voracious appetite, licking their fingers and then their 

plates, which were afterwards lodged within the folds of their woollen 

garments, or between them and the skin. 

Strangers, especially Europeans, arriving amongst them and passing 

rapidly on their way, see nothing in the country or inhabitants to raise a 

favorable impression in their mind. They observe them in black bare- 

headed groupes, timid, squalid, and in rags, and every third person a 

priest; but, however unintelligible their conduct when debating in an 

unknown dialect about supplies, or the propriety of our progress, (both 

of which are doubtful in such a territory,) in their houses we were treated 

with friendship and hospitality, unaccompanied by that savage feeling 

which protects a traveller as a guest, and betrays him beyond the threshold 

of his sanctuary. 

The complexion of the people is darker than might be assumed from 

the influence of so cold a climate, but the solar beams are equally or more 



ardent in an atmosphere, which, by its want of humidity, excoriates to 

brittleness every trace of vegetation, and parches to a ruddy and scabrous 

coarseness the skin of the face, especially in the females. The people of 

both sexes are naturally indifferent to shame, aud alienation of chastity 

in the females is here a mercenary interest purchaseable upon the lowest 

terms. I n  figure they are stout, waddling and dumpy; in address, 

presuming and indecorous, but much of their open familiarity is the 

offspring of immoderate curiosity. In  face they are not beautiful, even 

when young; when past their climacteric, very unseemly ; and when 

old, a picture of horrid ugliness ; not regardless of the aid of artificial 

charms, their hair glistening with rancid oil hangs loosely round their 

sun-burnt necks : sometimes it is woven into tresses which braid the 

contour of the face, but is commoilly unregarded and blows out in the 

wind, giving them a shaggy appearance like wild beasts: their black 

greasy heads are embellished with lapis lazuli; their sun-burnt necks 

with amber and coral, their wrists and ancles with snow white shells, 

and a girdle of beads and other trinkets, all shining in the sun's rays. 

The men, without any superior pretensions, have their peculiarities less 

out of place, but they are black, greasy and imbecile, without any noble 

qualities whatever. Poverty and their insulated situation have denied 

them all pride of distinction, and subdued their feelings to one uniform 

level. Such is their gelleral character, and it will apply to the whole 

nation of I;l'/~ibetan Tartars. The absence of female chastity is a singular 

commentary to their honest and pacific conduct and the other social 

qualities of their natural society. 

The country is every where broken into steep arid peaks, uniform 

sterility covering alike the mountains and the vallies. There are none of 

those fine contrasts of scenery which we behold in the southward regions 

of the Himdzya, where all the beauties and all the horrors of Nature are 

Q 3 
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nfiited together in a single precipice. Cultivation is here solely indebted 

for its existende t~ .irrigation, and this nutritious impulse in ao dry a 

elimate is far more powerful than the spontaneous efforts of the soil, in 

quattms where the ekeet of atmospheric heat and humidity is cambined. 

To the climate, vegetation (such aR it is) owes nothing, but rather succeeds 

in spite of it. The few traced which are sprinkled over the dead sides 

of the ctlffs ehoot out of the rock as if impelled by their own vitality, 
* 

but in the loftier zones, where the soil is better and the solar wamth 

mitigated, there occur npun the slope of the strata extensive tracts of a 

thick set prickly bash, which in appearance resemblm the surface of a 

Highland heath. 

The villages in thd valley itself are planted upon an alluvial slip on 

each side of the river at long distances, and are ihdicated in summer by 

their verdant environs, and in winter by their black appearance in the waete 

of snrrounding snow. The crops of thig region are dense, but have little 
variety. The staple grain is Om Jdo, or beardless barley, peas, turnips, 
and in a few spots PAapra and mdatard, the seed of which last is expressed 

far eil. The fields ate sown in April and Mag, the seasons varying with 

the level, and in the elevated belts by the hollows of tributary streams ; 

where the winter is protracted, the soil is cleared of snow by sprinkling 

black earth over it. 

Notwithstanding the almost perennial night frosts at  those extreme 

limits, and the severity of the climate during the sun's southern declination, 

the crops are even denser here than in the dell below. 

As the cultivation of farinaceous grains chiefly depends upon a cer- 

tain degree and duration of heat (which, in theee regions, is found quite 

euilicient in July and August, without relation to the rigora of the previa 



a s  or subsequent months), it was an oversight which this physical fact 

led to in the inference that the Ow J h ,  or Tartaric barley, might be 

acclimated to the mountains of Northern Europe. The excessive cold that 

reigns a t  the highest cultivable levels of the Intra Hiwralayun regions 

during the greater part of the year, in no way cramps the progress of 

vegetation, since this is effected by the necessary quantity of heat during 

the appropriate season, and which, though perhaps never so considerable 

as in Southern Europe i s  more constant: and the solar rays of this 

parallel of latitude, in so thin and transparent an atmosphere, are infirlitelp 

more powerful; to such an extent, that the difference between their direct 

ardor and the shade is often more than one hundred degrees, and the 

contiguous slopes of the same ridge, within the space of a few hundred 

yard@, present torrents of liquid snow and streams of unthawed ice.* 
These facts, and their effects upon the constitution of men, animals, 

and vegetation, are not properly understood in Europe, or if known, 

are explained upon theoretical assumptions which have no grounds of 

existence in nature. 

The feebleness of the sun's rags in any part of Europe must render the 
mountain acclivities, of even moderate elevations, inimical to the success of 

the Tartaric grains, though the degree of cold there never approximatea 

to that which reigns in the high zones of S ~ t i .  Of this we have analogies 

I t  will scarcely be credited that in the beginning of September, upon the Northern slope of 
the PamllPsda, a t  an elevation of f iben thousand five hundred feet, a thermoeater watiag upon the 

rocks  marked 1 5 8 O ,  while the temperature of the air was 55';-again in the middle of October 
when the Sun's Soithern declination is already great, a t  the ~hine'ee village of hng&iur, elevated 
more than fourteen thousand five hundred feet, the sun's rays absorbed by the sand had a tempera- 
ture of 130°, while the air was 46'. In the end of the anme month, in a valley f l d e d  by lofty 
rocks, but at an elevation of twelve thousand feet, a thermometer stood in my pocket at 105.. 
Wherever we go we find the sun's rays oppressive, and much of our surprise at the high zones of 
inhabitants, and cultivation, cease8 when we become acquainted wi th  these ~ t m c e a  
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oh the Southern or Indian slope of the Himtilaya, where, in a distance 

of only a few miles, and frequently within a few hours' journey on the 

corresponding aspects of the same ridge, we find cultivation checked, 

and altogether extinct on the verge of ten thousand feet, owing to the 

insufficiency of the summer heat at this limit, notwithstanding that the 

winter season here, in respect to mere cold, is far less severe, and the 

mean value of the climate much superior to that of the Intra ElirnliZuyan 
regions where grain is exuberantly cultivated. The climate of Spih', not- 

withstanding the great elevation of the soil, unites the extremes of sultry 

heat and excessive cold ; while the sun's rays are always intolerable, and 

in winter, strike with an ardor proportionate to the keen rigidity of the 

ambient air. At this period, when the country is sheeted with snow, 

exposure scorches the face and inflames the eyes even to the loss of sight, 

the glittering expanse is here made more brilliant by the reflection of 

skies of the deepest azure, even as black as ebony. On the first day of 

November, after a fall of snow, and in a temperature of 25", I was fatigued 

by the sun's rays striking through a thick coat, and while feet and 

legs *ere undergoing a constant transition of thawing and freezing, to 

me at  least the solar heat felt the most distressing, till the road deflecting 

round a bluff angle on the margin of the river brought us into the shade, 

where a bitter cold struck us to the bones, congealing the moisture of 

respiration, and the clothes on our backs and our legs, which in the ford 

of a torrent, came out at  each step stiff with ice. From this time the 
mercury daily pointed near the zero of the scale, once two degrees below 

it, and probably did not rise, and must have fallen many degrees in the 

subsequent four months. What the cold arrives at, when the sun reaches ' 
his southernmost declination, is a conjecture that may be safely hazarded 

at-20" or-25" for the inhabited spots in the valley, and a t  the villages on 

either side of the limit of nearly fifteen thousand feet, it can be little 

above the freezing point of mercury. 



The winters are followed by a degree of warmth equal to the 
summers of the south of England, and a far more powerful sun, but with 

a more variable diurnal temperature. Upon the elevated table land of 

Rhpshh, or at  the tenanted environs of Spiti, whatever be the degree of 

midday heat, it  flies off so rapidly in the thin air, when the sun ceases to 

shine, that the nights of those regions offer an extreme contrast in their 

chilliness, the range of temperature in the twenty-four hours often 

exceeding 40". In insulated elevations this would not amount to 15". 

Towards the end of August, the climate of the middle regions of Spfti had 

a day temperature of 83"; and clouds of dust wheeling along the river 

bed, and sometimes a weak and transitory peal of thunder gave the 

scene a more tropical complexion than would readily be conceived 
possible a t  an elevation between twelve and thirteen thousand feet 

above the sea, and in a parallel of 324" of latitude. At  Dankar, which 
verges upon this last level, my small tent was but a feeble screen against 

the solar rays, the thermometer on the table rising to 1100; but in so 

rarified and elastic a n-iedium this accumulation of heat is very fluc- 

tuating, for, when it rains, the air a t  midsummer is chilled down to a 
degree very uncomfortable to the feelings, and the cliffs in the immediate 

vicinage of the villages are often sprinkled with fresh snow. I n  the 

vallies of Rzlpshti, a t  a mean elevation of sixteen thousand feet, where the 

maximum temperature may be estimated a t  75", it snows occasionally in 
July, and freezes always at  night* ; yet such and even loftier situations 

* MOORCROFT, in traversing this t a c t  a t  midsummer, encountered a Ml of mow, which however 
vanished during the sun's course. M. CSOMA DZ KOROS, the Hungsrian traveller, had a more 
frightful picture of the rigor of the climate in an adjacent tract ZMURar, where, on the day  of the 
summer eoletice, the ground was sheeted with a fresh fall of snow, and in the beginning of September 
the same scene was renewed while the crops were still uncut. MOORCROFT when encamped on the 

- shore of Lake Mansarovara, had his tents covered several inches deep with saow on the 10th of 
August, with frosty nights in July, when approaching the forks of the Induo :-facts of themeelver 
(in so  low a parallel of latitude,) demonstrating vast height, and in connexion with analogour 
observations upon the Isothermal lines in Ihipht i  (if we had not Barometrical levels of the S e a t  
ShrpAd and Behhar, and Captain WEBB'S depression of the river from Niti p a ~ s )  affordiog preeumptivr 
inferences for placing that lake upon the very verge of seventeen thoueand feet. 

a 3 
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are the pasturing regions of innumerable flocks, where i t  is difficult for 

the eye to detect any nutritious vestige.* The marginal limit of the 

snow, which upon the sides of Chimbo~*azo occurs a t  fifteen thousand seven 

hundred feet, is scarcely permanent in Thibet a t  nineteen thousand, and 

upon the southward aspect has no well defined boundary a t  twenty-one 

thousand feet. From an altitude approaching to that line, and which was 

bare of snow, I was in view of a distant chain, the detached peaks of which 

appeared under an elevation of some minutes ; yet a few traces of snow, 

like ribbands, only remained on the last day of August. My own position 

was here a t  the edge of the snow, from which to the bed of the S ' t i ,  a t  a 

perpendicular depth of ten thousand feet, was a continuous bare slope. 

The opposite (northern) declivity was indeed sheeted in snow to the bottom 

of a deep dell, and all beyond me was uniformly white.t I f  the objects 

* A late traveller, M. TEMPLAND, has discovered in the Peruvian Andes similar scenes to those 
in i?h&t, the level of towns and cultivation having there an altitude of between twelve and fourteen 
thousand feet, and the highest inhabited villages and fields rising to nearly sixteen thousand. T h e  
crest of the mountains is proportionally elevated, two peaks having been determined a t  twenty-four 
thousand and twenty-five thousand five hundred feet respectively : the Hirnoilaya are still superior 
in actual height, and greatly surpass the Andes in the medium of a large tract of lofty level, and t h e  
interior regions, which already begin to present a more gigantic display, are wholly unexplored. 

t This spot is upon the northern verge of Kunriwer, conterminoua with the Chinese frontier, 
and immediately above the Hamlet of Changrezing. The extreme ascent was effected upon t h e  
31st of August, the preceding night having been passed a t  an elevation of eighteen thousand feet: 
even here we found ourselves so much exhausted by the rarefaction of the air that every 
movement was a n  exertion. Though the wind had a temperature of 42O, the sun's rays were 80 

harassing as  to force us to screen our faces, and for my own part literally to  envelope myself in a 
blanket.-Somnolency, languor and sickness affected us so much that we lay all day in hollowB 
amongst the rocks, without thinking of our situation or the chilliness of night. We slept in the open 
air under a calm resplendent sky and a temperature of lgO, that of the ground we lay upon being 
14O, yet we did not suffer great inconvenience except when the puffa of cold wind crept in upon us, 
and congealed the moisture of respiration. The  ascent from this spot (short as it was) occupied us 
upwards of three hours, and latterly our progress was beset by debility and wch  a sense of 
suffocation from the partial inflation of the lungs as almost overpowered our utmost efforts to  
move. I do not think we could have ascended much higher at  that time, had it been 
practicable. A t  1 P. M., the Barometer stood a t  14,220 inches in a temperature of 300, 
which computed from cotemporary observations a t  Calcutta, indicates an altitude exceeding 
twenty thousand and four hundred feet, a result which may be  depended upon as being 



I beheld from this lofty station were fifty miles distant (and the eye 

traversed a large tract of intervening country,) the difference between the 

apparent and true level would of itself amount to fifteen hundred feet, 

farther verified by tho observation of several contiguous peaks, whose height had been fixed 
trigonometrically from various lofty positions by my brother, Captain ALEXANDER GERARD. 
One point, in particular, which flanks a pass communicating between Kuncfurrr and Spicf, and 
elevated twenty thousand and five hundred feet, had the smallest appreciable depression, and 
the convexity of the level a t  the distance of my station, absorbed the trifling excess of height in the 
peak. On my north was a detached group of white tops concluded, from the angles they subtended, 
to be twenty-four thousand feet above the sea ; the marginal snow occupying a very narrow belt, 

but  the surface unbroken by a single dark peak. Beyond them appeared the chain of bare peaks 
in a very sharp outline. I took the angles of various points. Some were upon the plane of my own 
level, but generally all were a few minutes higher, and as the view was intercepted by an adjoining 
ridge, I could not ascertain the limits of their height or extent. Their sides were very precipitous, and 
from their reddish and often pale appearance, I concluded their structure to be gravelly or of 
sandstone, of which their configuration gave every sign. Their steep and conical crests seemed t o  
have assumed that form by the wearing away of the surface : some were entirely naked, and where the 
snow rested, it was in patches or stripes in the course of hollows. The ground a t  their base was very 
rugged, and had an apparent elevation of eighteen thousand feet, the rock displayed itself below like 
granite, overtopped by the red formation ; whatever it was, I am the more inclined to this belief from 
the occurrence of vast blocks of granite in a gorge which crossed my ascent, having been disclosed 
by  torrents from the snow; while, a t  my nearest appulae to the summit, the rock was not connected, 
and seemed to run into a secondary series. The extreme tops a t  an estimated altitude of between 
fifteen hundred and two thousand feet higher were perfectly white, and had a bluff contour as  if 

derived from the elements of their etructure. The highest point of the bare ridge appeared a t  the 
verge of interception by the slope of an adjacent mass of mountain which was cut off from my poei- 
tion by a deep dell, but I have no doubt that loftier objects were to be seen, those in view being 
sufficiently indicated to authorize the inference, and being acceesible points as far as physical 
obstacles are concerned, they hold out to adventure a prospect full of interest with relation to the 
structure of such elevated masses, and the observation of the unknown regions beyond them which 
have not even a mark in our mape. The sun's rays were very distressing here, but they seemed to 

be sllowered down with triple ardor upon the chain of conical peaks till they glowed in the effect of 
their desolation like a towering outline of volcanoes, to which impression their form and s p e c t  
bestowed an image of reality. Some very distant snowy peaks glittered in the horizon towards R+dhE, 
but  the great chain lay to my north in passing over that tract was not visible, and as i t  runs 

bebind the bare ridge and is sheeted with eternal snow, its summits must be  vastly elevated. Part of 
the same chain was, however, descried from Parheirl, rising out of the table land in a line of white- 

ness, my own level being here nineteen thousand and five hundred feet, and the intervening country 
between me and the objects a little under it all black :-a still more eastern portion seen from near 

Beklrar, llad an appreciable angle of altitude from a base of eighteen thousand two hundred feet, and 
a t  a vaat distance. 
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but some of the points subtended an angle approaching to half a degree, 

thus arguing an absolute height exceeding twenty-two thousand feet 

free of snow. The outline was very steep and sharp, and the peaks of 

a reddish colour, from a gravelly or sandstone structure, had a most deso- 

late appearance. The contiguous level, though very lofty, was still rugged, 

and where the surface of the country is more even, we may conclude a 

greater altitude for the seat of perennial snow; and i t  would seem from 

the oral accounts of the Ldmds,  that the inward and still distant ranges 

confining upon the Tartaric plateaux, exhibit no snow that rests through- 

out the year, not owing to any depression of the soil, but to the constant 

shining out of the sun; and it is no vague conjecture to entertain that 

tracts of land will one day be discovered, where the abodes of mankind 

and cultivation surpass in height the summits of the Andes, having 

the winters of the Polar regions, without their snow, succeeded by the 

summers of England. 

The peculiar aridity of the Intra Himilayaa regions is a subject 

connected with so many meteorological phenomena, and with so much 

of the conveniences of life, that it seems to open a new field to the philoso- 

pher. Things do not rot in Thibet, but crumble in long ages. There 

are neither moisture nor insects to produce decomposition. Every thing 
desiccates, and, as i t  were, stands fixed : the process of decay is slow, and 

superficial things gradually disappear in dust. Where there are no forest 
trees, timber is of great value, but here it lasts for centuries, and the 

roofs of the houses constructed of an argillaceous earth are actually 

baked by the sun's rays, till they harden like the kankar of the plains. 

Where little rain or snow falls, there are few natural agents of destruc- 

tion, and we see neglected Monasteries yielding slowly to time, each 

winter eating away portions of the walls, while the timbers remain 
1 unchanged. Ruins iu Thibet are the records of far antiquity ; books are 

imperishable, for no insects attack them, and there is every probability 



that literary memorials of the earliest periods may be extant in a climate 

and position alike favorable to their preservation. If  any Antediluvian 
relics of the human skeleton are to be found at all, they are likely to be 

discovered in some part of this elevated platform. 

The hygrometrical state of the air produces more important physical 

effects than either heat or cold, for it gives a new aspect to a country; 

and, in this respect, Spiii may be taken as an index of the physical 

constitution of the vast regions lying beyond the Hima'laya, and its 

consideration will assist to explain some of those anomalies which have 

opened upon us in that hitherto unexplored quarter. 

The traveller in Thibet is struck with the difference in the aspect of 

opposite sides of a ridge having in many places no t  more than twenty 

miles in breadth. The masses of ice resting in hollows of the bare rock 

near which no snow is visible, where the sun's rays are scorching, and the 

temperature of the air is very mild, for though elsewhere i t  would thaw in 
a temperature above 32" it remains permanent here at nearly 50". I have 

seen torrents frozen solid in the beginning of September, where the ambient 

air of the spot kept the thermometer at 57O, and the ice did not appear to 

drop. In the southern hills, in the dry and clear months of November 

and December, it is usual to see water freezing in a temperature of 46", 

at  an elevation of four or five thousand feet 'above the sea, or under a 

barometric pressure of twenty-five to twenty-six inches,-but by increasing 

the density of the air by descending to a lower level it requires a much 

greater degree of cold to produce the same effect, and under circumstances 

of excessive moisture, a thermometer will fall below the freezing point 

and no frost take place. Cotemporaneous observations made between 

various parts of the hills and stations on the neighbouring plain in the 

latitude of 31°, have verified a fact which theory has scarcely indicated, and 

scientific inductions (as far as I am acquainted,) are almost silent upon. 
s 3 
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The different effects produced by various degrees of rarefaction of the 

atmosphere and its relations to moisture are such as make the thermometer 

cease to be a correct measure of temperature, for i t  is not the actual, but the 

sensible quality of it that is so important to philosophical studies. The 

superincumbent atmosphere upon the surface of the Gangetic plains in the 

months of November and February, when the thermometer frequently falls 

below the freezing point without ice being formed, is an instance of cold 

without its due effects, while in the mountains at  a height of seven thousand 

feet, as at Sirnla, a much higher temperature will freeze the soil a foot deep. 

The sensibility of our feelings to those atmospheric influences is but too 

delicate. Let one contrast the damp morning chill of the  plain^ with the 
frigid elasticity, and even ~timulating effect of the mountain air which, 

perhaps ten degrees higher, gives the aspect of an European winter. I n  

one case the air being loaded with moisture, and absorption farther checked 

by its density, a film of ice is only produced by a temperature of 28" or 30". 

In the other, the air is so dry and subtle that it freezes by the effect of 

evaporation more than by mere cold. In the Intra Himalayan regions 

this power is so much augmented by aridity that ice often disappears 

unthawed while snow has been seen to fall when the temperature pointed 

to 47'. In the southward hills the air must be cooled down to 37" before 

this takes place. 

Every person in India is familiar with the peculiarly mouldering 

nature of the rainy season, though the heat is perhaps tempered fifteen or 

twenty degrees. T t  is the moisture which is here the element of struc- 
tural decay and of oppression to our feelings. In  Spiti, yaks are killed 
in the end of September, and hung up to dry when the mid-day air is at 

6 6  or 68". It is the absence of moisture here, that produces the opposite 

state, which is so sharply defined, that all the productions of nature, both 

animal and vegetable, would appear to be an effect of it rather than to owe 

their peculiar form to distant species. To this accelerated vaporization 



is owing the fluctuation in level of the lakes in Tartary, in defiance 

of increasing cold. The lake of Mhmarovara celebrated in H i d u  my- 

thology for givingefflux to several rivers in opposite directions, (a me- 

taphorical figure to indicate the point of their divergence) was not admitted, 

upon MOORCROFT'S assertion, to be land-locked, from ideas of the feeble- 

ness of evaporation a t  that great height then unknown and unsuspected ;* 
and though the lake does appear to have an outlet in the Satlg, 

this does not alter the question in regard to basins (inferior it is 

true to Mdnsarovara, but under similar circumstances) having been 

found wholly inclosed ; and MOORCROFT was right as  to the fact, though 

his reviewers could not reconcile i t  with their preconceived opinions. 

Chamoreril (which is  probably fifty miles in circuit) has no passage 

outward, though i t  is fed by streams which have a broad channel, 

and run with great volume in their season. 7 Evaporation by an atmos- 

phere which from its extreme rarity and dryness, greedily drinks up 

moisture, is here amply sufficient to graduate the marginal limit of those 

lofty reservoirs to the extent of four or five feet, which was the maximum 

* The  table land of Z'hibet was estimated by European theorists, a t  eight thousand feet 
above the sea, though Captain TURXER had shewn the unprecedented rigors of the climate even in 
so low a latitude, and ~ ~ ~ O R C R O P T ' S  Ndrrative had given us a sufficiently friglitful idea of midsummer 
in that country. 

t This lake occurs in Rtipshci a t  an elevation of fifteen thousand feet. I t  is a long s l~eet  of 
blue water wit11 a varying breadth. My route took me by its margin for a whole day's journey, and 
1 encamped a t  its eastern extremity where the shore was of turf. NO water mark appeared above 
five feet, and as I was here in the end of September, that may be considered as the limit of fluctuation, 
a circ~lmstance which was assumed by theorists in regard to Mknsarwara as proving the reverse of 
wllnt Mr. MOORCROFT asserted, or that there must be a drain from the watereof the lake. C h u m w d  
hae likewise no efflux, though several streams pour the liquified snow of the neighbouring mountains 
into its bn4in. Evaporation in tliia dry air is fully sufficient to preserve the balance, and it  is more 
surprising that any water sliould remain a t  all, than that no outward communication should exist. 
T h e  northern n13rgin of tlie lake is hemmed in by a mass of mountain wiiich shoots u p  in a nearly 
mural precipice u f  h r e  rock to a height of twenty thousand feet and upwards. The snow rested 
close to tlie summit, \)tit in vast bodies, having a cliff of several hundred feet, and but fbr its dazzling 
wi~iteness might have been confounded with the rock itself. I t  had ceased to melt. In  winter the 
lake freezes, and reinailis fixed for several months, the snow then accumulates upon the ice and 
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fluctuation that MOORCROFT observed, and I myself have found to prevail. 

The hot winds are even there far less parching than the air of the interior 
Himtilaya in autumn,-wood, books and shoes warping under it. At 

Shipke, upon the verge of the table land, this dryness was quite withering, 

and every thing flexible was converted into a coriacioua hardness, and we 

felt a sensation of intense cold when the thermometer pointed between 

40" and 50°, and, under the influence of a strong wind, the effect of a 

temperature but a few degrees lower was quite benumbing. I n  the British 

territory of Kwcciwer, laying beyond the Himcilaya, all the fruits are dried 

upon the tops of the houses a t  the season of the periodical rains in India. 
Even turnips are preserved in this way. To  this state of the climate 

is owing the superiority and preservation of all the northern fruits of 

Kashmir, Kdbul, and Kandahdr. A circumstance still more surprising 

in this atmospheric vicissitude upon the immediate verge of an Indian sky, 

came under my own observation. The fresh roots of the Rheum palmaturn 

which I dug up from amongst patches of snow a t  the solstice in the 

Hinadlaya ridge, were so brittle in August as to be easily reduced to 

powder, and moist opium received in Kudwer in the middle of July, was 

pulverised to an impalpable fineness in the subsequent month,-thus a t  

the most humid period of the year was effected a process that in India is 

with the return of spring the gelid expanse breaks up with a noise like thunder, and thaws away, 
and torrents from the surrounding high land contribute their accessions and riae the surface to ita 
maximum limit. Evaporation now exerts the combined influence of an ardent sunshine and a dry 
attenuated atmosphere, and by the end of August the lake has sunk to its greatest depression. 
Mdnrarwara is precisely similar, but upon a much larger scale in respect to the volume of its waters, 
its elevation and magnitude of the scenes around it. The wnter is well tasted, which would seem to 
argue some outlet, which the oral accounts of the L&s would.confirm to be that of the Sat@;-as 
to the egress of any other river in such a situation,-it is a supposition bordering so closely upon 8 

physical impossibility that it need not be entertained. The waters of LaRe Chamor& (as might be 
expected from their having no drain) are unfit to drink, though barely differing in taste from that of 
running streams. Another lake, two days journey west of CbmmerfZ, at an elevation of fifteen thou- 
sand five hundred feet, was found very bitter and brackish, and I was surprised to see wells 
of the finest water, in the very midst of the salt marehes : innumerable wild fowl covered the entire 
surface. 



scarcely attainable by any length of time, while in Calcutta opium cannot 

be dried for medical purposes without artificial heat. I n  Europe the 

rhubarb roots, a t  the end of a year, generally require to be baked in an  

oven before they can be pulverized. 

Hygrometrical considerations seem to have been entirely neglected 

by travellers in India. I was fortunate enough in being put in possession 
of KATER'S hygrometer, in the tour I made to the sources of the 

Hypha!is and Chundb, and across the high land of RdpsHti into Spiti, 

which afforded me an opportunity of comparing the state of the air on 

both sides of the Rima'laya, and the degree of humidity that belonged to 

different elevations and situations ; the general conclusions from which 

were, that the atmosphere of the interior regions was more than twice 

as dry as that which rested upon the southern hills;-that the aspect 

of vegetation and the rocks corresponded with the indications of the 
hygrometer, and that the climate of the valley of Spiti a t  an elevation 

of between twelve and thirteen thousand feet, in October, was infinitely 

more arid than that of Subcithu' a t  four thousand feet, in May and 

June, when the wind becomes heated and the country parched up. The 
temperature in the former was between 40" and &";-in the latter 80". 

The minimum of the hygrometer, in a scale that indicated 1,200, as the 

point of saturation was .038,* the barometer being then 19.270, thermometer 

53". For a, succession of days the range varied between .042* and .055* 
for the least, and 170 to 190 the greatest, which last always occurred 

sometime after sunrise-!-. At elevations of nearly fifteen thousand feet, 

the results were not so decisive owing to the presence of clouds in the air 

and to the great difference of temperature, the correction for which I have 

* So written in the MS. ; perhaps intended for 88, 42 and 55. 

t At Subcithac, KATER'S hygrometer seldom fell under 100 in a temperature exceeding 90°.- 
In Spiti, in October, the depression was generally 45 in an atmosphere of 50 degrees. 

T 3 
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never ascertained.-In these last situations the weather was very cold 

and unsettled, the thermometer varying from 14 to 44', with occasional 

sprinklings of snow. Under analogous conditions the dryness of the air 

increases with the elevation. I regret having overlooked the wet bulb 
thermometer which from its principle and simplicity is, without a doubt, . 

the most correct measure of atmospherical humidity : a compensation may 

however be suggested for the effect of the wind in accelerating absorption. 

' 

The face of the country, as far as i t  has been seen, affords a desolate 
view to the botanist, but the field is not so unproductive as i t  looks, and 

vegetation though scanty, will be found to exhibit many new species 'and 

peculiarities. A generic character prevails : most of the plants being 

armed with spicule: furze and spartium form the general clothing of 

the soil. I n  animal nature, the scene is equally fertile in variety: and i n  

geology, there is much to interest inquiry ; and if elevation is an object 

of science, the mountain ranges here offer facilities of ascent, which the 

steepness of the southward Himcilaya, the snow and the cloudy climate, 

entirely oppose. I t  is obvious that angles taken from an altitude of 
twenty-one thousand feet, would be subject to little or no refraction where 
the visual ray passes through so thin a medium. From such a position, the 

highest levels of the country would be accurately indicated, assuming the 

base to be correct, which barometrical observations would sufficiently 
establish. Objects visibleupon the plane of the horizon, at  a distance of one 

geographical degree, would be actually elevated three thousand feet: the 

extreme height of the mountain range would thus be readily determined, 

as the observations would be liable to little discrepancy from atmospheric 

causes. The climate in summer is sufficiently favorable for a stationary 

residence, and at  twenty thousand feet, one would rarely be exposed to a 

severer night temperature than 20°, or during the day, to one of ten 

below 45", very commonly much higher, from the power of the sun's rays. 

Observations might be made on the dimi~lished pressure of the air upon 



the organs of life and matter, evaporation, and many meteorological 

phenomena. 

The hope of new discovery increases the feeling of gratification we 

experience in treading over spots unvisited by man. No precious ores 

have yet come to light, but if analogy is any guide to expectation there 

is nothing against the supposition, that metallic riches may be concealed 

in the lofty masses of the interior, which _in configuration and structure, 

correspond to those that produce them in America. This is not a new 

conjecture, and if they do exist, their site will probably be found in the 

highest zones of the limestone or clay slate. The lenticular particles of 

gold which are daily washed from the sand of the S a t e  and other rivers, 

afford no clue to the solution of the problem, but together with the con- 
formation of the mountains and the fact (orally related) ofiauriferous ores 

having been discovered in Thibet, there is no reason to discard the idea. 

Copper has already been found a t  Stingnam in Kdnhwer and in Spitf ; 

which is here at  least as presumptive of the existence of precious metals 

as galena is of their mines upon the hither side of the Him'Zaya, which 

though discovered, seem doomed to oblivion through the timidity and 

poverty of the chiefs of the soil. 

I t  is to the inner ranges that we must direct research for the gems 

of metallic wealth, and especially where the great lines of level mark the 

highest continuity of the county. There is nothing to expect from the 

primitive formations which shoot up in hard compact mames into the 

peaks recognised from the plains of India  as the Hidlaya .  

I n  the mountains verging on the table land, the rocks are all of the 

order considered as eecondary and of the very class which envelope 

the treasures in the Andes. In  those formations we have in a general 

view horizontal sandstone, wacke clay, and micaceous slate, and varieties 
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of limestone, even down to the transition structure that displays itself 

in caverns, stalactites, kc .  kc .  and contains animal remains and traces 

of plants, being often entirely composed of vegetable matter. The soil 

itself appears in argillaceous earth, beds of gravel, clay, and marle, 

deposits of gypsum, and a cineritious looking rubble, indicating coal or 

plumbago. Though no traces of ore are visible upon the surface, those 

mountains may only differ from the American chain in containing it in 

the loftiest zone, untrodden by man ; but the mineral state of the interior 

has not yet been examined, and neither the scenes of savage beauty 

in some places, nor the grandeur of their barrenness in others, have urged 

adventure to explore scientifically their lofty strata. The fossils of the 

Himdlaya in respect to variety, extent, and elevation, are amongst the most 

curious objects to the naturalist, who sees here the great mass of secondary 

formations, and even portions of the table land itself, rising higher than 

the primeval peaks. This is sufficiently remarkable in the lofty level of 

.Rzipshb between Lad&k and Spfli, and the still higher belt of country 

intersected by the SatZej between the Chinese frontier at  Shipke and lake 

Mansarovara, supported by the Hima'laya on the south, and flanked by the 

great Kylas or Laochi chain washed o,n its nortward base by the Indus, 

beyond which all our knowledge ceases ; but information, and conclusions 

together vague and unprecise as they are, hold out the ground and idea 

of still loftier ranges, the nature and limits of which we cannot even 

conjecture. The eternal snows are there repelled to an incredible height, 

resting partially or entirely vanishing, from the face of the country, very 

little being here precipitated from skies almost bare of clouds. The 
rounder and more lumpy configuration of the mountains and gentler 

undulations of the soil would seem to indicate their structure to be analo- 

gous to that of the regions which have come under observation, and the 

accounts of the Lamas cenfirm the report of calcareous deposits, gravel, 

clayish, or kankar, rubble, and alluvial formations, wherein shells and 

various organic remains, with petrified bones, are found intermixed with 
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decomposed felspar and the fossil exuviae of animal matter. From the 

vast extent of the homogeneous tract, as inferred from the narratives of 

travellers and the productions of distant points of the plateaux, there is  

every probability that the whole country lying a t  the back of the ISlimhZuyta, 

the mountain ridges and plains of the interior from the skirt of Laddk, and 

even the limit of Ttirkistdn to the table land of the Brd~maputra at Teshb 
Ldmpli, abound with fossil relics, the living prototypes of which have 

disappeared from the earth. The grounds of this belief are not comprised 

in the productions of the Spiti valley ; several of the most curious shells 

having been obtained from remote parts of the interior, but not being 

objects of appreciation by the people as the Salagra'naa stones are in 

India, they pass unregarded, or are viewed with superstitious reverence 

as in the case of the fossil bones of the Mammoth, considered to have 

fallen from the clouds. The very few shells which have thus. come to 
light, are chiefly interesting as insulated specimens of the varied resources 

of the country ; being from their unknown situs and position deprived of 

their value to the geologist, though still identifying the continuity of 

character, and pointing out an intimate analogy with the fossil geology of 
opposite regions of the globe. 

The valley of Spiti, though remarkable for the poverty of its soil and 

inhabitants, claims consideration in a physical view, the river rolling over 

a plane, the extremities of which have a difference of level exceeding one 

mile in a distance of one hundred, a fall unindicated by the appearance 

of the stream. The declivity is to the south east, and the course so nearly 

parallel, that with the exceptiou of a single deflection above S h d k a r ,  

a straight line would almost lie within the whole channel, a feature in 

perfect conformity with the homogenous nature of the rocks through 

which it passes ; and wherever an obtrusive formation occurs there the 

velocity of the stream undergoes a change, all the harder or primitive 

rocks which enter into the structure of the channel uniformly hastening 
u 3 
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the slope, giving the river an impetus, which often roughens to a torrent. 

In the secondary or softer strata, the channel is less jogged and the 

surface of the stream smoother, and where the district is limestone, gra- 

velly, or argillmeous, it meanders silently, threading its way in the sandby 

numerous intersections: a corresponding character is imprinted on the 

landscape, the mountains betraying their structure in their configuration. 

The lower region of the dell is very rugged and abrupt, the granite rocks 

on each side at the conflux with the Satlej cut into mural precipices, hang 

like vast gates over the slowly emerging river. The eastern wall of this 

chasm rum up with an unequal slope till it is crowned by the sharp cliffs 

of Parkyzil, bordering upon twenty-three thousand feet, and repelling 

the snow from their arid sides to within three thousand feet of their 

summits.* With the exception of a few miles a t  the embouchure, the 
river upwards, as  far as the village of C h g o ,  is much inclined, appearing 

in a line of whiteness. I n  this neighbourhood, especially at  Slu'alkar, the 
mountains exhibit their sides of rotten argillaceous slate, and at  their 

* Two of the peaks have been found by measurement, respectively, twenty-two t l ~ o u ~ n d  five 
hundred and twenty-two thousand seven hundred, but it  is probable that there are still loftier points 
in the back ground where it abuts upon the table land. The ridge trends along the Spill as far as 
Chango, where it  is deflected to the north east, and softens into vast heaps, being no longer peaked, 
and the granite evidently running into the secondary c l ~  of rocks, and giviog the Muff contour to 
the masses which have a waving gravelly appearance, with a regular slope. Tlieir summits which 
seem to exceed twenty-one thousand feet are forsaken by the snow. Even after a heavy fall in the 
beginning of November which covered the face of the country-those arid mountains presented the 
lightest drapery like hair powder. M y  lofty position above the cottage of Changrezing was upon 
the slope of one of those enormous heaps, and they extended towards the chain of red peaks with 
an ascending elevation. 

In  a notice by Mr. COLGBROOKB in some English publication, upon the comparative results d 
various measurements in the Hiimrileya regions, made by Captains HERBERT and GERARD, Ile remarks 
that the only great difference between the observations of the two Surveyors occurred in the altitude 
of Pmhyul, where this amounted to three thousand feet, which is a mistake eitber on the part of 
Mr. C. or in  the statement of the case. The station upon the slope of Parkyuk at  nineteen thousand 
five hundred feet, being confounded wit11 the crest of the peak which is twenty-two thousand five 
liundred feet, a discrepancy of sufficieht magnitude to lessen the dependence to be placed upon dw 
accuracy of all the results. 



bases we see tumuli of loam like potter's clay protruding through the 

black soil. The eternal snow (summer line) here recedes to nearly twenty 

thousand five hundred feet, on a south western exposure, the bottom of the 

valley being itself ten thousand feet above the sea, but the effect of solar 

radiation in this arid concave m o d i h  a climate, which, in insulated 

elevation would be unproductive of grain, to a brnperature capable of 

rearing consecutive crops in the proper season. 

Upwards from SheeaZkur, the river has a slower acclivity. The 
marginal  rock^ crumbling at  their surfsce terminate in smooth slopes of 

finely comminuted matter, and finally in steep dead sand, which repels 

both vegetation and snow, till near Ddnkar, where the valley d i n g  a 
sharp flexure, resumes its natural direction, deriving a new feature from 

the transition of the rocks which now mark the fossil district, and open 

out at  their base to a flat pebbly expanse of three futlaaga. 

The scene now begins to wear a desolate grandcar; every object is 

arid, the parched and thirsty mil ogases to shew a glimpse of verdure. 

The river winds its course in streamlets through a bed of sand and pebbles. 

The section of the rock being very steep exposes the stratification, which is 

here slightly inclined from the horizon. Ddnkar itself is perched upon a 

projecting ledge of conglomerate limestone, rising out of the valley in 

steep indurated masses, which the erosion of time has filed into slender 

spires and the percolation of snow eaten away at  their bases till they 

present rr gronpe of turrets and ravines almost deceiving the senses by  

the effect of natural agents. These lofty piles have a aompact solidity 

which resists the hammer. Their sides are often scooped into places of 

abode, and the natural excavations are taken posseesion of by monks 

and a vagrant priesthood, who detaching themselves from the rest of 

the world like the Druids of old, are to be seen peeping out from their 

isolated niches. 
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The valley beyond this point presellves a considerable expanse, vary- 
ing with the structure of the mountains, whiah sometimes jut out in hard 

black masses, contracting the river, but the bed continues pebbly and un- 

hampered by rocks. The near cliffs on each side rise to about sixteen 

thousand feet, and are entirely bare, the snow resting at  twenty thousand 

feet upon southern aspects, and except iu hollows, not greatly lower on 

shaded sides. 

At the village of Rangrit, two days journey about Ddnkar, the bason 

of the river has a fine spread, and is here intersected by sandy islets, 

bearing Tamarisk bushes and a turfy vegetation, whereon the flocks feed 
in winter by ~craping through the snow. The country has the same 

arid complexion, and encroaching barrenness alone marks the course of 

the valley, while gleams of the snowy frontier of R6pshti are seen through 

the defiles of torrents, and a sharper sectioii of the mountain8 foretells 
approach to its recesses. The cultivable step is greatest upon the right 

bank, the cliff of which, on both sides, from one to two hundred feet high, 

is worn into pillars like gigantic minarets. Their composition is an aggre- 
gate of gravel, pebbles, or calcareous rubble; the left alluvial sediment of 

the river baked to a rugged hardness by the sun's rays, and tapering into 

cones which are frequently crowned by a flat stone like an entablature; 

their bases eaten away till they fall within the perpendicular, and altoge- 

ther so frail as to appear to the spectator who passes them, tm impending 

danger which hastens on his steps ; yet they stand erect, crumbling only 

at  their surface, and, subsiding imperceptibly to the surrounding level, 

vanish amidst their own ruins, from which others again take their rise, 

and in their slow formation and slower decay, they record long periods of 

time, being the last remains of a bank or entire section that has thus worn 

away. These groupes of tumuli which are often left insulated upon the 

steepest slopes of the mountains, where all around is uniformly smooth 

and bare of vegetation, are viewed with timid curiosity by the traveller, 



who descries them from afar through the loaming air like fortified castles, 

but here man is not his enemy. 

At this point of the valley the river has an actual elevation of twelve 

thousand feet, and the narrow inhabited slip, from two to four hundred feet 

higher, trends on each side with a steep cliff to the stream, backed up by 

the bases of the mountains which here assume a perpendicular form, and 

the gradual erosion of their surface has thrown up heaps of finely attrited 

matter that reaches high upon the sides of the rock no longer visible, and 

in the course of time will overtop the loftiest peaks, and the whole country 

be thus buried in its own dust by a procese of nature, which, however 

slow, is inevitable and irresistible. 

The rise of the level continues beyond Rarap'k, a t  the rate of thirty 

feet a mile; the river winding with a varying expanse and making 

sharper flexures; the rocks of a packed structure assume a bolder and 

more lumpy form, their inward faces steep and scabrous, terminate in flat 

summits, or are deflected in a slanting plane at  a medium height between % 

sixteen and seventeen thousand feet, a limit which is occasionally whiten- 

ed by snow at mid summer. These are but the cheeks of the river, and 

the roots of a parent chain on each side which towers majestically in the 

back ground. The villages of HayE and. Hansi rest a t  an elevation 
between twelve and thirteen thousand feet: here the river is still of con- 

siderable volume, but fordable with some exertion; and a t  Lossur, the 

last inhabited spot, a few miles higher, the stream was found so much 

reduced that I crossed it with ease upon a man's back in the month of 
August, but the width of its bed argued its much greater size a t  an 

antecedent period of the year. Beyond Lossur the river has not beeu 

traced. On coming down upon the village from the heads of the Chudb, 

J found its bed, a t  a spot nearly a mile higher, to have an elevation 

approaching to thirteen thouand five hundred feet, and the slow rise 
w 3  
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4 the river eawarde, ae. shewn by tihe flakaesk ef the ckmd and 

creeping progress of the stream, indicated the forks to be Mill t& some 

distance, and the valley, before i t  breaks into a gorge, to have a vast 

altitude, perhaps nat under seventeen thwsaad feet. The nature of 

the ewntq at Lasur pmtekea of the gene& arid display. The mouo- 
tains are more continuous, and throw out their cli& like a wdl, where 
lneithen snow nor soil. can rest ; their tabula~summita adding a aew featare 

to a mene of calm desolate grandeur. 

h August the orops were still green andl the morning temperature 
at 4%". The village oocupiee a slip of soil at the feet of &a mouetahnq 

and cultivation descends in a slope gradtlafed for itrigation. The pesple 
are even darker here than in the lower and warmer regions, and when the 
graand is coveted with saow the black figures moving into sight  have a 

vary grotanque appearance, as they glide along the sheeted 8Urfaca t70 

which, they firm so sad a oontrast. Mankid here, like piants h other 

dims, groupe t o e h e r  far mu- comfort and protedcm agaidst tbe 
pressure of the olimatR, Lofty as the level of Iimw ie, tbem is  little in 
the laadstape ta betray its p h t i a n  whim viewed in mmmer etnbasomed in 

flouriehing cmpe and berda of &asrlrwlasl goats. Y a k s . a d  homes meet 

the eye upaa the  hi& aoclivities of the mountains, and an  ardent sunshine 

kwps the air loaming fmm the effect of mirage. The S'iti belaolt in i$a 
saaaatk t sandy bason might even b~ ~ o i ~  >as .a stream in the ylaind 

of India. 

I had no opportunity of obtaining p~ecise  infomation about tbe 
remainder of the river, much leas of fohwing i t  up ;  but from the confor- 

mation ofl  the channel and &lure akng the stream, while I stood in ia 
bed, I have no d o n b  that i t  penetrates seremi dayscjsumq b e y d  
bssur, a d  that it f o t m  the base of di~ectlicm to  a pass into adpdzt, 
which by inferences firom another, at a lower poist of the .valley, may be 



concl~ded to be upon the verge of ninehen thousand feet, and, w the 

stlkama from that elevated level still flow by a circuitoue course into ,!ij&l,, 
(hone finding a slope to the Iadzsj) there is  the most presumptive proof far 

the wppoeition of higher ranges in the area included between that  river and 

the.SatZej than has yet been observed in the detached oliffs of the HinurU&ya,. 

which seen from spots little elevated above the sea, in sharp towering 

peaks, impress by their imposing portraiture an idea sf  greater altitude. 

than that which is recognised in the mountains behind them, where this- 

effect is absorbed in the vast elevation of the soil from which they rise, and 

the very lofty posiGon of the spectator who views them. The monntaine 

upon the Tartaric fmntier derive from the elements of their formation a 

rounder eontour, appearing like gigantio sand heaps. We here behold, them 

as it were planted upon a plai11, which is itself more than half their entire 

height. The stream of the rSatlej a t  Shipke has already risen to nearly tenr 

thousand feet, and at Bekluw, thirty miles Farther, i t  approaohes' to6elevenl 

thousand. At the town of Drzhu, under Ni&i pass, and eight daya'jonnrey~ 

from Jlansarouara it verges upon fifteen thousand ; limits which, if in insu- 

lated elevation, would of themselves be considered as v q  lofty, are here 
lost in the continuity of the neighbouring surface, and the highest ridgee. 

are apparently diminutive, and whem the lines of level reach a g r w e r  altir 

tude the inequalities of the eoil become quite insignificant. In the plains 

and vallies of Rdpsirk I found myself surrounded by  black conical hills 

of from three to four thousand feet, mere heaps, yiet they had a positive 

height of twenty thousand, the flat expanse a t  their base being here 

sixteen thousand. Lake Chamoreril, the greatest depression of the soil was 

still fifteen thousand feet above the sea, while Lake Mansarovara, from 

grounded upon barometrical observations made in thecourse of 
the Sat&', appears to be a t  least seventeen thousand. I t  is not surprising 

then that the country of the O&, or Em-dt?s, seemed to MOOR~ROFT to 

be less lofty than the Hi~uilaya, and that even Kylhs, so conspicuous an 

object of reverence a ~ d  superstition, elicited no mark of admiration when 
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seen from a poeition so elevated, that Chimbmolao itself would look like a 
mole hill, and the highest summits of the HinaciZuya cease to appear ma- 

jestic. Subsequent travellers have been equally deceived by the aspect 

of the interior, and though aware of their own elevation, erredprodigiously 
in their co~lclusions on the height of the country. Seeing the mountains 

under a less abrupt form, and only capped with snow produced a convic- 

tion of their depressed altitude, and that the whole surface had a down- 

ward tendency ; a knowledge of the reverse may be now safely hazarded 

even upon the rude approximations which have been obtained. A tra- 
. veller in RGpshz'i finds himself, for days together, upon a level between 

fifteen and seventeen thousand feet, which runs in flat slips, or slightly 

inclined valleys, formed by the intersections of the mountains which 
are crossed at  their depression, between eighteen and nineteen thousand 

feet ; but this broken land already borders upon Ladhk and the I d u s ,  the 

bed of which under Lek, the capital, has probably an elevation exceeding 

eleven thousand feet, yet the country all around was very high, and the 

distant mountains in sight not only uniformly white in a region where 

the perennialsnows rest beyond twenty thousand feet, but this belt was 

very broad, and the aspect was more that of mountains of snow than 

snowy mountains, my own elevation being here eighteen thousand feet ; 

circumstances of themselves arguing vast height and removing at least 

much of the uncertainty and many of the errors which the consideration 

of.auch a subject would involve under the usual elements of the problem.* 

* Barometrical results from their extreme simplicity and facility of observation, have not received 
due estimation in Geometrical operations, while inaccuracy in the instruments or observers have 
justly depreciated their value. I t  will however be found that with the correctness of which they are 
sneceptible, their indications will approximate so closely to Trigonometrical measurements as to 
leave the question of superiority doubtful. I allude here to those Mathematical operations, which, 
by their conditions, exclude every source of error arising from refraction or the determination of 
the base and angles of the triangle : in cases of considerable difference in which the triangulation 
involves long distances, and in instances where two of the angles can only be  observed, barometrical 
conclusions deserve the peference, and in almost all are indispensable adjuncts, and afford satisfac- 
tory verifications, while the moat interesting portion of Phyaical Geography, the lines of level which 
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The idea of other and still loftier r a n p b  beyond those gelid acmes, 

extending along the southern ~ k i r t  of the I n d t ~ s ,  is etrehgthened by the 

informatibn of the goatherds upon the spot ; ,but those observed from a 
barometric level of 15.520, answering to eighteen thousand feet, where the  

regulate climate and vegetation, the  n~rt ions of river courses and the planes of  water communication 
throughout a country admit of no other method. On comparing the  circumstance^ which affect the 
conditions of the respective operations, we shall see that the refractive power of the atmosphere 
involves a source of error of infinitdy greatet extent and uncertainty than the variations in its p a .  
vity which almost alone enter into B~rometrical wlaputations, and can be compensated by the 
medium of a large range of simultaneoue observtrtions. In  cases of small angles a t  great distances 
the uncertainty of refraction must always prevail, and in the various degrees of temperature and 
h m i d i t y  of  the  medium thrnugh which a ray of light pmee from an objeot i n  the Hbn6lcrya 
to tlie eye of an observer upon the plain of India, if the angle is less than lo, the undeter- 
minable quantity might be sufficient to vitiate tlie whole calculation, if this is made with 
reference to  a fixed point, but without assuming tlie extreme limits of error which are liable 
to  result from the defieflion of the visual ray in an atmosphere, wrying In .temperature wi&k 
the pointe of observatione to 70 or 80 degrees, the uncertainty still remains ae to  the quan- 
tity to be  allowed for the intercepted arc, in cases where the three angles of the trianh 
gk canher bs observed, which h l u d e  all the  grand poi& of the chain, and f a  which 
Bliowance there is no precise measure, and a mean from the extremes only reduces the height of an 

object within the limits of a vt-ry considerable space, in many cases exceeding a thousand feet. 
With respect to Barometrical Ireigbts, mucb supetfluous objection lwe been made in regard to the 
variations in the specific gravity of the mercury arieing from natural impurities or adulteration, but  
which are not*itIistandir~g, limited to a mere imaginary cornpaw, from the impossibility of alloying 
the metal to ahy appreciable extent, without rendering it useless for the purpose. These are Ibow- 
ever, detennihable errom, which may be destroyed en t idy .  I n  zhe dry and brilliant regions which 
have disclosed the scenes of gigantic grandeur alluded to, refraction becomes a computable element; 
from stations elevated eighteen and nineteen thousand feet, the angles of the most distant olljects 
wwld  be subject to little derangement from vutiation in the  donaity of the airnosphere a d  
vertical bases which ere generally within our reach, by  their prwimity to each other, would prevent 
the accumulation of error by reducing the interval between the observation of the angle8 to an almost 
cotemporary result; another advantage occurs in Barometrical levele a t  very lorty stations in the 
alight changes of atmospheric density, or a t  least the unifurmity of the fluctuations. I t  is true that 
i t  requires but half the extent of the oscillations in the mercurial column here, to produce the same 
effect (error) ae a t  the level of the sea, but t l~is  is equally appreciable a t  the l~ighest as a t  the lowest 
regions, and the discrepancy (whatever this may be in an altirude of four or five thousand feet, is not 
liable to be augmented in that of eighteen or twenty thousand, a correction for the hygrometric 
state of the air seems  till a desideratum in 13arometrical calculations. Under all tlie circumstances 
of tho measurement when made with accuracy and tlie neceesary compensations, we mey safely 

x 3 
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night temperature was 13" on the 23rd September, had a sufficient angle to 

approximate their altitude to twenty-five thousand feet, and this not in a 

few detached points but a continuous line of peaks, while the paler snows 

which encircled the summits of the most distant, indicated them to be 

still loftier, and without assigning them the extreme height, (in that of 

assign two hundred feet for the maximum limit of error in the greatest altitudes, and a t  the most 
remote distances from the site of cotemporary observations, a quantity not so great as results 
between separate Geometric operations by the same person or between different observers, and even 
lesa than the dilference in the computations of separate individuals from the m e  premisee, and infi- 
nitely less than the limits within which refraction varies in the ordinary state of the air. An appli- 
cation of the argument is found in the Clrcir, 'an insulated mountain ridge, twelve thousand one hun- 
dred and forty-seven feet high, in the hill state of Tirmitr, north of N& and Saha'rrinpw, chosen 
as the grand Trigonometricel station for the survey of the country between the rivers Saw and 

' Jamna, and its altitude fixed by a series of simultaneous observations made under different circurn- ' 
stnnces of seasons and temperature upon its oummit, end Saircircfnpr upon the plain a t  an oblique 
distance of about fifty miles. This being an acceesible spot, all the angles of the triangulation 
were observed and the amount of refraction determined, the greatest accuracy is therefore due to 
the operations. Several years ailer, I visited the spot on the day of the summer solstice, a t  the com- 
mencement of the rainy season, when the difference of temperature between the peak and the plains 
was about fifty Thermometrical degrees and the atmosphere varinble. The Barometers I used were 
constructed by myself upon the spot. The tubes, though under twenty-eight inchen, exhibited a per- 
fect vacuum, the mercury having been boiled within them. The scale waa a fir rod, the horary obser- 
vations were made a t  my camp seventy feet below the summit, and several were taken upon the 
extreme point of the peak, the result of the whole as calculated from simultaneous observations a t  
S U M  the height of which was fixed, came within three feet of that deduced by the most accurate 
operations of trigonometry which is  perhaps proving too much. A subsequent measurement, at an 
interval of some years, and computed from Barometrical observations a t  Calcutta, was witllin a few 
feet of the same result. The uniformity in Barometrical indications proves their accuracy. Far 
loftier spots than the Chrir have been visited a t  different seasons of the year, and with different 
Barometers with the most satisfactory results. The passes in the Hinocihya a t  fifteen and sixteen 
thousand feet, in the midst of eternal snow. Those upon the verge of tile table land a t  elevations 
of eighteen thouaand feet, in a bleak arid country, and etations upon ParRyLI a t  nineteen thousand 
five hundred feet, and the difference in the respective heighte seldom approaclied to one hundred 
feet, though the temperature under which the observations were made sometimes varied forty degrees. 
Upon every consideration then, the Barometrical levels taken in my journey to the skirts of LadriR, 
and at various times upon the frontier of the Chinese territories, may be depended upon as true 
indications, though I have not attempted t o  reduce them t o  measurement, but contented myself 
with general conclusions, in round numbere, a s  more consistent with the nature of the subject. 



a solitary peak,) there is ample room to coilfirm their. rivalry over the 

southward Himblaya.* 

The snowychain, west of the Ganges, is crossed at elevations of between 

fifteen and seventeen thousand feet, and rarely the latter. At the sources 

of the Hyphasis in Ktild, the depression of the Himdlaya, at  the pass of 

Rotang, is as low as thirteen thousand feet, but the northern ramifica- 

tions of the chain are traversed in an ascending series in that of the 
Paralassa and Laitciie, long ridges, respectively sixteen thousand five 

bundred and seventeen thousand feet; a third which formed my nearest 

appulse to Ladhk, was approached by a valley itself elevated sixteen 

thousand feet, and from the steepness of the slope in its winding course 

beyond my position, I concluded the pass in the range to border upon 

eighteen thousand feet. The contiguous peaks, a t  a far higher level, 
were perfectly black in the middle of September,-but before reaching 

Ladbk, another range, the Parang L&, is crossed, which being sheeted ill 

snow, and the passage expressly described as attended with laborious 

respiration, debility, and the usual effects of a highly rarified atmosphere, 

we may infer to be still more lofty.? This chain runs upon the limit of 

the Indus, and is no doubt continuous with the line of cliffs already noticed, 

which appears to stretch away uninterruptedly to the forks of the river 

near Mansarovara. Pursuing the analogy, by going eastward, the passes to 

* This measurement excludes the still loftier limits which have been assigned to Dbwalgiri, 
Chmakfri, and other peaks in the south-eastern quarter of the chain which have not afforded the 
same advantages of verification, and may still be considered as desiderata. A few others have 

indeed been determined at twenty-three and twenty-four thousand feet, but even those detached 
points can scarcely be taken as a measure of the magnitude of the range as compared with the vaster 
continuity of the interior ridges of the table land. 

t There is some uncertainty whether this range of mountainsis crossed by the route I followed, 
but it exists and is represented as a very formidable barrier. My nearest appulse to Leli, the capital, 
appears to have been still five days' journey distant, which allows ample space for the intervention 
of the snowy ridge of Parang Lb 
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8tmg0, Bekhasr, and between d f i r e n t  poinb of the SdtQ, on the tablev 

land, are all beyond eight thoueand feet, and one h m  S k s r a ~ m  in 
Kun&wm, into Spit;, cuts the mountains at an elevation of eighteen thou- 

&and seven hundred feet, while the communiaation with Ruprhii, from 

the valley, is still higher, shewing the barometer at  15.120 on the 30th of 
September a t  noon. This magnificent boundary is of secondary forma- 

tion-if by this is understood roch of stratifled limestone, intermixed and 

alternating with argillaceous slate, masses of hard sandstohe and a coaly 

looking substance. None of the primitive rocks are met with in the 

upper course of the Spiti, but near Shialkar they are conterminous with 

transition formations, where the  stream of Pardti, from the broken land 

on the north, defines their limits in that direction. 

The geological structure of the Spiti district commands a high degree 

of interest from its numerous fossil remains, and the singular elevation 

and magnitude of the scenes which represent them, the mountains in 

many places appearing to be formed entirely of shells, and their e x u v i ~ .  

Specimens of these fossils have been sent by me to Calcutta, wbere no doubt 

they will have been duly appreciated and elucidated by thosemho are more 
conversant than myself with the subject of fossil conchology. Some of the 

fragmenta we* broken from maasea of rock lying at  the foot ofa cliff from 

which they appeared to be detached, a t  a height of 15,000 feet. The cliff 

rose like a wall abruptly from the river, but its eastern aide sloped off from 

a crest of 16,500 feet high, where some ammonites were found. Illness, 

and the languor produced by such an attenuated atmosphere, prevented 

111y taking every advantage of my visit tb this interesting region, and my 

journey was terminated by the limits of the British territory. Just befors 

crossing the boundary of Laddk into Basdhfr, I was gratified by the dis* 
covery of a bed of marine fossil shells resembling oysters, and clinging to 

the rock in a similar manner, but the suspicions of the Chinese prevented 

my bringing away many specimens. The loftiest position at which I 



actually picked up eome of the sbells was on the crest of a pass elevated 

17,000 feet, where also were seen numerous blocks of the calcareo-silicious 

matrix. I was not able to pass more than a single day at this interesting 

spot, but I brought away numerous fragments of the rock. If  the obser- 
vation of shells and mountain strata of organic remains at  such an altitude 

be worthy of attention to the geologist, I am happy in having enjoyed the 

opportunity of verifying the fact--leaving to more experienced hands the 

recognition of the species and the age of the fossils, the classification of 

the strata in which they are imbedded, and the theory of their being raised 

to their present elevation. 

N O T E .  

I t  will be seen by the heading oftlu's paper, that it contains only the " first part" of Dr. GERARD'& 
observations on S ' ,  and treats of the geography, elevation, and climate of the valley; the 
second part, which was to have described more particularly the geological features of the country, 
in illustration of the fossils presented by the author to the Society, has been delayed by Dr. 
GERARD'S journey to the Oxw, and cannot now arrive in time for insertion in the present volume : 
the last paragrsph haa therefore been added from information contained in the author's letters to the 
Society accompanying the specimens. It may also be convenient to,notice here that duplicates of 

many of the shells described in t lx  Rev. R. E V E ~ E ~ T ' s  memorandum, page 107, were sent at  that 
gentleman's request to Mr. SOWERBY, author of the Mineral Conchology," the substance of whose 
reply is here sul~joined, with alteration of the numbers, that they may coincide with the figures of the 
plates of Mr. Everest's paper. 

Iizk4qt jhm Br. J. D. C. rEbroerby'e lPLlGT .& il&. J w  P r k q ,  Sec. Ph. CZ. 

" I had before seen some specimens from the same mountains in the possession of Mr. STOKES 
and Dr. BUCKLAND, among which were several ammonites that are as yet unnamed. The Rev. Mr. 

~ ~ ~ E S T ' S  deductions are correct as far as they relate to the formations the foesib belong to, as will 
be seen by the accompanying list of names, to each of which I have added the formation in which 
that species occurs in England. In the genus Tczebdula there are many species that cannot be 
depended upon as indicating particular formations, because very similar ones are found in eeveral 
beds, and the species me difficult to determine, especially if not quite perfect. The Pdch 

Y 3  
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mentioned as resembling the common acallop (of which no specimen .was sent home) ie probably the 
P. c~p.uiwalvis, which is characteristic of the inferior oolite ; tlie Relit mentioned also niay possibly 
be Ampullaria nobilia wllic11 accompaniee the Cirncs in the lower beds of the mountain limestone of 
England and Ireland." 

5, Camden Terrace, 14th October. 

List of Hinuiluyan Fossil Slrells. 

PI. I, Figs. 2, 9, 5-Ammonites annulatus, anguinus of Schlotheim, Zeiten Versteinerungen Wiir- 
tembergs ;-t. ix. f. 2. Min. Con. tab. ccxxii. fig. 5 is the same shell :-Lise 
formation. The large apecimen is filled with sulphate of barytes. 

1 6 - B h n i f e s  sukahu, Sillot, Miller, (Trans. Geol. Soc., 2d series, vol. 11, pt. I, 
pl. 8, fig. 3, 4, and 5.) Bel. opicicotrus, Blainville's Memoire. Lias, inferior 
oolite. 

15-Aloeolus of a Belemnite, perhaps of B. sulcatus.-Orhcera oonico of Min. 
Con. tab. ix, altliough called an orthocera, is only an alveolw similar to this. 

P1.11, Fig. 19-Aoicula (rather than pecm), new species. 
42, 2S-Spitifer shiatus. (Min. Con. tab. cclxx.) Mountain limestone. 

25-Cast of the interior of tlie same shell. 
2C-Producta scabrieula. (Min. Con. t. Ixix. fig. 1.) This and the Spin@ are in 

a stone strongly resembling some of tlie Transition slate of England. 
26--Ast~rfephnata, var. (Min. Con. tab. cclvii.) Inferior oolite. A variety of 

- this shell is found at Bayeux in Normandy, and is called C r a r ~ n a  modiohk. 
B3-1\Tyct(lo, an unnamed species ; similar fossile occur in the mountain lime and liw 
29-strongly reeembles a portion of some large Znoceramus, but is not perfect enough 

to determine." 

- 
Of tlie other sliells depicted in the plates, there were at that time no duplicatea 

for transmiesion to England. The shells in Plate 111, are for the same reason 
unnamed. 

J. P. 
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ON THE - 

DISCOVERY OF PLATINA IN AVA. 

BY JAMES PRINSEP, F.R.s., Sec. Ph. CZ. 

THE first suspicion of the existence of Platina in the Gold Dust of Ava, 

occurred to Mr. CHARLES LANE, a merchant residing. a t  the Burmese 

capital, Amerapeira, in 1830. That gentleman transmitted through'Major 

BURNEY, the Resident, a small button of the suspected metal, along with 

other minerals, to Mr. GEORGE SWINTON, who presented them to the 

Asiatic Society on the 15th January, 1831. 

A Note on the examination of this button was published by myself in 

the GLEANINGS IN SCIENCE for the following month, in which it was shewn 

that the metallic bead was a fused alloy of platina, gold and iridium, with 

iron, arsenic and lead. I t  had a specific gravity of 17.2, and was fusible 

a t  a forge heat into a round button. At a temperature of 1900" under a 

muffle, it assumed a dull granular spongy texture and a dark black colour, 

without 1oss.of weight. The lead had no doubt been added to render 

the metal fusible: and when once united, there is known to be great 
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difficulty in again separating the metals. Platina cannot be purified by 
cupellation like gold, on account of its infusibility, which causes the alloy 

to solidify before the whole of the lead has been oxidized and driven off. 

Having expressed a desire to obtain some of the native mineral in 

grains, Mr. LANE was SO kind as to send a specimen which he had with 

difficulty procured in the course of the following year : but he was never 
able to send a second supply ; so, being unwilling to consume the whole 

specimen in an analysis, I have contented myself with a rough examina- 

tion of a small portion. 

Before giving the results, however, it may be useful to bring together 
into one view the whole of theobservations of the discoverer, and of Major 

BURNEY, on the locality and mode of extraction of this precious mineral. 

Mr. LANE'S first announcement was expressed in the following terms : 

Mixed with the gold dust, found to the northward of Ava, are a 

quantity of grains of metal, haviug every appearance of iron; they are 

easily corroded, and are also affected by the magnet : by melting these 

grains, and keeping them in fusion, until the metal is no longer observed 

to scorify, the enclosed button of metal is left at the bottom, of the 

crucible. 

This metal, when mixed with gold, is found to increase its brilliancy. 

The King's ear-rings are made of a small quantity of it, mired with pure 

goM ; it is very btittle, and all eur attempts have hitherto failed in making 

it  malleable.' " 

I n  addition to this information, Mr. SWINTON received the .fdUowiw 

particulars from Major BURNEY in Jannary 183%. 
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t6  I find that a good deal of the platina ore is brought from some 

mountain torrents, or small streams, which fall into the Kyendzwen river 

from 'the westward, near a town called Kannee; and i t  is  collected 

in a very curious manner, as Mr. LANE is informed, although he hesitates 

to believe the fact. The horns of a species of wild cow in this country 

called Tsain, perhaps the same as the Nylgno of India, have a velvet coat 

before the animal reaches the age of two or three years : a number of these 

horns are taken and fixed in the beds of the small streams, and a t  the 

close of the rainy season, when the water subsides, a cloth is put down 

over each horn separately ; and the horns, and cloth, a s  well as a portion 

of the sand around them, are taken up together. The horns appear to 

collect around them a good deal of gold dust, which the streams have 

washed down,' and with this dust grains of platina are fouild mixed. 

The Burmese look chiefly for the gold dust, separating and bringing 

that alone generally to Ava ; and although Mr. LANE has often urged the 

men who are engaged in this trade to bring a t  once the whole of what they 

take up with the horns, he has not yet been able to persuade them to do 

eo. These horns sell sometimes for 12 or 13 ticals a piece : deer's horns 

are sometimes used instead of them. 

The Burmese call platina, Sheen-thdn ; much of this ore is also founa 

with the. gold dust collected among the small streams which fall into the 

Irawddi, to the northward, in the direction of Banman.' " 

ANALYSIS.. 

One hundred grains were taken for the determination of the specific 

gravity. They were immersed in water in a small glass tube, for which a 

counterpoise had been previously adjusted, and the air was taken out by 
exhaustion under the receiver of a pneumatic pump. 0.2 grains remained 

floating on the surface of the water, which, on examination with a 
2 2 
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microscope, proved to consist of spinel, augite, silex, and one very minute 

emerald 

The specific gravity of the mixed grains at  75." was 12.17. 

Fifty grains, dried, were then taken for analysis. 

1. From this were separated, under the microscope, 0.5 grains of gold. 

2. The magnet removed also 0.4 of small black grains, eupposed to 

be crystalized magnetic oxide of iron. 

3. The remainder consisted of two portions, which were imperfectly se- 

parated ; A, shining scaly grains of a silver colour ; & B, dark black grains. 

4. The white metallic scales (A) had a specific gravity of 9.10-the 

quantity separated weighed8.5 grains. The black residue (B) weighed 40.6. 

5. The silvery scales (A) were digested in boiling nitric acid, and 

caused a slight disengagement of nitrous fumes. The solution was not 
affected by muriatic acid, and consequently contained no silver; but car- 

bonate of potash threw down a slight flocculent white precipitate, weighing 

less than 0.2 grains, which was not examined. I t  was probably carbonate 
of iron. The scales were then digested twice in boiling nitromuriatic acid, 

which acquired a deep orange colour, but left undissolved a portion of the 

scales and such of the black grains as had not been thoroughly separated . 

from the rest : the weight of this residue was 3.7 grains. 

6. The separated portion of dark grains (B) was also boiled several 

times in concentrated nitromuriatic acid, which took up 16.4 grains, and 

left untouched 24.2 grains, among which were discernible several of the 

shining scales not separated in the first instance. 
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7.  The two nitromuriatic solutions were mixed together and treated 

with muriate of ammonia, which threw down a copious orange precipitate 

of the triple salt of ylatina, weighing 21.9 grains, which are equivalent to 

0.45 of metallic platina, or nearly twenty per cent. 

8. The solutions still retaining their orange red colour were treated 

with carbonate of potash, which precipitated a t  first mere oxide of iron . 

and afterwards a bulky gelatinous precipitate of a light yellow colour, 

which was left unexamined for want of leisure, but which was sup- 

p o ~ e d  to contain a small portion of some earth mixed with carbonate 

of iron. 

9. The undissolved residue of A and B, 27.9 grains, was mixed with 

caustic potash, and heated to redness in a platina crucible, according to the 
formula of WOLLASTON, to rid it of silicious matter which prevents the ready 

solution of the metallic grains. The fused mass was dissolved out of the 

crucible with weak muriatic acid, and was boiled in the same, imparting 

to it a bright yellow colour. The black grains remained in deposit, and 

were but little affected even by repeated boiling in nitromuriatic acid. 

The process was repeated with the same want of success. 21.82 grains of 

a fine heavy blue-black powder remained out of the original 28 grains : 

much of the difference must be attributed to the loss in such an operation 

upon a fine powder ;-a part, however, is accounted for in the earths and 

iron taken up by the muriatic acid. 

10. According to the  experiment^ of R. BINOLEY, Esq., H.M. Assay- 

Master, at  the London Mint, small portions of platina and its companion 

metals in alloy with gold may be separated by the ordinary process for . 
refining gold, or quartation with silver and solution in nitric acid. I there- 

h e  endeavoured to obtain a solution of the refractory metal by uniting i t  

with gold. 
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For this purpose, 2 grains of the black powder were wrapped up in a 

plate of pure gold weighing 20 grains, which was again enclosed in 50 grains 
of pure silver, and the whole fused together in a wind furnace. The bead 

exhibited black specks, as of iron oxide, o'n parts of its surface, but most - 
of the powder had united with the compound metal. 

On lamination and dissolution in the usual way, the nitric acid did 

$lot acquire any peculiar colour, and the gold cornet, when annealed, 

shewed the same spotted appearance as had been remarked in the button : 

it had a weight of 21 grains. On solution of this gold in nitromuriatic 

acid, the liquid took a dirty green colour from the suspension of a very fine 

dark blue powder, which quickly subsided, and had the same appearance 

as at  first. The powder was placed in a Stourbridge clay crucible and 

urged in the heat of a forge until the crucible melted, without reduction of 

the  powder to the metallic state ; and i t  was only upon subjection to, the 

~xihydrogeb flame that it was agglutinated into a bright metallic sponge, 

similar to that of the iridium separated in the analysis of the platinn but- 

ton from Ava, before alluded to. 

From the above imperfect examination, i t  appears that there is a pre- 

dominance of iridium in the Ava platina ore to a much larger extent than in 

the ores from South America or from the Ural mountains. I hope hereafter 

to obtain a more copious supply of the mineral, and then to ascertain the 
presence of oxmium and the other metals which usually accompany pla- 

tina. The present Note has been drawn up solely with a view to certify 

the interesting fact of the existence of platina among the gold washings of 

t,he Ava rivers; and in connection with that fact it may be farther stated, 

&at the platina constitutes 20 per cent. of the cleaned ore, and that i t  

is accompanied with about twice its weight of iridium. The remainder 

appears to be chiefly oxide-iron. 
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E R R A T A .  

Page. Lino. 
n 1 for " communications" read communication." 
28 3 : ~ e r t  " schist" after 'largillaceous." 
28 11 .fir " rocks" read " rock!' 
32 8 (of note) jov " as" read " or." 
33 8 f o r  " on" read " ~n!' 
33 23 24 supply hyphetr between " siliceo" and l1 argillaceous," and dele eomtna. 
33 &st line for  " hornblende slate" rend " hornhlend,,schist." 
35 2 from bottom, for  uayur" read " Bagur. 
35 Iart line f o r  " Serol" read '' Sertii" or " Seroi." 
.39 19 supply " a" before I' quarter of an inch." 
39 24 f o r  L b  on" read " in." 
4 1 2 from bottom, for  " on" read " in" 
42 2 from bottom, for magnesia" read " magnesian." 
44 7 dele hyphen afier I' c lindrical" and supply comma. 
44 8 f o r  " on'' read " in. 9 7  

44 14 f u r  'I on" read "in." 
44 I 8  for " ons' read I' in." 
44 2 from bottom, f b r  " most" read "more." 
45 9 for  "stalk like" read " stalk-like." 
45 18 f o r  " pos~tions" read " portions." 

c 5 0  2 from bottom, for '* diagram below" read " diagram above." Iir t h u  page the 
diagram ought to have been placed itr the pesitimr of  the rketch and vice verra. 

52 I0 f o r  " void" read " avoid." 
(i4 17 f o r  " Baynr" read Bagnr!' 
65 1 for " Shivi" read " Serui." 
63 8 f o r  " furnace" rend " forge." 
67 24 for  " calc: schiste" read " calcscbiste." 
69 5 f o r  " schists" read I' schist!' 
69 22 for  " After" read " after," and rubstitute comma fo r  period before " after." 
7 1 7 j b r  " on" read " in!' 
72 3 from bottom, dele " of" b $ m  " mechanical." 
75 5 f o r  " in the cross fracture read "on the cross fracture." 
77 22 f o r  " its sacred" " read 'I tbia) sacred!' 
79 5 rupply comma between " N .  S .  
8 1 18 dele conrnra nfter graqites." atid supply comma after I' above!' 
83 19 for  "~cl~istoses" read " schistose." 
84 23 dele hyphen between " quartz" and 'I hornblende," and rupply comma. 
87 16 f o r  I' hills" read " beds!' 
108 6 & 13 for  ' Pecteus' read ' Pectens! 
155 4 f o r  "too likely" read " t l~ys  likely!' 
155 16 f o r  " canes" rend " caves. 
1 56 6 for " island'' read islands." 
1 57 2 (note at  hottom)for " now" read " not." 
158 22 .jbr " some here' read "save herc." 
165 2 for  " rising mangrove" read " mangrove rising." 
168 1 1  f w  " County" rend " Country." 
172 last line for '< R large species" read "the!' 
176 two last lines wrong stopped, for  ' with the margins, posteriorly dipped between them, kc.' 

read ' with the margins posteriorly ;-dipped between tliem, kc.' 
130 6 from bottom, after the word within.' add ' the striot: being very faintly marked.' 
130 6 from bottom, rlcle ' muzzle dry'pnd mbetitute ' between the nared a small moist 

muzzle : lips clad arid dry 
31 7 from top. dele the worrl' straight' arrdadd the words flowing free, partially erected.' 
136 8 froru bottom, f o r  feet' read ' fleet.' 
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