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THERE are few parts of India, which offer so many difficulties 

to the scientific traveller, as that elevated tract 
Difficulties of country. 

of mountains which borders the North-west 

of British India,-the North-western Himalaya. Several portions 

of this country, being partly independent or protected states, have 

rarely, if ever, been visited by any European traveller. And such 

visits as have been made have usually been in great haste, for the 

resources of the country do not generally admit of any long stay 

in one place. As a result of these great difficulties, we do not ae 

yet know much of the natural wealth of this portion of the Himalayan 

ranges, although probably more of this, than of the more Eastern 

parts of this great system of mountains. 

It was not until 1851, that the first Geological section across 

Strachey's observations, the Himalaya, based on actual observation and 
1851. research by the able Captain (now Colonel) R. 
Strachey, was published." This was a vast step, and every one inter- 

* Quar. Jour. Gcol. Soc. Lond, vol. VII. p. 202. 
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estecl in IIimalayan Geology must greatly regret, that the author 

has not since found time to make fully known to the public his 
investigations, which, no doubt, have been since 1851-54 conaidera- 

bly extended and corrected. 

The  Geology of the Himalaya had not, however, been altogether 
neglected by previoue travellere. The worka of 

0 ther travellers. 
Moorcroft and Trebeck, of Herbert, Gerard, 

Jacquemont, Thomson, Cunningham and othere, contain aeveral notes 

of much Geological interest. Such notes, however brief they may be, 

will always be of high value, while they are based on unaffected and 

natural obseyvations. Besides these cursory notes, I may also mention 

other papers treating more particularly on that portion of the North- 

western Himalaya, which we are about to describe more fully in t l ~ e  

following pages,-we mean, the Spiti valley. 

Dr. Gerard's " Observations on the Spiti valley" were published in 

the Asiatic Researches (Vol. XVIII pt. 2. p. 238). 
Gerard, 1832. 

This paper contains only a few notes, on the last 

pages, regarding the occurrence of Ammonites in the Spiti valley. 

The  author was apparently not much acquainted with Geology, and 

does not go much into Geological questions. 

Captain Thomas Hutton's " Geological report on the valley of 

Spiti," &c., appeared in the Journal of the Asiatic 
Hutton, 1841. 

Society of Bengal, 1841. p. 198. This report, 

eo far as i t  is based on Capt. Hutton's own observations, and not on the 

authority of others, will, I think, always be found useful by any sub- 

sequent traveller along the same route. Wi th  regard, however, to his 

ideas or theories, we would simply quote the words of the editors of the 

Journal "for the views contained in this paper, the author alone is 

answerable." Indeed, no one who himself feels bound to progress i n  

natural science, could be made answerable for theories such as are luid 

down in this paper, with an assumption of infallibility. 



The Report on the valley of Spiti by Captain W. C. IIay (Journal 

Asiatic Society, Bengal, 1850, '~.  429) contains 
W m .  Hay, 1850. 

n chapter on Geological fortnations (loo. cit. p. 
434,) the observations in which would have been of much greater value 

had the author not been so positive in his identifications of the Spiti 

strata, with known European formations. Such statements, if not 
at  least approximately correct, are very delusive, and prevent the reader 

from drawing his own conclusions, which otherwise he might do from 

any well-observed facts if correctly stated. 

Mr. Wm. Theobald, Junr., published in 1862, Notes on a trip 
from Simla to the Spiti valley," (Jour. Asiat. 

Theobald, 1862. 
Soc., Bengal, 1862. p. 480). This paper does not 

contain any Geological notes. The author, however, mentions that they 

will appear with the examination of the fossils collected, at  some future 

period, and I must state here, t,hat I have had the valuable collections 

brought down in 186 1, by Messrs. Theobald and lbIallet, at  my disposal, 

(with their notes on the district), and this collection added greatly to 

the number of fossils observed during our visit to the Spiti valley. 

I will have occasion several times to refer to this collection. 

The most recently published paper on Himalayan Geology is 

that by Mr. H. B. Med1icott.-u On the structure 
Rlecllicott, 1864. 

and relations of the Southern port,ions of the 

Himalayan ranges between the rivers Ganges and Ravee."* This paper 

will, we hope, be still fresh in the memory of the readers of our merqoirs ; 

its object was to elucidate the Geological structure of the Southern por- 

tion of the North-western Himnlay a, between the rivers men tioned. 

That which has a special interest in connection with our present purpose 

is the part between tlre plains and the Sutlej ; the Geological structure 

of this portion of the hills is represented on the sections given by Mr. 
Medlicott, pp. 18,24, and 32. These three sections give an insight into 
-- - --A - - - - - - - - -. - -. - - -- -- 

" Aleui. Geul. Surv, of Irlcl~a Vol, 111. Pt. 2. 
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the relations of the rocks between the plains on the South, aud thc 

Ha tu  Mountain near Narkanda to the North-east, of S imla  When 

bir. Medlicott's report was published, the contrast between the Geologi- 

cal structure of tho Southern portion of the I-Iimalaya, and that of the 

Northern portion, so far as then known, must have been noticed by 

every reader. It was, therefore, of the higheet interest to ascertain, 

if possible, the connection between these, chiefly metamorphic, rocks of 

the more Southern slopes, and the fossiliferous rocks of Spiti ; which, 

since the time of Gera rd '~  first discoveries, have been several times 

examined. The  stratigrnphical relations of these fossiliferous roclre in 

Spiti had not, however, been successfully traced out ; and even Mr. 

Theobald's and Rlr. Mallet's collections of 1861, gave no sufficient ex- 

planation, showing clearly a mixture of fossils from different formations. 

Such being tlie case, i t  'mas almost unavoidable to repeat the attempt 

to trace out the stratigraphical positions of b ~ e  Spiti rocks. It is the 

object of tllia paper to give the results of this attempt. 

Charged with the reconsideration of t'hese questions, to which 

Stoliczka and Mallet, I have just alluded, I proceeded with my friend 
1864. and colleague on the Geological Survey, Mr. 

F. R. Mallet, in the beginning of J u n e  1864, from Simla to the 

North-east, through Bissahir to the Spiti valley, crossiug the Ehabeh 

Pass. The  rocks in Spiti were submitted to a general examination, 

so far as i t  was possible to accomplish this during the short time of 

our Survey. From Spiti we proceeded across the Parang Pass to 

Rupshu and so through the Para, Tsomoriri and 
Route. 

- the Puga valleys as far as the Indus. After 

two days march along the I n d u ~ ,  we turned near Ronggo, through 

the Hanle valley to Hanle, and returned from this by a different 

route to Spiti, crossing the Tagling Pass. The  Western and North- 

western parts of Spiti were somewhat more carefully examined, 

and we took our way back through Lahoul and Kulu. This route 
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enables us to give a few sections across the country me have ex- 

amined. 

The small outline map (Plate I,) will be found very convenient 

by those who are not versed in Indian or Tibetan 
Map. 

Geography. On this map we have not attempted 

to give any Geological det.ail, indicating nothing more than the limited 

extent of the Jurassic ellipse (see below). The localities of fossils have 

been especially marked. The position of the sections previously pub- 
lished by Mr. H. Medlicott is shewn by a dotted line in the South- 

west corner of the map: that of our own sections is also shewn, and 

our routes are indicated by a broken line. The sectiolls are shown 

on Plate 11. They begin at  the Wangtu Bridge in Bissahir, and may 

be regarded as a continuation of the sections I have already mentioned 

Sections. 
from Mr. Medlicott's pbper ; and taking these 

together the reader will be able to obtain a 

general idea of the Geological structure of this portion of the 

North-western Himalaya. 

The rocks of the Spiti valley will be found treated with some- 

what more detail, and to elucidate the stratigraphy and relations of 

the different formations, we would direct attention to the Section 

Plate 11. Fig. 2, which is taken from South-east to North-west in a 

longitudinal direction through the valley, or in the direction of the 

longer diameter of the Jurassic ellipse. I t  would be, we think, prema- 

ture to give a Geologicd map of the part of the North-west Himalqa, 

which has been examined, until the parts adjoining to the North-west 
and South-east have been visited. The Spiti valley is only a small 

portion of a large secondary baain, the extent of which to the North- 
west and south-east has not yet been traced out. And only when this 

has been done, can a correct idea be formed of the manner, in 

which the different formations have been deposited, and of the 
connection in which they stand to each other. This work is in 
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progrells, and, we would hope, can be accomplished without any great 

delay. 
Besides the stratigraphical and descriptive details of the Geology, 

we have not omitted to give those Pala?ontologi- 
Fossile. 

cal data, which are necessary to dcterrnine the 

age of the different formations, a point which will be found more fully 

diecussed a t  the end of this memoir. A few plates of the newly dis- 

covered fossils have been given. These fossils, however, form only a 

small addition to the large number already known through the re- 

searches of Messrs. H. F. Blanford,* Salter? and 0ppel.r A 
general revision of all known fossils from Spiti has, therefore, been 

attempted, and will be found recorded at  the end of the Geological 

notes regarding each formation separately. 

Before entering on the Geological part of this memoir, we had 

Position of countty bet.ter allude briefly to the Geographical position 
visited. and extent of our sections. The little sketch 

map already alluded to will shew the general position of the district. 

The section given (Fig. 1 Plate 11.) starts from Wangtu Bridge (across 

the Sutlej), about 30 miles Eaet-north-east from Rampur, the capital 

of Bissahir, through the Wangur valley across the Bhabeh or Taree 

Pass to Sungnum at the confluence of the Para$ with the Pin 

river. Thie part of the section runs nearly due Soutli to 'North. I t  

turns at Sungnum a little to the North-east along the left bank 

of the Pin river, until this stream joins the Spiti river a few 

miles above Drangkhar. 11 

* Jpur. Asiat. Soc. Bengd, 1863. 
t " Paloeontology of Niti in the North-West Himalaya," Col. R. Strachey, Calcutta, 

1865. Printed for private distribution only. 
$ Palteontologische Mittheilnngen, 1864. Stnttgart. 
§ Para Kio river on the Atlas of India Maps. Para is the name of the river. Chu. 

means flowing water, the water of a lake stationary ia called tso; tho r iver is celled Para Chu. 
11 Drang means straight or vertical, and Rhar a castle ; the name Danka ea quoted by 

Mr. Theobald (Jour. As. Soc. Beng. 1862, p, 508 ) ie  inndmissible, and is quite unkllown 
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T h e  second Section (Fig. 2 Plate  11.) is intended to illustrate the 

extension of the Jurassic basin in Spiti itself. I t  extends from South 

of the village P o  on the Spiti river, over the high plateau along it8 

left bank, passing near to or over the villages of Drangkhar, Gieumnl, 

Hikkim,* Lon&,* Tshissigaong,* ICibber, Chiklcinl Station, and termi- 

nates a little further to  the North-west beyond the Lagudarsit river. 

T h e  section (Fig. 3 Pla te  11) is talcen from the left bank of 

the Syiti river, a few miles South-west of Kibber, over the Station a t  

Chikkim, the Parang Pass, and along the left bank of the Para 

river in Rupshu; thence through the Tsomoriri and Puga valleys 

as far as Sungdo on the Indus river, a few miles to the West of 

t h e  Mouth of the P u g a  Stream. 

I may here remark, that the sections have been purposely selected 

along the road which we took, or over such places as we visited more 

or less closely during our trip. I n  a country such as this, where i t  

would be  exceedingly difficult to visit the whole extent of the moun- 

tain ranges, and where the greatest care is still necessary in fixing 

Geological facts, it is of essential importance not to go far from the 

basis of actual observation. Besides this, such sections have the addi- 

tional advantages, that  they can be examined by any subsequent 

traveller with much greater ease, than if they had been taken right 

across the hills in one direction, in which case it ~ r o u l d  have been 

nearly impossible to avoid introducing a good deal more of conjectural 

to tbe Spiti people. They say Dangkhar, thed having a peculiar sound, which may be 

expressed in English by addition of an r. 
* Tho topography of the map of the Indian Atlas here requires some correction. The 

village HiRRim is about 4 miles South of the position, it is mal*lred a t  on the map on the 
left bank of the Shila river. The point where Hikkim is marlred oiiglit to be named Longja; 
while on lhe right bank of the Sliila, where Longjn is marked, there does not exist any 
village. About t ~ o  miles West of this point is n little village consisting of only two 
houses, and called Tshissigaong. 

t The inhabitants assured me, that they never heard this name for the rircr before, and 
that it is alwaye called Tagling-chu, and the river North of the Tagling pass, Nashing- 
chu. 
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matter. The  sectiolls are all given on the acale of four miles equal , 

to one inch, and have been taken from a compiled map, partly copied 

from the sheets of the Indian Atlas (No. 47), partly from a tracing 

copy of' the unpublished field maps of the Southern districts of Rupehu, 

for the use of which we are indebted to the courtesy of Captain 

Montgomerie, R. E., who conducted the survey of that country. The  

remainder of the map was completed from Col. Cunningham's publiehecl 

map of Ladak, &c., enlarged for this purpose. 

I n  order to shew the details of structure, the scale for height has 

been enlarged as compared with that for distance : the scale for eleva- 

tions is 5,000 feet to the inch. But  to %void the erroneous idea which 

almost inevitably results from such distorted sections, true outlines 

are also given, the scales for heights and distances being the same. 

The heights given on the Trigonometrical survey maps have been in 

all cases used, all intermediate l~eights have been 
Elevations. 

calculated from observatious with the boiling 

point Thermometer by Mr. F. '. Mallet. 
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I n  describing the different formations, we shall first give n few 

remarks on that portion of Bissahir, which extends Northward from 

Mr. Medlicott's sections, namely, from Narkanda to the Wangtu 

Bridge. There is scarcely anything of novelty to be added here, 

which has not been already noticed in Mr. Medlicott's report. An 
account of the great mass of gneiss, which we consider as the main 

Geological axis of the North-Western Himalaya, will follow. And 

then the several formations in Spiti will be treated of in the order of 

their relative age, and lastly, brief notes will be given of the rocks of 

Rupshu. General discussiona regarding the evidences for the different 

ages of' these formations will conclude our remarks. 

Leaving Mr. bledlicott's sections a t  the Hatu Mountain near 

Narkanda* we pass in an East-north-east 
Desc~iption of Bisnhir. 

direction along the left banks of the Sutlej, from 

the gneiss to a great variety of metamorphic rocks. These consist 

at  first, (before reaching Kotgurh) of quartzose and somewhat chloritic 

mica schists. Beyond Kotgurh to the East, there are first reddish 

mica schists with garnets, to which succeed grey and chloritic schists 

(graue and griiae Sehiefer of Alpine Geologists), and in the valley of 

the Sutlej porphyritic gneiss. A t  Kotgurh, the schists dip with a slight 

angle to the North-east, and immediately above the gneiss, for a very 

short distance to the South-west ; the gneiss itself dipping equally on 

the left bank of the Sutlej to South-west, and on the right bank 

to North and North-east, although a t  only a very slight angle. The 

river Sutlej, therefore, here flows in a denuded anticlinal. 

The porphyritic gneiss extends along the Sutlej to near the 

village of Dathnagur, where i t  is overlaid 
Porphyritic Gneiss. 

by grey mica-schists without garnets, apparent- 

ly quite identical with those East of Kotgurh. The dip, althougll 

* Mem, Geol. Surv, of India. Vol, 111, Pt. 2. p. 32, 
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immediately above the gneise it is to the North-east, very eoon 

changes to South-west, and this latter direction prevails as far as 

the Nagri Stream, which, at its junction with the Sutlej, flows 

also in an anticlinal. On this stream, the rocks are a pure white 

quartz-schist which, to the East, ie overlaid by grey and greenieh 

mica-schist. The white quartz-schists re-appear a ehort distance from 

Rampur, and are again followed by mica-schists. A few miles 

East of Rampur quartzose schists are pre- 
Rampur. 

valent., occasionally with some hornblendic atrata. 

These hornblendic schists pass gradually into micaceous and talcose 

schiste, which latter are of considerable thickness, and extend 

round the village of Gaora. The rocks between 
Gaora and Swahan. 

Gaora and Sarahan are chloritic, micaceous, 

and talcose-schists, often with fine crystals of' Garnet and of Staurotide. 

A t  the last mentioned village (Sarahan) a thin bedded gneiss appears, 

' soon assuming a porphyritic structure. Gneiss, either thin bedded, echis- 

tose or porphyritic, a kind of tourmaline-rock, (small crystals of schorl 

with quartz) and thin bedded and usually much contorted micaceous 

strata are the rocks between Stlrahan and Tranda. From Rampur up to 

near this village, the dip is principally to the North-east. Before reach- 

Trsnda. 
ing Tranda specular iron is often met with in the 

lnicaceous strata, and also large masses of Biotite. 

This mica is of a deep brown color, made up of small laminie, which 

are broken and contorted in all directions, and occasionally traversed 
by small flakes of white hluscovite. The Biotite is very brittle, 

and can be easily pulverized, the Muscovite remains in its little flakes, 
when it has been mixed with the former. Near Tranda, the rocks 

dip to the West-south-weet. 
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CHAPTER 1,- Central Gneiss. 

T o  the East  of the village of Tranda the rocks assume a very 

constant and character, which,-of course within ~ e r t a i n  limits 

of variation,-they retain all the way u p  to  the Bhsbeh or Taree 

pass. A s  this rock is especially well exposed a t  the Wangtu bridge, 

I shall proceed a t  once to  describe its charact.er 
Wangtu bridge. 

a t  this locality, so often mentioned previously 

by Capt. Herbert, Capt. Hutton and other travellers. 

The gneiss a t  Wangtu has a porphyritic structure and can he 

generally described as grani toid gneiss. I n  fact 
Granitic gneiss. 

as the stratification is usually in thick beds or is 

even obliterated, large pieces cannot be distinguished from granite. 

This gneiss consists of a mass of white Albite and white or greyish 

white Quartz in nearly equal proportions, large crystals of white 

Orthoclase and a considerable proportion of' Biotite. This latter 

mineral occurs only in little l a m i n ~ ,  which are broken and contorted in 

every direction, and there is seldom a trace of Muscovite to be detect- 

ed in tohe entire mass." Pinkish Ortlloclase is very rare here, and I 

noticed it only in one place near Paunda. Thia granitoid gneiss 

is traversed by a countless number of veins of' Albite-granite, veins 

of unmeasured length, and from one to twenty feet in thickness. 

The  principal mineral in these veins is a pure white Albite : 

next to it Quartz, IiIica, black Tourmaline, ancl few other minerals. 

All these occur in large crystals, and the structure of the rocks is, 

thererore, eminently n porphyritic one. Col. R. Strachey tells me, that 

these veins of Albite-granite, in the neighbourhood of the Niti-pass, 

enter into the Silurian and even the secondary strata. There can- 

not be the slightest doubt as to their being of subsequent date to the 

gneiss, in which they are truly intrusive. This Albite-granite offers 

* A siuli1a.r s t r ~ ~ c t u ~ e  was observed by Mr. Stur in the mica of the Central Gneiss 
of tha Alps. Jahrb. d. K. Ii. Geol, Reiclis-Auatalt. Vienna. 1856, vol. VII p. 40i. 



a rnre opportu~lity fur etudying the genesis of the different rninerala, 

and with this view I will make some observatone on an interesting 

specirnen of .which the subjoined figure is a representation reduced to 

half the measuremente. 

Schorl 
Quartz 
Muscovite 
Fluorspar 
Albite U 

Supposing the whole mass was fluid a t  a high temperature, the 

Successive formation first mineral which crystallized was undoubted- 
of minerals. ly the ~ u s c o v i t e ,  which is the only Mica here PI 

distinct from the common occurrence of Biotite in the gneiss itself. 

This Muscovite is often traversed and again recemented by all the 

following minerals and is therefore the oldest,. Next to it the Tour- 

maline seems to have consolidated; this is always of the Schorl 

variety, and then the Beryl, Garnet and Fluorspar. All these minerals, 

although not of very common occurrence, have been found broken 

and cemented again by quartz, which surrounds every fragment of 

these minerale, so that there is no doubt as to their existence previously 

to the collsolidation of the quartz. The Schorl is usually crystallized 

in six-sided prisms," of which the shape can be easily recognized 

* Three sided prisms, sometimes of a foot in length, are also not rnre, especially in 
t,he Chnndra vnlley. 
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in Fig. 1. These large crystals seem to have been cracked by the 

quartz mass to a limited depth, to which the quartz penetrated and 

cemented the fragments. This must, however, have -been accom- 

plished without much disturbance, and not in a very fluid mass, so that 

the original form of the Tourmaline crystal was retained. After 

the quartz consolidated and had surrounded the already formed 

minerals, the whole mass seems to have been cemented and filled up by 

the Albite, which itself comes very rarely into contact with the 

Tourmaline or any of the other minerals, except Quartz. 

The successive ages of the different minerals can therefore be 

represented thus :- 
1 2 3 4 

MUSCOVITE. TOURMALINE. Q u n n ~ z .  ALBITE. 
Beryl, 
Fluorspar, 
Gnruet. 

The Schorl is the most prevalent of the accessory minerals. The 

Fluorspar is comparatively rare and generally of a light green colour ; 

the Beryls often attain a large size up to several inches, they are white 

or of a light-blue colour, and very brittle. This seriously interferes wit,h 

their value for ornamental purposes. The Muscovite is found in Llarge 

flakes, white, grey, or oftener brown, and not uncommonly in prisms. 
The Albite forms sometimes nearly one-half of the whole mass, and 

pieces of several maunds in weight are oft,en met with, which consist 

solely of this mineral. 

Proceeding Northward from Wangtu, in the IVangur valley, thc 

gneiss is found to change in character consider- 
Wangnr valley. 

ably in some places, and to become even schistose 

from the large quantity of Biotite. The dip remains constant through- 

out from Wangtu up to the Bhabeh pass, to North and North-east, 

and usually at a high angle, varying from 30' to 80". Beyond and 

near Yungpa, blue ICyanite is very coinmon in the gneiss, occurring 

with Garnets. I have not obscrveci thc Icyanite in thc veins 01' t.hc 

~ l l l i t e  granite ituelf', but Col. Strachey states that, at Niti, it does 
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occur in the veim*. The  gneiss extends to the North up to a few miles 

Soutli of the Bhabeh paas. It was, however, impossible to see the exact 

junction, as the wl~ole country was still sheeted in snow, whcn we were 

there (23rd June). 

Further to the North-west, we traced the boundary of the gneiss 

and of the overlying Silurian rocks, about six miles 
Kunzum-pass. 

in  a straight liue, South of the Kunzum paes, on a 

stream North of the Shigri glacier. From here the gneiss extenda 

to the West  as far as the Hamta pass, where it is overlaid by more 

schistose strata. The  character of the rock in this section is exactly 

tb same as described a t  Wangtu, only that the appearance of strati- 

fication is usually more obliterated. The  characteristic veins of Albite 

aranite occur here also : they are more frequent in the Southern 
b 

portion of the gneiss, which is alao the case in the Wangtu 

section. 
I have described this gneiss under the title of Central Gneiss, as 

I believe i t  to be the principal Geological axis of 
Central Gneiss. 

the North-western Himalaya I cannot say any- 

thing about its eastern or western extension, but the deecription' seems 

to apply as well to  those parts of Kumaon and Gurhwal, which have 

been exainined by Col. Strac.hey. 

This Central gneiss is overlaid to ihe North by a tolerably regular 

, Metamorphic rocks, series of pali~ozoic and of secondary deposits. 
&c. T o  the South follows another great series of 

metamorphic rocks, gneiss, mica and chloritic schists, and slates of all 

descript.ions. The  southern gneiss is often found interstratified ~ v i t ~ h  

mica-schists, and still Inore frequently occupying the tops of hills or 

ranges of hills, being regularly underlaid by metamorphic schists or 

slates. This latter p e i s s  has, geologically speaking, nothing to do with 

that called above Central gneiss, although i t  is often very similar in 

structure. My experience, as to the southern flanks of the Himalaya is 

* Quar, Jowr, Geol. Soc. Lond, 1851, rol. VII, p. 302. 
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very limited, and I therefore leave this point now, hoping that a closer 

examination may soon enable me to discuss i t  more fully. The 

Isolated points of occurrence of Central gneiss in isolated places 
Central Gneise South and North of the central ranges, which I 
have partly indicated, is of very high interest. I would point to the 

Chor Mountain, East  of Simla, as an example of 
at the Chor, 

i ts  occurrence to  the South. And to the North 

of the central chain I have to mention the gneiss on t'he left bank of 

the Para river near Changrizing and MTest of Chango. This is a great 

mass of gneiss. with all the characters of the 
and Changrizing. 

0 

Central gneiss. Occasional layers of n hornblep- 

dic or chloritic and quartzose schist give the rock locally a slightly dif- 

ferent appearance. I am, however, unable a t  present to say, in what 

way these outlying or sporadic masses are connected wit11 the main 

axis. 

CHAPTER 11.-Palaoroic formations in Spiti. 

The.  Palaeozoic rocks form the Soutllern and Western boundary 

of' Spiti, and are the principal rocks in the South-eastern part 

of the valley. Silurian and carboniferous roclts are repre- 

sented. 

Before entering into a general description of the palzozoic rocks, 

Two in I must remark, that we have to distinguish in 
each group. each of the formations two local series, a Southern 

and an Eastern one. The  first contains the deposits a l o ~ g  the main 

axis of the Central gneiss ; and the ot,her, in the South-eastern por- 

tion of the Spiti valley, resting against a lateral extension of the 

Central gneiss extending to the North-east. The  rocks in this second 
series are only little different, but always more highly altered than 

the others. There is no doubt that  the two seriea are connected 

with each other a little to South-east of the Spiti valley, which 

part has not been surveyed ye t ;  however, as i t  is unknown irr 
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what way they are connected, I prefer to treat eac11 separately, 

specially with a view to the convenience of any fixture examination. 

4 1 .-Silurian-Bltnbelt Series. 

1. Section South  of Muth.-In the Section (Fig. I. P1. 11.) we see 

the Silurian rocks overlying the gneiss a t  an angle of between 30" and 

50°, and dipping to  the North-east by north, while the strata of the 

gneiss dip a t  a much higher angle. I have already remarked, that to 

our  great regret the climatal conditions did not allow of our seeing 

and examining the actual junction of the Silurian rocks mith the 

gneiss, all being covered mith enom ; but  the boundary, as indicated 

on the section, is certainly correct within the limit's of half a 

mile. 

fa ) .  The lowest beds, which we have examined above the gneiss, 

were on the right bank of the TVangur river, about 
Lowest beds. 

three miles South-east of the Bhabeh pass. They 
were blueish grey slates and similarly coloured sandstones. Some of the 

strata of the slates were sillry and highly micaceous, the sandstones 

often greenish and more or lees siliceous. Al! the rocks (so far as 

visible) on the way of the Bhabeh pass were quite the same, and they 

continued also for some distance on the n~r t~ l ie rn  

side of the pass, being somewhat more than 

3,000 feet thick. Not a trace of any fossil has been observed in these 

rocks, and in my field notes, I considered them as corresponding t,o 

those strata, which Col. Strachey mentions in Icumaon as azoic.* 

Although we cannot insist much on the results of so cursory an ex- 

amination as ours, still the occurrence of small particles of a blueish 

m d  reddis l~ t  slate in the next beds higher in the series is certainly 

* Quar. Jour. Geol. Soc. Lond. 1851. Vol. VII, 1'1. XYII. 
t Wc have not eecn any slates of this coloor in sits.  

C 



not opposed to the idea, that tlris lower series may, on future 

examination, be conveniently separated as distinct from t.lle other 

beds. 

(b).  A f5w miles North of the pass, t,he colour of tlle rocks changes 
sl*adually to whitish or p'inkisli. The strata are b 

North of Bhabeli. 
partly s grey st'rongly siliceous santlstone, with 

occasional calcareous beds, and partly a white or pinliish dotted 

quart.2 rock. Blocks of the calcareous beds are often met with of' s 

cavernous structure, the limestoile having been at first changed to 

magnesian limestone-dolomitic limestone or dolomite-and afterwards 

again tlecomposed in part. T h e  name ' Rauchwake' is often used for 

this kind of decomposed limestone. These rocks, chiefly siliceous, 

extend to about two miles North of the camp Balair; a t  this place, 

although generally regularly and conformably bedded, they are 

greatly contorted. Fossils were first not>iced about five miles North 

of the Bhabel~  pass in the siliceous and carbonaceous sandstone. They 

consisted of some very poor impressions of Brachiopoda, apparently 

an Orthis, bu t  not sufficient to determine even the genus con- 

fidentJy. 

( c ) .  Leaving Balair we come soon again upon greenish and blueish 

sandstones, sometimes highly micaceous, often 
North of Balais. 

t.hinly laminated, or more coarsely bedded, and 

occasionally with some calcareous and slaty beds interstratified. I n  

these latter beds some ilnpressions of Brachiopoda have also been 

noticed, but  not in a better state of preservation than those just 

mentioned. This third series of beds extend to within about three 

miles to the South of Muth, the first village on this road to Spiti. 

Next, South of Muth, the Silurian rocks are overlaid by a purple 

quartzite or quartzose conglomerate ; both will be mentioned 

hereafter. 
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2. Sections itz East S'piti.-I have already remarked [p. 16.) that a 

portion of Central gneiss appears in the most eastern part of the 

Spiti valley, on the left banlc of the Para river. T h e  gneiw ie here 

overlaid by dark thin-bedded slates and eandatoncs. These elatea 

dip to the North-east or nearly eo toward3 tho 
East 6piti. 

gneias, although they are in some placee on the 

banks of the Para river distinctly eeen to overlie this rock. My opi- 

nion, formed on the epot, W ~ R  that some denudation must have taken 

place further to North or North-East, and that in consequenoe of' 

this all the roclcs assumed a slight north-easterly dip. This is, ot 

course, merely a supposition, requiring further investigation and 

proof'. 

Near the village of ICuri I observed a great number of fossils 

Near Iiuri ; Brachiopo- 
(Brachiopoda) in the sandstone, but all these 

da. were only visible in sections on the weathered 

surfaces of the rock. Nothing distinct could possibly be made o u t ;  

when a piecc of the roclr was brokci~ off, no trace of the fossils could 

be noticed. Opposite Shalkhar, I often noticed in the slates Crinoicl 

remains, which seem to belong to the rootlets of 
Shalkhar : Crinoids. 

Marincrinzts or some allied genue. Above Shal- 

khar, the slates partly alternate with a greenish quartzose sandstone, 

and towards the top of the Kyagnr pass there is a considerable thick- 

ness of blueisli and whitish qurtrtzites. 

Following the scction from the Para river to the West along the 

left Lank of the Spiti, we see the slates, above the confluence of the 

two streams, overla.id by a kind of' shales, which here rise up to the 

top of the hills, and which have a still greater t.hickness further on to 

the West. From the right bank of the Ghiu stream the road lend3 

over quartzose schists, i n  part highly metamorphic. They are generally 

of R light grey or jellowish colour, either l~urely q~~al.t,zooe, or alter- 

nirting with grcy silky bcds, which exhibit on t l ~ c  flakes a very fine 

parallel foliation : both arc  talcosc and thinly bedde~l.  The strata are 



either horizontal or dip with a very slight angle to North ?OQ Enst. 

Further  on towards the campinpground at Hiuling the strata dip for s 

short distance to  the West ;  and the whole series of these quartzose 

schists seemtJ to have been therefore upheaved in the fbrm of a dome. 

A t  Hiuling itself bed8 of' impure yellowisll lime- 
Hiuling. 

stone are  not uncommon, and in proceeding to 
the West a darkish quartzose sandstone coarsely stratified is found 

to overlay them. A vast thickness of dark brown crumbling and 

splintery shales, alternating with greenish sandstones and light coloured 

quartzites succeeds, extending all the way from Hiuling up  to beyond 

the village Po. They dip on this side of the river to North-by-east, 

and on the right bank chiefly to the West.  W e  did not notice ally 

fossils in these rocks, and as they very much resemble, in their minera- 

logical character, undoubted carboniferous strata, any separation from 

these is by no mean8 certain. At Thabo large 
Thabo. 

blocks of eandstone and shale are seen, full of' a 

Spi?.iJer, but they appear to have come from above, where there are true 

carboniferous rocks. Both these groups of beds, however, as already 

stated, resemble cc:?h other mucli. 
One fact induced me not to separate the whole series of rocks from 

Cl~angrizing up to Po, and that is, the occurrencc 
Beds of greenstone. 

of beds of greenst'one all through the series. 

This rock is either highly crystalline, or a good deal decom~)osecl, and 

consists of disllage and a yellowish white fklepar in small particles. 

I t  occurs not in veins, but in regular beds between the other rocks, 

usually of no considerable thickness, from 10 to 40 feet, and i t  partakes 

of the disturbances and contortions of the other rock, as may be 

distinctly seen in several places along the bare sides of the Spiti 

river. It must, therefore, be coeval. Iron pyrites is amply dis- 

seminated through the rocks, and, by its decomposit.ion, gives rise to the 
formation of gypsum, arragonite, and of scvcral efflorescences of' alum, 

potash, soda, &c. 
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The difference between this section nnd that acrose the Bhabel~ p u n  

consiets chiefly in this, that the lower strata 
Diffcrcnce in sections. 

here are more altered, in a few places truly 

metamorphic, and that the higher beds are chiefly elaty. T o  trace out 

the connection and relation of the two to the South-east will no doubt 
be a very interesting taek. At present we only know from Capt. 

Hutton's report,* that he met the first slates above the gneiss to 

the South of the Hangrang pass, and Dr. Thomson equally mentiona 

' limestone (? Carboniferous or Triassic) for the first time in crose- 

ing the Hangrang pass.t Mr. Theobald, in company with Mr. Blallet, 

visited Spiti in 1861, and they brought, from the southern foot of 

the Manirang pass, some chloritic schists, and from higher up dark 

silky elates, in which Ch~te t e s  Yak,$ Salter, is very common With this 

occur some other impressions, which are no doubt of organic origin, I ~ u t  

i t  is not possible to  say whether they belong to some kind of fucoid or 

to Graptolites. The  slates themselves are very like those which \Ire 

met below (South of) the Bhabeh pass, and remind one much of Mr.  

Medlicott's Simla slates. 

1.-Returning to the Bhabeh section (Fig. 1, PI. 11) there will be 

fou~ld above the true Silurian rocks a thickness of' beds of about 1,000 

feet., distinguished by a different shade of blueish colour, arid consieting 

of three separate bands. These are the rocka 
Threc bands. 

which we are now about to describe, and the 

certain age of which ie left undecided. 

* Jour. Asiat. Soc., Bengal. 1811, pp. 205, 206. 

t Travels in the N. W. IIi~nalaya, 1B52, 1). 91). 

$ Strachey's Yelaontology of Niti, k c .  CulcuLta, 1865, p. 50. 
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(u). Purple Rocks. The lowest band of this series of rocks is very 
remarkable f'rom its purple colour, which enables us to trace out the 

boundary between the lower and upper strata with much facility. ~t 

the bottom of this band is often seen a small thickness of a red quartz 

congloxnerate in which the pieces of quartz remain white. The 
greater thickness moreover consists of a purple quartzitic sandstone, 

which sometimes alternates with thin layers of slates of the sarlle 

colour. Both the conglomerate and the sandstone, near the junction 

with the previously described greenish sandstones, alternate with these 

in thin strata, although, on the large scale, the boundary is well defined. 

Such an alternation of a fkw layera cannot be regarded as of great 

importance at  the junction of two successive series of rocks, although it 

is always deserving of careful notice. No trace of any kind of fossil hau 

been noticed in these purple rocks, the total thickness of which is 

between 500 and 600 fket. 

( b . )  The  next band is a light-coloured arenaceous limestone, in part 

largely siliceous. Some of the beds are  purer limestone of dark 

colour. The  total thickness ranges from 300 to 400 feet. The 

rock can always be easily recognized by its weathering brown on the 

surface, even in small fragments. Several fossils have been noticed 

here, but unfortunately in such a bad state of preservation, t h a i  it is 

impossible to come to any satisfactory conclusion as regards their age. 

They were- 

PIunts. 1.-Impressions not unlike some Sphmro-coccites. 

Cbmls.  2.- Syringopora sp., a semi-globular large coral, composed 

of numerous, more or lese parallel, chiefly pentagonal 

tubes, the width of which is usually 2 niillimetres. 

3.- C y u t h o p h y l u  sp., large species with elliptical section. 

4.- C7ycttlbophyllzcnz sp., another species, rese~rlbling some 

younger l'lucos~~zilin wit11 a nlucl~ elongated, conlI)rcss- 

ed section, 



EchinurEerms. 5.-Crinoid stems, belonging apparently to two di f i r -  

ent genera. I am not acquainted with anything 

like these. 

Brackiopoda. 6.-Orthis sp., resembling 0. tlralcil, var. 2. strioto- 
costata, Salter :* beside8 these there are other 

fragments which could be referred to the var. ( t .  

convexa of the same species. 

7.- Orthis, sp., in form and ornamentation much like 

0. compta, Salter, (ilid, p. 43.) 

8.-Orthis sp., another species resembling the little 0. 

tibetica, Salter, (ibid, p. 42.) 

9.--Strophomena sp., the single specimen found is not 

unlike the Carboniferous S. analoga, Pllillips, al- 

though the rugose undulatione around the beak 

are less regular and recall those of S. halo, 

Salter: which may possibly be a young shell of' 

this. 

10.- Orthis sp., conf. 0. resupi~znta, Nartin, from the 

carboniferous series. 

Art~lelida. I 1.- Ten taculites sp., apparent1 y the same as men- 

tioned by Mr. Salter from the Silurian rocks of 

North of Ihmaon.  

(c.> The  third band, separated in the Bhabeh section, is a white 

quartzite, either purely white or oftener with small brown spots, disse- 

minated throughout. The  thickness is between 200 and 300 feet. 

No fossils have been obeerved. 

I n  justification of the heading of this series of rocks, which I 
left doubtful as regards its age, I must refer the reader to my con- 

clusions. I may only mention here, that all the rocks of the bfuth series 
lie conformably on those of the Bhabeh series. - 

* Stl-achey's Palleontology of Niti. Calcutt~ 1865, p. 39. 
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2.-In the section following up the course of the Spiti river 

from the East there does not anywhere exist such a strong demarca- 

tion of the Muth series, but an indication of i t  seems to be present, as 

Been on the hills above P o  and above Thabo. 
Near Po and Thabo. 

The dark shales and slat.es, described above aa 

Silurian, are followed towards the tops df the hills by four bands of 

rocks, of which the lowest i a  pinkish, the following dark brown, the 

next white, and the top beds are concretionary limestone - apparently, 

and judging from pieces of i t  down below, true carboniferous. This, 
however, is only correct so far as i t  was seen from t.he bottom of 

the valley, and I cannot vouch for the accuracy of the statement, as 

i t  is hardly possible to climb up those precipices, and without fossils it 

must remain an undecided question. 

5 111.- Carbonz$erous,-KuZing Series. 

The white quartzite of the Muth series is, to the South of the 

village, overlaid in one place by a small thickness of a carbonaceous, 

concretionary shale, and a little farther to North-east by.undoubted 

triassio limestone. I regret not to have observed any fossils in the 

concretionary shale, which is followed a little higher u p  by triassic 

limestone also. I n  so far I am not certain whether the true carbon- 

iferous rocks rise here higher up and overlie the white quarnite. 

However, only a very short distance North of the village the carboni- 

ferous rocks appear under the trias, and here with very characteristic 

fossils. 

The prevalent rocks of the Kuling series are a dark brown crumbling 

shale and a light coloured mostly whitish quartzite, generally speaking 

very difficult to distinguish from the top beds 
Thickncss. 

of the Muth series. The total thickness is from 

100 to 400 feet,, but is generally not co~~siderable. The quartzites are 
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in some places the lower beds, and in other places, ae Lclow 

Drangkhar, they are interstratified with the 
Drangkhar. 

eplintery shales. These latter are sometimes very 

micaceoue or carbonaceoue, and even pase into a black limestone, with 

fossils, which ie exposed about half way between Kuling and Drang- 
khar in the Pin valley. To the North-west 

Po. 
of the village Po the carboniferous rock is partly 

n greenish sandstone, containing Spirifer Keilftavii, partly a blueish 
concretionary limestone with Spirifer Moosakhailensis and some 
Bivalves, partly i t  is the common brown and splintery shale. The 
rocks differ locally a good deal. 

The first place, where we had a good opportunity of studying 

the carboniferoue rocks wae at the village ICuling 
At Ruling. 

in the Pin  valley. Opposite, on the right 

bank of the Pin, a t  the village Khar, the carboniferous quartzites, 
which are here either pinkish or white, have a thickness of about 
300 feet, and are upheaved in a dome-like form. They are over- 

laid by carbonaceous shale and higher up by triassic limestoue. 
From this village only e portion of the rocke extends to the other 

or left bank of the river, and is seen here in a remarkable position, 

which would lead any one into an error, if he did not carefully take 

record of the fossils found in the different strata. 
Reversed strata. 

Triassic lirngstone, quartzite,   ha lee, and again 

triassic limestone are seen apparently quite conformably over each 

other 1 It is evident that the lower trimsic beds which, farther to the 

west, lie nearly horizontal, must, a t  the small etream west of Kuling, 

have been first upheaved, and then, by some lateral force acting from 

the East, again depressed. (See section p. 34). The quartzites are 

here chiefly white and only about 100 feet thick; they contain impres- 
sions of SpiriJer Moosakhailensis in great number. The shalea above are 

about 150 feet thick, and full of S'pirzyer Keiliiavii and Productus 

semireticulatus. I t  is, however, impossible among thousands of apeci- 
D 
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mens to obtain one, wllicli has not suffered from lateral pressure, tIic - 
effect of which has acted on all the Sossile in tllo 

Compressed fossils. 
same direction and pressed them often perfectly 

flat. +irifer nfoosa7chai2ensis is in these shales comparatively rare, 

although i t  docs occur as well, and has been brought also by Dr, 

Gerard and Mr. tV. Theobald. 

Following down the Pin valley a few miles to East of this locality 

the carbonifkrous rocks appear, distinctly exposed, in great distortions, 

the great mass of the shales below and the quartzites above. Still far- 

ther on to East in the Spiti valley proper, at  the mouth of the Lingti 

river, North of Dranglrhar, the quartzites and 
North of Drangkhar. 

shales are found alternating with each other in 

comparatively thin beds, and higher up  along the Lingti river, to- 

wards and beyond Lilang, the same are met again, below the Trias, 

almay s with the characteristic Spirifers and Producti. 

Carboniferous rocks of this character can be traced all along the 

Spiti and the lateral valleys, as far as Losar, 
Losar, Tagling, &c. 

and towards the Tagling-l& and the Parang-1s 

on both sides. It ~vould be of' little use to enumerate all the localities, 

and it is sufficient to say, that they appear under the Trjas, usually in 

dome-shaped upheavements, which I believe are only the visible por- 

tions of repeated wave-like foldings of these and probably of all the 

lower strata. Spirifer Keil/tavii and Productus se~nireticulatus are the 

commonest and often the only fossils, which are to be met in this 

district. 



Fossils of tho Kuling The  following ia n l i i l  of all the carboi~ifcrous 
series. 

fossils, which have been observed in Spiti ; 

1. SPIRIFER ~ ! ~ O O S A K I ~ A I L E N S I G ,  Dau. The Spiti specimens aro 
generally much broader, having larger wings, than those from the 
l'unjab, but they are otherwise undistinguishable. When the fine 
concentric lamina become obliterated, and also the fasciculi of ribs lesrr 
distinct, i t  becomes very difficult to separate such specimens from 
the Spir. striatus, Martin. I n  truth any real distinction between the 
two species appears to be by no means so certain, as it might appear 
to be. One character is well marked in all the Spiti and the  Punjab 
specimens, that is, the strong and sharp fold on the dorsal valve, and 
a corresponding sinus on the ventral valve. Neither of these appear 
to have been noticed so atrongly expressed in  any figured specirncns 
oC Spir. striatus. Should this character not prove essential, I confess, 
I am at a loss how to distinguish between the Indian and European 
forms ; especially those which Mr. Davideon figures and describes as 
rSpir, striatn, Martin, war. attcnuata, Sow. (Palaont. Soc., Loud., 
Foss. Brachiopoda. 1857. Vol. II., Pt .  5 . ,  p. 20, pl. II., f. 12-14.) It 
is certain, aud indeed very remarkable that, so far ae the present 
materials allow a conclusion, both the species-if kept separated-are 
quite similar in all stages of growth and exhibit the same variations. 

The species has been observed in Spiti at  Muth, ICuling, PO, 
Losar and other localities, but always scarce. It occurs abundantly 
iu the carbo~iiferous rocks of the Punjab. 

2. SPIRIFER EEILHAVII, B u c ? ~  (ALliandlungcn der k. Akad. 
Berlin, 1845, 13. 74, pl. 5,  fig. 2. Spirifer Rajah, Salter, Strnchey'e 
Pal. of the N. W. IIimalaya, 1865, 13. 5 9 . )  This is a very common 
species in the carboniferous rocks of Spiti, wherever they are met with. 
I t  agrees in all its characters so well with the species figured 
and described by Leopold von Buch from the Bear Island, that a 
separation is impossible. 1 happy to state this in justification of 
Mr. Salter, ~ v h o  propaseil the new name only on account of liiv Iinving 
been assured that i t  occurred in Triassic beds. H e  never lost sight of its 
Ireing a true carboniferous form, and of its being eo closely allied to 
813. Keilhavii, that he could hardly distinguish between them." 

* Scc Strachcy's Palaontology of Niti, kc., 1'1'. 54, $9, 73, and notc by Mr. Oldh:uu 
in t l ~ c  Alipcndix p. 110. 
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3. SPIRIPER TIBETICUS, 8tol. P1. 111. Figs. 1-2. 
Sp. testa rhomboidalis; valuis convexis atque crassatitn costatis, jugo 

moderate elevato, bidiviso, sinzi i n  medio uni-costato ; rostro protract0 
et incurco ; area magna, triangulari, deltidio bipartito ; superjcie minu- 
tissime punctata. 

The shell is rhomboidal and the hinge line only very little longer than 
the greatest width of the valves, which are more or less convex. If the 
shell is thicker (Fig. l), the beak is usually not so much prolonged but 
more incurved : the contrary takes place in a shell which is more de- 
pressed (Fig. 2). Equally with these modifications varies the size of the 
triangular area, the fissuie of which is partly covered by a pseudo-delti- 
dium. The mesial fold is not much elevated, consisting of two thick 
costa, on each of the sides of which there are 7 or 8 simple ribs. The 
sinus of the ventral valve is not very deep but broad, and has 
in the middle a slight rib. 

The surface of the shell is all over finely punctated as is charbcteris- 
tic for Spiriferina. 

This species has been brought by Dr. Gerard from Spiti and is 
probably the same, which Mr. Salter (Strachey's Palsontology, 1865, 
p. 54) mentions from the Oxford collection ; '' wide species, with 
two narrow folds in front." It is of the form of Sp. octoplicatus and, 
so far as I can judge from the adherent matrix, a carboniferous fossil. 
I have met with only one loose specimen, which I found near Kibber. 
The rock adherent to it  is a slate, as I know it from the carboniferous 
rocks only, although I am unable to vouch for its sure position. 

4. SPIRIFER ALTIVAGUS, Stol. P1.111. Fig. 3. 
Sp. testa sub-rhomboidalis, pinguis ; rostro valde protongato atque 

incurvo, area triccngulari ; deltirlio bidiviso ; 3ssura perlonga, angusta ; 
jugo bipartito, sinu in ~nedio unicostato ; super-cie granulosa. 

Shell sub-rhomboidal, being nearly as high as broad ; the hinge line 
is a little longer than the greatest width of the shell, but its extremi- 
ties are not separately extended. The beak is very much prolonged 
and slightly incurred. The area is large, triangular, with fine 
horizontal lines, divided by a long but narrow fissure, which is 
partly covered by a pseudo-deltidium, 

Both the valves are very convex, the mesial fold is bipartite, and the 
sinus bas in the middle one rib. Besides there are on each side 8 to 10 
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thinner ribs, which, in proceeding towards the periphery, curve sligl~tly 
outward. The ribbinge on the fold and those bounding the sinus 
of the ventral valve are the strongest of all. This species has been 
found tJ) Dr. Gerard with the former in Spit i  I t  is, by the greater 
convexity of the valves, of which the ventral one ie very much ex- 
tended, and by the finer and eharper ribbing, eaeily dietinguished 
from Sp. tileticus, n. sp. . 

5. PRODUCTUS PURDONI, Davidson. (Quar. Jour. Geol. Soc. 
Lond, 1862, Vol. XVIII., p. 31, PI. 2, f. 5.) Only a single indistinct 
cast has been met with at  ICuling. Col. Strachey found the species 
a t  the Chorhoti pass, and it  does not seem to be rare in the Punjab. 

6. PRODUCTUS SEMIRETICULATCTS, Martin, (Davidson, British Foes. 
Brachiopoda, vol. II., p. 149, pl. 43, figs. 1-11, and pl. 44, fige. 1 - 4 , )  
occurs throughout the ocarboniferous shales of Spiti and farther 
to North-west. The specimens never attain here such great size as 
in the English mountain limestone, or even further to westwards 
in Kashmir. 

7. PRODUCTUS LONGISPINUS, Sow, (David. 1. c. p. 59 pl. 35, Figs. 
5-17) has been found in a few epecimens in a black carboniferous 
limestone a&ut 3 miles East of the village Kuling in the Pin valley. 

8. AVICULA sp.,' from near Muth ; with distinct concentric strizt: 
of growth only and a, long wing ; not sufficient for description. 

9. CARDIOMORPHA sp., from North-west of Po ; a pretty large spe- 
cies with broad concentric folds. 

10. AVICULOPECTEN ~ p .  occur8 very abundantly disseminated 
through the carboniferous limestone North-west of Po, with 8'. 
Moosakhailensis. I t  is a broad, sublcevigate shell of considerable thick- 
ness, but we have not been able to procure even one perfect specimen, 
which would show sufficiently the characters necessary for the deter- 
mination of the species. 

11. ORTHOCEHAS (?) sp. Only one part of a straight concamerate 
shell has been found in the carboniferous quartzite0 a t  the mouth of 
the Pin valley : i t  may belong to this genus. 
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I.- Z f  ins.- Lilany series. 

Above the carboniferous rocks, or the Kuling series, we meet with a 

vast thickness of dark-coloured rocks, chiefly limestones, of very 

different description as to their mineralogical characters, and belong-, 

ing to different formations. T h e  first group of these limestones, 

which arc  of Triassic age, may be called the 
Lilang . 

Lilang series, from the village Lilang on the 

Lingti  river, a place where tthese roclrs can be very well studied. I may 
just as well remark here, that there are, to the best of my knowledge, 

no other beds between the carboniferous and these triassic strata 

in Spiti ; I mean, carboniferous beds with 8pirifer 
No intermediate beds. 

Keilhavii and Productus semireticulatus are imme- 

diately overlaid by  beds with Halobia Lommeli and Ammonites floridus. 

Returning to our section (Fig. 1) across the Bhabeh pass we find, 

zibove the highest beds of the Muth  series, or in places above a 

small thickness of the supposed ICuling series, a dark grey or black 

limestone, which is either compact or finely oolitic. I am unable to 

come to any decisive conclusion about these lime- 
Origin of structure. 

stones. There can be no doubt, that the  greater 

part of these oolites is of inorganic nature, true oolitic grains, con- 

sisting of concentric layers. On tlie weathered surface of the rock, 

however, there are sonletimes forms seen, which have quite the 

appearance of Quinqueloculinx, and others of Globulinze, &c. The 

first triassic beds South of the village of Muth consist of that oolitic 

limestone witha Spir@r allied to Sp. Lfragi/is, Ilhynchonella Salterictna,* 

Halobin Lommeli, and a great number of Crinoid stems, which probably 

belong to Encrinus Cassianrts, Lbe. (usually called E: liliformis.) 
- - - - - - - - -- - - -  -- 

* llTith 1.cgnl.il to tlie ncw spccics t l~c  readcr is referred to tlic IJalccontologicnl notes 

ljrthcr on. 
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Fragments of Ammoni tee occur occasionally, but they are more com- 

mon in the interstratified beds of compact black limestone. 1 collected 
here Am. Jollyanus, Khanikofi and Tl~l~iZlieri. 

Passing a 1it.tle to the North of the village of Muth we find the trimsic 

beds above the carboniferous sandstones and shales, principally compos- 

ed of little bivalves, Inany of which have a striking resemblance to 

forms known from St, Cassian, and are l~robably identical aa Arcct 
impressn, ilfo~zotis lineata, and others. 

All through the upper portion of the Pin valley, from Muth to 

Sungnum, the triassic limestone is seen on both 
Pin valley. 

sides of the river in beds, from 1 to 2 feet, greatly 

disturbed and cont,orted. Some of the principal features of the dis- 

locations are noticed in the section. Except ZIalolia iaornmeli and 

traces of Braclriopoda not many fossils occur, and even these are 

pretty rare. The thickness of the triassic limestone is every where 

at  least 1,000 feet, but i t  exceeds in places even 2,000 feet. 

Near the village Sungnum, where the Pin river changes its course 

from N0rt.h to North-east, the carboniferous 
Sungnum. 

beds appear in considerable thickness, as has 

been previously mentioned. A t  Kuling the triassic rocks are in a 

peculiar position, quite conformably seen below, and with other simi- 

lar foldings, of which the explanations can be proved by directly 

observed facts. Besides the extraordinary compressed forms, in 

which the fossils occur, are not opposed to this opinion. 

Ascending the low hill above the village Iculing the strata can bc 

Above Ruling. 
traced with the greatest possible clearness. W e  

come from the quartzites with Sp. IlIoosahhail- 

ensis upon the crumbling shales with Spir. Keillravii and Prod  semire- 

ticulatus, and above these the first layer of limestone is a bed of about 

6 inches in thickness, almost solely consisting of HaZobia Lommeli. 

Tlie next beds of tlie limestone are Yery remarkable from their being 
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so very much like to aimilar beds of the upper trias in the Alps, 
usually called by Alpine Geologists, ' Grossoolit-Mergel' (great oolite- 

marl). They are light coloured concretionary beds of limestone, im- 

pregnated with much oxide of iron. The globular structure shews with 

particular clearness through thin veins of the reddish oxide. The beds 
are from 1 to 3 feet thick, and abound with Ammonites and other fossils, 

but it is exceedingly rare, that a single specimen in good preservation 

can be obtained. This quasi-concretionary limestone is very charac- 

Concretionary lime- teristic of the lower beds of t.he trias in Spiti, it 
stone. can almost everywhere be recognized above the 

carboniferous beds; its total thickness varies between 50 and 100 feet. 

Passing towards the top of the hill above Kuling the Halo6ia 

Lommeli continues to be frequent, until the beds become very earthy, 

thin bedded limestones, which farther to North-east are very much 

contorted. I have not observed any kind of fossils in these thin- 
bedded limestones, but they seem to be still triassic. 

Leaving this interesting locality we come, along the left bank 

of the Pin  river, repeatedly upon triassic lime- 
Left bank of Pin river. 

stone, resting on the Kuling series, which ap- 

pears in dome-form upheavements. The limestone is chiefly compact, 

black, and contains occasionally Ordhoceras salinariurn, Anlmonites 
Gerardi and$ssicostatus, a circular Lima and fragments of bones, pro- 

bably belonging to some fishes. The contortions are on both sides 

of the valley very great, and extend locally even into the liassic beds 

above, although these are not usually much affected. 
Exactly the same succession of the triassic beds, as has been 

described at  Kuling, is to be found above the carboniferous rocks East 

of Lilang. The limestone is very rich in fossils 
East of Lilang. 

although the Ammonites are mostly very indis- 
tinct in the concretionary beds. Brachiopodu abound and are to be had 

in great quantities. This locality will be very often mentioned i n  the 
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l'alsontological notes ; il, lies about two miles East of the village I i lnng 

on the Lingt,i river, and is worthy of receiving nttcntion f ~ o n i  any 

subsequent traveller. Farther to East the limesto~le is seer) to thin 

out gradually, the last remnants of i t  are seen on the distant hilla for 

a few miles. In North-east direction the limestone illust cxtcnd n~ucli 

farther, of which we have no certain idea, as the country is ncithcr 

accessible from the Spiti side, (at least not without very great difli- 

culties and very considerable expense), nor was i t  possible to enter thc 

Chinese province Tso-Tso from any part. 

To South-east the limestone thins out equally, and in the ncigh- 

bourhood of the village Thabo i t  is seen only occupying the very tops 

of the mountains. 

How far i t  extends in tho southern direction wc cannot form a t  

present any correct idea. I t  seems to cross the Jianirang pass, and 

the limestone on the Hangrang pass, which Dr. Thomson mentions as 

being the first met on the road along the course of the Sutlcj, is pro- 

bably triassic. It is of no use now to offer any'farthcr suppositions, 

and we leave the question for the future, when it alinll receive 

attention. 

I n  the middle and northern portions of   pi ti the triassic limcstonc 

is everywhere met with in the deep ravines and 
I n  North Spiti. 

valleys, under the Tagling limestone. Along thc 

northern declivities of the Pir-panjal range the limestones l~rtve almajs 

the same mineralogical cbaracters, and contain tlie same fossils. The 

beds immediately above the carboniferous are nearly evcry whcrc; 

fossiliferous, and we could only repeat the same section from nbovc 

Losar and the East of the Kunzum pass, which we have more fully 

described from Muth and Kuling. I n  the Northern part of Spiti . . 
the triassic beds are mostly compact aud black, in which occa~ionally 

n, Ilalobirc or a fragment of an OrtItocwaa arc met with. Theii. 

thickness decreases on t'liia'sidc of the Bara-latsc ranpc very consider- 
E 
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ably, and amounts in places only to 100 or 200 feet. Contrary, how- 

ever, to this the upper limestones increase very much in 

thickness. 

Tlle stratigraphical posit.ion of the Lilang limestones, appearing 

usuallv above the folds of the ICuling series, is nearly everywhere the 

same as previously mentioned. They become exposed with these in 

the deep valleys above the carboniferous rocks ; and as all the atrats 

contain'very characteristic fossils the sections, as seen, must be explained 

by mechanical disturbances only. The accompanying woodcut, Fig. 2,) 

FIQ. 2. SKETCH BECTION BETWEEN MIKKII AND KULIXG. 

c Carboniferous. 
t Triassic. 

represents the section from Mikkirn to Kuling on a scale of 8 miles to 

an inch ; i t  is the section, as it can be observed now on travelling along 

the left bank of the Para and Pin-chu. W e  have previously observed, 

that the carboniferous strata of the Iiuling series consiat alternately 

of shales or sandstones and of whitish quartzite. The upper white 
quartzites, which are seen East of Miklrim, must thin out farther towards 

the East, at least for a short distance, as indicated in the lower section. 

As  there can be little doubt that the carboniferous rocks have been 

brought up by repeated wave-like foldings, we must presume the 

previous state of the section to have been somithing like the represen- 



tation given. If we now let the lateral force act in the direction of 

the arrow, the effect woulcl be not only a compression, but also a progree- 

sion. West  of Kuling a break is visible, in which a stream comes 

down from North-west and partly from North. The  force, acting 

in the direction of the arrow, ha8 caused a break along the line a I ,  and 

as the compressive force could not have any farther effect the progres- 

sive force could act with much greater result. I n  consequence of this 

the upper strata (shales and quartzites) have been slipped along the 

lower towards the West, as indicated by fhe dotted lines. The  crushed 

state of the oarboniferous fossils seems to  be in favor of this opinion. 

W e  get in this way an explanation, how the Triassic beds (with Am. 

J a i o ,  an Ammonite similar to Am. Johan~is-Austria, Anz. 

Thuillieri, Lima conf. Ramsazleri, and Halobia Lo~nn~eli,) came' below 

the carboniferous, which themselves show na repetition of the'bede, as 

ought to be the case in a simple folding. I have preferred thie 

somewhat lengthened explanation to  one depending on breaks, 

repeated upheavenlents and denudations, because I believe i t  to be 

much nearer the truth and quite in accordance with other observed 
facts. 

TRIASSI c FOSSILS. 
The rem:~rkable similarity and partial identity of the Himalayan 

Triassic fauna with that of the Alps has been already noticed b y  
Mr. Salter in Col. Strachey's Palzontology of Niti, &c., 1865, Calcutta 
p. 55. Professor Suess of Vienna had also drawn attention previously 
to  this similarity of the respective faunas. R9y previous studies of the 
Austrian fossile, and a collection which I brought to the country in 
1862 aided me greatly in my determinations, and cleared up seve~a l  
doubts. 

The following fossils belong, as has been noticed in the previous 
remarks, to the upper Trias only. The  uniformity of the deposit an.d 
its enclosed f'auon in all parts of the world is a very striking 
aud interesting fhct in the Geological llistory of our globe. The  re- 



searches uC Dr. E', roil IIocllstc~.tcr i11 Ncw Zealuld," aud latcly tllosc 
of Mr. IVllit~lcy and IT. yon Riclltllofcn in Califorrliat addcd greatly 
t o  our knowlcdgc of t.hiu formntion. 

I t  was, I believe, Col. It. Straclley who, sotne years since, first 
salqrated the Triassic deposits in the great set of secondary lime- 
stones of the Himal:ryas, North of Kumaon. T h e  descriptions of 
the fossils by Mr. J. W. Salter, although ready for publication in 
1862, and lrllown to many interested in the subject, have been only 
lately (March 1865) yublished. T h e  notice of these and other fossils 
from different beds and of different age, gives tolerably satisfactory data 
for the conclusions of Col. R. S t  rachey. I n  Messrs. Schlagintmeits' 
collection of Himalayan fossils, the descriptions of which have been 
partlyt published by Professor Oppel in his " Palzeontologische Mitthei- 
lungen, 1864," there exists grmt conf'usion as regard the formations to 
which the different species bc1onged.a I know, from private correspon- 
dence only, that Professor Oppel suspected the different ages of the fos- 
sils but  that he could not colrle to any ccrtain conclusions, as Messrs 
Schlagintweits' inforination was on this point unsatisfactory. A similar 
admixture exists also in Dr.  Gcrard's collection of Spiti fossils, which 
have been described in the Asiatic Society's Journal, Bengal, for 1863, 
Ijy Mr. H. F. Blanforil. 

I n  referring, several of t l ~ c  following fossils, which have been pre- 
viously described as jurassic, to tlie Trias, I can only state that 
these alternt,ions niay be taken as being not entirely unjustified. 
Of course, I must remain responsible for them, but  I may be 
allowed to state, that  I have used my best efforts to avoid any 
confusion. KO fossils have been accepted which have not been, or 
at least seen to  be, picked up by my colleague F. R. Mallet or by 
my self. Where fossils from previous collections on good authority 
have been described, i t  will bc always mentioncd. 
-- -- -- 

* Pnlcontologic von Ncu-Seelnncl, (Novara expcclition) Wicn, 18G5. A o J  K. Zittel 
Fossilc Molluslrcn nus Ncu-Seeland, p. 19, etc. 

t Silli~n. Am. Journ. 1664. 

$ Prof. Oppcl having rcccivcd noticc of tlic p r c s c ~ ~ t  ~ ~ e p o r t  of m p  smvcy, has Iiintlly in- 
%)ruled me, t l ~ a t  hc will stop liis fi~rt,lrer pablicatioil~ul tLc drsn . i~~t io~~s  of tho Ilill~:~ln!-nl~ 
fossils, uutil m y  mcmoir will nppcnr. 
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The k~lowll triassic ihuna oi' Spiti ie  refcrriblc to tllc i'ollowing 
groups : 

Rcliinodermata : crinoid stems, only. 
Brachiopodn : 12 species. 
Pelecypodu : 4 species. 
Gastropoiia : 3 epeciee, 
Cephaloyoda : 18 species. 
Vertebrnta : Reptilian or Fish remains ? (traces only). 

Among 38 epecies of fossils wc find 15 identical with those from 
the Alpine Trias. 

I.-Echinoclermata. 
'Only fragment8 of CKINOID STEMS have bccn as yet noticed at  

Iiuling, Muth, Lilang and other localities. They secm to bclong 
chiefly to Encrinus cassianus Laube, (Verhandlungen dcr k. k. 
meol. Reichsanstalt, TVien, 1864, vol. XIV., p. 207), a species which is a 

very common a t  St. Cassian and other places in the Alps, and which 
has been for many years mistaken for the RSuschelkalk-speciea E. 
liliiformis, Schlotheim. Rfr. K .  Laube's researches of last year have 
clearly shown the error of the universally accepted opinion. 

11.-Brucltiopoda. 
Several of the Brachiopoda are described as new species, a few are 

left undetermined and referred to the nearest allied species. Of species 
identical with those from Europe only four are yet known, namely, 
Afltyris  Strohmeyeri and Deslonychampsi, Hliyncl~onella ~ e t ~ o c i t a  
and Rl~yll. Salteriana, n. sp. B y  far the majority of the specimens has 
been collected at Lilang on the Lingti river, North-east from 
Drangkhar. 

1. S P I R I F E R  n. sp. A few miles west of Kuling, in the P in  
valley, two specimens of a large-ribbed 8piryer have been found in 
the oolitic limestone. The species resembles much the carboniferous 
Spiri$er striatus. The  ventral valve has a deep sinus, and a very large 
triangular area, projecting nearly at a right angle from the hinge line; 
the deltidiuln is in two pieces, the fissure long, but narrow. Thc 
fold of tlre dorsal valve is on its greatest convexity distinctly double ; 
this clivision, liowevcr, becomes obliteratctl towards the periphery. 
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Both our specilllens of this, no doubt very interesting and probably 
new sl)ecies, are i~isuilicicnt to admit of its being named and de- 
ecribed in greater detail. 

2. SPIRIFER (SPI~IFERINA) COG FRAGILIS, Schloth. ( Vide 
Alberti, Uberblick iiber die Trias, 1864, p. 157). 

Some imperfect specimens, but  very like the Muschelkallr species, 
have been met with South of the village Muth, in  the  P i n  valley. 
They differ only in having 7 to  9 ribs on each side of the fold, instead 
of the usual number of 6. 

3. SPIRIFER (SPIRIFERINA) STRACREYI, Salter. (1865 in Strach, 
Pal., p. 72, pl. 9, fig. 13). 

The species occurs plentifully at Lilang: our specimens have usu- 
ally a much longer hinge line, than .is seen in  Mr. Salter's figure, 
and are not so high. T h e  number of ribbings on each side of the 
sinus varies from 5 to 8. T h e  fold is sometimes very strong, and the 
dorsal valve very convex ; however, among these variable forms, 
me possess others, which perfectly agree with the description and 
figures quoted above. The  surfice of the shell, when well psc- 
served, is finely punctated, as  is characteristic for the subgenus 
Spiriferina, cl' Orb. 

Col. S trachey found the first described specimens near the Rajhoti 
pass, North of Icumaon. 
4. SPIRIFER (SPIRLFERINA) LILANGENSIS, S t ~ l . ,  PI. 111. fig. 4. 
Sp. testa pinguis, tra?isversalitel* ovnta, no72 aztriczlkutu, latior 911a11t 

alta, Vulvis convexis, plicosis : ylicis simplicibz~s ; jugo parum elevnto, 
Eato ; valvce ventralis sinu profundo ; rostro valde prominelate, parzun 
inczirvato ; area triangulari; deltidio diviso ; super-cie incequalitcr 
granzllosa. 

The  oval shape dist.inguishes this species readily from the former, 
the hinge line being less than the greatest width of the shell. Both 
valves are strongly convex ; fold and sinus are simple; the former 
somewhat flattened, the latter comparatively deeper. On each side 
of the sinus are 6 to 8 ribs, simple and decreasing in strength towards 
the hinge line. Beak rather extended, the area projecting in nearly 
perpendicular direction from the dorsal valve, being accordingly 
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slightly concave to thc beak ; dcltidiurn in two parts ; fissnrc trian- 
gular, proportionately not very broad. The aul-face of the ~ 1 1 ~ 1 1  i~ 
distinctly granulated, the granulz being unequal id size among 
themselves, and stronger than those of 8 p .  Straclbeyi. Of transverse 
or concentric striae of growth only a few are seen, and thcse at conui- 
clerable distance8 from each other. 

Locality : Lilang on the Lingti river ; two specimens have been 
examined. 

I n  form, but less in its ornamentation, the Spiti fossil resembles 
s p .  Ernerichi, Suess, (Denksch. d. lr. Akad. Wien, 1854, vol. VII., 
pt. II., p. 52, pl. 2, fig. 7) from the Kossner strata of the A l p .  

5. SPIRIFER SPITIENSIS, Stol., PI. 111, fig. 5. 
Sp. testa late-ovalis ; valvis moderate convexis, costulis radiantiltls, 

n,tmerosis, ornatis ; jugo vix elevato, pa?um . protract0 ; rostro va/& 

incurvo ;Jissura tringulari. . The form of the shell is broadly ovate or roundish rhomboidal, nearly 
quite as broad as i t  is high. The valves are moderately and nearly 
equally convex, covered with numerous radiating costula ; the sinus 
and fold being very slightly marked. The ribs on the fold do not 
seem to be stronger than those on the rest of the ahell. The hinge 
line is much shorter than the greatest width of the ' valves, and the 
beak is strongly prominent and inaurved. The fissure is triangular, 
being partly covered by the umbo; the deltidial plates are 
not visible, they must, however, be very small ; the ridges on the 
beak are not at  all developed and the false area is scarcely marked. 

Locality : Lilang on the Lingti river. 
Besides the figured specimen we possess from the same locality 

another one, which is far more inflated, and the area, although of e~nall 
size, is still distinctly marked. The beak is not so much incurved and 
approached to the umbo. The form, ribbing and the slightly express- 
ed fold and sinus are identicaL W e  merely intend by this remark to 
invite the attention of any subsequent traveller; the species, as indi- 
cated, may prove a distinct one, or i t  may be identical with Sp. 
Oldl~ami, Salter (in Stracheg's Palxont., p. 72, pl. 9, fig. 12) from 
the, same beds North of Kumaon; this latter ~pecios not having 
been observed as yet in Spiti. 



6. ~%HYNCIIONELLA B1U1J?hIlTLZS, Stol., PI. 1x1. f jgd .  6-9. 
Rh. testu ovute-rhontloideu, i';1fEata seu dcpressa, variabilh atyuc 

nonnzlmqzlnnz de)rmis, radiatint costntu : costis si.nzplicjbus, lcrassiv 

ncutisgtce, nrl peripheriam rnultzm fortiorilzis carumgue terrninc~tionilz~s 
acute sinuatis. Jugo vnlde etccato crtgue prominente, 2.-sell 3.-costato ; 
rostro elongate, prope recto ; apice incurvo. 

Shell sub-rl~omboiclal, ovate, either much inflated or sornewllnt 
depressed. I t  varies as well with regarcl to form as to its ornamen- 
tation, which consists of a few sharp riljs, disappearing towards the 
middle of the valves, but forming strong sinuosities at  the periphery. 
The mesial fold is either very high, prominent, or in other cases 
scarcely elevated ; i t  bears two or three (seldom four) ribs, which 
correspond respectively to one or two in the sinus. On each side of 
the fold there are two or three additional ribs, becoming considerably 
thinner towards the hinge line; in very few cases even a fourth 
lateral rib is marked. The rest of the shell surface is smooth. 

The beak is sharply pointed, not very prominent or incurveil, and 
on its ridges rounded. Foramen and deltidial plates are not clearly 
visible in any of our specimens, but the latter must certainly be very 
small. The figurea 6-9 on Plate 111, and the. accornpanyii~g explana- 
tions, will give a better idea of the numerous variations, than it is 
possible to express in many words. 

Of triassic allies i t  mould be worth while to compare with our species 
Ter. Johannis-Austria? (Klipstein, Oestl. Alpen, p. 21 I), and Tcr. 
semiplecta, Miinster. The descriptions and figurcs of neither give 
sufficient detail for comparison. Farther, the great resemblance of' 
our species with. the liassic Rh. variabilis, Schloth. sp. will, no doubt, 
be readily noticed, and as the amount of variation is in both very 
nearly the same, i t  is not easy to distinguish them a t  the first 
glance. 

The far greater development of the area liowever, the sharp 
lateral ridges on the beak, and, in accordance with both, the largc 
size of the deltijlium, will help to recognize tlie liassic from tlic 
triassic species. 

Locality : Lilallg on thc Lingti rivcr ; not rare. 



7. RHYNC~ONELLA TIJEO~ALDIANA, S t ~ l . ,  PI. , fig 10. 
Rh. testa ovalis, trigolza, l~viyata,  suLinj7ata; sinu profundo atyue 

lato; jugo vix elevato, ad periplicria~n undulnto, rostro incuruo, um- 
boni vulva: miltoris apl~roxinzato. 

This fine species has an ovate trigonal ~ h a p e ;  the dorsal val've is 
sornewhat more convex than the ventral, which hm a very broad and 
deep sinus ; the mesial fold on the former being, however, scarcely 
elevated above the convexity, flat, with three undulations af the 
periphery. From 1-he fold the sides slope down rapidly, exhibiting 
each only one furrow and being prolonged as sharp prominent ridgea 
beyond the convexity of the rostra1 valve. The beak is strongly 
bent upwards and closely impressed on the umbo. The foramen ie 
elongated, lineal, but the deltidial plates are not visible. 

The species bears some resemblance to Ter. subacuta, described 
by Count Munster from the triassic beds of St. Cassian (vide Miins- 
ter's Beitrege, 1841, p. 55, pl. 6, fig 1. 

Locality. The single specimen was found in 1861, a t  biiuth in the 
Pin valley, by W. Theobald, Esq., Jun., of the Geological Survey 
of India. 

8. RHYNCRONELLA SALTERIANA, StoZ., PI. 111, fig. 11-12. 
Rh. testa sub-triangularis, in ja ta  ; valvis multice radiatim costatis ; 

jugo tirrr.wn elez~ato, Idto, costulis septem ornato atque utrinque szclco 
pro_fi(ndo marginato ; area magna ; rostro prominente, urnbone obtwo. 

An ovate triangular and rather inflated shell, which is ornamented with 
numerous radiating ribs. Mesial fold is not much elevated, broad, 
bounded on each side mith a deeper furrow and ornamented with seven 
straight ribbings. On each side of the fold there are about five additional 
ribs, which, in proceeding towards the peripllery, slightly curve out- 
ward. The beak is rather promiueilt and incurred ; its ridges are 
strongly developed, as well as those of the umbo of the dorsal valve 
and both together limit a flat and smooth elliptical area on each 
side, the median line of which shews usually slight undulations 
equally as the rest of the periphery of the valves. The umbo is 
obtuse. 

The above description' is derived principally from the figured speci- 
men, wllich is the most perfect, and mas found mith all the other 

F 
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species a t  Lilsng on the Lingti river. Tliis specimen and a few 
others, met with a t  Mrtt?~ and Kuling in the P in  valley, resemble a 
~ o o d  deal that species which has been determined by Professor Suese * 
as R h p .  retrocita, (Vide Salter.in Strachey's P a l ~ o n t .  1865, p. 71, 
pl. 9, fig. 11.) W e  possess another specimen which we rather 
believe to be luuch nearer to the t rue Alpine RItynchollella 
retrocita. It would b e  impossible to  admit the variations of thisRhyn- 
chonellm to go SO far, as to refer such essentially different fo.r~ns to one 
species. There could hardly be quoted a single point of coincidence 
between them. There must be some mistake on this point. 1 have 
brought, from an excursion in the neiglibourl~ood of Hallstadt in 1860, 
a few specimens of this Rhynchonella, and give a figure Fig. (12) of 
one of the specimens. They look very much like the white fossils from 
the EIierlatz beds on the Schafberg. However, as I have never 
visited this localitsy myself, I believe 1 must have got them somewhere 
near I-Iallstadt or Aussee in the triassic limestone. I cannot distin- 
guish these Alpine specimens from ours. The  species is allied to 
Professor Oppel's Rh. rimata (Zeitsch. d. Deutech. Geol. Gesellsch, 
Vol. XIII, p. 542., pl. 12., fig. 2) from the Alpine Hierlatz-Schichten. 

9. RHYNCHONELLA RETROCITA, (Suess,) var. AMGUSTA, rStol. PI. 
111, fig. 13. 

Rh. testa ovalis, suhl~vignta,  vnlun dorsalis ili medio a d  peripheriam 
profunde sinuosa ; valvce vetztralis jzcgo elevnto ; super$cie radiatim 
minutissime sfriata ; lmostro parurn prorninente, deltidio diviso, foramine 
lineari. 

Shell ovate, higher than broad ; valves slightly convex, the 
surface covered with fine radiating s t r is ,  which are visible on the 
cast. The beak is not very prominent, with distinct ridges bor- 
dering a very small and somewhat concave area on each side ; deltidial 
plates not distinct. The  point of the beak is not preserved on our 
specimen. 

T h e  doraal valve is  in the middle of its posterior extremity deeply 
indented towards the rostra1 valve, the greatest convexity of 
which runs along the medial line from the beak to the periphery. 
From this convexity the shell slopes down gradually to the lateral 
margins, an essential character of the original RIt. retrocita, Suess, 
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( Vide Denlrsch. d. k. Akademie, Wien, 1855, Vol. IX,, pt. II., p. 29, 
pl. 1, fig. 10) from the Alpine upper Trias. 

I hesitated long whether to identify our Ilimalayan form with 
the European, or to name i t  newly. As, however, I am well aware OF 
the many variation0 of Rliyn. retrocita, and as the principal difference 
of our (eingle) specimen lioe only in the oval form, i t  is no doubt 
preferable to tcgard i t  ae a variety only. Further researches may 
poesibly bring more material to our knowledge. The fine atria, 
which are seen in our specimen, are not of' much copsequence. I do not 
exactly remember them in the European form, but  I believe they do 
exiet also on the casts. The  prolongation of the mesial fold in our 
specimen ia  different from that of the Alpine originals, in whicli i t  
ie usually much more reflected and not prolonged a t  all. I have 
not been able to trace out the meaning of Fig. 9. on Plate 9 in Col. 
Strachey's Palsontology ; the figure ie very like our  specimen, aud 
may not Prof. Suess have intended this rather as identical with hie 
Rh. ~etroci ta  ? 

Locality : Lilang on the Lingti  river ; a single specimen as yet 
found. 
10. ATHYRIS STROH~~EYERI, ~ U ~ S S ,  Sp. 
Spirigera id. 1855. Denksch. d. k. Akad. Wien, Vol. IX., pt. 11, p. 2'1, 

pl. 1, fige. 4-6.-1865, Salter in Strachey's Palzeont., p. 70, pl. 9, fig 10. 

Several very characteristic, inflated specimens have been met with at 
Lilang. A s  Mr. Salter has already remarked, the Hitnalayan forms 
are found often to be broader than figured by Suess ; deformed epe- 
cimens are also frequently met wit'h, and these must have possessed 
that shape originally, not in consequence of mechanical pressure 
only. The  species is not rare in other localities in Spiti, as near 
Drangkhar, Kuling, Khar, &c. Col. Strachey found his specimens 
near the Rajhoti pass, and the species is also very common in tllc 
Alpine limestone of the Hallstadt-strata. 

11. ATHYRIS DESLONGCHA~IPSI, Suess, sp. 
Spirigera id. 1855, Denksch, cl. k. Akad. IVien, vol, IX., pt. II., 

p. 26, pl. 1, fig. 3. 

A single specilnen lias been met with a t  Lilang on the L i l~g t i  
river, but i t  is very characteristic. On one side, where tlie shell 
surface is weathered off, the spirals are visible ; they lie so, that their 
L 
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apex is direct.ec1 towards the angles formed by the sides ancl tlie pas- 
terior periphery of the valves, while the axis of the spirals of the 
former species is perpendicular to the width of the shell. 

The species occurs in the North of Kumaon also, ancl accompanies 
the former there, as in the Alps. 

12. WALDHEIMIA STOPPANII, Suess. 1860, Pnlxont. Lomb. 
1 ser., p. 106, pl. 23, fig. 12-16.-Salter, in Strachey'e Palzont, 
p. '71, pl. 9, fig 6-7. 

The Himalayan . specimens are nearly always less inflated 
than the European fossil froin the Esino limestone. The mesial fold 
is distinctly developed only in the largest of our specimens, those 
equal in size to Prof. Suess' figure have the fold or sinus hardly 
marked at  all. Most of our specimens are also somewhat more oblong. 
The other characters agree perfectly. 

The species occurs plentifully in the Lilang limestone, and has been 
also found by Col. Strachey on the Rajlioti pass North of Kumaon. 

111. Pelecypoda. 
Not many species of this family have been yet found, and 

the few which occurred are not in a very satisfactory state of 
preservation. A little North of the village Muth in the Pin valley 
and near Kuling, thin beds of limestone occur, nearly exclusively 
composed of little bivalves, among which several have a striking 
resemblance to those known from the St. Cassian beds. Arca im- 
pressa, Alonotis lineuta, several of the ribbed A v i c u l ~ ,  Nucuke, Cardita, 
and others seem to be represented. I am sorry that there mas, during 
our survey, not sufficient time to devote more attention to these little 
fossils, and I can only bring them to general notice. There would not 
be much gained by quoting many names and leaving them uncertain. 
Of special interest will be found only the following:- 

1. HALOBIA LOMDIELI, Wissm. 
Hornes, in Denksch. d. k. Akad. Wien 1855, vol. IX., pt. II., 

p. 52, pl. 2, fig. 17.-Posidonomia id, Stoppani, Palzont- Lom- 
bard. 1860, p. 98, pl. 19, fig. 6 (7-11 ?)-Haloba id, Zittel, Palzont. 
von Neu-Seeland, Wien, p. 2'7, pl. 4, fig. 2-Monotis id, Salter in 
Strachey's Palzeont. 1865, p. 68, pl. 9, fig. 1-2. 

The Himalayan form is exactly the same as tlie Alpine, and does 
not show even such small variations as has been noticed in the 
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epecimens from New Zealand and California. Dede up to (i inchell 
ihick, nearly exclusively composcd of this interesting species, oo,cur 

at lnany places in Spiti. I n  quite si~uilar be& i t  lias been noticed 
farther to the east by Col. Strachey, and the same strata are wcll known 
to Alpine G C O ~ O ~ ~ F ~ R  in Europe (at Bleiberg, Hallstaclt,* Aussee, 
Ischel, etc.). I mas rather eurprised not to find even a trace of thc usual 
associate of this speciee, the Monotis salinaria, Bronn ; perhaps somc 
subsequent traveller may be more fortunate ! 

2. LIMA con. RAMSAUERI, Iliirrzes. 
1855. Denksch. d. k. Akad. Wein,vol. IX,  pt. 11, p. 52,  pl. 2, fig. 19. 
We possess only one specimen, which measures 120 mm. in width 

and nearly as much in hei@, the tllickness is 71 mm. This size 
exceeds greatly that of the usual Alpine forms, but thcre are hardly 
any other differences to be noticed. The  form of the shell, the radiating 
and concentric stris,  the cordial shape of the lunula, which is hollowed 
out, agree perfectly mith Dr. Hornes' description and figure. 

From Iculing in the Pin  valley. 
3. LIXA n. sp. Shell very thick, much higher than broad, rather 

depressed, mith s t r iz  of growth only. One specimen has becn found 
a t  Lilang; it does not agree with any known species that I am ac- 
quainted with. 

Another more circular Lima has been noticed East of Kuling, it does 
not shew any particular resemblance to known Triassic epecies, 
but  its nearest ally is the liassic L. scrobiculata, Stol. 1861, in Sit- 
zungsb. d. k. Akad. TVien, vol. XLIII.,  p. 199, pl. 7, fig. 10. 

4. MYOCONCHA LOMBARDICA, liTauer. 
18517. Sitzungsb. d. k. Akad. Wien, vol. XXIV., p. 559, p1. 6, 

fig. 1-6). 
The  specimens found a t  Kuling agree well with F. von Hauer's de- 

scription and figures, especially with Fig. 4. loc. cit. The resem- 
blance of the fossil to bfytilus Esinensis, Stoppani (1 860, Pal. Lomb. 
p. 90, pl. 18, figs. 12- 13) from the upper Trias of the Southern Alps, 
is well worthy of notice. 

* The designation of the Alpine localities by Mr. Salter in Strachcr's Palxontolog is not 
always ~ e r y  C O ~ I ' C C ~ .  



IV. Gastropoda. 
With the little bivalves previously noticed, there often occur also 

numerous Gastropodn of small size. I found at  Kuling a frag- 
ment of a large Cltemrzitzia, one of the species, of which many are 
known from the Southern Alps, (bino-limestone and dolomite.) At 
Lilang great numbers of the similar small Tur?.itellce, T~ochi  and 
others, figured by Miinster and Klipstein, have been met with, but 
they are usually visible on the weathered surface only, while hardly a 
trace is to be noticed of them in the rock itself. I will mention for 
the present merely the following species :-- 

1. DISCOHELIX sp. 
Only one fragmentary specimen ha9  been met with at Lilang, 

but i t  distinctly belongs to this genus, (not to Platystonza, Hkjrnes.) 
The shell is smooth, quite symmetrical, resembling the Liassic Dis. 
excavatus (vide Stoliczha in Sitzungsb. Akad. Wein, 1860, vol. 
XLIII., p. 194, pl. 3, figs. 1, 2) ;  the whorls are still more nu- 
merous and narrower. So far as I am aware this is the first 
notice of the genus Discohelix in triassic rocks. I have a few 
years back, described, in the paper quoted above, several species from 
the Alpine Lias, and also referred to the occurrence of many species 
in the Lias and Ju ra  of Normandy. 

2. PLEUROTOMARIA conf. BUCHI, Deslongch. Sitzungs. d. k. 
Akad. Wein, Vol. XLIII., p. 188, pl. 4, figs. 4, 5. 

I n  alluding to the liassic species, which is well known to me from 
.the Hierlatz-strata of the Austrian Alps, I do not at  present intend 
more, than to recall the remarkable similarity of the triassic Hima- 
layan fossil with the former. I found i t  myself on two localities 
in the triassic beds South of Drangkhar and East of Lilnng. 
There is no mistake about the age of the rock; notrvithatanding I con- 
fess, that I am unable to distinguish the two specimens (they are not 
quite perfect) from the species above rcferred to. Farther searches 
will probably clear up  the doubt. 

3. PLEUROTO~~ARIA STERILIS, St01. pl .  IV., fig. 1. 
PI. testa dcprcsso-conica, trocltiformis ; anfi,actilus paucis, convexis, ad 

rnccliurn sub-ar~yzilatis, spiraliter atyzle transvcrsaliter striatis; fuscia 
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sirziis a n p s t a ,  illfra ~nerliunr anfractuum si ta,  utrinque lineis impressis 
nda~yinata ; ultimo anfractu a d  basim subrotunduto ; basi suhplana, v i ~  

striata ; umtilico magno profundope  ; upertzr~.n rotu~~clate-rhomboiclea. 
The  principal characters by which the present species is easily dis- 

tinguished from other similar triassic forms, consist in the broad conica 
shape of the shell, the emall number of eub-angular whorls, covered with 
transverse striae of growth, interrupted on the sinus, and with other 
somewhat stronger atria: in spiral direction. Tlie band lies on the 
perpendicular portion of the whorls, a little below the angular con- 
vexity of each ; i t  ia very narrow, with the usual concave stria? of growth, 
and bounded on either side with a fine groove. On the basie of the 
last whorl the s t r iz  become nearly obsolete ; umbilicus largely open. 

Locality: Lilang on the Lingti river ; rare in the limestone East of 
the village, and seldom observed in other places in Spiti. 

V .  Cephalopoda. 
The present number of known triassic Cephalopoda from Spiti amount. 

to 18, but  there is every hope that i t  mill be largely increased. 
Three species of Orthoccras are all identical with Alpine forms 

from the upper triassic beds, namely, Orth.  salinarizcm, lutiseptum and 
dubium, Hauer. One species of Nautilus is described as new, but i t  
is remarkably similar to N. brevis, Eauer. Of Clydonites two new 
species have been found. Of Ammonites* twelve species are noticed ; 
five of them are European, namely, Am.  $oridus, difissus, Gaytani ,  
Ausseanus and Studeri ; the rest have been previously described either 
by Prof. Oppel or Blanford (loc. cit.), and only two are designed adl 
new. Besi'des these there are fraglnents of four different speciee 
of Ammonites, too imperfect to be named and described. One of 
these species is very like Am. minimus, I-Iauer (Sitzungsb. d. k. Akacl. 
Wien, 1860., vol. XLF., yl. 2, figs. 1-4), and is probably identical ; it 
differs only jn its greater size, which exceeds 2 inches in diameter. 
What  appears strange is, that not a trace of Am. A072, which is so 

* My friend, Prof. E. Suess of Vienna, tells me in a letter of the 26th December 1864, 

thnt he will shortly lay before the Academy a paper on Cephalopoda, with regard to several 
points in the organisation of the shell and its connection with the animal. The " Globosi" 
will form, he says, a new genus Arcestes (vide. Strnchcy's Pal., 1). 66). Howeyer, not being 
as yet aware in what mny Prof. Suess will restrict or extend this genus, I had better not 
introduce it here now. 
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common all through the Alps in these rocks and also North of ICumaon, 
(from Col. Strachey's researches) has been as ye t  found in Spiti. No 
doubt farther enquiries will reward the observer. A s  rcgards Am- 
monites, I would only mention that  there exist large numbers of some 
species in our collection, which have througl~out a constant elliptical 
shape. F. von Hauer and others have already previously on several 
occasions drawn the attention to  similar asymmetry : instances of 
which, I woulcl quote from Am. Gerardi or Am. Batteni: not to 
be thought of as any accidental compression, because me have 
often exactly similar specimens from three or four far distant localities, 
and among them not one specimen which would give a regular spiral. 

I. ORTHOCEBAS, sp. 
Besides the three species noticed farther on, I have to draw at- 

tention to  a remarkably thin and many-chambered species, which 
occurs east of Lilang in the triassic limestone, and is probably new; 
but  I have not been able to  obtain any  sufficient material. 

1. ORTEIOCERAS SALINARIUM, Hauer, 1846, Ceph. des Salzkam- 
mergutes, W e n ,  p. 42, pl. 11, figs. 6-8. 

The species is easily recognized by its broad, distant and not very 
concave septa. I t  has been met with in Spiti a t  I17har, and E a s t  qf 
Kuling in the P i n  valley, a t  Lilang and Wes t  of Losar .  The speci- 
mens are perfectly identical with those from 13allstadt. 

2. ORTHOCERAS LATISEPTURT, Hauer, 2846, Ceph. d., Salzkam- 
mergutes, TVien, p. 47, pl. 11, figs. 9-10. 

Only one fragment has been found a t  Khar  in the P i n  valley. The 
form of the shell, with the very small angle of the convergence of 
the sides, the distant septa with their strong upper excavation and the 
central sipho easily Jistiaguieh the species from Orth. pulchellum, 
IIauer, (1850, E-Iaidinger's Abhandlg. p. 1, pl. 1, figs. 1-3). Our spe- 
cimen, being a cast only, does not exhibit the fine transverse stri- 
ation noticed by F. von Hnuer. 

3. ORTHOCERAS DUBIUBI, IZazler, Haiclinger's Abhandlg. Wien, 
p. 260, pl. 7,  figs. 3-8. 

Several specimens have been obtained a t  Lilang, the largest of 150 
mm. They agrce well with specimens which we possess from Hall- 
stadt. Oilly the septa are in our specimens usually not so distant, the 
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width being grcatcr t,han the height ; this, however, is a cliaracter 
o f  considcrable variation, as noticed by von IIaucr, loc. cit. p. 261. 
Thc  fine s t r ix  mhic,h, according to Hauer's observations, are sometimce 
visible on the interior of thc shell, are not present on our specimens, 
but thc thickness and smoothnese of the exterior layer of the shell is 
quite identical with the Alpine forms. 

11, Nautilus. 
4. NAUTILUS SPITIENSIS, Stol. PI. IV., fig. 2. 
Ncmt. testa discoidea, parunt i~~voluta  ; supe~yfcic reticulula ; atlfracti- 

bus pauc,is, sub-angulatis, Ztrteraliter comnplanatis ; dorm colzvexo, l ~ t o  ; 
septis nu~nerosis ; suturis simplicibtts, luteyalitcr concavis, interrae lohutis. 
Sipl~unculo eccentrico, prope ??zargirze~n superiorem posito. 
Proportions calculated from figured specimen (whole 

diameter being considered as 1.00) in diameter of ... 40 m.m. 
Outer whorl : whole diameter ... . , .  .. . 0.42 
Width of umbilicus : ditto ... . .. 

a 
.... 0.35 

Thickness of section : height . . . ... .. 9.82 
Distance of the siphuncle from the inner margin of the 

: septum : its height , .  . . . . , .  0.60 
'Shell discoid consisting of only two whorls, wliich are not very invo- 

lute, leaving a large umbilicus perforated in  the middle. The section 
of. the whorle is sub-angular, these being flattened at the sides and 
slightly convex on the back. The  surface of the shell it covered with 
fine reticulate striz, of which those i n  transverse direction are some- 
what finer, forming on the outer periphery a deep sinuation to bnck- 
wards. The septa are numerous ; the sutures simple, concave on the 
sides, nearly straight on the back and with a small lobe on tlie inner 
margin of each septum. The siphuncle is eccentric nearer to the 
outer region, being placed at  about one-third distance from the interior 
margin. 

Locality : Lilun9 on the Lingti river ; tlie figured sl~ecin~en is tlie 
only one which has been as yet not,iced. JVere it not for the position 
of the sipl~uncle, i t  mould be iml~oseible to separate the present form 
from N brevis, Hauer (1860. Sitzungsb. d. k. A kad. Wien. vol. XLI., 
p. 12 1, pl. 2, figs. 5-8) f'rorn the Alpine Trim. Should fhrtller discoveries 
prove, that the position of t,he silllru~lcle is so far variaCle as to becomc 

G 
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dorsal, the separation would be inadvisable and moreover unneces- 
sary. I may just remark, that I have myself observed among 
cretaceous Nautili variations in the position of the siplluncle in  different 
stages of age. 
111 Clgdonites, EIauer. 
5. CLYDONITES OI~DEIARIIANUS, StoE. P1. IV., fig 4. 
C l y .  testa globosa, involuta, transversaliter subcostatu ; costis conti- 

nuis atque divis is .  Sz~turis  l ~ t e r a l i t e ? ~  ( u s p e  a d  umbilici  margiltem) 
qacadri-lobatis, lobis cuspidatis, sellis rotundatis, alternatim mino~ibus.  

T h e  globular form and the larger umbilicus distinguish this species 
easily from Cly.  ellipticzts, Hauer, (1860, Sitzungsb. d. k. Akad. 
Wien., vol. XLT., y. 16, pl. 5, figs. 8-14). T h e  ribs divide repeatedly 
from the umbilicus and are coarse. T h e  sutures have four lateral lobes 
on each side, so far as they are visible, u p  t~ the edge of the umbilicus ; 
they are sharply pointed and unequal among themselves : the saddlee 
are  simply rounded and alternately longer and shorter. O n  the whole 
the  sutures are equally and similarly formed to those bf Cl'. ellipticus, 
bu t  the latter are more numerous and the lobes are all equal in length. 

Locali ty  : Lilang on the  Lingti river ; a single specimen only 
has been as yet found ; it is not perfect. 

6. CLYDONITES BAUERINUB, Stol. PI. IV., fig. 3. 
CZy. testa sub-globosa, lcevigata; umbilico apeyto;  ultimo anfractu 

eccent~ico, aperluram veysus prolongato ; dorso rotundato, in medio 
a n f ~ a c t u u m  interiorurn sulcato ; szlturis lateraliter t~.ilobcctis, simpliciter 
sinuosis. 

Shell sub-globose, somewhat laterally compressed, thickest round the 
umbilicus, which is open and becoming larger on the last whorl. The 
surface is apparently smooth, only covered with very fine s t r i s  of 
growth. T h e  inner whorls shew three distant sulcations in one cir- 
cuit, indicating the previous positions of the mouth, on the middle 
of the back they are provided with a slight groove, which disappears 
on the last, or, probably more Wrrectly on the body-whorl; the stria: 
are seen falcated on this groove. 

The  last whorl is somewhat prolonged and becomes ecccnbric. The 
aperture is not preserved on the figured specimen, but on an- 
other speciinen i t  is seen simply extended witch a deep furrow close 
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to its margin ; quite similarly formed as in Ciy, ellipticur, Ilauer, 
(1860. Sitz. Vienna Akad. vol. XLI., p. 128, pl. 5, figs. 8-14), which 
our species resembles in its general form. 

The sutures are trilobate on each side, and simply sinuated as in 
Cly .  costatus, Hauer (ibid. ) ; the lobce and saddles are roundish. 

LocaZitg : Lilang on the Lingti river ; only two specimens have as 
yet been found. 

I feel much satisfaction in naming the present species after our 
distinguished palzeontologist Fratzz Ritter van Hauer, of the Bus- 
trian Geological Institute. I l i s  labours in tracing out the fauna of 
the Cephalopoda of tlie Alpine formations do not need to be mentioned, 
but he was the first who, in accordance with the newer and more 
unifbrm system of classification of the Mollusca, suggested a separation 
of the Cephalopoda into more numerous genera, a system so greatly 
objected to by many palzontologiste, and yet so much desired by  
others, who endeavour in  their researches to arrive at conclusions 
consistent with those of the classifying Zoologist. 

I K  Ammonites, Brug. 
7. AMMONITES FLORIDUS, U7'uZfim, sp. 
1547. Zlauer in Igaidinger's Abhandlg. I ., p. 22, pl. 1 ,  figs. 5-14 ; 

-1865, Salter in Strachey's Palzont., p. 6 1, pl. 6, fig. 1, and 
pl. 8, figs. 1-3. 

The  sutures of our Himalayan forms exihibit in the dorsal lobe 
some slight difference fronr those of the Alpine species figured by 3'. 
o. Haue,~ ; the specimens are otherwise undistinguishable, as  noticed 
by Mr. Salter. 

We found tile species a t  Lilang on the Lingti river in Spiti, and it  
had been previously observed on the Rajhoti pass North of liumaon 
by Col. R. Strachey. 

8 A~XMONITES JOT,LYANUS, 0ppele 
1864. Palsont. Mitthcilungen, p. 271, pl. 75, fig. 4. 
The interrupted depressions on or nQr thc middle or the si(les are 

very like those of Am. ,floridus. The  umbilicus is u8ually a 

little larger than represented in Prof'. Oppel'a figure, but i t  is always 
very shallow. The whorls are'numerous ; five inner volutious being 
exDoscd in one of our apccimens, which does not excecd in size the 



figurc above rcl'crretl to. TVith regard to this cl~aracter it is very 
like Am.  yltcnoc2iscus, &'utter (Strachey's Pal., p. 63, .1)1. 8, figs. 5-6), 
which may be only a young specimen of Am. Jollyunzls. ' 

The sutures are very exactly drawn in Oppel's figure. 
Thc species was first found by the Schlagintweits at ICuling in the 

Pin valley, in which locality I observed i t  myself. I t  occurs at bluth 
oftener than any other fossil, and one of the largesk specimens, 
brought in 1861 by Mr. W. Theobald, measures 180 mm. in diameter. 
On this specimen the last whorl represents exactly the same com- 
presbcjcl and cuspidate section as in Am.cfEoridus. The sutures, which 
before had only a resemblance, become also perfectly like in both. 
Were i t  not for the total involution of the last named species, nobody 
could distinguish fragments of outer whorls of Am. Jollya?zus from 
those of equal size of Am.JEoridus. To the many variations already 
traced out in An2.JEoridzls several more may be aclcled in time, whep 
we have procured sufficient materials. I n  such cases especially, 
i t  becomes clearly visible, that the inquiry into a species is by no 
means completed by giving i t  a specific name. 

9. AMMONITES KHANIKOFI, Oppel. 
1864. Pal. Mittheilungen, p. 2'76; pl. 76, fig. 4. 
The lateral ribs undergo a good many variations ; they are stronger 

and less nulnerous on the outer than on the inner hall of the shell. 
However, even the fprmer (those on the outer half) are sometimes 
twice as numerous as in Oppel's figure. On the middle of the sides, 
where the two portions of the lateral ribs join together, there are 
sometimes small tubercles formed at  short distances from each other ; 
they are not constant even on one and the same specimen, and do 
not certainly indicate a new form. If this is to be the princi1)nl 
character of Dr. Oppel's proposed new species A772, propinyzczls, 
(ibide~n, p. 2'75, no11 A m .  propin~ztus, Stoliczba, 1863, Pal. Indica, 
3. ser., p. 23, pl. 30, figs. 1-2), i t  cannot be regarded as sufficient. 

The umbilicus is sometimes very narrow, in other even smaller spe- 
cimens larger. The ~vhorls have usually their greatest thickness 
round the umbilicus, as noticed by Prof. Oppel. 

But  exceptions to this are not uncommon, and the shcll is here some- 
times more depressed than in the middle of the whorls. If a large 
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specimen can be spared so as to be broken, for examination, all tllcsc 
variations can be very often observed on one and the same specimen. 

The sutures are clearly.visible in  Prof. Oppel's figure. I n  young 
specimens the saddles are perfectly rounded, as in Ceratites ; growing 
larger, they become, slightly and gradually more undulated and 
incised. Our  largest specimen measures 75 mm. and consists 
still of air-chambers only. 

The  species has beed observed a t  ICuling and a t  Muth ; a t  tile first 
named locality and in Ngari Khorsum i t  ~vas also collected by tile 
Schlagintweits. 

10. AMMONITES GAYTAMI, Illipsteia. 
1843. Oestliche Alpen, p. 110, pl. 5, fig. 4.-F. v. Haucr in 

Haidinger's Abhandlg. 1847, I., p. 266, and 1850, III., p. 17.) 
W e  possess only one fragmentary specimen from Kuling, i t  shews 

the flattening of the sides and of the back very clearly, and cannot 
be mistaken for Am. subumbilicatus, Bronn, as noticed by F. von 
Hauer, loc. cit. 

Mr. Salter (in Strachey's Pal;eont., p. 65, pl. 7, figs. 7-8) refers 
to this s~ec iea  a few epeci~nens from the Rajhoti pass. They may 
belong to this species, but the sutures figured on his plate 7 (fig 8 ,  c.) 

exhibit many differences both from our specimens and from the 
Alpine originals. 

11. ABIDZONITES DIFISSUS, Hamer, PI. V., fig. 4. 
1860. Sitzungsb. d. k. Akad. Wien, XLI., p. 144, pl. 4, figs. 11-13). 
The Spiti specimehs, found at Kuling and LiZany, are quite iden- 

tical in form and ornamentation with the Alpine. The  two transverse 
furrows, indicating stages of growth, are not ao strongly marked in 
most of our specimens, but they are seen disappearing towards the 
middle of the back in exactly the same way as mentioned by Hauer. 
The lobes have not been as yet traced in the Alpine specimens, and 
we give, therefme, a figure of them from one of our specimens ; i t  m y  
serve for comparison in future. 

Col. Strachey found the species previously on the Rajhoti pase 
North of Kumaon. 

12. AMMONITES AUSSEANUS, Ilauer. 
1842. Baiding. AbLnndlg. I., p. 267, pl. 8, figs. 6-8. . 
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Several specimens of different size have been met with at  Lilang, 

and are perfectly identical with those known from the Alpine Trias. 
Three or four transverse furrows at  short distances are distinctly 
visiMe, the shell is otherwise smooth. On the Rajhoti pass, North of 
ICumaon, i t  has been observed by Col. Strachey. (Vide Strachey's 
Palzont., p. 65, pl. 7, fig. 2, ard  probably fig. 4 too). 

13. AMRIONITES GERARDI, Blanford. 
1863. Journ. As. Soc. Reng. p. 132, pl. 2, fig. 6, 1864. 
1864. A m .  cognatzls, Oppel, Pal. Mitth., p. 285, pl. 81,.fig. 3. 
Both the existing figures by Messrs. Blanford and Oppel are taken 

from casts, and are not very characteristic, although so far sufficient, 
as to enable the species to be recognized. The transverse ribs, which 
on well preserved specimens (unless very young) are always very 
clearly visible, have their greatest thickness on or about the middle of 
the sides, and become thinner towards the umbilicus and towards the 
back. The number of ribs is usually from 16 to 18, and there are 
sometimes thinner ribs or striae intermediale between them, as indicated 
in Prof. Oppel's figure. The greatest thickness of the whorls is round 
the umbilicus, which is very deep with perpendicular walls. The 
species attains a large size; one of our specimens from ICuling 
measures 125 mm. Specimens of elliptical shape are usually met with, 
having perhaps retained their original form, and not being only 
disfigured in consequence of lateral pressure of the rock. 

Am.  Gerardi is one of the most common triassic fossils in Spiti, . 
i t  has been observed at  Muth, Ichar, ICuling, Silang, Lilang and 
East of the ICunzum pass. Dr. Gerard's original specimens must 
have been collected somewhere near Drangkhar, and M essrs. 
Schlagintweit found the species in Ngari Iihorsum a t  Shangra, East 
of Puling. 

14. AMMONITES MEDLEYANUS, Stol. PI. IV., fig. 5.  
Am. testa globosn, Zateraliter compressn, szlbl~vigata, p r o p  peripheriarn 

zlna serie tuberculorum ornatcc ; dorso rotzttldato, transversim multice cos- 
taro, costis in  lateribzts sub-obsoletis ; .rtrnbilico angztstissimo, apertura 
ovate-clongata. Scptis lnteraliter quinqlce lobatis, sellis u n  fornre 
hipartitis, earztmyue ~.nntzilis brezvibus, si)tbfoliaceis, lobis nnyc~tissinlis 
a t p e  profitndis. . 
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Proportions taken in diameter (considered as 1.00) of .. 95 m.m. 
Outer whorl : whole diameter . . . ... . ,. 0.53 
Width of umbilicus : ditto . . . ... . . .  0.10 
Greatest thickness of section : height . . .  ... 0.78 * 

Shell sub-globose, laterally compressed, thickest round the umbilicus, 
sloping gradually from this to the outer periphery, the edge of wllich is 
ornamented with a row of tubercles. Only slight ribtinge are seen on 
the sides, although it seems probable, that they were more strongly 
marked on the preserved surface of the shell. The back is roundish 
and crossed by numerous short cost=, which are slightly bent forward. 
The aperture is elongated ovate, much indented by the preceding 
whorl ; umbilicus very small. 

The sutures are laterally five-lobate ; the saddles are a11 u n i f o r n ~ l ~  
divided, bipartite, with short phylliform branches, and much broader 
than the lobes; the first lateral lobe is the longest, and the others 
diminish gradually in  size towards the unlbilicus. 

The species is one of the interesting compressed Globosi, of 
the form of Am. Studevi, Hauer, Am. Dontianus, Hauer, and 
others. 

The single figured specimen, the only one yet known, mas in the col- 
lection of the Thomason College a t  Roorkee, an 1 was, with a great 
number of otber Spiti fossils, putat our disposal by Major J. G. Medley, 
R. E., Principal of the College. These foesils were those collected 
by Captain Hutton, and subsequently purchased for the college with his 
other collections. I t  is no doubt a triassic Ammonite, and judging from 
the matrix, I would believe it to be from Kuling in the Pin valley. 

15. AMMONITES STUDERI, Hauer. 
1857. Sitzungsb. d. k. Akad. Wien, XXIV., p. 146, pl. 1, figs. 1-4. 
The identity between the Himalayan end European triassic fossil 

does not require much explanation more than referring to F.ZIauer's 
excellent description and figure. I mill mention only a few peculiar- 
ities. The number of transverse ribs amounts in our specimen to 15 
only; in proceeding towards the periphery they curve slightly h c k -  
ward, becoming nearly obsolete or at  least less distinctly marked. On 
the back, which is rounded, there is clearly a tendency to recurve 
forwards visible. Through the etrix of growth, which on the well 
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,weserved shell are of' considerable strength, this flexuous bending of' 
the ribs call bc followed without difficulty. As  regards this point 
F. von. Hnuer refers justly to the siinilarity of this species with Atn. 
Dontianus, Hauer. (Denlrsch. d. k: Akad. Wien, II., p. 1 16, pl. 19, 
fig. 6) also a triassic species from the Alps. 

The sutures of our specimen agree perfectly with Hauer's figure. 
Locality : Muth in the P in  valley, rare. 
16. AMMONITES THUILLIERI, Oppel. 
1863. Ceratites? Hinzala~anus, Blanford, Jour. As. Soc. Bcng., 

pl. 133, p. 2, fig. 7, (non Am. Himalayanus, D'Orb. Prod. 
I., p. 332). 

1864. Ammonites Tl~uillieri, Oppel, Pal,.eoht. Mittheilungen, 11. 277, 
pl. 77, fig. 3. ( ? Ibidem Am. Voiti, Oppel, p. 276, pl. 77 ,  
fig. 1, & Am. onustz~s Oppel, p. 277, pl. 77, fig. 2.) 

1865. Anzmonites Blanfo~.di, Salter, in Strachey's Palzont., 1865, 
p. 66, pl. 6, fig. 2, (non A m  Blanfordianus, Stol. 1863, Pal. 
Indica, 3. ser., p. 46, pl. 26.) 

The ornamentation of this species is generally well marked and 
characteristically shewn in Pro$ Oppel's figure of Am. Tltuillieri. 
Blanford's original figure is too indistinct, taken from a water-worn 
cast. The  number of lateral ribs, which are always solnewhat flexu- 
ous, amounts usually to 24, and many of them become bipartite on 
or about the middle of the sides. The tubercles along the edge of the 
umbilicus are either well marked, and remain so in every size of the 
species, or they disappear gradually altogether. T h e  same thing 
takes place with the tubercles on the edge of the back. O n  some 
specimens they are very distinctly marked, while on others they never 
become developed, and the ribs form slight prolongations of the back. 
The  thickness of the whorls and the size of the umbilicus are not very 
variable, although the former loses much in its appearance, when the 
ribs are thinner. Young shells possess a roundish keel, which becomes 
obsolete with advancing age ;  the back remains, however, always 
convex and somewhat elevated. The  saddles of the sutures are 
perfectly rounded in the first s t y e s  of growth and become gradually 
divided into short foliations. The  largest of our specilllens fi-onl 
Lilnng measures 120 n1.m. 
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Ant. Thue'llieri is cGmmon all through the triassic rocks of Spiti ; thc 
best specimens are those from Kuling. The variations, which I have 
previously noticed, can be sometimes observed on one aud thc aarne 
specimen. I have broken for that purpose several, and, so far ae I 
can judge, cannot admit, that any of the variations noticed indicate 
different species. 

The original specimen of Prof'. Oppel'e Am. Thuillieri was 
found a t  Muth, where I have collected it myself. 

Another specimen was brought by the A,Iessrs. Schlagintweit 
from East of the ICunzum pass, and this one Prof. Oppel names 
Am. Voiti. There seems to be, however, very little chance of its 
being a different speciee. I have observed Am. Thuillieri myself at  or 
near the same locality (3 miles West of Losar), although I have not 
found a specimen exactly like to Am. Toiti. A glance on Prof. 

Oppel's figure shews a difference from the type in the smaller size 
of the umbilicus and somewhat more compressed whorls, but neither 
of these exceeds the limits of variation, which we observe among our 
specimens. The  direction and number of ribs are in both of Dr. 
Oppel's figures the same, and e q u a l l ~  are the divisions of the sutures 
perfectly identical. 

Wi th  regard to Am. onustus, Oppel, I can only regret, that such 
fragments are thought worthy of specific names. I cannot distin- 
guish i t  from similar watermorn fragments of Am. Thuillieri 
in our collection. Dr. OppeE's remark, that the indentation in the sec- 
tion (fig 2. b. loc. cit.) may be too small, is most probably quite correct. 
The more distant lateral ribs are not sufficient to indicate a new species. 

Am. Bla?,fordi,  Salter, is a similar fragment, like An.  onustus ; the 
ribs and tubercles are somewhat better preserved on it, but it does 
certainly not belong to a new species. 

Somewhat more doubt exists as regards Am. FEnterbottomi, Salt'er, 

(in Strachey's Palaont. 1865, p. 63., pl. 7, fig. 5) from the triassic lime- 
stone of Ngari. M r .  Sowerby was in this case probably more correct, 
when he ldarked a slight keel in figures b and c (loc. cit.!, although Mr. 
Salter denies its existence distinctly. If a keel is really present, 

then we are, I believe, very nearly able to pronounce ito identity 
with A171. Tl~zrillieri. 

H 



After these remarks on the Incli i~n materials, I inay Le allowed to 
allude to their greatest ally from the Alpine Trias of Europe, namely 
Am. binorlosur, Hauer, (Denlrech, d. k. Akad. Wien, vol. TI., p. 114, 
pl. 19, figs. 1-4). A comparison of the Indian fossil with F. von Hnuer'~ 
original specimens, which served him for examination, would no 
doubt be very desirable. The  reeen~blance to Am.  Leqane7zsis, Merian, 
(F. von Hauer in Sitzungs b. d. k. Aliad. Wien,  1855, vol. XV., p. 
408, p1. 1, figs. 1-2) is also worthy of notice. The last of the two 
species just named has a keel, the former none. 

There  will, I hope, be no difficulty in settling many points of differ- 
ence about the Himalayan species, as good material is in the hantls 01' 

two of our beet palaeontologists in Europe. I have retained the name ol' 
the best figured specimens of Proressor Oppel, Am. Thl~illieri, au 
D'Orbigny's name Am. Himalnyce relating also to a Ilimnlayan species 
(whichD70rhigny seems to have seen in Sir R. Jfurc?tison's collection.)" 
would possibly lead t,o collision with Am. Himalayanus, Blanf., 
which name would otherwise have priority. 

17. AMMONITES MALLETIANUS, Stol. PI. V. fig.. 1. 
Am.  testa discoiden, snbelliptica ; anfractibus nunzerosis, snhrotu7zdatis, 

Iateraliter costatis : castis crassis, circiter 26 in uuno circuitu, simplici- 
bus, noretaiberculatis. Dnrso an.qu.~tuto, (co~zoexo atyr~e 2aviga to ; zinzbi- 

licn magno, a d  margines abrupto ; aperturn) ovali, postice cordata. 
Suturis Eateraliter trilohatis, rnultice dzssectis, selln dorsati pnrtqn, lobrr 
laterali primo longissinzo, tripartito : ramulis sellurunz sziZ~oliaceis; 
suturis auxiliaribus trilobatis, incipualiter divisis. 
Proportions calculated from the figured specimen 

(diameter being considered as 1.00) in diameter of ... 102 mm. 
... ... Outer whorl : whole diameter ... 0.31 

... Width of umbilicus : ditto ... ... ... 0.47 

... ... Thiclrness of section : height ... ... 1-09 
The uhell consists of numerous rounded whorls, which are involute, 

for about half their width leaving a large umbilicus with stseep walls. 
r 

The greatest thickness of the whorls is near the edue .a of the embi- 
p- 

* If the specimen exists, thcre may be some chancc to get D'Orbigny's name n signification, 
but otherwise not. It refers probably to Am. biPlcs or Bruickenridyii, Sow, or any 0 t h  
Ain~i~onite of the " Planulati." 
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licus, and the shell slope8 from here gradually towards the outer 
periphery. On the sides there are about 26 short ribs to one whorl ; 
thick, but not much elevated, without any tuberculations, and clis- 
appearing towards the back and the ulnlilicus. Tho section of the 
whorls is ovate and cordate, .the back being rounclieh. 

The sutures have only two lateral tripartite lobee; the dor~nl  
sacldlc is very small, and all have numerous phylliform branches ; the 

first lateral ie of all the lobes the longest. The auxiliary euturee are 
unequally subdivided, except the first, short but broad auxiliary 
saddle, wllicll seems to have its bipartition regularly on or close to 
the edge of the unlbilicus. 

The species has a remote affinity t o  Am. modestus, Buch. ; I am 
not aware of any other known form like our Himalayan speciee. . I t  ie 
named after m y  friend, F. R. Mallet, of the Geological Survey of 
India, my companion during our survey in 1864. Having previously 
visited Spiti in 1861, Mr. Mallet was able in several instances to 
facilitate the progress of our work. 

Locality: Lilang on the Lingti river ; the figured upccimen is the 
only one as yet known. 

1 8 . - ! i w ~ o ~ I . r ~ s  BATTENI, Strachey. PI. V. fig. 2.) PI. VI; fig. 1. 
1865, Palaont., P1. XI, fig. 2, itidem, p. 64, Pl. VI, fig. 4.) 
Am. testa discoidea, ollortga ; nnfractilus numerosis, lateraliter valde 

compressis, subhvigatis itttardantgue prope umbilicum subcostatis, 
porum involutis ; dorso rotundato, laon carinato ; ccmbilico mayno, 
subplano ; apertura elongate-comnpressa. Suturis lateraliter bilobatis, 

numerosissime atyue projhnde incisis ; 1060 dorsali brevi et lato, 
lobis Zaterolibus longioribus, i r~~qua l i t e r  ' tripartilis ; scl/is latis, 
p r o p  tripartitis, ramulis subfoliuceis ; s?rtutis atiriliaribns multi- 

lobatb, smbilieum versus oblique rlescesde~ztibtrs atr/ac gradatinr 
minoribus. 
Diameter of largest specimen from hluth e m -  ... ... 350 mm. 
Length of the shell : width, or, longer : shortcr 

diameter . . . . . . ,.. ... '1.24 to t1.30 
__ . - _. 

* Specimen figured on Plate V., fig. 2, 

$ Plate VI., fig. 1. 
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Proportions calculated from figured specitnens 
(the whole diameter being considered as 1.00) 

... in  the longer diameter of ... ... 68 ,, 1.40 

... Outer whorl : whole diameter ... ... 0.25 ,, 0.32 
... Wiclth of umbilicus : ditto ... ... 0.57 ,, 0.40 
... Tllickness of section : height ... ... 0.58 ,, 0.44 

The  two figured specimens, of which the smaller Ilas a greater nuln- 
ber but somewhat less involute whorls, may be accounted as the prin- 
cipal varieties of this species. All  our specimens (9) have the peculiar 
elliptical shape, although they come from three different localities. 
This form is therefore not accidental, bu t  characteristic. The  surface 
of the whorls is either smooth or  bears sometimes short transverse ribs, 
which disappear towards the back. Laterally the whorls are almaye 
strongly compressed, higher and somewhat more embracing when less 
numerous, (fig. 1, pl. 6.);  thicker and less involute when there is s 
greater number of them present, (fig. 2, pl. 5). 

In the ornamentation of the shell and in the divisions of the sutures 
the varieties are perfectly identical. There is a broad, but ~ h o r t  
clorsal and two lateral lobes, of which the first one is the longest ; they 
are unequally tripartite; the dorsal saddle has longer branches on tlie 
side 4 the siphuncle, and is, like the next lateral on its upper 
termination, unequally tripartite ; all the branches are approaching to 
pl~ylliform. The  auxiliary lobes are numerous and descend obliquely 
towards the umbilical suture, similarly as in Ammonites of' the cre- 
taceous group " LQuti." 

Mr. Salter noticed a fragment (Ioc. cit., p. 64) of' this species, but 
regarded i t  justly, as insufficient to name. A second fragment 
was figured among jurassic fossils by Col. Strachey on Plate X I  and 
named below Ant. L'attcni. Mr. Blanford tells me that, so iar as lie can 
~ ~ e i n e n ~ b e r  the fragment, i t  agrees quite with our epecimens, but that 
h e  fouud i t  much too iu~perfect, and has therefore omitted any far- 
ther  notice of i t  in his clescl.iptions. I have, in consequence of this, 
retained Col. Strachey's provisional name. The  species must have 
been only accidentally mixed with other jurassic fossils. 

Localities: Rluth, IZiiling in the Pin-valley, Lilang on the Lingti 
river. 



VI. I/t)l.teLrutu. 
Mr. Theobald fourlil in the triaseic beds East of Iculing a bi-cotlctlvc 

vertebrum, and I got a few pieces of other bonee in probably tllc 
same locality in the Pin valley. Tlie vertebrum is llollowed out in 
the middle. It ia impossible to  eay a t  the present, whether thew 
fragment0 of bones belong to Reptiles or fishes even. Col. Stracl~ey 
tells me, that he found a number of Jiuh teeth in the triassic beda 
North of, or somewl~ere near, the Niti pass, but that they have beer1 
lost in some way, aucl he has not been able to recover any of them. 
W e  may, therefbre, get i n  time some morc information about triaesic 
fishes from the Himalayas. 



I n  Northern Spiti there is above the Trias a thickness of some 

hundred feat of limestone, which, according to its fossils, seeins judtIy 

to be called by the above name, as representling this Alpine f'ornlation 

in the Ilimalayas. The  Para-limestone does not exist in the southern 

part of the Spiti valley, (above the Trias and below the Tagling 

limestone,) or we must have fiiled altogether to trace it out. Certainly 

i t  tloes not exist here with the characterist,ic bivalves, if it is to be 

fo~lncl in reality, which I do not intencl to deny. Traces of the Para- 

lilnestone are to be met with in the Parang section, but I remember 

having seen it, only in a few loose blocla, ascending the Pass towards 

the camp Bhaonrhochan, and I have therefore not noticed i t  in tlie 

section. It cannot be more than a few feet in thiclrness, if compared 

with the thousands of feet of' tlie other limestones, ill the North- 

western portion of Spiti, and not far to the West  from the Parang 

road, the Para-limestone is well developed. It is a black, in some beds 

very earthy and strongly bituminous, limestone, which does not effer- 

vesce, or hardly effervesces a t  all, with acids. I n  the Alps this kind of 

magnesian limestone is generally called dolomitic limesto?ze. I t  has 

a fine granular structure if compact, and breaks into small angular 

pieces, or usually, if thin-beddecl, i t  is cartlly. Wllcre the Tagling 

~ t r e a m  (Lagudarsi river) joins the Spiti river, the thicbness of the 

Para-limestone amounts to about 700 feet', its positiorl above the 

Trias and below the Tagling limestone is here undoubted, and its 

mineralogical characters are quite different from those of botli the 

other limestones. The  fossils contained are Ikfegulorlon lriyzleler, 

Dicerocardtzlm Himalayense, severil species of Cltcnmitzia, of the 

character of those from the Esino-dolomit, arid Neoschizodlts. Ta- 
\varcls the South the Para-limestone is seen decreasing in thick- 

ness, and probably disappears near the village ICi, or South of 

* I mean to apply this name to tho bcds with ~lI~~gnlotlon triqlieter. 



Kibb'er, altogether, but I did not follow i t  in this direction. In 
the western part of the Spiti river towards Loear it thine out 

nradually, and opposite to this village, to the North, it is seen only 
b 

near the tops of the hills of about 100 to 200 feet in thickness. Townrdu 
the Tagling pass the thickness of the limeetone without doubt incrcasee 

( s t  least partially), and amounts probably to more than 1,000 feet on 

the other side of the Baralat,se range in tlie Para valley. As i t  is here 

so very extensively and characteristirally developed, I have adopted 

for this limestone a name from the river Para. I shall say a few 

words in the general summary in justification of the name Rliatic, and 

, farther as regards its r e h i o n  to other formations. 

RHBTIC FOSSILS. 
The few fossils, which have been just now referred to, do not all 

permit a very accurate determination, and I would mention particularly, 
and as characteristic, only two ; one is Jfegalodon triqueter, Wulf., 
3 common Ellactic fossil in the Alps, and universally known as the 
'' Dachstein bivalve ;" the seconcl belongs to a genus only newly estal- 
lished, and is specifically allied to a species fi-om the same beds in the 
Southern Alps ; a Dicerocardium allied to Die. Curionii, Stoppani. 

DICEROCAKDIUM HIMALAYENSE, Stol. PI. VII. 
Dicer. testa mayna, cordiformi, umbonibus va2de protractis, ezterne 

subcarinatis ntpue contortis; superjicie co~zcentrice-cr-asse-lamellosa. 
A cordiform, large bivalve with very much extended and solnewhat 

spirally turned umbones; its form is that of a revereed cone, the 
basis of which is bordered with a rounded edge, which runs all along 
the outer side of the ~ro longed umbones. Tbe hinge does not exhibit, 
80 far as seen on our specimens, any particular teeth or grooves ; i t  
must be very similarly formed to that of D. Curiottii, Stoppani. The 

surface is only covered with coarse, lamellar, ribs and sulcations of 
arowth. The  shell has a very great thicknees, eepecially a t  the a 

un~bones, which consist, to s considerable extent towards their termi- 
nations, of a solid mass of allell. This latter has a spathic fracture, 
rese~nhling much that of fossil Echinoderms. 



Tlie genus Dice~*ocardiu/n has been only lt~tely (1864, l'nl. Lorllbartlic 
3. ser. 14-10, 11. 248) published for the first time by Abbi: Stoppani. 
Tlte author describes, from the beds of ilfcgalodon triqueter, Wuli: 
(nIcgal. Giirnbelii, Stopp.), t'wo species, large Diceras-ZiRe bivalvee, 

whicll he ainply illustl~ateu ; Dic. Jmzi and Dic. Curionii. The  former 
is by much more slender than our Himalayan species, and exhibits 
besides many other differences. Diceroc. Curionii is, however, very 
lilre ours. The  much coarser ribbing, more prolonged umbones, and 
the want of a special keel on their outer edge may separate the two 
forms, so far as Stoppani's representations allow a decision. 

Locality : Two (one of which is only a half) specimens have been 
obtained East of the village Chiote in t11e.North-west part of Spiti, 
but the specimens (and probably more than one species) are innumer- , 
able all through the Rhaetic limestone in Northern Spiti, and in the 
Southern districts of Rupshu. 

MEGALODON TRIQUETER, wulfen. 1793. 
1562. Giirnbel in Sitzungsb. d. k. Alrad. Wien, Vol. 45, pp. 325, etc. 
Specimens of different size up  to  one foot in diameter occur in the 

Para-limestone in  the North-western parts of Spiti and in Rupshu. I 
eo t  from the Para valley two specimens, which leave no doubt about z? 

their identity with the Alpine forms. The  specimens are quite dif- 
ferent from any young ones of Dicerocardium. 

Stoppani, in the last part of his publication of the Palzontologie 
Lombardie, which we have received in Calcutta, ( 3  Ser. 14-19), proposes 
on pp. 219-220 to abolish the old signification of the species alto- 
wether ancl to adopt a new name, .W. Giimbelii, Stopp. If M. 
h 

Stoppani could change all the papers in which the old signification of 
Cardizcm tripuetrzcm has become fimiliar, there would be less objec- 
tion to his well intended proposition, suyposing that a11 other concliolo- 
gists agree in this new treatment of pal~ontological literature. When 
Mr. Gumbel's paper on the '' Dachetein-bivalve" mas publishecl, 
there were, I believe, very few pal~ontologists, who, after loolting 
through that carefully executed work, did not thinlr the matter settled, 
and who did not know the meaning of Megalodon triyueter, Wuli'. 
Every one must conf'ess, that hardly anything was left to be done 



i n  tlie way of tracing out Wulfen's nnd other autllor'a names, as to 
their real significations. But suddenly n new s o u t l ~ o . ) ~  Ilreczc arises 
and seems to overtprn all nliich Lad been rebuilt 1vit11 great pnina. 
I do not thinlc it is strong enough to surmount thc Alps mid reach 
safe!y to the North l It will probably meet a strong current from 
the opposite direction. I n  mercantile matters the name of a n  old ii~.ni 
has a great value, and is retained, if possible, for many generations, sim- 
ply on account of its being known and universally accepted. Tlierc 
is nothing, which we can see, different in  the case of tllc l);~clietcin- 
bivalve. The  question with regard to tlie Geological position of 
i l l tyalo~lon Iriyuefer will be found inore fully didcussed in  our con- 
clusion. 



8cc t ion  3.-Lius. Ttrg2i)y- Ei~nestone. 

Above the triassic beds follows a thickness of limestones of' about 

2,000 feet. The  lower strata of these limestones correspond partly with 

the well known '' ICijasner- schichten" of the European A l p ,  and the 

upper seem to represent the liassic limestones, known under the name 

" Hierlatz-scliichten" of' tlie same mountain-ranges. I shall mention my 

palzontologicnl reasons why, for the present, i t  seems preferable to de- 

scribe both these limestones under one series, and separate them merely 

as lower and upper beds. T h e  name is principally intended for the 

upper becls, the equivalents of the EIierlatz strata, and I shall, in my 

next survey, e~ldeavour to ascertain whether the distinction of the 

lowcr beds into a separate group will find any more support, than 

now indicated, or not. 
a. Lower Tagling-2imesto1ze.-Lower Lias. 

A dark browu or grey, sandy or earthy, and mostly fine oolitic 

limestone i ; ~  the principal rock of this series. It sometimes consists 

chiefly of fragments of shells, and the name of shell-limestone could be 

justly given to such strata. Beds of compact blueish limestone are 

rarer, but  ofiener they are earthy, and break into small angular frai- 

ments, like tlie clololnitcs of the Alps. It is not difficult to distinguish 

even pieces of this limestone from similar rocks of the triassic beds; the 

latter weatliers out on the surface generally blueish-white or black, 

the former rusty, light brown, and the sandy elements are recognized 

at the first glance. 

Stratigraphiczlly this series is an exceedingly well marked one. 

Beginning again in our Bhabeh section from Muth,  a large thickness 

of what I believe to be this limestone can be traced towards the 

tops of the hillv on both sides of the Pin river. While the 

triassic limestones are very much disturbed and contorted, the 

lowcr Tagling limestone rcata on these nearly horizontally, or 

is at least h a r d y  aff'ecterl by those disturbances. From n place, 



R few milesEast of ICuling, where the lower T:tgling lilncstone comes 

down in tl, deep ravine, and where numbers of Nerinetc can bc observccl 

in  it, I do not think that I am much mistaken in the explanation of 

the previous portion of the section, although me have n e r c r  been 

able to ascend any of the higher ridges in the P i n  valley. 

Along the wllole extent of the Spiti-shales, which will be dcscribed 

next, the lower Tagling lhes tone  cdn be seen everywhere, and (with 

the exception of one locality South of Gieumal,) immediately below 

the shales, so that the upper Txgling limestone is wanting liere al- 

together. At several localities round the villages Gieumal, Longja, 

Tshissigaong, Ribber and Cliikliim the lower Tagling lirncstone con- 

tains the most characteristic fossils in immense quantities. The 

Terebratula grcgaria and Rhynchonella Austrinca can be collected in 

thousands ; 7'. pyrifornzis, T. Schafhautli, T. pu~ectata and Rltyn. 

.fissicostata and otl~ers are somewhat less numerous, but  still many spe- 

cimens are ta be had. With these Brachiopoda occ.ur undoubtedly the 

Belemnites, and all the other fossils, which I describe from these beds. 

There is certainly no possible mixture with the fossils from any other 

strata excepting the fossils of the shales, and where this seems to 

have taken place, I shall mention the case. 

The geographical extent of these li~nestones is very great. Inas- 

much as these beds are the highest in all Sonthern and South-western 

parts of Spiti, they are more exposed on tlie surface t l l ; ~ i ~  tlie preceding 

older rocka, Their extent to North-west and Soutll-cast is probably 

greater than that in Spiti, b u t  llns not ns yet been determined. 
F o s s ~ ~ s  OF TIIE LOWER TAGLINQ LIMESTONE. 

The following is a review of the fossils from these beds. 
1. Bmcltiopoda-10 species; all identical with European liassic 

forols, and most of them occurring in the beds known as Strata of 

I < i i s s m ,  or Avicula-colltorta beds :- Te~.ebrotuZu gr~gcrria, ? k j / n c h -  

welln rllttstriacn, etc. 



I I. . I'clrr:t/))o(l(i-:11)011 t I4 species ; some of' tlie111 as YL'C~C'IL IralU, 
uir?zsis, Atqicul(c i ~ l ( ~ ~ y u i ~ ( i I ~ ; s ,  ~111d ~ t h c r s  are yc1.y c\iar,zctcristic, 

1 I I. G'c(stt~o~~odu-se~crn1 sl)ec.ics, but  nonc of' particular intcrcst. 
1V. C'c.ph(~lol)o(la-t \yo species of' Amllionites, onc of' which is lllost 

probably A. Cr.~-nmu;i, nncl three new species of Belemnites. 
I. B~.aclr iopodu. 
1, T E R E B ~ : ~ ~ T U L A  G R E G A R I A ,  Sziess. 

3 864. Dtslongchamps in Pal .  Franc,. Tcrr: J u r .  Brachiopoda, p. 64, 
wi th  references to  other authors. T h e  species occurs in very great 
iiurnber, and w e  possess hunclreds of specimens in all stages of' growth, 
ancl of nlanifcllcl v~zriations. These  a r e  exactly similar t o  those which 
a re  liuomn as T. globota orperovalis, Sow. T h e  Ter. Paueri of Winlder 
is 110 doubt only a young T. .qr/l.egariil, of \\rhicli Scliafhceutl in llis 
Siid-Bayern. L e t h z n  geognostica ( id.  LXX.,  figs, 2 and 3) gave il 

few representations. Tliis species is cspecinlly common i n  the  upper 
beds of t h e  Lozccr Tugling linlesfonc., immediately below the  Spiti 
shales, in  the  neigllbourllood of Gicumnl, Longjn, Icibber, Chikkim, 
cFc. 

It occurs in  the Iiiiss~jer-sclticl~fcn of'  the A l p ,  in t l ! ~  1111vcr Lias of 
France,  &c. I haye no cloubt that  Profcssor Salter's specimen figured 
(Stracli. Pal. 13. 100, p1. 2 1 ,  fig. 6 )  nntler the  name of T.  globata 
Lclongs to 111is rpecies ; indeed i t  is not very easy to fincl out  vcry 
cll:~rncteristic diffcre~lces between the liassic ancl oolitic fossil. 

2 .  TEI~EEI~ ,~TUT,A PYI1TPORi\[IS, &~/(JSS. 

186.4. Deslongclininps in Pal.  Fr:mq. Terr .  J L I ~ .  Brachiop. p. 70, wit11 
otller refirenccs. Several very cllnracteristic specimens of this ~pecics  
have bcen fount1 with T .  gre,qaria a t  Gieumnl ; and a t  Tshissigaong 
tile is less common, and often not  so wide - a s  those occurring i n  
tllc 'r Icijssner-scliichten." L)eslongclinnlps quotes i t  from the lower lias 

Lntigrcs ( H a u t e - J I ~ r n e ) ,  where i t  oilgllt t o  occor with G r y ~ ~ h a u  
t1,~czlclttr. 

3. TI.:L:EGR~~TULA P U N C T A T A ,  5'010. 

1864. l ~ e s l n n g c l ~ n ~ i i ~ s  in  Pal. Frau$. Tcr r .  J u r .  Brachiop. p. 160, 
witli other ref'ercnces. Only two P ~ ) C C ~ I I ~ C I I S  11~1.e been (;)und wit11 tllc 
l x e y i o u ~  apcciea a t  Gicumnl ; tllcy arc in e \  cry respect pcrf'cctly iden- 
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tical wit,Il similar al,cci~neus, wllicll the su r rey  cullcctiu~i 1,oaaesies iii~11r 
tlie Rlarlstonc of' Clandown ncar 1t:~tlatoclt. 'I'lic Icngfl~ of' the lool, i .j 
cxnctly the same as figured by Di~vidaon f~monl S o \ v e r l ~ ~ ' s  otigi,l;rl 
~pecimen, ancl tlistingui~heb: the species i'rorn T. c u ~  I L P ~  o r  o t - i ~ i t / i o ~ c ~ , l ~ ~ ~ / t , .  
The punctuation is well scen in  one of' our s1)ccilncns. I callrlot 
believe that Al.Dealongch:~inps is quite correct in  ref'errir~g Ol)l,e]7d 
2'. si7lcrnzt1-iensis to this species, and ellall state the reasone fnrthcr on, 

(p. 80). The  speci~nen figured by Prof: Saltcr in St~.nclle~'a I'alaont. 
pl. 21, fig. 5, aucl described (p. 90) under the name T. carinata ,  Lam., 
belongs probably to this species, and I am not certain \vl~cther even fig. 
4 (ibid.) does not represent a dcprcsscd variety of' the same species. 

Ter. pzinctata is usually quoted from the middle Lins, I , I I ~  Dcslong- 
champs (loc. cit. p. 164) allows i t  to go as far as the u1)pcr Lctlv of tile 
lower Lias, and I do not see any reason why i t  ouglit not to be found 
in the lower beds as well. The  specimens figured by Quenstedt (.Turn. 
1'1. 9, figs. 1-3) (froin Lias a )  seem to exhibit very little difference. 

4. TER~%ERA?[TLA ( ~ $ T ~ ~ ~ n ~ ~ ~ ~ a )  SCIIAFIFZUTLI, 8 t o ] 1 ~ a ? ~ i .  
1857. StuJ. Geol. p. i09. Numerouv specimens I~nve been fbuncl 

with tlie other Terebratulz at Gieumnl, ancl they are uncloul~tedl~ 
itlen tical wi tll the Austrian specili~ens froln Ilirtenberg. 

The  species lias been described a t  first by Prof: Suess (1854. 
Denlisch. d. k. Altad. Wien, Vol. VII., pt. II., p. 38) under the name 
of T. curn1ita, SOW. Prof. Suess had compared a t  that time a very 
large series of T. cor?zutn with the Iiosscn Terebratula, and had 
arrived a t  the co~lclusion that both are the same species. I rc:llly do 
not know whether any body, after having compared again such a serie3, 
woulcl not come to the very same conclusion ! I must say, for m y  own 
part, that I am unable to fix any certain diEerences between the lower 
]inssic species of the Ni~nalagas and tlie true Englisll Tcr. cor7tuta. 

The only more remarkable difference is, that the lower-linssic (Eiissen) 
specimens are near1 y always somewhat slender towards the leak, and 
tdhat the beak itseif is more prominent. Tllere are, however, very 
silni]nr forms to be found under tlie rniclille-liassic T. cornuta. Prof. 

-sner Suess seellis to have llin~self given 1113 the iclcntitg of' the I<i):. 
lyitll So\vcl*l~y'a PI,ecies, as Iic proposed tlie na:xe IlLl~l/l.  noricn for i t .  

( IYic/c S i t ~ ~ ~ t ~ ~ s b .  d. li. Ir. Gcol. Reiclisnnstalt, rol. X., 1). -10.) 



$0 KOWII-WESTERN HIMALAYA.   PART. I. 

The  name quoted above T. Schaflrezrtli, Stogp. is t,hat which is now 
usually accepted for the species by Alpine Geologists. 

5. RIIYNCHONELLA O ~ T U S I F R O N S ,  Suess. 
1854. Denlrsch. k. Akad. Wien, Vol. VII.,pt. I1 ,p. 55,pl. IV.,fir. i 2. 

The  Himalayan specimens are generally much larger tllan ti lose 

from the Kossner-scllichten, of I have compared 12 speci- 
mens, but in all other respects they are perfectly identical. Prof. Suess 
(loc. cit. p. 56.)  remarks, that larger specinlens of the same species have 
been follndplentifully in the Hierlatz-scliichten (of the middle Lias), and 
tha t  they show a great amount of variation. Probably i t  has been, 
from the latter strata, described by Professor Oppel under the name of 
Rhyn. Ernmericl~i, (Zeitsch. cl. Deutsch. Geol. Gesellsch. vol. XIII., 
p. 542, pl. XII., fig. 1.) 

Our  specimens vary in their thickness; some of them being quite 
as much depressed as the specimens from Enzesfelcl nezr Vienna, 
others are more inflated, ancl the fold and sinus are more strongly 
expresseil. The  us~ia l  number of the plic~tions on the fold is three, 
ancl two corresponcling ones on the sinus ; rarely there are only tnTo 
plicz on the fold, but sometimes four are  to be met with. 

There can be no doubt that the species occurs in the German Lias ; 
but the great number of different forms, which usually go under the 
universal name of Ter. triplicntcc, require a thorougll revision. 

6. RHYNCHONELLA PEDATA, Bronn, sp. 
1854. Suess in  Denksch. Alracl. Wien, Vol. VII., pt. II., p G I .  

A fhw spccirncns have been fo~ind in the uppermost berla of the 
Tagling limestone ; a l~hough common in thd santly limestone itself, it  
is very difficult to obtain even one perfect specimen. 1 have not been 
able to compare any actual European specimens with our fossils, but 
they agree so well wit11 Suess' figure, that t'here can be lmrdly any 
doubt as to their true identity. Mr. Giimbel, in his " Geognostiscl~e 
Beschreibung des beyeriscllen Alpen gebirges", 1881, refers this 

species to his 'Llo\rer Alpine KeuperV-triassic beds equivalent to our 
Lilang series. 

7. RHYNCI-IONELLA FISSICOSTATA, S ~ t c s s .  

1854. Denksoh. Aknd. 'CVien, VII., pt. II., p. 58. This is n very 

charnctcriatic species of the Iciissen strata, and is not L L I ~ C O I I ~ ~ ~ O ~  S 0 ~ t l l  
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of Gieumal ; a few specimens have been met with in the samc strata 
below the shales North-east of' I L j a  and ncnr Tshissigaong. Some of 
the smaller specimens f'rom Gieunlal can be well attributed to the 
R. Jissicostata, var. applanata of Giimbel, (Bay. Alpcn-gebirge, p. 401), 
they are lenticular, very flat, and the sinus scarcely marked a t  all. 

8. RHYNCIXONELLA AUTSRIACA, Suess. 
1854. Denlruch. Alrail. W e n ,  VII., pt. II., p. 53. A11 our speci- 

mens agree perfectly with the smaller and thinner ribbed variety, 
which Professor Suess mentions from Bernreutli, one specimen from 
which locality we have compared with ourg, Among several hundrede 
of specimens we do not possess a single one of the inflated and more 
coarsely ribbed variety, which is figured by Professor Suess, and 
which is identical with Quenstedt's figs. 13-14. (pl. 2.2, ' Jura') of' 
T. 'Austriaca. Specimens quite similar to this latter variety have 
been, however, collected by my friend Mr. Mallet in 1860 somewhere 
near the Niti pass ; their exact st.ratigraphica1 position is not known. 

9. RIIYNCHONELLA VARIABILIS, S~lrlotli. 
C 1852. Davidson, Brit. Brach. pt. III., p. 8 - 1 8  Suess in 

Denlrsch. Akad. Wien, VII., pt. II., p. 56. Of thia species only one 
specimen has been found South of Gieumal, but several have been mct 
with in the same beds in Rupshu; they agree fully with coinparcd 
spcci~nens from the marlstone near Radstock, and undergo the same 
variations as regards the number of plicae on the fold and sinus. 

Prof. Salter mentions the specics from Col. Stracheg's collections 
from the neighbourhood of Niti. ( I W e  Strachey's Palsontology, p. 101.) 

10. RIIYNCHONELLA RTNGEPI'S, Heraulf, sp. 
1852. Davids. Brit. Brach. 1)t. 111. 111. 74. Our specimens from the 

South of Gieumal in general agree well with L. von Buch's and 
Dnviduon's figures and descriptions. 

The principal variation exists only in the number of cost= on 
the siuus, there being from one to three of these and correspondingly 
from 2 to 4 on the mesial fold ; the usual number in the sinus is only 
two, as in most of the British or French epecimens, somewhat more 
rarely there is on!y one and very seldoin there are three in the 
sinus. Our specimens have real cost;t: in the sinus better expressed 
than in the European, bu t  tlierc is no other difference in fbrm 
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or ornamentation of the shcll. The  species is quoted by D'Orbigny 
from the upper Lins ; Mr. Davidson (loc. cit. p. 75) is inclined 
to believe t,hat it occurs in the l ~ w c r  oolite, from which it is 
( l ~ o t e d  also by Morris (Cat. 1). 149). Professor Oppel says (Jura, 
1). 432) that i t  probably occurs a t  the base of tlie lomcr oolite. The 
s ~ e c i e s  has, I believe, not  been noticed as yet fiom Germany. 

I t  is well worth ~vliile to draw attention to Rouillier's Tercbratuln 
bitlerzs (Phill.), var. primaria, secundaria and tertiaria, in the Bull, Soc. 

de Moscou 1848, pl. F., figs. 4-7, and T. triplicata (Phi l l )  typzca, 
ibidem fig. 8. All these figures agree very ~vel l  with our speci~ncn, 
and as regards the costa? in the sinus even better than t h o ~ e  previously 

quoted. 
II.-Pelecypoda. 
. OSTREA, con$ 0. ACUMINATA,  Sowerby. . 
O s t ~ e a  ac7trnilzotn, Sow. Salter in Stmchey's Palsont.  p, 91, pl. 

23, fig. 3. The IIimalayan sl~ceirnenv are so much like the comrnon 
oolitic fossil, that there seems little chance indeed to separate then). 
What  I can perceive as a little clifference is, that the muscular im- 
lwession lies a t  about half of the height of the shell in the oolitic O. 
trcunzinata, and that it is rather rounded (vide Chapuls, Foss (1. 
Luxemburg 1853. pl. XXXII, fig. 6), while in our fossil the im- 
lccssiion is more e1onga:ed and placed lnucll closer to tlie apex. 

This small oyster is a very cl~nractcristic fossil of tlre Lomcr 
Tagling limestone, and occurs, associated in groat quantities in  beds, 
bxactly like Ost. ncuminatn. I t  is decideclly not from the Spiti shales, 
but occurs always below, in a quite different limestone, ancl with the 
characteristic Brachiopocls previously quoted. 

2. OS~REA,  conf. 0. ANOMALA,  Tcrq. (M6m. SOC. Geol. France, K. 
p. 25, fig. 4.)* One specimen, wlriclr is not unlikc Terquem's figure 
of z lower liassic species, has been found with T. yreynrin North-east 
of I b j a .  

3. A I ~ U S I U N  sp. 

I t  is, I bclicve, high time that we acloptecl solnc systcniaticnl nrrnngc- 
r n c ~ ~ t  as regarcla the universal clenonlination Yectcn, otliel.wisc t l ~ c  quota- 
- - - - - -. - -- -- - - -. - - - - - - - - - - - -  - 

*A.  B.-C;rcnt confi~sion csists Ilcrc as tu ~ C ~ C ~ C I A C C S  10 lllc tcxt and cxlrlnl~wtion of 

lllatcs. 
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tion of quite different forms as being identical will have no end. Thc 
three genera, as fixed by Messrs. Adams, Pecten, k'ola, and Amusiunz, will 
pobably answer best for the pressing wanta of the present. I t  will 
perhaps be necessary to acceptmore genera, but for that purpose a 
critical examination of all known Pectene is unavoidable. It is 
especially in the genus Amtisiurn that a difference in colour and 
olmamentation of the two valves nearly always occurs, and, to  charac- 
terize-a new species, both the valves ought to be known, otherwise 
repetition in naming one and the same species can scarcely be avoided. 

Our present species under consideration has been figured and noticed 
by Prof'. Salter under the name of Pecten lens, (Strachey's Pal., p. 01, 
pl. 22, fig. 8 ) ,  a species which is a true Pecten with unequal ears, and 
Ims nothing whatever to do with tliia lower liassic species. TVe havc 
the true l'ecten lens from the Spiti shales, and could only in this way 
account for some inexplicable xnistake in figure and type. Our spe- 
cimens are exactly like Prof. Salter'a figure, only some of them arc 
still a little narrower posteriorly. 

A s  I hare no materials whatever to compare with, and as a numl~er 
of similar species have been described already by Quenstedt, Zieten, 
etc., and late1 numbers of new species have been named by Giimbel P 
frorn the same strata, I rather prefer not to name the species. 

I would especially suggest the comparison of P. sepultus, Quenst. 
(Jura, p. 48, pl. 4, fig. 11) and Pecte l~  glaber, Zieten, (111. 53; fig. 1). 
According to the- account givea by  Quenstedt of Pect.  glaber there 
seems to exist a great deal of confounding of different forms uuder one 
name. Common near Gieumal and North of Kibber. 

4. PECTEN, con$ P. PBLOSUS, Stol. 
1801. Sitzungsb. Aliad. Wien, Vol. 43. p, 197, pl. 6, fig. 8. 

One specimen from the South of Gieumal seems to be quite iden- 
tical with the species which I have described from the Alpine 
fi Mierlatz-schichten.'' The radiating ribs are somewhat closer on 
our specimen ; this may be, however, expected on the preserved shell ; 
my Alpine specimens were chiefly casts. 

5. PECTEN NONILIFER and P. SABAL, Salter, in Strachey'a 
Pdsont .  pp. 93 and 94, pl. 22, figs. 10 and 11. We possess only one 
specimen ol' the right valve ; a colnylete cast. The ears arc small and 

li 



unequal. The  ribbing consists of 6 stronger radiating ail~l tubercu- 
lated ribs (P. monilifer), and each of these has another smooth 

secondary rib on either side CP. snbal). I t  is therefore just as correct 
t o  attribute our specimen to either of the two species, wlzicll I would 
rather believe are not specifically different. A s  Salter's examination 
rests only upon fragmentd, the question about their identity must be 
postponed until better materials have been obtained. I t  is of no use 
to  name fragments even when 'from eternal snows'! I mugt a180 
remark, that i t  does not seem to me quite certain, whether tlie species 
comes froin the lower Tagling beds, and whether i t  is not rather s 
triassic one,' allied to P. monilz$erus, Bronn (in Miinster's Beitrege 
1841. p. 72, pl. VII, fig. 4) froin the S t  Cassian strata. Our 
specimen was buought by Mr. Theobald in 1861 from Alikkim in the 
Pin-valley. I have passed over the same locality, but not met with 
any more specimens. There are, except carboniferous, only triassic 
rocks down at the river, and the matrix of the specimen is indeed 
somewhat like to soine becls of the light-coloured triassic limestone. 
Lower Tagling limestone occurs, however, plentifully above the Trias, 
n few hundred feet higher, so that tlie specimen may come just as 
well from a block of this limestone. 

6. PECTEN BIFRONS, Sulter. 
1865. in Strachey's l3al;eont., p. 92, pl. 22, figs. 5-7, in parte. 

There is no doubt very great confusion as regards this spe'cies, ancl 
we could only wish a revision of the materials collected by Col. 
Strachey. Surely, they must come from different strata ! 

I cannot attempt now to fix the species, as our own materials are 
not sufficient; a few remarks, however, may be found useful. Fig. 5 
of .Prof. Salter's P. bijirons reprelsents undoubteclly a species from 
the  upper juraesio ( Gieurnal sandstone). I have collccted myself this 

species above Gieumal in the calcareous beds of this sandstone. 
Fig.  6 is doubtful, but  probably the same species as rei~resented in 
Fig.  7. This is a species quite different from the jurassic one ; it is 
a more rounded shell, apparently more convex, and has smaller ears ; 
the biplicate ribs are much better expressed. This latter form is 
from the lower liassiz beds ; and there is still s third biplicate species 
from the same becls, which is quite as oblique as a Lima. 
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7. PECTEN VAJ.ONIESSIS, Defr. 
1856, Oppel and Suess in Sitzungsb. Akad. Wien, Vol. XXL, 

p. 548, 111. II., fig. 8. 
1861. Moore in Quart,. Jour. Geol. Soc. Lond., Vol. XVII., pl. 16, 

fig. 6. 
Several specimens have been found South of Gieulnal with the 

characteristic Brachiopoda of the " Kassen" strata. They are exactly 
like the European fossil and cannot be mistaken, although usually 
only of small size. Possibly Mr. Salter's fig. 12 on 111. 22 in StracheyL 
Palzontolagy may represent a specimen of this species. Air. Salter 
remarks, that i t  occurs mith the liassic Cardium huncatuwt, Sow. 

There have been lately from the same strata in Europe so many 
new and allied species established, that it would be no wonder to see 
the Pecten Valoniensis meet mith the same fate as many other old 
known species. When we cannot get  out of the confusion, which we 
ourselves have induced, we then propose to  abolish these old names, 
as has been attempted with L i m a  gigantea, Am.  hiplex, ancl many 
others. 

8. LIMA DENSICOSTA, Quenst. 
1861. Sitzungsb. Alrad. Wien, Vol. 43, p. 199,111. VII., fig. 3. 
The Himalayan form, found in the lower Tagling limestone, South 

of Gieumal, agrees even better with Quenstedt's fig. 24, pl. 18 (in his 
' Jura') than with that which I have described from the Hierlatz- 
schichten of the Alps. It is quite as oblique and narrow as Quen- 
stedt's original figure. 

I11 the pa,per quoted above I have referred to several similar species, 
and i t  seems to tue now more probable, than before, that many of these 
liassic little Limas mith simple ribs are not s~ecifically different.. I t  is 
not to be expected, that we have in every zone of one formation 
altogetlier a different fauna. Neither the conditions nor the species 
could make such rapid progress in their changes. 
. 9. AVICULA INBQUIVALVIS, SOW. 

1861. Sitzungsb. Akad. Wien, Vol. 43, p. 198. The true European 

species, with unequal intermediate ribs, occurs in the lower Tagling 
limestone near Gieumal and Soutli of the Parang-pass with T. grega- 
ria, Rhyneh. j s s icos ta ta ,  etc. It is now generally admitted tbat the 



liassic species is not different from the jurassic, but we cannot possibly 
allow the variation so far as to  regard Prof. Salter's representation 
of A. inaquivnlvis, in Strachey's Palsont.  p. 9 1, pl. 22, fig. 13, as tile 
same, if the figure be really correct, as i t  appears t o  be. I would 
rather say Prof. Salter's figure represents s specimen of A. echinata, 
Sow. : i t  mould, however, be a somewhat more coarsely ribbed variety, 
such as do occur, though not usually, in the Gieumal sandstone. 

10. AVICULA PUNCTATA, Stol. PI. VI., fig. 2. @ 

A. testa oblique ovata, inaquilaterali, parum convexn ; aurieulis in@- 
qzlalibus ; azcriculo antico majore, sinzlato ; super$cie lineis radiantibus, 
ud periplieriarn czlrvatis ornuta, interstitiis punctatis. 

A very slightly convex valve, very oblique, approaching in form toa 
parallelogram. The  shell is thin, nacreous, as usually in  the genus 
Avicz~la, and the surface is ornamented with numerous, towards the 
periphery slightly curved, elevated lines, the intermediate grooves being 
finely punctated. The  ears are equal, the anterior one much longer, 
slightly sinuated a t  the end, with flexuous lines of growth, and with 
a deep sinus on its basis. 

Locality. The  species has been met North of the Manirang pass 
and South of Gieumal. 

1 I .  GE~LVILLIA, sp. 
Only very imperfect specimens have been found South of Gieumal, 

resembling very much the G'. olfex of Quenstedt, (Jura, p. 86, pl. 
XI., fig. 4) from Lias a. 

12. ARCA, sp. (Mncrodon). 
A single specimen fiom the South of the Parang pass, (below the 

camping p o u n d  Bhaonrhochan,) does not shew any difference froin 
Arca Lycetti, Moore, (Quart. Jour. Geol. Soc. Lond., 1861, 111. XVI., 
fig. 7) from the Rhzctic (Aviczlla coutorta) beds. 

IIL- Gcl.stropoda. 
1. DENTALIUM, sp., not unlike Prof. Phillip's figure of D. gljan- 

tezinz (Geol. Yorksh. pl. XIV. fig. 8) from the Marlstone series. South 
of the Parang pass. 

2. NERITA! sp. nov., from North of Kaja on the ascent towards Hik- 
Irim ; quite a globular and smooth form, t c  which I do. not know any 
European ally. 



3. NATICA, con$ PELOPS, D'Or6. (Pd. uni;. pl. 288, figs. 16-17, 
from the upper Lins). One specimen from North-east of Kaja, ap- 
parently undi8tinguishable from D'Orbigny's figure. 

4. CIIEMNITZIA, con$ CH. COARCTATA, Dcslt. (D'Orbigny, Pal. 
univ. p. 45, pl. 240, figs. 1-3) from the lower Oolite. Kear KiLber 
several specimens were obtained (in the lower Tagling limcstonc) of 
a Ct~emnitzia, which is perfectly like the juraseic species, but i t  is 
imppssible to pronounce identity, as none of our specimens is com- 
plete. 

5. CHEMNITZIA, sp. 
A few specimens of a little Chelnnitzia have been found with Rlryn. 

Jissicostata and T e r .  gregaria North-east of 'ICaja, below the Spiti 
shales ; they recal very much DJOrbigny'a C/i. Pltidius from the lower 
lias, (Pal. univ. II., p. 34, pl. 237, fig. 12)) only the angle of the spire 
is a very little larger in the French species. 

6. NERINEA, sp. 
North-east of Icaja Nerinece occur very plentifully in the lower 

Tagling limestone with T. gregaria. They are in general like those 
which I have to  inention from the upper beds, and which in form 
resemble N. Goodltalii, Sow., but I have never observed them, 
neither here nor South of Gieumal, of that large size, being usually 
thin and often with an obtuse vertex. 

I met also with several Nerinece in the Pin valley, a few miles West 
of the mouth of the P in  river. A s  I am, however, well aware of the 
difficulties ~ l i i c h  exist in the determination of this genus, and how 
variable even the folds* are-generally believed to Le the best 
character of a Nerineo-I shall not endeavour to establish new specie. 
until really good materials have been provided. 

I K -  Cephalopoda. 
1 .  AMNONITES, collf. GERXANII, D' Orb. 
Pal. Franq. Terr. Jur. I., p. 520, pl. 101. A single specimen, wliich 

we possess from the North of the Manirang pass, and which is a cast 
only, agrees well with D'Orbigny'sfigure~ and descriptions. The number 

* It is, I belierc, known, that they usually become reaker  and often disnppear altogether 
ncnr the mouth ; aornetime's one or the othcr fold disappears at half thc 'height of the spirc, 
othcrs bccomc stronger. 
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of transverse sulci is G in our specimen : Am. interruptus, (Zieten9s Petref. 
Wiirtembg., p. 25, pl. XV., fig. 3.) which is identical with D90r -  
bigny's Am.  Gcrmavii, has 7 transverse sulci, and in D'Orbigny's figures 
the number varies from 8 to 10. This seems to be, therefore, a point 
of great variation. There is no other objection whatever to identify 
our specimen with Am. Cermnnii. 

2. AMXONITES, C O ? ~  BIACROCEPIIALUS, Schlotlleim. 
Two specimens, both not very well preserved, were brough by b Messrs. Theobald and blallet in 1861 from the North of the Manirang 

pass in Spiti. Except a finer ribbing they do not seen1 to differ from the 
Am. macroccphalzls in the Spiti shales. I found, besides, several 
unclistinguishable fragments and a little perfect specimen in the Para 
valley of' Rupshu (together with T~rebratulu gregnria, Rhyzchonella 
variabilis and Austriaca, and others,) and cannot give a t  present any 
positive characters to distinguish i t  froni the jurassic species. Form of 
the shell, ribs and sutures seem to be quite similar, but the striation is 
always finer. 

3. BELEMNITES BUDHAICUS, Stol. P1. VI., figs. 3-6. . 
Guard cylindrical, very slightly tapering towards the end, smooth, 

without any vascular impressions visible ; in front with a deep furrow, 
which extends from about the middle of the guard to its lower termi- 
nation ; the section is usually circular. 

T h e  species must have attained a great length, as no trace of the 
alveole is to be seen on any of our specimens (fig, 4 being the largest). 
Tlley are very often, and a t  different localities, found with a number of 
transverse breaks, which are no doubt acciclental, but they have thc 
appearance of some kind of joints. 

Localities : South of Gieumal, near Tshissigaong and West  of Chik- 
kim ; found loose in  the beds below the Spiti shales. 
4 B E ~ E X N I T E S  BISULCATUS, ~%ol. PI. VIII., figs. 1-4. 
The  guard is smooth, with two furrows ; one in front and one opposite 

to it, the latter being narrower and shorter, and not extending up to the 
lower termination, while the former terminates near the point broadly, 
but  shallow. The  dorsal groove is eometimes much shorter than 
the  ventral. The  secticn is, on the upper portion.of the guard, where 
both the furrows exist, oval with the longer diameter in the liue of 
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the furrows : towards t l ~ e  end, where the dorsal furrow gradually dis- 
appears, tlie section becomes o v d  in the opposite direction, the guard 
being somervbat compressed in the line of the furrows of this species ; 
the guard resembles some species of the ITustati. No vascular im- 
pressions or any ]rind of secondary grooves near the point are visible. 

The  angle of the guard measurea about 15"; both the sulci on i t  
are narrow, and deeply cut  in tlie surface of the shell. 

Localities. Loose specimens have been found below the Spiti shales 
ne& Gieumal, Tshissigaong aucl West of Chikkim. South of 
Gieumal the species occurs plentifully in the hard Tagling limestone 
with Terebratula grcg)aria, Rfiynclr. ringens, A~cstriaca,cfissicostatn, and 
others, Wi th  the same fossils, 1 have observed i t  in Rupshu near 
Tatang-yogma in the Para valley ; there can be, therefore, not the 
 lightest doubt as regards this species being really from tlie Game 
beds as the other lower liassic fossils. 

5.  BELEMNITES TIBETICUS, StoZ. Y1. VIII., figs. 5-6. 
A cylindrical guard resembling Bel. digitalis. The  surface is quite 

smooth, and on some of the small specimens two fine and only very 
short grooves near the point are indicated, others have slight and sirnple 
vascular impressions on the sides. On larger sl)ecin~ens not anything 
of both is usually visible, but the guard has on its upper portion a 
slight groove in front, and the shell becomes a t  t.he same time some- 
what alender. The  section is nearly round, 'sometimes a little com- 
pressed laterally. Nothing of the alveole is seep on any of our 
speciinens. 

Localities: Round Gieumal very common in tlie limestone, and 
loose, below the Spiti shales. At Tshissig,zong and Chilikim the 
species was found with the previous, and one specimen has been met 
with in the lower Tagling limestone, South of the Parang pass. The  
co-existence of this species with T. gre-qnria, Rhynch. jfssicostata and 
Austriaca, &c., is, therefore, certain; i t  seems, however, to occur in 
the upper beds also. The only allied species which I can find among 
European Belemnites is a speciea from the Lias a t  Gammelshausen in 
Wiirtemburg, noticed and figured by Zieten (p. 29, pl. 22, fig. 4) 
as BeZ. semihastatus. It would be worth while to compare these two 
forms. 
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Section 4. (b )  U11per T u g l i y  limestone.-JfidclEe Licts. 
This is a dark blue earthy or dololnitic limestone, whicli occupies tlie 

top of the portion of the Baralatse range North of Spiti. I n  its 
lninernlogical characters i t  resembles some of the Alpine limestones of 

exact .1~ the same age, as for instance those on the ' Gratzalpe' near 

Aussee, in U p p e r  Austria. ( Vide Sitzungsb. d. k. Akad. Wien, 1861. 

Vol. XLIII. p. 157). I t  requires careful attention to distinguish it in 

pieces from the Para  limestone or the beds with Megalodon trigziher. 

I do not know anything about the further geographical extension of 

this limestone, but  its superposition on the lozoer Tagl ing  limesto~ze on 

the Parang and Tagling passes is an undoubted fact. 

O n  the Parang pass I collected several Gastropoda in this lime- 

stone, identical in species with those from the Alpine ( 'Hier- 

latz-schicliten," of which I wrote a Monograph quoted above. I 
mention here as the more common forms Clte~n~zitzia u~zdulata and 

Trocl~us  epulus, as being the best known fossils. Fragments of Belem- 

nites occurred with these Gastropoda, of which latter none has been 
6 

observed in the lower limestone. On the Tagling pass I noticed, 

however, in this uppcr limestone a Nerinea, apparently not different 

from that of the lower beds, and also the Belemnites bisulcatus (?) 

or a t  least a species very like it. On account of the limited extent, to 

which the upper limestone is as yet known, and of its pal~ontological 

relcztions, I think i t  better for the present not to define it quite strictly, 

although I rather believethat i t  may be possibly separated, so soon as 

the country has been more tlioroughly examined and more fossils have 
been collected. The  partial difference of the mineralogical characters, 

and the supcrposition, are no doubt strongly in favour of this opinion. 

I. Brachiopodu. 
1. TEREDRATULA SINEB/IURIENSIS, Oppel, (Zcitsch. d. Deutsch. 

Geol, Gesellsch. XIII., 1). 534, pl. X., fig. 2). Prof. Oppel described 
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the species from the lower Liae : it eeems to be justly separated frotn 
T. numisrnalis, or punctata, Sow. With the latter it has been lately 
united by M. Deslongchamps, (Pal. Franc;. Brach. 1864, p. 160). 
Our specimens, five in number, have been collected South of the 
Parang pass ; no other fossils have been met with, and I do not wish 
to exprese full confidence in my placing the species in the upper beds 
of the Tagling limestone, ae the etrata might poseibly belong to the 
lower series, although the limestone iteelf agrees much better with 
the upper be&. I believe this epeciee differs from similar epecimene 
of T. punctata by a longer and less incurved beak, larger delticlial 
plates, much finer septum, narrower and ehorter adductor-impressions. 
Besides T; punctata is nearly alwaye posteriorly obtuse ; T. sinemu- 
riensis, so far as visible on Oppel's figures and on our specimens, is 
equally rounded or even somewhat prolonged. 

I t  is hardly necessary that we should trespass on our space Ly 
giving a new figure of the Himalayan form; the five sl)ecitnens, 
which we possess, vary olily a little in their width, but are otherwise 
exactly like Prof. Oppel '~ figure. 

I .  Pelecypoda. 
~ ~ O D I O L A ,  sp. resembling the oditic ilfytilus subreniformis, M. lk 

Lyc. (Great 001. Foss. pt. 11, p. 39, pl. IV., fig. 11). A single speci- 
men, which is imperfect and appears to be from the upper beds. It 
was found near the Parang pas.  

111. Qastropoda. 
1. NERITOPSIS, conf, N. ELEGANTISSIMA, Hiirnes, Sitzungsb. Akad. 

Wien, Vol. 43, 13. 179, pl. 3, fig. 7-from the middle liassic strata of 
the Alps, the Hierlatz-schichten. Several very like and most proba- 
bly identical specimens have been met with on the top of the Parcmg 
pass. 

2. CREMNITZIA UNDOLATA, Reuss, (Stoliczka, in Sitzungsb. d, k. 
Alrad. vol. 43, 11. 163, pl. 1, fig. 1). Specimens obtained on the top 

of the Parang pass are perfectly identical with those described by 
myself from the Hierlatz-strata of the Austrian Alps. 
3. T ~ o c n u s  LATILABRUS, Stol. (ibidem, p. 173, 111. 2, fig. 9,) 

from the Parang pass, undoubtedly identical with the Alpine liaaaic 
species. 

L 
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4. T~ocnus EPULUS, D'Orl. (Stoliczka, ibid. p. 167, pl. 1. fig. 11.) 
from the Parang pass ; it is a common liassic fossil in the Alpe and in 
Pu'orth France. 

5. T~oclrus ATTENUATUS, 8tol. b i d  I .  1 1  I 1 ,  fig. I )  A 
few specimens from the Parang pass seem to belong to this species, but 
they are too badly preserved to  be determined with required 
cer ta i~ t~y .  I believe the species, which Mr. Etheridge (Quar. Jour. 
Geol. Soc, Loncl., Vol. XX., p ,  388) quotes as Cerithium ? like 
C. nzuricntum, Sow. sp. from Captain Godwin Austen '~ .  collection 
of 1-Iimalayan fossils, is the same as ours. It is no doubt horn the 
anme beds, only farther to North-west than our  locality. 

6. XNCYCLUS, sp. from the top of the Ps rang  pass. The aingle 
~ ~ e c i m e n  is too in~perfect for description. 

7. ACTEONIXA, co7,S. CINCTA, Goldf. sp. Petref. Germ. III., p. 
4 8 ,  pl. 177, fig. 9. D'Orh. Prodrome I., p. 247. 

One specimen from the Parang pass agrees pretty well with Gold- 
fuss's figure, which represents a specimen from the liassic st,rata at 
Banz. I t  is only a cast, with cylindrical whorls on which tlie spiral 
furrows are v e r y ,  well marked. It may be an Acten~ina,  \vhich 
generic name D'Orbigny proposed instead of Goldfuss's original name 
Tornatella. The spire has no folds whatever, but this point is not 
mentioned at all by Goldl~rss. 

The specimen llas been f'ouricl on the Parang pass by Mr. JV. 
Theobald, and I believe f'rom tile nlatrix that i t  belongs to the upper 
series of the Tagling limestone. 

8. NERINEA, con$ GOOD~I*\I,LII, &ow. Trans. Geol. Soc. Loud. 
IV., pl. 23, fig. 12. 

I n  referring to a similarity of' tlie Himalayan specimens with the 
English fossil from the Calcareous Grit, we clo not wish to express more 
t.han what is externally seen on imperfect specimens. I have no 
doubt* that Mr. EtiiericZge (Quart. Jour. Geol. Soc. London, Vol. XX., 
1'. 388)  means the same species, which he says is allied to N. Good- 
hallii. The specimens, which I obtained on the Parang and farther 
to  North-west on the Tagling pass, differ from the English Nerinea by 
a greater number of internal f'olds. Our specimens have three folds 

* Yrom Capt. Godwin Austen's personal comml~nication. 
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on the spire, one on the upper lip and two on the outer lip. Of the 
last two the lower is by much stronger than any of the othere. Tho 
concave and srnootl~ whorl8 are apparently quite like to those of 
Goodhallii. 

1 Ccphalopoda. 
BELEMNLTES sp. On the top of the Parang, aa well ae on the 

Tngling pass, I have noticed fragments of Belemnites in  the limestone 
with the other Gastropoda. From their much elongated form I 
believed them on the spot to be identical with Bcl. bisulcatus (nov. ep.), 
altllough I am unable a t  present to ascertain i t  fully. 
A~IMONITES sp. (conf. MACROCEPHALUS, Schlotk.) Air. Tlleobnlcl has 

brought from the North of the Rlanirang pass (?) specimens, and I fbund 
myself anotl~cr stnall specimen in Rupshu in beds with Terel .  gregnria, 
etc. I t  is really dificult to pronounce any thing quite certain about  
this species, as all the specinlens are not well preserved. They differ 
from co~llpressecl varieties of Am.  macrocephaluc merely i n  the finer 
stri:~tion. 

gection 5. Jzcrassic- Clayey S l a k ~ . ~  

I n  the Section Nos. 2 and 3 oa Plate 11, I have noteda m a l l  thick& 
ness of beds Soutll of Gieumal, between the Tagling limestone and 

the-Spiti ahalea. A t  this locality the position of tlie slates is unqueab 

tionable, between the Tagling limestone and the Spiti shales. Their 

mineralogical characters are different from those of the rocks above 

and below. 

The  beds consist of thin layers of clayey black or brown slates, 

which contain a very great quantity of little fragment0 of different 

Molltcsca, as if they had been formed only from the aggregated debria 

of shella I n  fact, the8e beds, the whole thicknesv of which does not 
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exceed 50 feet, seem to be quite a local deposit ; I have not ol~eervecl 

them at any other locality i11 Spiti ; although I have examined the 

superposition of the Spiti shales and the Tsgling limestone at  more 

than one place. . 
Of fossils I could recognize only fragments of Belemnites, which do 

not admit of a specific determination, and a Posidonom.ua, which I am 

unable to distinguish from P. ornati, Queast. Some of our specimens 

are well preserved, and they agree perfectly with Quenstedt's figure 

in his Petrefactenk. pl. 42, fig. 16. Figure 27, as given on plate 

67 in the '' Jura," does not seem to be so characteristic. Pos. 'orzcrti 

occurs with Am. ornatus in the German Ju ra ,  and Oppel (Jura,  p. 567) 

says that he found i t  in England in beds above tlie Am. macrocephnlus. 

This last-named species does not occur in Spiti a t  the same locality, 

but a little above these slates, although in the lowest beds of the 

Spiti shales. 

I have often thought whether these. slates ought not in some way 

to  represent the Upper Tagling limestone, which, on the top of the 

Parang pass, contains lixssic Gastropoda; but the Posidonomya is 

certainly not identical with Pos.  B r o n n i ;  i t  could, if this supposition 

were to receive any farther support, be only a new species. I have 

quoted this small thickness of beds separately, merely because they 

are really lithologically clifferent from the othere, and, should any 

thing be d ~ n e  in the way of working out different beds in the jurassic 

deposits of the Himalaya, these slates may then receive more 

attention. 



Section 6. &piti Slia1es.- Oolitic. 

Not one of the other formations ie lithologically so remarkably and 

easily distinguished as the Spiti shales, from which beds moet of tho 

Spiti Ammonites have been long known eince Dr. Gerard's first 
discoveriee. 

I n  the middle portion of the valley, and from 2,000 to 3,000 feet above 

the left bank of the Spiti river, t h g e  extends (from Korth-west to 

South-east) a longitudinal ellipse of these rocks. The length of 

tbia ellipse is about 20 miles only, and the greateat width never 

exceeds 5 miles ; being in the southern part generally only 3 miles or 

even less. The geographical extent of the ellipse is marlied by a great 
number of villages, of which Gieumal is the most southern and 
Chikkim the most northern ; these two villages lie near the extremities 

of the ellipse. 

The  rock itself is a black, crumbling shale, breaking into little 

angular f'ragments when dry, and easily decomposing to a black soil 

when wet. Calcareous concretions occur more or less numerously 

throughout the series, and contain often, as a nucleus, an Ammonite, a 

Belemnite, or some other fossil. 

These shales overlie the ' Lower Tagling limestone' conformably, 

and dip everywhere towards the centre of the ellipse. I t  is, however, 

generally very difficult to observe any regular stratification in them, 

resulting from their crumbling and easily fractured nature and easy 
decomposition. A stream runs generally on the boundary between 

the two formations. The thickness of the shales is usually only 2 

or 300 feet; and hardly ever exceeds 500 feet. 

We have not observed them beyond the extent of the said ellipse, 
neither in Rupshu nor in Spiti itself, and accordingly all the still 

younger formations do not extend beyond the limit of the shales. 
A great number and variety of fossils are known already from 

these rocks through the reeearchee and labors of othere, but there 

is still much to be done. I have attempted to give a revised catnlogue 
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with notes on all the species, which are known in Spiti from these 

beds, and have excluded others, which belong to other formations. I 
need hardly say anything more here, than I have already stated 

speaking of the triassic fossils. Every attention has been given to 

avoid any confusion with fossils from other beds. 

Wi th  regard to  my views, expressed in the pala?ontological notes 
a 

themselves, and relating to  different species, I have been guided not 

only by my previous studies and some little experience, but by a com- 

parison of actual European specimens as well. Should my opinions 

appear doubtful or even perhaps exagierated as to one point or tlie 

other, I am gladly responsible for them; without pretending that 

they are absolutely correct.. B u t  they are derived, I know, from 

good materials and not through any careless work. I slinll be just 

as glad to give them up  as soon as they are groved to be incorrect by 

any future discoveries. Neither a small nor a great number of 

species can satisfy the palaeontologist or the geologist, if he is always 

in doubt about their determination ; but descriptions of specinzens 

from different localities as species is mischievous. 

The  following is a list of all fossils known from the Spiti shales. 
Echinodermata (?)-Mr. Blanford notes a Sulenia from Spiti (Journ. 

AS. Soc. Bengal, 1863, p. 137. pl. 11. fig. 9)  ; the original is vcry 
defehve ,  and even the genus doubtful. The  locality of the speci- 
men is unknown. 

I.-BracFtiopoda ; two species, one of which is the common oolitic 
Rltyn. vscria?ts, Schloth. 

11.-Pelecypoda, 17 species; Pecten le~ts, N u c u l a  cztneiforme's, 
Astarte major and unilateralis, Trigonia costata and some species of 
the genus Ancella are the most characteristic. 

111.-Gastropods, cnly two species of Pleurotomaria as yet known. 
IV.--Cephalopodo, 19 species, of which the best known European 

forms are, Am.  macroceplrnlus, Parhinsoni, curvicosto (Opp.), triplicatz/s 
and biplex, and Bele~nnites canalicalatus. They are all oolitic species. 
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I.-Brachiopoda. 
1. TEREBRATUZ~A, sp. A single fragment has been [net with 

North of Kibber near the camping ground Tangtug; the specimen 
may belong to T. simplex, or ovoides. 

2. RHYNCHONELLA VARIANS, Scliloth, sp. (1852. Davidson, Brit. 
Brach. p. 83, pl. 17, figs, 15-16). The  epecies is not cotnmon in the 
Spiti shales; I nlet with only two specimens at Gieumal and one at 

Ribber. The specimens are undoubtedly identical with the jurassic 
species of Europe, and agree especially well with the inferior oolite 
specimens from IVha tley. 

11.- Pelecypoda. 
1. OSTRISA, sp. Tlle IIimalayan species from the Spiti sh&les, is no 

doubt allied to Ost. flubelloides, Lam. (Desh.), with which species 
Prof. Salter unites i t  (Strachey's Palzeont. p. 90, pl. 22, fig. 1). But 
in QstreaJlubelloides and Marshii, both of which are perhaps identical, 
the ribs and ful.roms are sharp and angular; in our species tlie 
ribs are sharp, although not nearly so much elevated, but the fur- 
rows are much broader and roindish holloweci out. There are, 
however, so many similar variations known that we think i t  more 
advisable to defer the question of identity with one or the other 
species until we may procure better speci~nens ; the present materi;~ls 
being very imperfect. The  Cutch 0. Marshii is more likely t.o 
agree with Ost. flabelloides in the form of its ribs and the placing 
of the muscular impression, which is only somewhat more 
elongated. 

PECTEN LENS, Sou). (Rfor. and Lyc. Great 001. Foss. pt. 11, 
p. 11, pl. II . ,  fig. 1 : non idem Salter, in Strachey's Palzont. yl. 22, fig. 8). 
Tlie true oolitic species occurs in the Spiti shales, and is not to be 
mistaken, even in fragments, for the lower liassic Avicula punctata, n. 
sp. (p. 76). I rather believe that the species, which is figured by Mr. 
Salter (loc. cit. p1. 22, fig. 9)  under the name of Pecten comtrtus, Miinst, 
belongs to P. lens, and that some mistake must have occurred in 
figuring the specimens. 

3. A x u s r u ~ ,  sp. conf. PECTEN SOLIDUS, Trautsch. 1861. Bull. Soc. 
Ifosc. p. 76, pl. VI., fig. 4. Our Himalayan species mas found North 
of Icibber in tlie Sl)iti shales. I t  agrees exactly with TrazttschoM's 



88 NORTH-WESTEKN HIMALAYA. [PART. 1. 

figure, nnd possessea similarly a few distant concentric strise, the 
il~terspaces between which are finely striated according to the lines of 

growth. Trazltschold refers especially to  the solid shell of the RUB- 
sinn species, while our speciinen (only one having as yet been found) 
Lns apparently a very thin shell ; but this could possibly be only the 
interior nacreous layer of the valve. 

Already in 1806 M. Roenzer described an oolitic species under 
the same name P. so l idus;  i t  is indeed not very unlike to that of 
Trautscllold or the I-Iimalayan f'orn~. iC1. Roemer remarks equally a 
considerable thickness of the shell. 

4. ANCELLA BLANFORDIANA, Stol. 

(Monotis concentricus, Blanford, 1863. Jour .  As. Soc. Beng. p. 
136, pl. IV., figs. 6-7: non Ancel la  concentrica, Iceyserling, Petschora- 
land, p. 300). The  genus Ancella is a very characteristic fossil fbr 
the eastern jurassic deposits, as mentioned often by Heyserljng, 
Trautschold, Eichwald, a.nd others. The  present species is very like 
A m .  Pallasii ,  Keys., only the anterior portion of the valves is longer and 
more rounded. There are  apparently no intermediate s t r i ~  in the 
sulci of the left or Inore convex valve. The  characters of the thin 
shell are exactly the same in the Indian specimens, as they have been 
recorded by ITeyserling, Trautschold and others. 

The  species is not colninon in the Spiti shales. The  figure in 
Straclley's P a l ~ o n t .  (111. 22., fig. 4 )  is not quite correct as to the 
form of' the sinus of the rigllt valve. 

5 .  ANCELIA LEGUDIINOSA, Stol. PI. VIII., fig. 8. 
A n c .  testa inceqzlivalvis, vnlde inc~puiluterulis,  oblipue elongata, 

Zegumiltosa; valva siuistra convezn, umbone maxime-incztrvato ; valva 
deztlna subplana ; superJicies striis radiantibus atque coucentricis, 

nudztlatis, ornata.  
A very oblique, pod-like shell, on which the hinge is placed quite 

closely to the frontal terinination. The  right valve is slightly convex, 
with pointed umbo and a small sinus in front of it. The  left valve 

is nluch more strongly convex, with an incurved beak and a corres- 
ponding elevation of the margin opposite the sinus of the right valve. 
Coarser and finer stria! of growth and radiating lines ornament the  
shell surface, they are both undulating. 



Locality. Only the figured apeciman has been found a t  ICibber. 
6. LIMA, sp. from ICibber, very like the L. riyida, Dcsh. 
There is in Dr.  Gerard's collection a species of Lima with radiating 

ribs and numerous fine striae between them; thie would agree with 
what P ro f  Oppel calis L. Roberti (Pal. Mitth. 1864, p. 273). I havo 
not met the species myself in the Spiti ehales, and as the rock of 
Dr. ~ e r i r d ' s  epecimeu, which is not complete, is somewhat different, 
I prefer omitting here to quote i t  more particularly. 

7. INOCERAMU~ IIOOKERI, Salter, 1865, in Strachey's Pd3cont. 
p. 98, pl. 23, fig. 3 is a true Tnoceramus, so far as can be seen from the 
form of the shell and the dentitions of the hinge line. I have seen 
only casts as yet. It occurs not uncommonly in the Spiti shales a t  
Ki and Gieumal. 

8. MACRODON EGERTONIANUM, 8~01. P1. VIII. fig. 7, 
( C u c u l l ~ a  virgata, Blanford, in Journ. As. Soc. Beng. 1863, p. 136 

non ia. Sow.) 
M. testa oblique- erongata, convexa, angusta, costis radiantibus 

rmgosis ornatn : costis ad marginem anteriorem paucioribus, a d  marginem 
posteriorem prope obsoletis ; striis concentricis incequalibus, undulatis, 
interdumque lamellosis. 

Shell very oblique and unequal ; the anterior portion being much 
shorter than the posterior. The  height is not considerable, but the 
thickness very great, a-nd the beaks are much incurved. Strong 
radiating, rugose costa: ornament the shell, becoming weaker near 
the periphery and less numerous on the lateral terminations; they 
have usually no intermediate ribs hetween them. The stria: of growth 
become undulating in crossing the cost= and often lamellar near the 
periphery. The hinge is not different from tlie usual form in Macrodon, 
and, I believe, the sub-genus, or whatever i t  may be called, ought 
to be accepted, as the differences from Arca and Cucullzea are con- 
siderable and important. ( Vide Morris nod Lyeett, Great 001. p t  1 I., 
p. 48.) 

The present species has been long known, and has been figured by 
Rev. W. Everest in Vol. XVIII of the Asiatic Researches. It cannot 
be identical with the Cutch Cucu l l~n  virgata, Sow. (Trans. Geol. 
Lond. V., pl. 22, fig. 1) as tbiv shell is not nearly so oblique, i~ 

Y 
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much higher and has far more radiating cost= of unequal strength ; 
the hinge line equally does not correspond with that of our specimens. 
I have much pleasure in naming the species after Philip Egerton, 
Esq., c. s., a t  present Deputy Commissioner of Umritsur, who placed 
his interesting collection, made in 1863 in Spiti, a t  our disposal 
for examination. 

9. NUCULA, ~ p . ,  from Gieumal ; resembles iV. subovalz's, Gold$ 
(p. 154, pl. 125, fig. 4), and does not seem to be a Leda. 

10.. NUCULA CUNEIFORMJS, Bozo. (Geol. Trans. V., p1. XXII., 
fig. 4) is quoted already by Mr. H. F. Blanford from Spiti. I t  is one 
of the most common.fo,osils, and occurs throughout the Spiti shales. 
I t  is certainly identical with the Cutch fossil, of which I have com- 
pared actual specimens with it. I t  is a very inflate shell like N. 
Hammeri,  Defi.. (apud Goldfuss), but usually found distorted by pree- 
sure of the rock. 

11. CYPRINA TRIGONALIS, Blanford (Journ. As. Soc. Beng. 1863, 
p. 135, pl. IV., fig. 5). No better material has been as yet procured 
than was known from Mr. Blanford's notice. The she1 lseems to  be 
rare. I t  does not occur in the Gieumal sandstone with Avicula 
echinata, which statement rests upon a mistake with another species. 

12. TRIGONLA COSTATA, Park. (Sow. Min. Conch. I, pl. 85). Two 
specimens found at  Gieumal do not differ from the common oolitic 
fossil of Europe. They are somewhat bro!der, approaching to the 
variety T. pzrllus, Sow., which is not specifically different from t,he 
T, costata. It occurs as well in the oolitic deposits of Cutch. 

13. ASTARTE UNILATERALIS, Sow. 1840. Trans. Geol. Soc., pl. 
XXII., fig. 14.-id. &alter, in Strachey's Palzont., p. 97, pl. XXIII., 
fig. 10. 

The flattening of the umbones, to which Mr. SaIter alludes, is 
very remarkable, and is to be observed on all the species from this 
district; it seems to be a local peculiarity. On the Cutch specimens, 
which are otherwise undistinguishable, this flattening does not occur, 
a t  least not to the same extent, and even the concentric ribbings are not 
nearly so strong. The species is very common throughout the Spiti 
shales, and occurs always with Nz~clrla cuneiformis; the species has 
been often considered as Astarte major. 
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I t  must be this species which Prof. Oppel namcs Astartc Ilar-  
manlei (Pal. Mith. 1864, p. 273) ; the Rev. Mr. Evereet's figure certainly 
represents it, the original specimens of which are in the Asiatic 
Society's collection, Calcutta. 

14. A~TARTE MAJOR, Sow. 1840. Geol. Trans., pl. LXI., fig. 1, ia 
much longer or wider, and not as high as the previous species ; i t  ie 
also generally more inflated and haa a deeper lunula. 

This species is much rarer in Spiti, and bas been only found at  
Gieumal. 

15. ASTARTE SPITIENSIS, 8tol. PI. IX., fig. 9. 
Ast. testa subtrigonali,q, valde itmquilaterulis, umbo~libus superne appla- 

fiatis, acutis atque incurvis ; lunula ovali, yrofunda; superyfcie striis 
concentricis alque rugis crassis ornata. 

A large subtrigonal shell, not much inflated, covered with unequal 
strize of growth and eulci. The umbones are flattened and curved 
inside and anteriorly ; the lunula is ovate, very deeply excavated and 
bounded with sharp margins. The area is long,. and the bounding 
ridges are roundish. The periphery is only slightly and partially 
granulated. The teeth and grooves of the hinge do not differ from 
the ueual form in Astarte. 

This species somewhat resembles in form Aet. subtr'gona, Goldfuss, 
(111. pl. 134, fig. 17), in which the anterior portion is more prolonged 
and the lunula not nearly so much excavated. The stria? of growth 
do not correspond very exactly. 

Locality : Chikkim and Icibber. 
16. ASTARTE HIENALIS, Stol. PI. IX., figs. 2-3. 
Ast. testa subtrigonn, complanatn', rugis concentricis crassis ornata ; 

luntcla ovali-elongata, profunda ; rnargine ad peripheriam obsolete atque 
partim yra~tulato. 

Shell ovate, somewhat trigonal, the anterior and posterior parte 
being extended and rounded ; much compressed and covered with 
numerous coarse sulci, which terminate on the edges of the lunula 
and of the area; the latter is narrow and deep; the lunula rather 
elongated with sharp ridges. Tbe peripherical granulation is some- 
times clearly seen, soinetimes i t  disappears altogether. The hinge 
does not exhibit any peculiarities, only the muscular impreasions are 
proportionally of large size. 



Locality. This species has beell met with at Kibber, (?ftikhim arid 
Gieunzal, but i t  is rarer than any of the three others, which occur 
with it. 

17. HOMOMYA TIBETICA, Stol. P1. IX,, fig. 4. 
IT, testa valde i7zcequilateralis, antice truncata postice elonqnta, ad mar- 

ginem rotundata, ut~inque hians ; sr~per-cie rugosim concentrice striata. 
The species is very characteristic in its fbrm : the anterior 

extremity being very short, truncate obliquely, the posterior much pro- 
longed and rounded at  its termination. The lower margin is slightly 
curved, the hinge line nearly straight. The beaks are strongly 
incnrved, and there is below them a prominent tooth in each of the 
valves exactly as in Pholadomya. The surface is covered with con- 
centric strite of growth only, which are coarser in the first stage of 
vromth than afterwards. The shell is open on both sides. 
CJ 

Locality : Gieumal ; three specimens have been found. 
111. Gastropoda. 
1. PLEUROTOMARIA, sp. TWO species have been noticed in the 

Spiti shales, both only casts and not sufficiently perfect for further 
determination. The one species from Gieumal (vide Journ. As. Soc. 
Bengal, 1863, pl. 4, fig. 3) has more rounded whorls : the basis of the 
letst whorl being covered with broad spiral sulci; and the band lies 
above the middle of each whorl. 

The second species, found a t  ICibber, is more turrited and the 
whorls are more angular, having the band on this angle in about the 
middle of each whorl. 

LTurritella montium, Blanf. Journ. As. Soc. Beng., 1863, p. 134, 
yl. I, fig. 7. As regards the locality it is doubtful where this shell 
has been collected. I do not think in Spiti. The mineralogical cha- 
racter is different from anything I have seen, and one, the specimen 
figured by Mr. Blanford, ie partly incrusted by a Menzbranipora, 
which, I mould rather say, is younger than jurassic.] 

IV. Cephalopoda. 
1. AMDIONITES ACUCINCTUS, Stt'achey. 
1863. Blanford in Journ. As. Soc. Beng. p. 126, pl. 1, fig. 3. 
1865. idem in Stracheg's Palzeontology p. 87, pl. 18, figs. 1-2. 
The quoted descriptions and figures will be at  present suficienb 

to  recognize the Isdian fossil. With regard to the sutures I may 



notice, that fig. l c  in Strachey's Pal. pl. 18 gives no good idea oi' 
the true form of the lobes and saddles. The  figure was evidently 
taken from a specimen with a very much eroded surface. 

Prof. Oppel's lately published descriptions and figures of Himalayan 
Cephalopoda offer ample materials for comparison ( 1864, P a l ~ o n  t. 
Mi ttlieilungen, Stuttgart). Among the many described species of 

Ammonites I would very much desire to draw attention to tlle 
following three species: Am. Adolphi (loc. cit. p. 250, pl. 75, fig. I) ,  
Am. substriatus (loc. cit. p. 271, pl. 75, fig. 2), and Am. Lymani 
(loc. cit. p. 272, pl. 76, fig. 3). All these three forms, described under 
different names, come from the Spiti shales in P\Tgari IChorsum, and my 
present belief, based upon large materials from the whole of the 
northern Himalayas, and to a good extent from the same localitiee, is, 
that  the three forms are identical in species. I may be excused in 
differing so far from the views of my friend Prof. Oppel, but I may 
be allowed also to say that scarcely anybody would accept proof 
to  the contrary with more t h a ~ ~ k s  than myself. Figures are alwaye 
apt to lead into mistakes. Every palaeontologist forms his opinions 
from a certain amount of materials, and nobod can pretend to be Y 
absolutely correct ; but  insufficient material prevents much the attain- 
ment of sound conclusions. 

W i t h  regard to Am. Adolphi and substriatus of Prof. Oppel, neither 
the descriptions nor the figures shew any specific difference, and every- 
body will, I think, believe these two forms to belong to the same spe- 
cies. The  sutures are in both the same, and are respectively perfectly 
identical with those of Am. acucinctus, so that i t  is not necessary to 
figure these again. Prof. Oppel's figures of the two above-named 
species represent specimens devoid of the shell surface, and in con- 
sequence of this circumstance the flexuous ribs are less distinctly 
marked, and the serrated keel altogether wanting. W e  possess per- 
fectly similar specimens from the North of the Niti pass. 

Anz. Lpmani is a less involute form. Prof. Oppel examined two 
specimens, one from Ngari (Gnari) and one from Gieumal (Gimul) 
in Spiti. They seem both to have had the shell surface preserved, and 
the keel as well as the lateral flexuous strim of growth mere distinctly 
vieible. At Gicumal in Spiti I h a ~ e  collected among many otller 
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fossils also numerous specimens of Am. acucinctus and several of 
these have exactly firlch a wide umbilicus as Oppel's Am. I;ymani.  
I cannot see what other species the figure ought to represent, 
if not this largely umbilicated variety of Am. acucirzctus; our 
specimens are decidedly not different from the type, as we have satis- 
fied ourselves from a great number of specimens of different sizes. 
I n  Strachey's Palxont. (pl. 18, fig. 2,) this less involute variety is 
marked as Am.  ac. var. nzundus. Among the European species Am. 
acz~cinctus has a good many allies. Prof. Quenstedt describes in his 

Cephalop. Deutechlands" and in the " Jura" several closely allied 
forms, to identify which could be of no value from want of the necessary 
materials. Jrlr. Schafhceutl described in  his " Sud-Bayern's Lethzea 
geognostica" (1863, p. 415, pl. 83, fig. 3)  an Am. incisus, from which, 
according to the characteristic description and figure, hardly a difference 
whatever can be traced out. I I f .  Schafhautl says, that the speciee 
occurs with Planulati  Ammonites ; this is also precisely the case with 
A m .  acucinctus as the Spiti shales might be emphatically called the 
Plavzulati beds, becauae the Ammonites of this group are at least ten 
times more numerougthan those of other groups, although they do not 
belong to many species. Finally, I would refer again to Prof. OppeZ's 
cc  Pal. Mittheilungen," and for the present notice only the remarkable 
similarity of A m .  PicJtleri ( 1 ~ .  cit. p. 212, pl. 31, fig. 4), which 
appears to be the closest ally to the Indian shell. I t  is to be regretted, 
that the lobes of the species are not figured; the description does not 
explain them sufficiently. 

I must say, for my own part, that I have no doubt whatever that 
Am,  acucinctus will be recognized among the many similar European 
forms, among which a reduction in the number of their specific 
distinctions appears very desirable. 

Locality. I n  the Spiti shales A m .  acucinctus is throughout very 
common in the Spiti valley ; Mr. Mallet brought in 1860 several good 
specimens from the North of the Niti pass, and Col. Strachey and 
Messrs. Schlagintweit collected the species numerously in the same 
beds in Ngari-IChorsum. 



2. AMMONITES STRICIILIS, Blanford, 1863 Journ. As. Soc. Bengal 
p. 126, pl. 3, fig. 1. 

T l ~ i s  is a very remarkable species, to wllicll there is no 
European ally known. Since the publication of the paper referred 
to  Mr. Blanford has succeeded in tracing out another and more 
complete specimen from Dr. Gerard's collection. The  specimen is 
evidently fiom the sl~ales. The  ribbinge begin with the body 
chamber, and are exactly similar to those represented in Mr. Blanford'e 
previous figure. The  outlines of the sutures resemble those of 
the " Heterophylli." Lobes and saddles are unifbrm, and in size 
gradually decreasing to~vards the umbilicus. The  firat lateral lobe 
ie longer than the dorsal, and all are similarly tripartite. The  
dorsal and the first lateral saddle are distinctly bipartite, the following 
approach more to tripartition ; their branches are short, but they termi- 
nate clearly phylliform. mTe possess only one fragment from Kibber 
probably belonging to  this species, but i t  is still quite amooth in a 
diameter of 65 millemetres. 

3. AMMONITES MACROCEPHALUS, Schloth. 
1850. U'Orbiy~zy, Pal. Pranq. Ju r .  I., pl. 430, p. 151, or Quenstedt's 

Ceph. Deutschlands, p. 182, pl. 15, figs. 1-2.-1863, d m .  Nepalelzsis, 
Gray, Blanford in Journ. As. Soc. Beng. 1863, p. 123, pl. I., fig. 6. 

The trpecimens from the Spiti shales belong chiefly to Quenstedt's 
variety Am. mac. compressus. Any of the European figures can be 
taken as a representation of the Indian fossil, and also Quenstedt's very 
carefully executed figure of the outlines of the sutures. I hare com- 
pared French and German specimens of the same species with tlie 
Himalayan fossil, both as regards the form of shell and the sutures, and 
can warrant their full identity. Am. mac~*ocephalus has as yet been 
found, in Spiti, only near Gieumal, in the lowest beds of the shales. 
The  specimen figured by Mr. H. F. Blanford (loc. cit. and deposited in 
the Soc. collection) is most probably from the Esme 1ocalit.y. Mr. 
Blanford's identification of the species with Ant. Nepalensis, Gray, rests 
upon his comparison of the Spiti epecimens with Gray's originals in 
the British Museum in London. Gray's figure itself is very coarse, 
and would never allow us to recognize the species, as not only the ribs 
are much too coarse but eve11 their direction docs cot  agree well. 



The specimen described by Mr. Blanford, as d m .  Nepalensis 
in Strachey's Yahont .  p. 7 7 ,  pl. 14, fig. 1, is much more allied to 
Gray's figure, but  i t  is still very indistinct. MI.. Ulanford assures me 
that i t  is also identical with Gray'a originals, and that he thought 
himself, in comparing the species in the B r i t i ~ h  Museum, that they 
were identical with A m .  mocrocephalus. 

Mr. Mallet brought a few specimens of Am. macrocephalzts froin 
the  North of' the Niti pass in 1860; the specimens from here are 
usually larger and some are of equal size with Gray's figure. 

4. A~~I~IONITES OCTAGOPr'US, Strachey. 
1663. Blunford,  in Journ. As. Soc. Bengal, p. 128, pl. 1, fig..& 
1864. A m .  Siinameringi, Oppel, Pal. Mith. p. 280, pl. 80, fig. I .  
1865. Am. octagonzls and Hooheri, Strnchey, in Palixont. loc. cit. 

p .83,pl .  12, f i ,a.2,andplm17,fig.  1. 
Only fragments of this species have been figured, and the descrip- 

tions are, therefore, equally not very sufficient. The  Survey collec- 
tion possesses complete specimens from the Spiti valley and from the 
Niti pass, but  we must defer to  another opportunity giving a new 
figure. T h e  species is  no doubt much allied to Am. Eugezi i ,  Rasp. 
(D'Orbigny Pal. Franq. Ju r .  I, p. 503, pl. 157), although the ornamen- 
tation exhibits a good deal of difference. Young specimens of Am. 
octagonus are a t  least partly tuberculated, while those of A m .  Eugenii 
are only transversally ribbed. The first two rows of tubercles (counted 
from the umbilical edge) are in A m .  octagonus distinctly lateral, while 
in Am. Ezlyerzii the second one of tlie two is much nearer to the 
middle of the back. 

The  well preserved surface of the shell of Am. octago~zus exhibits 
nunlerous fine s t r i s  of growth. It is usually the case, that the dorsal 
tubercles become somewhat more obliterate with the age, and are con- 
nected by short ribbings with the tubercles of the outer lateral rozo ; 

these short ribs are always remarkably bent forward. I n  younger spe.. 
,imens, of which one is figured by Col. Strachey under the name Am. 
HooReri, the partial obliteration of the dorsal tubercles does not occur 
often but i t  is sometimes the case, and intermediate non-tuberculated 
ribs are present in all stages of growtl~. Judging from our materials we 
cannot regard Am, octcrgon~is and HooReri as different species. The 
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fragment, which Prof. Oppel figuree as Am. Siirnnteringi, is from 
Spiti, and there ie no doubt, I believe, of its being identical wit11 
similar pieces of this species, which me possess from different locali- 
ties. I need hardly, I think, recall the resemblance which A m .  
octagonus bears to the upper liaseic species Am. Tuylari, Sow., and 
especially to the figure given by D'Orbigny in hie Pal. Franq. Tcrr. 
Jur. pl. 102. I f  the tubercle8 on the umbilical edge of Am.  octagonus 
disappear, as sometimes occurs on the last whorl and chiefly near the 
mouth, such fragments of whorls could, except from the size, be 
hardly distinguished from tliose of Am. Taylori. 

5. AMMONITES HYPHASIS, Blanf. PI. X, fig. 2. 
1863. Journ. As. Soc. Beng., p. 132, pl. 4, fig. 2. 
1864. Am. Seideli, Oppel, Pal. Mitth. p. 283, pl. 80, fig. 3. 
1865. Am. umbo, Blanford, in Strnchey's Palxont. p. 78, pl. 17. 

fig. 2. 
The transversally ovate whorls with their peculiar ribbings and the 

large umbilicus are very characteristic for this species. Sometimes 
the ribs are very sharp and interrupted on the middle of the back, 
or they are continuous up to a slight depression along with the siyllo. 
Longer and shorter ribs are often alternating, and some of the former 
rise towards the edge of the back to sharply elongated tubercles, 
and divide from these each into two, usually three, or even four ribs. 
Tlie ribs very seldom form slight elevations at the point where they 
are interrupted near the middle of the back. There is besides no 
certain regularity mhich of the principal ribs becomes tuberculated, 
sometimes i t  is in young specimens every second or third rib, but 
mostly the fourth, although the intermediate ribs are not of equal 
length. 

I n  A m .  anceps or Am, coronatus the lateral tubercles are by far 
more numerous and regular and are placed nearer to the edge of the 
umbilicus. On the whole the shape o< the whorls of the Indian fossil 
is more allied to the former than to any other known European species. 

Mr. Blanfurd'a original figure of the epecizs represents a specimen 
with unusually small tubercles, and even these are mostly broken away ; 
the ribs are bipartite. The species can, no doubt, be only recognized 
with difficulty, and we hare, therefore, preferred to give a new figure 

N 



011 Plate X. Therc is certainly no nlistalre as regards thc identity of 
Am. e p l r a s i s  and Am. un260, however different the figures of eaclr 
may appear : of the former of which the originals are in the Asiatic 
Society 'a collection. 

I do not think that I can be mistaken, in  referring Prof. Oppel'a 
Atn. 8eeideli t o  the same species, the whorls in  this last-named form 
are somewhat more compressed, but  this is always the case with larger 
specimens, as we me on numerous fragments. Am. flyp?tasis is not 
an uncommon epecies alk through thc Spiti shales, but usually only 
fragments are met with. Complete specimens of s ~ l l  size have been 
found a t  Gieumal and ICibber. 

6. AMMONITES PARKINSONI, SOZL', 
182 1. Min. Conchology, pl. 307. id. Zieten, RGmer, D70rlripiy, 

Quenstedt, CJtapuis, and others. 
1863. Am. Wullicltii, Elanford, in Jour.  As. Soc. Beng., p. 127, 

pl. 1,  fig. 4, and pl. 3, figs. 2-3. 
1864. A m  Miirikeanus, O;opel, Pal. Mitth. p. 281, pl. 80, fig. 2. 
1865. Am. Wullichii, Gray. Blanford in Strachey's Palzont. p. 84, 

pl. 15, fig. 1, and pl. 19, 1-2. 
I tried hard to retain the Indian fossil, which was already described 

under so many different names, as a distinct species, but all my en- 
deavours f'ailecl, ancl I fully believe 11sw that there is not a single 
character which could be in any way satisfactorily used as a speci- 
fic ciistinction. Most of' the Indian specimens, which I havc 
examined, belong to Quenstedtb variety Am. Pa?.?a. pkanulat?~~,  
(Ceph. Deutscli. p. 143, pl. 11, figs. 2-3), having the habitus of 
a Plclnzclnte ammonite ; not a single specimen of the inflated 
varietfy has as yet been found anywhere i n  the Himalayas. 

The ribs bifurcate in our specimens generally about the middlo 
of the sides, as usually in the Wiirttemberg specimens, while those f'rool 
tlle inferior oolite of Sully have the bipartition nearer to  the back. Of' 
the tubercles, which are often well marked a t  the bifurcations of the 
ribs, there are only skight indications in our specimens. 

O n  the back itself the ribs are sometimes not so niuch bent forward 
as in European specimens, but they are almays interrupted i11 the 
midcllc, their terminations being either 01)posite to each othcr 01 



:~lternstc. Tlie clivisions of the sutures are quite identical, even in the 
details of the size of the different branches. The lobes arc tri-,tho 
saddles bi-,partite ; of the first lateral saddle the outer (i. e. near thc 
back) branch is somewl~at shorter t l ~ a n  the inner, this being again 
bipartite. I observe the satlie peculiarity on eeveral of the specimen3 
ivhich we possess from Sully in France. The  German specimens are, 
as I said, especially like the Indian ; add there doe8 not seem to mc to 
be any fiecessity, nor is there any conchol~gical or pal~ontological rea- 
son, which could justify a new name for the Indian fossil. It is, we 
a r e  well aware, ah important question, how and where to put a limit 
to  variation, but i t  is, on the otlier hand, worse to attribute a specific 
value to  differences which are  only accidental, and variable in one and 
the same specimen. 

Am. Parhinsoni is not uncommon near Qieumal and Kibber;  it 
occurs in the Spiti shales in Ngari and North of the Niti pass as well. 
The  beds with Am. Parhiasoni are known through all'the jurassic depo- 
sits of Europe. I quote Gray's name of Am. WaZlichii as a synonym 
only on Mr. Blanford's authority: Mr. Blanford tells me, that he 
compared the originals in the British Museum. 
7. AMMONITES TEEUDORII, Oppd. P1. IX, fig. 4. 
1864. Pal. Mittheilungen, p. 280, pl. 78, fig. 3. (and fig. 2 ?) ! 
1865. Am. Grifithdi, in Strachey'a Yalaeont. p. 86, p1. 20, fig. 1 .-non 

Am. GrzJithii, Sharpe. 
Tlie characters of Am. Theodorii lie in the compression and sniall 

involuti'on of the whorls, and in the lateral flexuous ribs, which rise from 
a tubercle on the edge of the umbilicus in bundles of three or four and 
terminate on the edge of the back each with a smaller tubercle. In  
the course of further growth the umbilical tubercles become either 
obliterate, or sometimes retain their strength. The dorsal tubemles 

are partly opposite 1)art . l~ alternate, and in large specimens they join 
~vitli each otlier by short ribs across the back. Some of the ribs 
remain single, bot occastonally they divide on tlie middle of the sides, 
c x c e ~ t  in old grown specimens. 

The lobes are trifid, and thc first lateral is longer than the dorsal 
lobe. Thc saddles are bipartite, the dorsal being the largest, then 
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iollow two lateral and two or three obliquely descending auxiliary 
saddles, placed on tlie umbilical wall. A s  Prof Oppel (loc. cit.) re- 
marlrs, that there exists in young specimens of Am. Theodorii a row of 
tubercles at the edge of t'he umbilicus, i t  is difficult to nnderstand 
how fig. 2 (10~ .  cit.) ougllt not to belong to the same species, but to 
A m .  Spitiensis ( Cuutleyi, 0l)p.). W e  have, therefore, preferred to 
wive n figure of a small specimen, although Prof. Oppel refers to 
3 

pl. 83, on which another representation of the '  Ammonite is to be 
published. Prof. Oppel has, however, kindly communicated to me, 
tllnt he will stop for the present his publication of the Himalayan 
fossils, until rny memoir is ready. The resemblance of Am. Theodorii 
to  European forms, as Am. Jason, ornatus and Duncani is worth notice, 
especially when a larger material for the stucly of the Indian fossil shall 
liave been procured. O n  the first whorls there seems to be an indi- 
cation of a row of tubercles on the sides of the whorls ; this row is 
placec.1, homever,'nearer to the back, where the ribs bend somewhat 
forwarcl, and not on the middle, or near the umbilicus, as is usually 
the case in the above quoted allied species. I n  the form of the shell 
the kind of ribbing and the partitions of the sutures, the compressed 
variety of Anr. ornatus from the W iirttemberg J u r a  sceuis to be the 
nearest ally. 

d m .  Thcodorii is a rare shell in Spiti ; Prof. Oppel's specimens were 
collectecl in Ngari-1<11orsum. 

I cannot say much as regards Am. r t i  Strachey, Pal. 
p. 86, pl. 20, fig. 1. I n  its general appearance the shell does not 
differ much from Anzmonitee Sabi7zeanus, Opp. Mr. Blanford tells me, 
that there exists undoubtedly a row of small tubercles on each of 
the dorsal keels, and that the representation of the specimen is not 
very correct. Ile believes it to be identical with Am. Theodorii, 
Oppel. 

I n  any case the name must be avoided, as i t  was long since used 
by D. Sharpe for a cretaceo~s and quite distinct species, which, 
although itself iden tical with Am. pla?zulatus, Sow., equally from the 
middle cretnceons stlmczta, does not admit of any further use of the 
sanle nnmc. 



8. AMMONITES SAI~INEANUS, Oppel. 
1864. Pal. Mittheilungen p. 288, pl. 82. 
1865. Am. jubnr in Strachey's Palzontology 1). 82, pl. 20, fig, 2, 

and pl. 2 1, fig. 1. 
Prof. Oppei's and Col. Strachey's figures of this species represent 

several of the principal and characteristic varieties, and I shall mention 
for tlie present only a few peculiarities, in additiou to those ~vhicll 
have been noticed already. Our material amounts to about 50 differ- 
ent specimens. 

The  form of the shell is always pretty constant: tlie mhorle being 
compressed, obtuse a t  the back, with a gentle slope from the middle 
of the sides towards the umbilicus, in which about half of the height 
of the previous whorls is exposed. The  ribs are flexuous, always 
somewhat bent forward, but otherwise subjected to very much varia- 
tion. I n  the first stage of growth the ribs are very fine, filiform, 
either single or bipartite, from the middle of the sides. On the back 
they bend strongly forward, either continuous or interrupted in the 
middle. 

The  few flat tubercles along the edges of the back appear generally 
somewhat later, when the specimen has assumed a larger size. They 
are, as has been noticed by Oppel and Blanford, very variable in size 
and number. So~netimes several of the ribs increase coneiderably in 
thickness along the edge of the umbilicus, and at shorter or longer 
distances from each other. 

I n  other specimens the lateral ribs are from the first beginning 
stronger, and they become gradually thicker wit11 farther growth, as 
seen in both of Prof. Oppel's figures and in Col. Strachey's figure 2 
on plate 20. The sutures are figured well by Prof. Oppel and Mr. 
Blanford ; they consist of one dorsal and one lateral saddle, and the 
rest are obliquely descending towards the umbilicus, all being bipar- 
tite ; the lobes are trifid, and the first lateral is the largest of all. 

Ant. tenuistriatus, Gray, (in Strachey's Palzont p. 78, pl. 15, 
fig. 2 a-c*) bears so many relations to the fine ribbed variety of 

* Judging from the sutures of rt ~imilnr fragment, fig. 3 d. of the same plate, would not 
~ J C  a bar1 representation of the sutures ; this seems, however, to be a misprint as to the 
i.umbers and Ictter, innsmucli as Mr. Blanford, p. 78, states, 'sthe sutwcs are not visille." 



Ant. Sohirlcanas, that i t  is not linlikely only n fragment of t l l i j ,  

as  represented by Gray. Theic  are a t  lcnst sevcral similar fmg- 
lnents in our collection, wliicll certainly do not belong to a separate 

b 

species. 
Mr. Blanford considers the Am. tenuistriatus, Gray, as being likely 

only a varicty of Ant. Nepalcnsis, Gray. I t  is certainly not ide~~tical 
wit11 the species, which hlr. Blanford calls A m .  Nepalensis in Asiatic 
Society's Journal of 1803 ; this last~named form is undoubtedly 
identical with Am.  macroct.phnlzis, Schloth., as will be found mentionecl 
under the head of the latter species. Until Mr. Gray's original speci- 
mens have been very carefully examined and compared, the explailation 
of this and the other figures will always remain a point of diffcrence 
of opinions. 

9. AM~IONITES SPITZENSIS, Blanf: 
1863. A112. Spitiensis and guttatus, Blanford., Journ. As. Soc. Eeng., 

p. 131, pl. 2, fig. 4, nnclpl. 4, fig. 1. 
1864. Am. Cazitlegi, Stanteyi ancl Groteanus, Oppel, Pal. hlitt8h. 

pp. 27'9, 292 and 283, p1. 78, fig. 1 (non fig. 2 ?) pl. 79, pl. 80, fig. 4. 
1865. Ant. guttutus and scriptus, Blanford, in Strachey's Palxont, 

p. 79,p1, 13,fig. 2 , a n d p .  81,pl .  16,f ig .2.  
It was not until after much hesitation and repeated comparison of 

large materials, that I was lecl to believe that all the naines quoted 
above have been attributed to inerc varieties of one and the same 
species. I ~voulcl not like to impress this opinio~l upon any one 1~110 

is obliged to  derive descriptions froin single specimens, or to  judge 
only 1'1.om tlie figures n l~ ic l l  havc bcen given, Most of them seein to 

1.cprescnt E ~ I C I I  different cliamcters, (hat i t  is dilGcult to understand 
11ow the rcspcctive forrns ought to have any connection a t  all. 

The following are tlie characters common to all v:i14ieties :- 
The  involution extends to about half of tlic width of each w110rl9 

tlir umbilical edge of ~vliich is provided with a row of transversely 
elongated t~ibercles ; from t,liese rise bundles of two, three, or four, ribs 
proceeding with a slight beading, either single or somctirnes again 
Lifilrcating, towards thc back. Tliis is crosscll by them with a strong 
curve forwards. On the middle of ~ h c  back t,he ribs Lccome often 
somemhst tl~iuncr, but except on the body whorl we hare nevcr ob- 
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scrveil them quite obsoloto. Two or threc deep transvcrsc f'urrow~, 
marking the previous positions of the mouth, are visible in the circuit 
of one volution, they are always bounded posteriorly by stronger 
swellings, which are muoh bent forward, especially on the back. The  
sutures are divided into one dorsal, two lateral and two or three auxili- 
ary lobes, (very seldom only one is visible). All the saddlee are bit, the 
lobes tri-,fid. I n  the dorsal saddle the outer branch (towards the 
periphery) is invariably longer, in the first lateral i t  is usually the inner 
branch. T h e  second lateral saddle is shorter and obliquely placed to- 
wards the first ; it lies on, or very close to, the umbilical edge, while the 
two (or sometimes three) auxiliary aaddles lie on the mall of the 
umbilicus. 

The  principal variation is in  the thickness of the whorls. I f  i t  mere 
possible to account for any other variable characters which mould 
always accompany the former, we might be justified in distin- 
guishing and characterizing one or two similar forms as quasi-species, 
but for this opinion I arn unable to discover any support in our mate- 
rial. The section of the whorls varies with gradual alterations from 
round or broadly-ovate to  oval in the direction of the height of escli 
whorl. These alteratious can be often traced to a certain extent on 
one and tho 8ame large specimen ; however local varieties seem to bc 
indicated, as for instance in Spiti the'varieties with rounded whorls 
occur chiefly a t  Gieumal, and those with more compressed whorle 
near Kibber, a t  the other end of the jurassic ellipse. I n  Ngari both 
the varieties occur as well; and also North of the Niti pass, whence 
many specilnens mere brought down, in 1860, by Mr. F. R. Mallet. 
The  nu~riber of tubercles on the umbilical edge varies from 15 to 22, 
i t  is, however, independelit of the thickness of the whorls ancl 
sometimes greater, a t  other times smaller, in compressed specimens. 
Tlie ribs are very constant as regards their direction ; and their 
number in one bundle increases usually with the growth of the shell. 

T h e  height of the saddles is variable, and equally so the respectiv? 
length of their branches, but their width is always greater than that 
of the lobes. Specimens with thicker whorls have the saddles often 
shorter, but this does not occur constantly, and besides i t  is well 
known that the  height of the sutures generally decreases with the 
approach to tllc body-chamber. 
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A comparison of Prof. Oppel'a A m .  Stanleyi and Groteanus will, 
I believe, if tlie size be abstracted, leave no di6culty in tIleir 
being recognized as the same species, and as identical respectively witll 
Mr. Blanford's original Am. Spitiensis. Specimens from the same 
localities, as those of' Dlessrs. Schlagintweit and Mr. Blanford's origi- 
nals, being compared leave no doubt about this point. 

Mr. Blanford's original figure of Am. gutlatus represents a speei- 
men" which stands intermediately between his Anz. Spitielzsis and 
Oppel's Am. Cuutlepi. (Of the latter I refer merely to fig. 1, as I 
rather believe that fig. 2 represents a fragment of Am. Theodorii, Opp.). 
Mr. Blanford separated his Am. gllttatus from Am. Spitiensis chiefly 
on account of the somewhat higher divisions of' the sutures, and 
after referring to sotne slight differences in the ornamentation, he says 
(loc. cit. Journ., p. 131) c c  these latter differences I consider, however, 
to be unimportant, and should further specinlens shew the sutures 
t.o be more variable than is usual in Ammonites of the same group, 
there would remain no good reason for distinguishing the two forms 
in question." Now I hardly need to notice anything more about the 
variations of the sutures than I have already stated. W e  possess 
from ICibber several specimens quite similar to Am.  Cazltleyi, Oppel, 
and I can only refer to my previous remarks as regards the alterations 
in the thickness of the whorls: to shew that we have most probably 
to  deal only with a variety. Of course, if the compression of the 
whorls is to be accepted as a specific difference, then we have to 
grant immediately not only tlie independence of all tlie quoted 
synonyms, but we have to establish about half a dozen more of such 
temporary species. This is, we believe, not only not necessary, but 
in reality injurious even to the f;'eologiut. The  figure of Am. guttatus 
in Strachey's Palaontology I can quote only on Mr. Blanford's 
authority as a synonym ; nobody could recognize the species from 
this figure. Mr. Blanford says, p. 79. 6 C  the restoration herewith given 
on pl. 13, fig. 2 is consequently erroneous, the diameter of tho whorls 
being probably a t  least half as much again," &c. 

W i t h  regard to A m .  scriptus (loc. cit.) there cannot be much doubt, 
that tlie fragment figured belongs to Am. Spitiensis, namely to one 
of' the less compressed varietics. Tlie outlines of the sutures shew 

. - _  - _  _-- 
* It is del~ositcd in thc Asicttic Society's collection, Cnlcutt~~. 
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no difference, except that they are more deeply incised. Wc posscss, 
however, specimens on which the partitions of the saddles go so far 
that some of them become laterally cut  into two parts. Of European 
described forms, which are eitnilar to the Indian -foesil, there are 
especially two lately decribed by Prof. Oppel in his cc  P a l ~ o n t .  
Mittheilungen, 1864, pl. 66, figs. 1 and 6. I would mention nominally 
only a Crimean species Am. Theodosia, described by Deshayes. 1838, in 
the Mem. Soc. Geol. de France, tom. 111, pt. I, p. 32, pl. 5,  figs. 23-24. 
This Ammonite resembles very much some of our compressed varieties, 
and a closer examination of the original specimens mould be very 
desirable. 

Am. Spitiensis is a common shell in the Spiti-shales, where they 
occur along the northern elopes of the Himalayas. 

10. AMMONITES CURVICOSTA, Oppe2. 
1849. Am. convolutr~s parabolis, Quenet. Cephalop. Deutsch. p. 169, 

pl. 13, fig. 2. 
1852. Idem, Kudernatsch in Abhandlg. d. k. k. Geol. Reichsan- 

otalt, Vienna, vol. I, p. 14, pl. 3, figs. 7-10. 
1858. Am. curwicosta, Oppel, Jura-formation, p. 555. 
1864. Idem, Seebach, Hannoversche Jura,  Berlin, p. 155. 
W e  possess ollly one, but  that a perfect specimen, which has been 

found a t  Chikkim in the Spiti shales. The tubercles near the peri- 
phery are only indicated, but the corresponding thickened ribs are 
distinctly expressed. The  specimen agrees perfectly with those from 
Sminitza in the Banat, whence i t  was brought to notice by the 
late Kudernatsch. Oppel's designation of .the form with a new nmle 
is, we believe, justified, and the species has nothing to do with Am.  
Bakeria or Am. perarnzatus, Sow. 

The  specieshas for many years been well known from the brown 
Jura of TViirttemberg, Guabia, and other places in Germany. I t  has 
been lately noticed by Seebach from the beds of Am. macrocephalus 
a t  the Porta Westphalica in Hanover. W e  see i t  in Indian rocks 
occurring in the same beds; the species seems to be, however, much 
rarer than rnany others of the Pla?zfilati group. 

0 
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11. AMMONITES BRAIKENRIDGII, Sow. var. 
1818. Sowerby, Min. Conch. vol. 11, p. 187, pl. 184. 
1849. D'Orbigny, Pal. Franp. Terr. Ju r .  I., p. 400, pl. 135, 

figs. 3-5. 
1858. Oppel, Juraf. p. 377. 
1863. A m .  torguatus, Blanford, (non Sow.) Jour.  As. Soc. Beng. 

p. 130, pl. 3, figs. 6-8. 
1865. id. in  Strachey's Palaont. p. 80. 
Having compared specimens- of Am. Braikenridgii from Bayeux 

with the  Himalayan forms, we are unable t o  find any essential differ- 
ences. T h e  tubercles a t  the partitions of the ribs are only very sel- 
dom indicated in our specimens, but  we see tha t  quite similar varia- 
tions exist among the specimens from Kormandy. The species re- 
tains always the narrowness of its whorls, and the increase in the 
width of the section is very gradual. I n  large specimens of ours 

. (about 100 mm.) the ribs become very thick. T h e  indentations by 
the  preceding whorls are always not considerable. The  divisions 
of the sutures resemble much those of Am. Humphriesianus, as no- 
ticed by D'Orbigny. T h e  lobes are tri-,the saddle8 bi-,partite, and 
of the branches of the dorsal saddle the outer (nearer to the back) 
is the longer, while on the first lateral saddle it  is the inner branch. 
Quite similar clivisions exist in compared specimens of A m .  nfartinsii, 
D'Orb., from Niort, and, besides the smaller wicltll of the whorls of the 
latter species, I really do not see any specific difference. The  deeper 
furrows, which ha rks  the previousepositions of the mouth, are the 
same in our specimens as in the Niort fossil. From specimens of 
A m .  Braikenridgii from Bayeux, the single difference consists in the 
longer first lateral lobe, which in our Himalayan forms is invariably 
shorter than the dorsal lobe. 

Localities. Common a t  Gieumal, rarer at Kibber, Longja and other 
places. 

12. AMMONITES NIVALIS, Stol. Pl .  X, fig. 1. 
Am. testa discoidea, cornplanata ; umbilico minimo ; nnfrnctibus 

Zateraliter sztblavigatis, ad periplteriam tubercztlato-costulatis; dorm 



ebtuso, Suturis late~uliter quinpue lobatis ; lobo dorsali brevissimo, 
luterali primo maximo ; lobis tri-,sellis bi-,partitis. 

Proportions calculated from figured specimen (the 
diameter being taken as 1-00) in diameter of ... -50 mm. 

Outer whorl : whole diameter . . . .., ... 0-52 
Width of umbilicus : ditto ... ... . . . ... 0- !6  
Width of the section : height ... ... . 0.53 

A discoid shell with involute whorls, so involute that only a very 
small portion of the inner volutions are visible in  the narrow umbi- 
Iicus. The  greatest thickness of the whorls is near the middle of the 
sides, on which only strize d growth are distinctly visible. On the 
edge of the somewhat roundish back there are numerous short costs, 
which very soon disappear tomarda the umbilicus. The  edge of the 
umbilicus is rounded and its walls are perpendicular. The sutures 
are divided similarly to thoee of species of the Dentati group. A11 
the saddles are bipartite, gradually decreasing in size towards the 
umbilicus; the dorsal lobe is the shortest and the first lateral the 
longest; all the lateral lobes are tripartite, but  not nearly so fine 
and filiform as in Am. acucinctus. 

Locality : Icibber in Spiti ; the figured specimen mas found in 1861 
by W. Theobald, Esq., Jun.  

13. ANMONITES LIPARUS, Oppel, 1864. Pal. Mitth. p. 220, pl.. 
59, fig. 1. 

The apecies is well known from the upper beds of the middle 
jurassic strata of Germany. Zieten'a figure Am. inzatus, (PI. 1, fig. 5) 
is insufficient, but Quenstedt'e representation appears to be charac- 
teristic. 

There can be no doubt, tbat our Himalayan form agrees perfectly 
with Oppel's figure and description of the species. All the fine 
transverse s t r i s  of' growth and the divisions of the sutures are per- 
fectly identical. Prof. Oppel forms another species, Am. circum- 
spinosus, (ibid. p. 222), with which Am. in$atus-macrocephulus, 
Quenstedt. (Ceyh. pl. 16, fig. 14, and J u r a  pl. 75, fig. 8) ought to be 
identical. It is no doubt difficult to form an entirely satisfactory 
opinion from figures alone, however i t  is certain that Quenstedt's 
figare of' Am. ilflatus-macrocephalus in his Cephalopodeu, 111. 16, 
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fig. 14, does not shew any difference from Prof. Oppel'a figure of 

Am. liparus; the former is evidently a cast and exhibits therefore 
the umbiiical tubercles very slightly. The  lobes are exactly the 
same. 

Finally, I mould still dram attention to Am. Altenensis, D'Orb. (Pal. 
F r a n ~ .  Ju r ,  pl. 204), from which Prof'. Oppel 11as distinguished his 
Am. liparus and circz~mspinosus. There can be no doubt that from 

the existing figures the species might be kept separately, but we 
must remember that in Am.  Altenensis the tubercles on the edge 
of' the urnbilicus become also a little farther distant from the edge, 
and that if they cease in Am. liparus to project upon the space of 
the umbilicus, we are at a loss for any reason for separating these 
two (tlie French and German) species. 

Locality. I n  the Spiti shales near ICibber ; rare. 
14. ABIAIONITES TRIPLICATUS, Sozo. 1821, &Tin. Conch. Vol. 111, 

p. 167, 1'1. 292. 
Morris in his Catalogue (p. 295) quotes the species from 

the Kimmeridgian. Roemer, Quenstcdt, (Ceph. pl. 13, fig. 7),  and 
others have identified the German middle-jurassic species with the 
English. Oppel (Jura-formation p. 550) proposed a new name for the 
German forms, (Am. funatus ; vide also Seebach's Hannov. Jura.  
p. 155), without any critical ground whatever, simply because he 
says that Sowerby's species belongs to the upper Jura.  W e  can- 
not a t  present go SO far as to account for all the numerous varia- 
tions of the species, which have been noticed by several observers 
previously. The  species is always thin ribbed in the first stage of 
growth, but the whorls are either thicker or mope compressed. The 
ribs are always curved from the umbilicus towards the periphery. 
Large specimens have the last whorls always somewhat compressed 
and usually higher than broad, The  ribs divide here often into four 
instead of three. Icudernntsch noticed several of the most marked 
varieties from the Bannt, and we would refer here to his description in 
the first volume of the Abhandlungen der k. k. Geol. Reicllsanstalt, 
Wien, 1852, p. 15, pl. 4. 

Certain i t  is, that the numerous Himalayan specimens are quite 
identical wit11 those from the Brown-J ura near Locken in Wiirttemberg 
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and those from Sminitza in the Banat. From what I know of the 
English Am. triplicatus, I cannot see any good reason to justify the 
separation of these forms into species. Until more decisive proof is 
given, we do not think i t  advisable to accept the A m .  funrrtus. 

Am. triplicatus is very common all through the jurassic shales of 
Spiti, we have i t  represented in about 60 specirrlens in different stages 
of growth, and of' great variation. Col. Strachey found it not less nu- 

' merous North of ICumaon in Ngari ICliorsum and a t  Niti. 
15. A ~ ~ M O N I T E S  BIPLEX, Sozc. 1821, illin. Conch. Vol. IJI., p. 

186, pl. 293, figs. 1-2. 
There is no possibility of distinguishing specifically bctween 

the specimens of' this species from Aylesbury and those from 
the Himalayas. The ribs never become tripartite, (even in 
our specimens of 200 urn.), except occasionally near the transverse 
furrows, which indicate previous stages of the mouth. The wliorls 
increase very little in height, and are often flattened on the sides. I t  
is nearly impossible to ilistinguish between young specimens of Am. 
biplex and Arn. tr.iplicatus, the ribs are in both equally fine and 
bipartite, but they seem to be alirays more bent f'orwarcl in the 
latter species. 

I t  would be hardly possible to go through a11 tlle forms which 
have been, in Germany, by different authors and a t  different times, 
attributed to Sowerby's Am. biplex, but, I believe, that there are 
very few English pal~ontologists or geologists to whom Sowerby's 
meaning of Am. biplex was and is unknown. JI. Seebach (Hanno- 
versclie Jura, 1864, p. 157) proposes for it the name A m .  lfimmeridgierz- 
sis, and says (loc. cit., p. 156) that i t  appears to be best to abolish tlie 
name A m .  biplex, Sow., altogether. This is certainly a novel proceed- 
ing! I f  me first knew the meaning of all tlie ~pecies which have 
been in Germany mistaken for Am. biplex, Sow,  we might be justified 
in proposing and correcting others, but the matter is by no means 
settled by proposing a new name. By far the greatest confusion 
exists among the German forms. 

The specimen figured by Mr. Blnnford as Atn. biplex in the Jour. 
As. Soc. Bengal, 1863, pl. 111. fig. 4, is not Am. biplez, but a thin- 
ribbed variety of Am. triplicattts. The figures 1 on 111. 11 and 12 in 
Straoliey's Palxont ology are correct. 
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Am. Qiplex, Sow. (as identical with the English Kimlneridgian 
cies) is, although not so common as Am.  tr$licatus, still plentifully to 
be found everywhere in the Spiti shales, and is usually the associate 
of the last-named species. 

16. AM~~ONITES ALATUS, Strachey. 
1865, in Palaontology loc. cit. p. 76, 111. 18, fig. 3. 
The  ~ r inc ipa l  distinguishing character of this species, as llas been 

already noticed by Mr. Blanford, is  in the transverse elliptical section 
of the whorls being wider than high. The  quoted figure l 6  is compiled 
from two fragmentary external casts," as stated by Mr. Blanford, but 
unfortunately all the undulations of the transverse stria: have been 
left unnoticed, or they mere perhaps not visible. I n  our specimens 
they are seen exactly like those of Am. Eudesianus, D'Orb., (Pal. 
Franq. Jur .  p. 386, pl. 12E), with which also the divisions of the sutures 
principally agree. The  French species differs by a smaller number 
and more rapid increase of the thickness of the whorls. Am. Adeloides, 
ICudernatech (in Abhandlg. d. k, k. Geol. Eteichsanstalt, Wien I. 1852, 
p. 9, pl. 11, figs. 14-16) cannot be much different from Eudesianus, and 
is probably a local variety only. Am. A d e l ~ ,  D'Orb. (loc. cit. p. 495, 
p. 183) cannot stand a close comparison either with Am. Eudesianus, 
or with the Indian fossil, if D'Orbigny's figure and description of 
the species is correct. 

T h e  nearest ally to the Hin~alayan species is, so far as I remember, 
a Fimbriate Ammonite which I have several years ago collected with 
my friend Prof. E. Suess a t  the village Wyeska near Puchow in the 
valley of the Waag river, in N. W. Hungary. W e  let i t  pass, I 
think, a t  that time for A m .  Adeke, and under the same name i t  is 
probably quoted by Dionys Stur  in the " Jahrbuch" of the Geological 
Institute, Vol. X I ,  1860, p. 42. A closer examination seems to me very 
desirable. 

Am. alatus is a rare species in Spiti, I met only with one specimen 
North of Kibber. 

17. ANISOCERAS GERARDIANUM, Stol. P1. X, fig. 3. 
A slightly curved fragment, somewhat spirally turned, ornamented 

with distant and very oblique ribs. These are a little weaker in 
crossing the ventral region, but not fully interrupted ; along the 
dpho or t,he dorsal region there is also a slight im'preseion visible 
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on the interruption of the ribs marked by small tubercles. The 
sutures consist only of four saddles and as many lobes : the former 
are all bipartite and nearly equal in eize ; of ihe lobes the dorsal is  
bi-,the other tri-,partite, the former is the deepest of all. 

The tendency to a spiral involution, which cannot take place in 
one and the same plane, shews clearly that this and several other 
similar jurassic and cretaceous species cannot belong to Anc~loceras, 
t o  which they are usually attributed. The single specimen is the 
firat of this genus known from tlle Himalayas ; i t  is undoubtedly 
from the Spiti-ahales, but the exact locality is not noticed; i t  wae 
collected by Capt. Hutton. 

18. BELEMNITES CANALICULATUS, Schlotlteim, 1 820. 
Bel. szrlcatus, &tiller; Bel. Altdorfensis, Blainv. Bel. Bessdnus, 

D'Orb., etc. 
1863. Bel. sulcatus, Rlnnford, in Journ. As. Soc. Bengl., p. 125. 
1864. Bel. Gerardi, Oppel, Pal. Mitt.h. p. 273 (5). 
1865. Bel.  sulcatus, Blanford in Strachey's Palaeont. p. '16, pL 10. 
Mr. Blanford mas, I believe, quite correct in referring the epe- 

cimens (from the Spiti shales) in Dr.  Gerard'g and Col. S t r a ~ h e ~ ' ~  
collections to the above-named species. There is no possibility of 
distinguishing them (except their usual large size) from the Eng- 
lish, French, or German specimens of the same species from the 
Oolite. 

W e  do not possess very good ~pecimens from the Oolite* of Cutch, 
but  the fragments do not exhibit any difference from the Himalayan, 
and I believe Somerby'a determination (in Trans. Geol. Soc. V. 
pl. XXII, figs. 2-3) was a correct one. 

It is probably for this species, that Prof. Oppel has lately proposed 
the name Bel. G e r a ~ d i ;  I cannot a t  least think what other " Cana- 
Eiculate" i t  could be. Everest's figure (Asiat. Res. XVIII. pl. I. f 17) 
to which Dr. Oppel refers, represents no doubt this species ; the 
originals are in the Asiatic Society's collection. 

Localities. The species is to he met wit11 in  the Spiti shales, 
wherever they occur. Large alveoli of 6 inches in length are not 

- 

* Many Cutch fossils, which I have lately seen, are identical with species from Bayeux ; 
such ns Trochus dnplicatus, Opis sirnilis, etc. 
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uncommon, and with these, guards the thickness of which exceeds 
sometimes one inch. 

BeZ, canaliczrlatus can be collected a t  many places in Spiti on the 
boundary of the shales and the Tagling limestone loose, with the three 
species which I have described from the Lias. I am here a t  a loss to 
determine, whether the species really occurs in the limestone. I do 
not see any impossibility, that i t  may have existed previously to the 
deposit of the shales, but I have no certain evidence, as all my 
endeavors to  trace a specimen in the limestone itself failed. More- 
over I found South-west of Chikkim, with the three previously de- 
scribed species, many specimens of true Bel. canaliculatzls. One 
of these had a portion of the alveole preserved. I n  breaking this 
specimen I found the rock to be identical with that of the shales, and 
not with the limestone. This confirmed me in the belief that the 
Bel .  canaliculatus is only washed out from the Spiti shales, and the 
species of the  lower and upper beds are found together a t  pre- 
sent only in consequence of accidental mixture. W e  must accept 
this to be the real case, until we can prove the occurrence of the 
Bel. canaliculatus in the limestone itself, of which I do not see, as I 
mentioned before, any impossibility. The  Spiti shales overlie Tagling 
limestone in most places without any intermediate beds, and this is in 
favor of either of these opinions. 

19. BELERINITES CLAVATUS,  Blainv. (vide D'Orb. Pal. F r a y .  Jur ,  
I., p. 103). 

One well preserved specimen was found by  myself in the Spiti 
shales near Longja. I t  is the only one I have seen from any part of 
India, and compared \vit.h French and German linssic species there is 
no pos~ibilit~y of finding the slightest difference. I will not say that 
more and larger ~pecimens may not show some differences from the 
liassic types ; however, Prof. Oppel (Juraf. p. 153) remarks, that 
similar forms extend to the lower oolite, but that they may possibly be 
separated from the true Bel.  clavatus. On the other hand I wish not 
to assert, that the Belelnnite occurs originally in the Spiti shales, it 
may have been washed out in the same may as mas certainly the case 
with other species. 13ut just at this locality the lower Tagling lime- 
stone is more than a mile off. 



On the Spiti shales rests a sandstone formation, which, from its 

tlsually light colours, forms a great contrast to the lower Leds. I ts  

thiclrness varies from two to about 600 feet, wliich it seldom exceedu. 

The  principal minernlogical character of this sandstone is its siliceous 

element), which is in some beds so very prevalent that i t  is not easy 

to distinguisll fragments of i t  from the carboniferouv quartzites, whiclr 

occur do\vn below in the Spiti valley in the same vertical series of 

roclcs. I n  sollie beds tlie sandstone forms a rather loose grit, or i t  is 

even coarsely conglomeratic. The coloiir is light yellowisl~. Some- 

what clnrlter beds are not uncommon, generally stroiigly carbonaceous 

and more compact. These calcareous beds are especially the seat of 

a great number of fossils, of which an Opis, one species of Oyster 

like the Ostren greyaria, and Avicztla echinata are very common, 

occurring associated in the  same way as  they do in the European 

jurassic beds ; for instance at  Nattheirn. The Gieumal sandstone 

retains this character vcry constantly all through Spi ti. I t s  extension 

is limited by the Spiti s l ~ n l e d ,  ant1 I have not observed i t  any mliere 

beyond the jurassic ellipse. ~ o u t h - s e s i  of Gieurnal the lowest beds 

are seen partly interstratified st co~ltnct with the uppermost beds 

of' tlie Spiti slides ; this proves distinctly their close connection with 

these shales, although mineralogically they are quite different. The 

interstratification must be exl~lained by undulations of the jurassic 

ground at t l ~ e  close of the deposit of tile shales and in the beginning 

of that of tlle sandstone deposit. By far the greatest portion of the 
P 
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eandstonc rests conformably on the shales, and from the remarkable 

features which it  presents i t  is necessary to distinguish i t  as a 

separate group. This Gieumal sa?tLtone (called after the village 

Gieumd)  occurs in the very aamc relative position, and of a perfectly 

similar mineralogical character, to the Nortli of the Niti pas8 and in 

Ngnri ICl~orsuin. There is no doubt, that i t  has a further geographical 

extension, but subsequent researches have to determine what con- 

nection these widely separated deposits have with each other. 

The following fossils have been obeerved near Gieurnal, the same 
are to be met with, as has been stated, in  several other places where 
the Gieuxal  sandstone occurs, but they are usually not s o  well pre- 
sel-veil as to admit of satisfactory determination. 

1. OSTREA, sp., resembling the Ost. greyaria, Sow,, of the 
Coral-rag ; a110 ther species resembles 0. Sotoerbii. 

2. GRYPHBA, sp., a coarsely ribbecl species, with very t l~ ic l ;  shell, 
see~ns to be new ; i t  is especially common a t  Chikkim st:~tion. 

3. . ~ V I C U L A  E C I I I N A T B ,  SOZU. (Min. Conch. pl. 243.) The re- 
searches of the last few ycars all agree in the point, that A. echinata 
and Branz6uriensis, Sow., are the same, and identical with A. tegulata 
and decussata of Goldfuss. I may say, that our specimens from the 
Himalayas are certainly identical with the original A. Branzburiensis, 
Phill. (vide Morris and Lycett). There seems no reasoil to separate 
the ~pecies  from 14. echinata, Sow., of which Morris and Lycett  (p. 16) 
say, that the vertical range is very considerable. Morris in his 
Catalogue, p. 163, quotes ic even down to the Lias. 

None of our specimens shew the unequal ribbings, as represented 
in Goldf'uss' A. tcgulata or Jcczlssnta, and they agree, therefore, much 
better with the English forms. It is evident that several questions 
about this interesting species are not yet settled. Our I-Iimalayan 
specimens agree best with the Cornbrash species. Mr. Blanford 
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quotes i t  under the same name in Journ. Be. Soc. Beng., 18G3, 
1). 137. 

4 .  ~ I Y T I L U B  M Y T I L O I D E A ,  Blanf. (Journ. As. Soc. Beng., 1863, 
11. 137, pl. IVY fig. 8, non 1CZ nzytiloides, Lam. )  occurs with Avicula 
echinata. I have not seen any better specimens than that figured by 
Mr. Manford. Tlie anterior or lunular portion of the shell is somcmhat 
concave and elongated-elliptical in shape. The species resembles very 
m~nch Mytilus turnidus, Mor. rand Lyc., (Great 001. Foss. pt. 11, p. 37, 
pl. IV., fig. 5) of the Great Oolite of Minchilzhampton Common, and 
may be probably identical with it. 

5. LIMA, sp., a large species with concentric, lamellar striz of 
growth only, much inflated ; apparently new. 

6 .  Aaxusrul\r DEMISSUM,  Bean, (Pecten id. Geol. Yorkuh. I ,  pl. 6 ,  
fig. 5). W e  possess only one specimen, this ie, however, perfectly 
like Prof. Phillips' or Gtoldfuss' figures, and evidently the same which 
Raemer figures as Pect. vitreus (001. pl. 13, fig. 7). D'Orbigny de- 
scribes the species from the Kussian jurassic deposits in Murchison'a 
Russia p. 475, pl. 41, figs. 16-1 9. An interesting fact has been re- 
corded (Zeitsch. d. Deutsch. Geol. Gesellsch. 1861. XIII, p. 400) by 
Mr. Trautschold as regards the difference in the ornamentation of the 
two valves in some species of Pecten (Amusium), namely, one of the 
valves having only concentric striae of growth and the. other radiating 
ribs. This may serve as a hint how very cautious we ought to be in 
naming new species. 

7. PECTEN BIFRONS, Salter, in parte (Strach. Pal. 111. 22, fig. 5). 
I t  is hardly necessary to say an~ th ing  more than has been already 

stated on page 74. I do not know any European species which 
could confidently be identified with ours ; but there are many des- 
cribed by Goldfuss, Quenstedt and Buvignier, which are closely allied. 

8. ANATINA SPITIENSIS, Stot. PI. X., fig. 4 .  
Au. testa elliptice-elor~gata, tra7zsversa ; subco~zuexa, incequilaterali, 

antice parum prolongata, rotundata, postice maxime producta, caudata, 
subarcunta ; superjicie' striis concentricis ornata postice radiatirtt 
obsolete. punctata ; musculi irnpressione anteriori rotundata, ad denten; 
marginis cardinalis approximuta ; posteriori ovatar inzpressione auxiliari 
multo minore superposita ; pa llio ilztegro. 
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Shell ovate elongated, witli tlic greatest elevation along the 
caudate posterior extremity from which the shell slopes very gradu- 
ally to the lower margin ; the anterior side is very short and rounded. 
Tlie hinge is prominent,, and the cardinal process very itrong. The 
anterior lnuscular impression is rounded, the posterior somewhat 
ellil~tical, witli another small impression above it. The  palleal in- 
pression is entire, except a scarcely marked sinuosity, which it forrne 
in crossing the ridge of the greatest convexity near the posterior 
muscle. Tlie surface is covered witli stria: of growth; only on a 
small portion near the posterior extremity a radiating punctuation ie 
visi blc. 

There is only one species, which seems to be like the Indian fossil 
An. Bellona, D'Orb. (Prod. I, p. 336) from the Callovien ; but nobody 
can imagine what species D'Orbigny means to indicate by the few 
wor.cls which he had added to the naine. 

An. Spitiensis ie  a rare fossil, I have observed i t  only near Gieumal. 
9. ANATINA, nov. sp. Another f i ~ r  more elongated species from 

the  same locality ; the anterior part measures about two-tbirda of the 
posterior, so that the umbonee are nearer to  the middle. The surface 
seems to exliibit only striae and sulci of growth. I am not aware of 
any European ally, but a full description must be deferred until 
better speciincm can be procured. 

10. OPIS, sp, Judging from a great number of casts the Himalayan 
f'ossil seems very like to Opis Aloreana, IZuvignier, but i t  has been as 
yet  iml~nssible to procure even one good specimen with the shell. 

Section 8.- Cretaceous r o c k s ,  CliihRim limestone. 

At n few places within the extent of the jurassic ellipse there is a 

white limestoue to be noticed, the stratigrapliical position of which as 

regards the lower strata is very clear; i t  covers the tops of only a few 

hills. 
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The limestone, although on the weathered surface often purely 

wllite, is on a fresh fracture either somewhat blueish or greyish white, 

and if perfectly compact not bituminous ; there are, however, strata 

which are somewhat earthy, and these give a strongly bituminous 

oclour if etruclr with the hammer. I have traced these limestones 

only a t  tliree localities in Spiti  

On the top of the sandstone hill, South-west of Gieumal, there is a 

fitnall portion of it a t  a height of about 16,500 feet. Its thickrless 

llardly exceeds 100 feet, and the whole extent whicll, no doubt, has 

bcen once much larger, is ouly about 1,000 feet in length and about 300 

i'cet in width. Above the small village Tsitissigaon, somewhat near 

16,000 feet, there is another portion of this limestone, i t  is here com- 

pact like that at  the former locality, and isolated in three or four patches. 

The greatest thickness of thia limestone, amounting to about 500 o r  

600 feet, rests on the sandstoile of the Chikkiln hill, near the village 

of the same name. It rises to an elevation above the sea of more than 

16,000 feet. I t s  miiieralogical character is tlle same as previously 

mentioned. The whitish color of the rock is so characteristic, that it 

can be instantly recognized from the yellowish colored Gieumal sand- 

stone below it. 

Not a trace of a fossil has been noticed at any of the other 

localities, except on the Cllikkim statmion, where the age of the rock 

has been put beyond doubt. Several fra,gments of shells of Rudistes 

n~ l i l  numerous Foraminifera have been observed. The latter could be 

traced only on the weathered surface of the rock, and they belong 

311 to genera which are represented in the cretaceous strata I t  

would be useless to undertake t.o name and describe new species, 

as they are, from their state of preservation, far too imperfect for that 

purpose. I shall, however, refer to some similar forms, from which 

an idea may be formed as to their character. 

1. No~osa i i rn ,  2 sp. ; shorter with thicker joints, resembling N. 
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irtercostata, Reuss; and a longer species (.up to and above 1 inch), 

very much lilie and, I ahould say, i~1eleutical with N Zil?pei, Reuss, 

from the Plxncr of' Bohemia. 
2. DENTALINA conj ANNULATA, Reuss. 

3. ROTALIA, sp. 

4. TEXTILARIA, 2 sp. ; a slender one resembling Text. anceps, 

Reuss, and another much broader species. 

5. HAPLOPHRAGMIUM, very like 12. irrcgulare, Riimer, sp. 
6. CRISTELLAEIA, sp. 

The most common of these Forami?iifera are one or perhaps two 

species of Rotalia, the ~e.itilaria! and the Haplophragryn~iem. 

Section 9.- Cretaceous.- Cl~ikRim sllales. 

Looking towards the Chikkim station from ICibber there is a chanae c 

to be poticed in the colour of the top-beds, which appear somewhat 

dark yellowish as compared with the rest of the limestone. On 
examination of the spot a grey or darkish marly sha!e is to be found, 

in places very earthy. The whole thickness is not more than 200 

feet, and probably even less. I have not been able to discover even 

a trace of any kind of fossil, nor have I seen these beds on any other 

spot in Spiti. From the great similarity of these shales to the 

limestone, especially at  their contact, I am much inclined to believe 

that these marly shales are closely connected with the limestone and 

also of cretaceous age; but a satisfactory determination of these 

strata can be obtained only by the discovery of fossils, as there. are 

no other beds above them from which their relative age could be 
cven guessed. 
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KAREWAH DEPOSITS. 

CHAPTER I\T.-Rir~cr and Lacustrine deposits, 

(Kar6wah deposits of Capt. Godwin Busten.) 

After the last marine deposits in Spiti-the Chikkim sholes-an 

immense period followed during which the a tmospl~cr icnl (metcorolo~i~a~)  

waters have been lal~ouring to change, disfigure, and to destroy what 

s far longer lapse of time had endeavoured to erect;  I mean princi- 

pally the action of the rivers in the formation'of valleys and deeply- 

cut ravines. There can be no doubt, that the present dept,h of the 
valleys has been attained only in the course of time, and that the 

rivers did flow st a far higher elevation than they do a t  present. 

I observed opposite Shalkar, on the left bank of the Spiti river, flat and 

rounded pebbles of the red quartzitic sandstones of the Nuth series, 

and of the greenish sandstones of the Bhabeh series a t  an elevation 

of about 1,500 feet above the present level of the river-bed. It ie 
evident that these could come only from the Pin  valley, or from any 

of the western ravines further to North. From the Para valley or 

the Ghu stream not a single pebble of this description is brought 

down. This is, so far as I know, the highest point of the occurrence 

of rounded pebbles in Spiti, although they may be possibly traced 

still higher. Above and round Shalkar and near the mouth of the 

Pa ra  and Ghu rivers there have to  be noticed extensive beds of a fine 

yellowish clay, it is in places hardened by calcareous matter to a 
compact marly stone. Generally no clear stratification is perceptible, 

however sometimes the clay occurs lsnlinsted or even a t  a few 

 place^, as a little South of Shalkar, in thin beds. These clay 
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deposits are to Ire found tl~ronghout the Spiti valley, bLlt usu;lll.,r 

a t  s I~igllcr level and in those parts of the valley wllicll arc murll 

broader tlian otliers. W e  can, f'roul this, justly suppose that tllesl? 

places were, by the widening of the waters and in consequence, 
their decreasing velocity, more f t for the deposits of the finer mate:.i- 

als which have been brought down from all sides by the glacier 

streams. I have spent hour3 in search after any kincl of orga~lic 
remains in these clays, and have, to my great distress, not found cven n, 

trace of a shell either in the neighborllood of Shalkar, or on the Para 

river, or in any other part of Spiti, as for instance below Drangl<linr. 

Dr. Thomson (Travels, p. 117) mentions from a sandy bed near Icyuri 

(Kuri)  (L Lynznea and a Planorbis. The Lymnen is still living in 

@reat quantities .in small tanks near Shalkar and Thabo, and at  a b 

higher elevation in a stream near Drangkhnr, being niucli smaller at 

this last locality than a t  the otliers. 

I am not aware of any living Planorbis in Spiti, but I procurecl n 

few small Helices, Pupa and A'rrnina. All these shells have been 111-e- 

viously noticed by TV. Tlieobald, Esq., Jun.,  in his notes, e t c  (Joorn. 

As. Soc. Beng., 1862, pp. 509 and 520.) Great iluinbers of shells have 

been cliscovered by Dr.  Thomson on his travels in the North-west 

Himalayas, and also by Genl. A. Cunningham, and lately by Capt. 

Goclwin Austen. 

The  1:uge allovial plateaux on the river banks, chiefly consisting of 
boulders of different roclts, are generally not more e l e~a ted  than 

about 400 feet above the present level of the river. They are fooad 

all through the course of the valley, especially along the Sl)iti river i n  

its wider portions. They are either loosely adherent or hnrdcnctl to 

a kind of conglomerate. These deposits are seen sometimes in screral 

terraces one above the other ; the greatest number wliicll I observed 

was five, and often the second one from above was the most extensi\re, 

but this differs according to the locality. 
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The large blocks, which occur in the alluvial deposit, arc the cause 

of peculiar columns, which resemble the glacier tablee cmd erratic 

blocks. The  finer materials round a block are constantly mashed away, 

while those below the block are protected from the direct action of the 

atmospheric waters. I n  this way all the different fantastic pinna- 

cles of Dr.  Gerard apd other travellers have been and are still being 

formed. For  more particulars I mould refer to Capt. Godwin Austen's 

notes in the Quart. Jour. Geol. Soc. Lond., 1859, XV, p. 224, where a 

few representations of the principal features of similar deposits are 

given. Besides the direct action of the waters the great accumu1a- 

tions of debris   nu st be attributed to large snow beds, which seem to 

have been, a t  least partly, the cause of exten6iv.e slips of mountain sides. 

Calcareous waters have occasionally with their solutions cemented these 

accumulations to a perfectly hard rock, as is to be found in places round 

Drangkhar. This town is built on ground which seeme to be an 

immense slip of the western portion of the adjoining mountain. I t  
seems to have resulted from the combined action of the flowing waters 
below and probably greak masses of snows above. . 
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PART 11.-GEOLOGICAL FORMATIONS IN RUPSHU. 
The section across the province Rupshu is represented in Fig. 3, P1. 

11. it  leads from South 'to North-east by north, 
Scctions in Rupshu. 

from the Spiti boundary on the Parang pass to 

the .village Sungdo on the Indus. The southern part of Rupshu 
belongs stratigraphically to the large secondary basin of Spiti, and 

we find, with very slight alterations, a repetition of all the older 

formations which have been previously described. The middle 

and northern parts of Rupahu are occupied by metamorpliic and 

gneissose rocks, and then follow, after a slight interruption, Serpentine 

rocks, and unaltered, greenish and reddish, stratified rocks. To avoid 

many repetitions of what has been previously stated on the one side, 

and on the other not knowing this portion of the country to the same 

extent as the southern, I believe it will bsst answer all required 

purposes to state briefly the formations in . the same order as 
they are followed in the section from South to North. When I 
have been able to obtain more extensive information from the 

northern parts of Ladak, I shall endeavour to give a more satishctory 

account of the geological features of that country : for the present 

the section may give an idea of what is to be expected, and how much 

is still to be done. 

CHAPTER V.-Secondary formations in Rupshrc. 

Starting from the southern frontier of Rupshu we met the upper 

upper ~ ~ ~ l i ~ ~  Tagling limestone on the top of the Parang 
limestone. pass, as previously described, with character- 

istic fossils of the middle liassic strata of the European Alps. I n  
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descending down from the Parang pass not much can be said 

from direct obeervations. The greatest portion of the ileacent ie 
covered with a large glacier or extensive snow-beds. Besides thc 

weather was, as usually, too unfavorable to permit any examina- 

tion of even the loose blocks which were lying all round. On the 

Tngling pass the whole ridge of the Bara-Latse range consists of 

the Upper Tagling limestone, and Belcm~i t e s  are sometimes to be 

met with. 

The  Parang glacier descends on the northern side to something leas 

than 17,000 feet, and opposite to its termination the secondary lime- 

stones are seen in great contortions presaed against greenish sandstones 

and white quartzite, probably of carboniferous age. I n  proceeding 

down the Para valley very extensive accumulations of debris occur 

on both sides of i t ;  and i t  is sometimes impossible to =certain what 

rock is in situ and what has been brought down by the river, or rolled 

from the sides of the valley. As  i t  is hardly to be expected that a 

traveller could climb up every lateral ravine or mountain side, the 

examination of the rocks is a little doubtful in places, and I would by 

no means insist upon the boundariea marked in my section, as being 

aBso2utely correct. These have been defined more from the distinc- 

tion of the strata, as they are represented on the large scale. Due 

attention has been of course paid to the debris, especially mlien it 

contained any fossils, and i t  has always been atteirrpted to ascertain 

the original site of the blocks. As  has been previously stated, the 

carboniferous rocks appear in dome-form under the limestones South 

and North of the Parang pass, and wit11 these strata all those above 
have been inore or less affected by the disturbance. We passed over 

debris of rocks of very different description, and often met blocks 

of upper Tagling limestone with the characteristic Gastropoda, until 

we reached t.he camp Tatang-yogma. 
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A few hundred yards North of this camp the lower Tagling lime- 

s. Lower Tagling stone is found in situ. I t  is again chiefly a brown 
limestone. oolitic or somewhat arenaceous limestone, wea- 

thering of a rusty brown on the surface, and in some places containing 

numbers of fossils. W e  met here with a band of the limestone, 

which almost exclusively consisted of Terelrntula gregaria. Of 
other fossils have been noticed Terebratztla pyrzyormis, Rhynchonella 

Austriaca and variabilis, and besides a few fragments, a little specimen 

of an ,4mmonite, resembling A. macrocephalus. Bel. ~ ~ S U ~ C U ~ U S ,  n. sp., 

is not very common, and i t  is difficult to obtain good specimens. The 

beds in which these fossils occur dip a t  an angle of only about 20" 

to south-west, and continue so   till farther to  the north. Taking the 

Tagling limestone, on the whole, me do not think we under-estimate its 

thickness a t  about 2,000 feet, of which somewhat less than the ,half 

may belong to the lower and t.he rest to the upper beds. 

A few miles Nort.11 of the camp Tatang-yogma a considerable 

3 .-Para limestone.- change in the character of the rock takes 

Rhaetic. place. W e  come upon the blue earthy and 

strongly bituminous limestone, which is cliaracterised by Megalodon 

triqueter and Dicerocardium Wimalayense, and wllich I have pre- 

viously described under the name of Pam limestones. 1Veoschiro- 

dus, Isocardia, a few small Gastropods, and occasionally some . 
Lithodendron-liRe cornla are to be met with, but nothing in such s 

satisfactory state of preservation as to admit of specific determination. 

The Megalodon and Dicerocardiunt are very characteristic for this 

series of limestone, the large cordiform sections of their thick 

white shells make them very easily perceptible even to an inexperi- 

enced eye. The  dip of the Pa ra  limestone, the thickness of which I 
would estimate between 1,200 and 1,500 feet,, is clliefly to south-west 

varying between 20 and 50 degrees. Disturbances and contortions 



CBAP. V.] CEOL. FORMATIONS IN RUPSIIU. 125 

occur, but they are not very considerable and are more local. I have 

already mentioned t l ~ a t  the thickness of the Para limestone decreases 

considerably towards the south, and that i t  seems to thin out alto- 

gether in the southern and south-western parts of the Spiti-valley. 

I te  geographical extent is no doubt by far greater in Rupshu than in 

Spiti. 

The  Para limestone, which we have previously referred to the 

Rhxtic  formation, extends to the north as far as a few miles eouth 

of the camping ground " Palnng-balda."' Before reaching-on our 

descent in the Para valley-the Yalang-chu, a large tributary of the 

Para  river from the south-east, we come, below the characteristic Para 

limestone, upon a white band of compact limestone, conformably 

White bend of lime- underlying the former, although partly much 
stone. disturbed. I have not observed any other fossils 

in i t  than great numbers of Corals, and occasionally some small 

Gastropods. I can hardly imagine, that we could have anything else 

than triassic limestone of the Lilang series belom the Rhztic formation. 

The  question is more doubtful, whether this white band of limestone 

ought to be referred to the former or to the next series. The  more 

common occurrence of similar Lithodendron-like Corals in the 

limestones belom the Rhzetic beds proper seems rather to indicate their 

assignation to the lower, or the triassic series. 

-Again a great thickness of limestone follows in proceeding farther to 

4.-Lilang limestone. the north. I have not succeeded in tracing 
-Trim. here any fossils in i t  except Corals. From the 

very great similarity with the t r ias~ic  limestone in Spiti, and from 

its stratigraphical position, I have no hesitation in attributing thie 

* I must remark here, that the section in Fig. 3 is taken a little to the West of the Para 
valley, proper, to which our observations have been chiefly confined. Hcwever, there can be, 
no doubt, such a slight difference if any, from the section which I am describing in follow- 
ing the course of the Para river, thnt it is of no consequence whatever for tlie general idea of 
the geological structure, and a change would only complicate the representation. 
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as before described, in its color and composition. It is often grey 
or whitish and compact, or black and dolomitic or even shzly; 
These -latter beds are very earthy, and exhibit in places a kind 

of bacillar structure, which seems to be the first effect of meta- 

morphism noticed to  the  South of the great mass of metamorphic 

rocke which occupy the middle portions of Rupshu. 

CHAPTER VI.-Palaozoic deposits in Rupshu. 

. 
Next below the Trias we have to mention beds, which can only 

5.-Kuling series.- correspond with t.he Kuling or carboniferous 
Carboniferous. series. T h e  beds are only a few hundred feet 

thick, and consiat of greenish sandstones and shales, and light- 

colored quartzites. On the whole, these strata seem to be more 

affected by the metamorphosing forces than any of those previously 

mentioned. They are in places highly altered ; the shales are 

micaceous, and exhibit throughout a distinct bacillar structure. 

I have not observed any fossils in these beds in the Para valley 

itself, bu t  Capt. Godwin Austen tells me that he found some carboni- 

ferous Spirifers a little farther to North-west, ; this would be very close 

to the point where our section is drawn. 

CHAPTER VI1.-Metamorphic schists, kc .  

Entering the Tsomoriri valley we come upon quite a different geo- 

logical horizon. 

A t  the mouth of the valley itself we have to the west still the 

sandstones and quartzites, which can be re- 
6.-Metamorphic rocks. 

ferred to the Iculing series, but on the eastern 

side are distinctly metamorphic rocks. These latter are the only 

ones which become visible on both sides of the valley, and extend 

far to North. I n  the section the width of the band of rnetamorl)hic 

rocks, including the gneissose and granitoid beds, amounts to nearly 
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24 miles from south-west to north-eaet. The strike of all the rocks 

is, as previously stated, from north-west to south-east, and the dip is 

principally to south-west throughout. 
Chloritic and mica sctbists.-The metamorphic strata next below the 

carboniferoue rocks consist chiefly of thin-bedded chloritic and mica- 

ceous schists, traversed by a great number of veins of pure white 

quartz. A short range of snow-covered mountains, which riee to about 
21,000 feet, extends some dietance to the north-west and terminate8 

somewhat to north of the southern end of the Tsomoriri lake. This 
range consists of granitoid gneiss, coarsely 

Gneiss. 
stratified, in fragments representing good typical 

granite. The rock is peculiar from having the greater quantity of 

felspar of a pink Orthoclas, which we met here only for the second time 

on all our journey. The felspar and quartz are present nearly in equal 

quantities, and the mica is a dark brown or black Biotite. I have not 
observed any veins of Albite-granite in this gneiss, neither any 

other accessory minerals worthy of particular attention. To the 
North of this granitoid ridge me have again a 

Quartzose schists. 
series of thinner stratified beds. They are 

principally quartzose schists, containing some felspar and laminated 

Biotite of a grey graphitic colour; Muscovite is very subordinate 

and often wanting altogether. Through the felspar these schists, when 

occurring in somewhat thicker beds, pass very easily into gneiss. 

True gneiss is again to be found in the neighbourhood of the small 

Gyagar lake (to the north of Tsomoriri). It is apparently very 

different from the. former, South of Korzok. The quartz is white 

but more impure and sandy, the mica is the same Biotite, and besides 

smaller pieces of pure Felspar, there occur large crystals of Orthoclas 

which are very impure by admixture of white Albite and Mica. 

Veins of Albite-granite have equally not been observed here, but black 

Tourmalin is to be met with in quantities and often in large lumps. 
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Being rather thinly stratified, the gneiss passes on the other side with 

very gradual changes again into quartzose bedq which are only devoid 

of the large crystals of felspar, but still contain schorl in abundance. 

These qoartzose schists form both sides of the Puga valley and become 

towards the Epidote rocks somewhat chloritic, and even gornetiferous, 

they dip against these Epidote rocks, where they are visible in the 

eastern part of the Puga valley. 

The axis of Cunningham'e Trans-Himalaya or Tsomoriri range 

consists here of a series gf Epidote, Biallage and 8erpentine rock8. 

From their dark colours these rocks have sometimes been referred toa 

basalts, but they have certainly nothing to do with these more recent 

volcanic rocks. At first coming to the camp on Puga stream we met 

with an epidote rock, consisting of crystallized 
Epidote rock. or granular masses of Epidote, Quartz and 

Albite. The epidote when crystallized occurs in short prisms of 

or bright green colour. 

I t  is often replaced by Dialhge occurring in the same manner in 
short laminar prisms and forming a beautiful 

Diallage rock. 
Syenite-Zihe rock. Somewhat farther to North 

the Epidote disappears altogether, and the Diallage is often found 

Gabbro. 
disseminated through a dark green serpentine 

mass, and in this way forming s very peculiar 

rock which by many geologists, especially in the Apenninee and 

Southern Alps, would' be called Gabbro ; the Himalayan agrees 

exactly with the Alpine rock. Diallage occurs besides in large lumps, 

and very seldom is any Bronzite to be seen here. The Serpentine 

rock contains also sometimes sparingly zeolitic and felspathic minerals, 
and varies greatly in colour. Farther to East it is occasionally to be 

found as Serpentine-schist and purer in thin veins. I n  the Puga valley 

itself no etratification whatever is perceptible in the whole series 

of these last-mentioned rocks ; they have a truly massive structure. 



CHAP. VIII.1 GEOL. FORnfATIONfi IN RUPSTIL.'. 129 

What  is still remnrlral~le and perl i~ps mortliy of notice arc large 

splieroidal masses of quartz, wliicl~, in addition to numerous quartz 

veins, occur throughout the Serpentiilc rocli. 

CHAPTER V1II.-Sandstones and slatcs i n  tlie I~i t lus  1 ~ ~ ~ 1 ~ ~ ~ .  

I n  the Indua valley itself the last described series of rocks is fol- 

Rcddis,, grecnisll lowed at firat by reddish slates, and underlying 
slates and sandstones. these greenish ssndstoncs and elates are visible 

farther on. These are the oidy roclis which are to be noticed all 

~ h r o u g l i  the Indus valley along tlie northern border of Rupsliu as far 

ae Ronggo (properly spelt rong, narrow gorge, and s'go the door). At 

tlie mouth of tlie Puga stream the Indus flows in an anticlinnl, tlic 

sandstones and slates dipping on the southern side to soutli-west, and 
on the northern slightly to north-eaet. The  green and reddish sand- 
stone have an immense thickness here, some of the hills on the 

northern side are seen rising 3,000 and 4,000 feet, and consisting appa- 

rently of tliese rocks only. It is impossible to imagine, even approxi- 

Age doubtful. 
mately, of what age these rocks may be, although 

they probably belong to a palaeozoic series. No 
fossils whatever have bken observed i n  them; neither during our 

survey, nor have I heard that anybody else has noticed any traces 

of organic remains.in them. I have seen a few fragments of a white 

crystalline limestone, which has been brought from the Pangkong 

lakes by Capt. Godmin Aueten, who informed me that the reddish and 

greenish rocks are there overlaid by limestone. 

CHAPTER 1X.-River and Lacustrine deposits. 

During the previous remarks I have omitted to mention anytliing 

River deposits. 
regarding the more recent deposits ; tliere i 3  

however, very little to be said. I n  the Indus  

valley itself deposits, hardened solneti~nes to a compact conglo~nerate, 
K 
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are to be observed several hundred feet above the present level of the 

river, and large alluvial plains exist in places on both sides, which 

must have been laid dry only a t  s recent period. There can be no 
question that the lake system in Rupshu mas in former times, as noticed 

b y  Genl. A. Cunningham, a more extensive one, and that the 

waters have decreased constantly in their extent over the surface. 

Indeed they are constantly disappearing, and not only 'very consider- 

ably, but even very rapidly. There are but  few glaciers in middle 

and northern Rupshu, and these nourish only a few streams, which do 

not become dry during the whole year. Most of them do so, but the 
a 

few, which flow throughout the whole year, carry a great quantity of 

debris and sand into the stagnant water reservoirs ; the lalres reduce 

their depth, cause the water to  evaporate more quiclrly, and a t  the same 

time to become more brackish, unfit for animal life, and at last they 

disappear altogether and give rise to a large plain, covered with Curices 

and inhabited by  Kyangs. Where  thia proceeding will terminate is 

quite clear, and the time cannot be very far distant when all the lakes 

will cease to exist. A t  present large plains of accumulated sand are 

attached to every lake, and show distinctly its previous larger extent. 

Some of the lakes have disappeared in  the ;erg recent period, and 

even in the last years. As one instance I need only recall the fact 

that in 1847, when Genl. A. Cunningham visited Rupshu, a por- 

tion of the Hanle lake was still in existence, and Genl. A .  Cunning- 

ham says, that  i t  was once the largest sheet of water in Ladak. 

W h e n  we spent a few days of the middle of August round Hanle 

last year not a trace of the Hanle-tso was visible, and the plain, 

although marshy, was richly covered with Graminea and Carices. 

W i t h  regard to a second question relating to the borax and sulphur 

of Puga, which I may probably be supposed to  notice, i t  is scarcely 

necessary to add to what has been already and repeatedly communi- 

cated in the '' Selections, ctc., of the Pulljab Adminiztrat iou, Lahore# 
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1855," Vol. 11, No. XII. The borax occurs, as known, all through 

the middle portion of the Puga valley, and owes, no doubt, ita existence 

to the numerous hot springs, some of which have a temperature very 

near the boiling point of water of tlie same locality ( 1  78" F.) Except 

these hot springs, the country haa nothing in common with a volcanic 

district, which name Cunningham gives to it. 

The  sulphur is obtained from a few holes on the northern edge of 

the valley; i t  occurs with Inany other minerals, as Alum, common 

Opal and Satin gypsum. Tlie sulphur is disseminated, chiefly in  

sn~al l  crystals, through the decomposed quartz schist. The wliole must 

have been formed and crystallized out evidently a t  a much higher tem- 

perature than a t  present exists. 

Tlie official of the Kashmir Maharajah informed us, that tlie greatest 

amount of Bdrax which is carried away yearly, never exceeds 4,000 

maunds, and that of Sulphur 500 maunds. This would be hardly as 

much as it was several years ago. The Government could not wisely 

do anything more than it has done,namely improve the road and leave 

that little trade in the hands of the boiparis, who are moetly iuha- 

bitants of Kulu. 



PART f11.-~1: 4~~~~~ R E J ~ A R I C S  ON TIIE RELATIVE AGES OF 

T H E  DIFFERENT FORMATIONS. 

After our detailed examination of each of the formations in the 

preceding pages, two important questions present themselves, to give 

a definite answer to which mould be very desirable : 1st.-What is tlie 

geographical extent, and what is the geological connection of the 

different stratified group3 on the Northern side of the Himalaya ? 

And, 2nd.-Do these give any evidence bearing on the age of the 

stratified series which occur on the Southern side of the same 

mountain ranges ? 

W e  regret to say tha t  as yet neither of these questions can be 

answered with full satisfaction; we shall briefly summarize in the 

following pages, what may b e  stated with a certain amount of confi- 

dence, on these points. 

A s  regards that part of the first question whicl~ refers to the geo- 

crraphical extent of the several series, we have already had occasion to 
b 

state, that only a srnall portion of the area to the North of the main 

geological axis bas been as ye t  examined, the survey of the adjoining 

districts being still in progresu. T h e  districts lying to the North-west 

of the area examined, during last year will be visited during the 

present season (1865). All  tlle portions of Bissahir and Ngari, which 

are adjacent on the South-east, will be examined subsequently. When  

this has been done, me shall be able to present a geological map of 

the country between the I'ir-Panjal range and the Indus on the one 

hand, and between Skardo and Sou th-western Ngari-IChorsum, on the 

other. I t  is equally certain that, only after such an examination, should 

me feel justified in discussing tlie geological developxnent of the North- 



weetcrn Himalaya, a point requiring very careful investigation owiag 

to its intimate relationship to that of Rome European ranges of moun- 

tains. A knowledge of the gcologicnl structure of the H i ~ n n l a ~ a  

may, very probably, again raise questions on some theoretical views of 

mountains, and mountain-range theories, whicll have long attracted so 

much attention from many most able observers, snd for the discus- 

sion of which ~naterials have been carefully collected, in Europe and 

in America, for many years past. 

The second part of our first question relates to the Geological, or 

the ~trati~raphical'connection of the several groups. T o  answer this, 

it may be well to give here a short review of what has been already 

stated in greater detail. 

Looking a t  the contiuued sections of that portion of the North- 

western Himalayas, to which we have specially referred, it would 

seem to be formed of five different zones of rocks, parallel to each 

other, and with their main strike fro111 North-west to South-east. As 
already pointed out by Genl. Cunningham, not one of these geological 

zones is esse12tiall' connected with the Geographical or orograyhical 

ranges. Whether i t  may be possible, after further investigation, to 

trace out any connection of this kind is still an interesting question. 

I.-The first zone, geologically speaking, extends, I believe, from 

near the plains of India to the Central Gneiss ; and has a breadth of 

about 84 miles, in a direction from South-west to North-east. 

Scarcely more than one-third of the entire breadth is composed of 

nn-metamorphic, or a t  least of not highly metamorpllic stratified rocks, 

comprising those groups of which Mr. 3ledlicott treats, with much 

detail, in his paper already more than once referred to. The Sivalik, 

Nahun and Subathoo groups belong to the Tertiary period ; the age 

of the ICroi, Infra-Krol, Blini, and Infra-Blini groups is not yet 

defimed. These groups contain locally some truly metamorphic 

strata, but the greater part of these latter extends further to the 
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North, and consists of micaceous, chloritic, and gneissose schists and 

thin-bedded gaeias. Quartzoae rocks are  very comrnon through all tile 
series. 

11.-The second zone is to  be regarded as the principal Geological 

axis of the North-west Himalaya. I t  consists chiefly of a porphyritic 

gneiss (with Biotite) coarsely stratified, and traversed by veins of 

porphyritic Albite-granite. The breadth of this zone is about 14 

miles. South of the P in  valley this central gneiss forms only tlle 

Southern branches of the Pir-Panjal  range. T o  the South-east i t  

seems to unite with this main range, while in i ts  No]-th-western ex- 

tension i t  (the gneiss) crosses the same range, joining with the Bara- 

latse range, North of Lahoul. . 

111.-The third zone comprises the rocks lying to the North of the 

Central Gneiss, its breadth being about 55 miles. T h e  rocks of this 

zone are only very slightly, or locally, altered by metamorphosing 

agencies. They represent European formations belonging to  the 

Palaeozoic, BIesozoic, and Tertiary periods. The greatest elevations 

in the North-western Himalaya lie within this zone, the rocks of which 

form a kind of basin extending from the North-west to the South-east 

along tlie northern ranges of the Himalaya. Whether these basins 

have been originally connected, and separated after the lapse of geo- 

logical periods, or whether the different formations liave been depo- 

sited in already isolated areas, is a question the solution of which can 

only be looked for from subsequent researches. 

The  centre of that portion of the basin which we have described 

lies in Spiti, and is indicated on the little map (Pl. I )  by t'he extent of 

tlie Spiti shales, which are of oolitic age. T o  the North and South of 

the jurassic ellipse we have, therefore, a repetition, more or less, of 

the same formations; of which we have recorded the following, 

1. Rhabeh series, probably Lower Silurian, consisting of sandstones, 

slates, and quartzites, with species of Orthis and Cftmtetes ya h, Salter. 
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2, fifilt?t series, probably of Silurian age also, and consieting of 

three different groups of rocks, the lowest of which are purple 

quartzites, the middle arenaceous limestones, and the upper white 

quartzites. I n  the middle series Orthis, Stmyhomeno? and Tentuculites 

have been observed. 

Both these series are not to be traced in Rupshu, unlew they have 

their equivalents in the fourth zone, the metamorphic rocks. 

3. Kuling series, consisting of white quartzites, shales, limestonee 

and sandstones, characterized as carboniferous rocks by the abundance 

of' Productzls semiretic ulatus, Spirijtr Keil11az;ii and bfoosakhaikensis, 

etc. The strata of this sefies can be traced through all Spiti and 

Southern Rupshu, towards the middle of the basin, in dome-form 

upheavements. The thicknese ia not considerable. 

4. Lilang series, representing the Upper TT~QS (the Hallstadt and 

St. Cassian beds) by dark colored limestones and calcareous slates and 

shales. This series restv immediately above the carboniferous beds, and 

we have, therefore, the whole Permian (Dyas) and lower Trias (Rluschel- 

kalk and Bunter Sandstein) wanting in this part of the 13irnalayas. 

Their existence is not yet proved even in  any other districte of these 

mountains. 

As  characteristic fossils may be quoted Ammonites subumbilicatus, 

Ausssanus,$ssicostatus, $oridus and Stude~i,  Hallobia Lomeli, Athyris 

Strohmeyeri, and Deslongchampsi. Considerable disturbances took 

place after the Trias. 

5. Para limestone, black dolomitic, strongly bituminoue and 

often earthy limestones, containing Jfegalodon tripueter and Dicerocar- 

dium Himalayense (n. sp.) I have restricted these beds, being quite 

different, mineralogically, strat.igraphically, and palaeontologically, from 

the previous, under the name Rhstic-formation, and would exclude 

the Avicula contorta beds. I t  need hardly be remarked, that the 

beds with nlvgalodon tl-iqueler form in the Alps a most prominent 
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feature, and that they o ~ ~ g l ~ t  to be separated under a, special name, as 

proposed by Gulnbel and supported by Suess. A denomination, 

abstracted from the mineralogical character of the roclc, may be locally 

of great service, but i t  cannot be universally accepted. And what 
advantage is gained by the compound natnes of Upper T'rias, Mzlschel- 

A e g e r ,  Oberkez~yer, etc., if we have not got the proper equivalents 

of the strata wit11 Megalodon triqseter in any of these forma- 

tions ? 

The Para  limestone is chiefly developed on the northern side of 

the basin, and seems to be wanting on the southern side. It thins out 
already in the northern parts of spit: This seems to correspond 

very well with the great dislocations which, after the depositions of 

the Trias, seem to have taken place over extensive areas. 

6. Lower  Tagling limestone, a dark brown or black, often oolitic 

and bituminous, limestone. It rests on the southern side above the 

Trias, on the northern above tho Rhetic, and extenda over the greater 

part  of Spiti and Southern Rupshu, in  more or less horizontal strata 

towards the tops of hille and ranges. I t s  entire thickness is above 

one thousand feet. 

T h e  characteristic fossils are Amnzonites Germani, D'Orb. (?) Be- 

lemnites bisulcatus, tibeticus, and Budhaicus (n. sp.) Avicula i n ~ q u i -  

valvis, Pecten Valoniensis, Terebratula g~egar i a ,  pyriformis and 

punctata, Waldheimia 8chaf/tceutli, Rhyncho?zella vnriubilis, Austriaca, 

$ssicostaLz, etc. Most of these fossils are known to clinracterize 

the Kossen strata, which are often quoted as belonging to tlie Rhzetic 

formation. 

The  ' Kossjler-schicliten', or the beds with Avicula col~torta, attracted 

soecial - attention long since in the Alps, and have been traced since 

through all Europe. The later researches and even those of the last 

year, some of which I am sorry to say I have not yet had an opportu- 

nity of studying in detail, show that the questions relating to the 
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r 1 so-called ' Icossner-schichten' are far from being eettlecl. 1 Ilc ~t rat i- 

graphical position is in most cases determined, but the difference of 

opinion is as to the eeriee to which they ought to be asdigned, or 

whether they ought not to be kept as a distinct formation altogether 

under a separate name. The  general reeult, up to the present time, 

is that the Italian and French Geologists are chiefly in favor of 

referring the beds in question to the Lias, and the North Alpine 

Geologists are more of opinion that they have a stronger relation to 

the Trias. The separation under a special denomination is generally 

regarded as unnecessary. 

I cannot entirely agree with the views of those Geologists who 

have devoted years to the study of the North Alpine f'olmatione 

And i t  may be of interest t o  state the results, which I deduce from my 

Himalayan Survey. The beds with JIegalodon triqueter r e ~ t  on 

the Upper Trias (" Hallstadter Schichten"), and seem to form a dietint 

series to which the name Rhetic may probably be well restricted. 

The beds with the Brachiopoda of the ' ICossner-schichten', contain, 

(besides the characteristic species of Terebratula and Rltyncho?lelln j 

Belemnites and Ammonites of lower liassic character, and some other 

species identical with lower liassic fossils, as already mentioned. There 

'is certainly no accidental mixture of those fossils which I have quoted 

from these lower beds. I am, therefore, inclined to the opinion of 

the French and Italian Geologists, that the Avicula contorta beds 

represent the lower liae. S t o ~ p a n i  says, that those strata of the so-called 

Dachutein-ICalk which rest above the Kossner-schichten (lo not con- 

tain Megalodon triqueter (M. Oulnbelii I )  but a l isa~ic  Coschodon. 

Although I have myself seen these strata at several places, I would not 

entirely trust to my own observations. The question mill doubtlesg 

be settled with all needful care by our Alpine friends. I n  any case . 
there seems to exist a good deal of local difference among these strata 

S 
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7. Upper  Tagling linlestone. This is a dark earthy and bitumin- 
ous limestone, which may be taken to  represent the " Hierlatz-which- 

ten" of the Alpine formations. I have met i t  only along the top of 

the Baralatse-range to  the North of Spiti, forming the boundary towards 

Kupshu. To the South of the basin these beds are certainly wanting, 

a t  least locally. It is  very difficult to trace mineralogically theboundary 

between the lomer and upper Tagling limestone, although the beds 

with the characteristic fossils of the upper series are perfectly different. 

I have to mention particularly Chemtzitzia undulata, Trochzts epzllus, 

Zntilabrus, Terebratula Sinemuriensis. 

When  I wrote the monograph on the Gastropods and Acepltula. of 

the Hierlatz strata in 1861, I expressed the opinion, that these strata 

corresponded with those of the middle L i a s  of Normandy. Prof. Oppel 

subsequently urged the view that the ' Hierlatz-schichten' represented 

the lower and not the middle Lias (Bronn's Jahrb. 1862), and even 

threw doubt on some of my identifications of the fossils. I did not 

reply a t  that time to Prof. Oppel's opinion, because 'I thought i t  merely 

a trifling matter, and i t  was evident from my paper, that I declared 

the 'c Hierlatz-schichten " to be middle Lias only on the ground of 

identity of some fossils with others from Normandy, where the repre- 

sentative strata are believed to be of middle liassic age. Of those 
supposed identical fossils, which I quoted in my paper, I fully think 

still, as I did then, and would not recall even a single one; on the con- 

trary I would rather increase their number. Having treated the pre- 

vious group as lower Lias, I must df course still persist in my previously 

expressed opinion, that the Hierlatz-schicliten of the Alps, or the 

Ul~per  I'agling limestone of the Himalayas represent the Xiddle Lias.  

8. Jurassic earthy slates, with Belemnites and a species of Posido- 

nomya very like Pos. Am. or~zati  have been noticed South of Gieu~nal . 
above the lomer Tagling limestone. They seem to .be ollly very 
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locally developed, and may prove to be only a local alteration of' the 

next ~ e r i p .  

9. Spiti skales. A black crumbling rock full of calcareous con- 

cretions. I t s  extent is limited, with the following secondary formations 

to Spiti only, and is indicated on our sketch map (Plate I). Tile cha- 
racteristic fossils are Am. macrocephalus, Parhinsoni, curvicosta, Zi- 

parus, triplicatus, and biplex, Astarte major and unihleralis, Nucula 

cuneiforrnis, Trigonia eostata, etc. 

Without entering a t  present on the questions of separate zones, I 
believe the best equivalent of these beds is Quenstedt'~ Brown Ju ra ,  
or now usua.lly called Dogger, comprising a great number of su-called 

formations, clays, limestones, sandstones, shales, etc., which have, in 

England, France, Germany, etc., only local value. The Himalayan 

Ju ra  approaches i n  many respects in the character of its fossils to the 

Russian. I t  is a mistaken opinion to regard certain beds, which 

contain Planulati-Ammonites as upper Jura .  The Spiti shales have 

been treated in this manner, because they abound in Planulati." But  

all those we do find Am. curvicosta, Braihenridgii, triplicatus and the 

Kimmeridgien form of Am. biplex, all  these species are not upper but 

middle jurassic ; even if we could abstract all the rest of the fossils. 

Trigonia costata proves nothing, as i t  goes through many strata without 

essential alteration, similarly tlie Avicula incepuivalz-is. The Cutc l~  

deposits are equally not of upper but of middle jurassic age, and have 

R great number of species identical with the oolite in  ferieur of Bayeu.~ 

and Montreuil Belly. 

10. Gieumal sandsto?le ; yellowish or white quartzitic and calcareous 

sandstones chapcterized by the occurrence of Opis, Anatina, Avicuh 

echinata and Amusium demissum. From their stratigraphical position 

I believe these strata to represent the upper J u r a  or Malm ; the fossils 

found do not afford quite satisfactory evidence. 

11. Chikkim limestone, by its white or bluish colour very much 

recalling thc nudisten limestones of the Alps, and being an equivalent 
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of one or the other of those beds. From the character of tlre 
Foraminifera and the fragments of Rudistes they probably corres- 

pond best with the middle series of these limestones. There seems 
to be no Neocomian iieveloped. 

12. Chilrlrim shales form the uppermoat, probably secondary, strata 

and seem to be closely connected with the previourr limestones. No 

fossils have been traced in t l ~ e n ~ .  

1 3. Jiarc/zon h deposits. The extensive river and lacustrine accumula- 

tions of debris, conglomerate and deposits of clays and sand, have been 

so called. They are of very great thickness, to be observed nearly - 

along all the principal rivers, and are no doubt, equally as those in the 

Alps, of different ages. But  scarcely any of them will, I believe, be 

proved to be of real marine origin, as these parts of the country must 

have been at  this time already very highly elevated above the level 

of the sea. 

IV. The fourth zone occupies middle and northern Rupshu. I t  

extendv from the termination of the Tsomoriri in the Para valley to a 

little beyond Puga, a distance of about 35 miles. The chief rock is 

a quartzose and micaceous schist, with a few interruptions from grani- 

toid gneiss. There is black Tourmalin present, but no veins of Albite 

oranite are to be observed, and the gneiss does not seem to have caused 
b 

any particular dislocations or disturbances in the metamorphic series. 

To the North of this zone I have previously remarked the E'idote, 

Dialluge and Serpentine rocks, the latter of which contain often Chromic 

&on. The last strata which have been noticed, and which represent 

the next or$fth zone, are slates and sandstones of doubtful age, but 

probably very old. 

W e  come now to our second question, whether the examination of 

the rocke on the northern side of the Himalaya8 has afforded any 

materials, from which the age of the strata on the southern declivities 
can he traced. I ehall restript my remarks to the Simln section 

. only. 
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~ e f e r r i n g  to Mr. Medlicott's section (Mem. 111, part. 2, p. 32) from 

below Simla to Hatu  near Nnrkanda, we leave, proceeding to South, 

the metamorphic strata a few miles South* of Muttiani. The 
metamorphic strata 1 would identify with the lower and middle beds 

of the Bhabelr aeries. The Infra-Blini sandstones and Simla slates, 

extend from South of Muttiani to Simla, I think represent 

the greenish sandstones and slates of the upper beds of the Bhatelt 

series. 
The Blini conglomerate and purple sandstone is mineralo,Rically 

nearly identical with the lowest beds of the Muth series; the B/&i 
limestone seems to be represented to the North by the arenaceous lime- 

stone of the middle beds; and the upper quartzite of the Muth series 

by a small thickness of a whitish, quartzose schist, which is to be seen 

above the BIini limestone all round Simla. The quartrose be& on 

the Boileaugunj hill and the Garn~tiferous mica-schist on Jake may 

have their representatives in the KuZing or CarLoniferous series. 

For  the Infra-f iol  beds, on the Krol mountain itself, 1 have 

to compare with on the North of the Himalayas, but I 
rnuld  not like to identify them with the beds on Jako a t  Simla* 

\vhen I first saw the Infra-Kror beds near Masuri in 1863, I 
believed them to be mineralogically SO very identical with the Bunter 
Sandstein" of the lower Trias, that 1 felt very much distressed not to 

find a Posidonomya Clara or Myacites fassaensis. I have not been 

able to find any support for this opinion, neither was my impreasion 

during the visit of last year different from that previously produced. 

The  Krol limestone, especially those characteristically oolitic beds of 

black limestone, I would incline very much to identify with the similar 

limestones a t  Muth, belonging to our Lilang series, and representing 
the Alpine upper Trias. Bu t  there is here equally no palieontological - 

* At tllc point where, on Mr. Medlicott's ~ection, an indication is given of closer etriation. 
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support whatever, and until fossils have been found at  least in one or the 

other of the southern Himalayan rocks nothing else can give full satis- 

faction. Tlie Tertiary rocks are not represented, in that portion of the 

Northern Himalayas which has been examined last year, but they are 

known to exist farther to North-West. Should the foregoing identifica- 

tion prove only approximately to be correct, i t  is strange to think we 

have all the liassic, jurassic and cretaceous strata wanting on this side 

of the Himalayas, and still they are known to exist, a t  least partially, 
in the Punjab and further to the South in Cutch. Large is still the 

field for geologists in India ! 
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of the Fossils described in the preceding pages, slrewing their distribution 
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of the descriptions. 
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GENERA AND SPECIES. 

BRACHIOPODA,-(Cd.) 

Tcrebratr:la Sp. ... 
Wnldheimia Stoppanii, 

Suess. ... ... .*. 

RUDISTA. 

Fragments of ... 
PELECPPODA. 

Amusium clemiss~im, Bcun. 

. . . . . . .  

.... 
I 

. . . . . . .  

. . . .  

87 

44 

Ili 

I 

. . .  

.. 

.. 

I 1 5  

87 

72 

sp. (Peeten id.) ... I 
,, co~tf ,  solidurn, 

Trautsch. 

... ,, SP. 

... Anatina Spitiensis, Stol. 

.... 

. . . . . . .  

. . . . . . .  
X. 4 

. . . . . .  

. . . . . .  

* 
* 

,, sp. . . . . . . . . . .  ... 
... Arca, (v ide  Macrodon) 

7 6  ,, Lycetti,jfoore. 

Astnrte hiemnlis, Stol. ... 
,, 'major, Sow. 

,, Spitiensis, Stol. ... 
,, unilateralis, Sow. 

Aucella Blnnfordiana, Stol. 

,, leguminosa, Stol .... 
Avicula echinata, Sow. 

,, inequivalvie, Sow. 

,, punctats, Stol. ... 
,, SP. ... 

Aviculo- yecten, sp. 
- 

.; * 

. . . . . . . .  

.. 

* . -  

. . . . . . . . . . . . . .  

.. 

,116 

.... 
' I S .  2,31 

. . . . . . .  
IX. 9 

. . . . . . .  
.... 

,VIII. 8 

. . . . . . .  
.... 

VI. 2 

....... 

. . . . . . .  

* 

* 
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. . . . . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

* 
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I 

. . I  *. 
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91 
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GENERA AKD SPECIES. 

- 

YELECYPODA.-(CL?~~~TLUC~.) 
Opis, sp.  ... ... 
Ostrea con$ acuminatn, Sow. 

,, conf. rinon~allt, 
Y'erqueni, ... -. 
flabelloidcs, (P )  Lam. ,, 
gregaria, Sow. (?) ,, 

Pecten (in part) see Amusiuni 

19 bifrons,Sult. (partim) 

j 8  ,, 9 )  ,, 
,, conf. palosus, St01 

,, lens, Sow. ... 
,, monilifer, Sow. 

sabal, Salt. ... 3I 

Valoniensis, D e f ~ . .  ,, 
~osidonomja Omati, Qzlenst. 

rrigooia costata, Purh. 

GASTROPODA. 

Actreonina conf. cincta, ... Goldf. 

Chemnitzia con$ coarctata, 
Desh. 

,, conf. Phidias, 
D' Orb. 

undulata, Reuss, ,, 
Dentaliurn conf. giganteurn, 

Phill. . . . . . .  
Discohelix, sp. ... 
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GENERA AND SPECIES. 

Plate. 

CEPHALOPODA.- ( Contd.) 

Ammonites Seideli, Opp. 
= Ryphasis, 
Blan f. 

9 1  Sameringii, Opp. 
= octagonus, 
Strach. 

Spitiensis,Blanf. 99  

9, Stanley;, Opp. 
= scriptus, 
Blanf. 
= Spitiensis, 
Blanf. 

~9 .trigilia, Blanf. 

9 9 Studcri, Hnuer, 

9 8 substriatus,Opp. 
= ? acucinctus, 
Strach. 

99 tenuistriatt~s, 
Gray = Sabine- 
anus, Opp. 

99 Theodorii, Opp. 

9 9 ThuiUieri, Opp. 

9, iorquatus, Blanf. 
= Braikenridgii, 
sow. 

triplicatus, Sow. 99  

9 )  untlo, Strach. 
= Voiti, Oppel, 
= Hyphaeis, 
Blanfi 

93 IVullichii, Gray, 
= Parkipsoni, 
Sow. 

Anisnceras Gern~-dihnam, 
Slol.  ... ... I ... 

-- -. _ _ _  
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.... 

.... 
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95 

65 . . . .  

I S . , , 5 , 9 :  

_ - _ - 

:: 
. . . .  .... 

. . . . . . . . .  

. . . . . . . . . .  
* 

108 

:: 

. . . . . .  3 ,110 S.  

* 

. . . .  

I 

I 

i 
.. 1 I.. 

. . . . . . . . . . . . . .  

.. 
* 

. . . .  

. . . .  

I 

* 

a s  
I 

. . . . . .  

* 

. . . . . .  

. . . .  * 

I 

. *  I .. 
. . . . . . .  

.. I . .  

. . . . . . S o  





* g O ~ # W p ~ Y ;  
~ Z S  g t + *  -. & s. g g 2 s g c o  $. 5. e. P r g ' z s .  p e : a m :  

Lo p ! :  i 
B . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

. . . .  . . .  o, CT w L, 

. ; + : : : 

. I I : E + . r - : 

I . . .  . . . . 
. *  . .  . .  

C .  . +. . : : : : 

. . . .  . . . .  .. : : .. 
. r : : : : : : : 

. . .  + .  . w r - l .  t a r * .  . 
I -- 

. . . a  . . . . .  
I . . . .  . . . . .  I . . 

Silurian. 
-- 
Carboniferoue. 

Trias8ic. ' 

Rhztic. 

Liassic, Lower. 

linssic,Middle. 

Jurassic. 

Jurassic, 
' Dogger! 

Jurassic, 
' Malm.' 

Cretaceous. 





Gael: W v :  of hdia .  S t ~ l a k b  N. Tfisterw Hinzaiay. 



PLATE 111. 

Kuling Series. 

Fras. 1, 2. SPIRIFER Tro~r~cus, Stoliczka, p. 28. Fig. 1, Specimen with smaller and 
more incurved beali, and a narrower area ; Fig. 2 
Specimen with less incurved beak, alld a huger ame ; 
fmm the Carboniferous rocks of Spiti. 

FIG. 3. S~IRIREE ALTIVAOUB, Stoliczha, p. 28. The only epecimen yet known, found 
with the former. 

Lilang Series. 

Fra. 4. SPXRWER LILANGENBIB, Stoliczha, p. 38, from Lilang on the Lingti River ; 
. Lilang eeries. 

FIG. 5. SPIBIFEB ~ P I T ~ E N B I B ,  Stoliczka, p. 39, from Lilang on the Lingti River. 
PIGS. 6-9. RH~GHONELLA MUTABILIS, Stoliczha, p. 40. Fig 6 is the most regular and 

common form ; Fig. 7, specimen with o d y  two unequal 
plaits in the sinus ; 8, rather depressed specimen with 
only one plait ; 9, inflated specimen with slightly 
prolonged fold, and a h  only two lateral plaits. All 
from Lilang, on the Lingti 

Fro. 10. RHYNCHONELLA THEOBALDIANA, Stoliczka, p. 41, frOm Muth. 
FIGB. 11-12. RIIYNCHONELLA SALTEBIANA, Stoliczka, p. 41, Fig. 11, Specimen from 

Lilang ; Fig. 12, specimen from the neighbourhood of 
Hallstadt in the Austrian Alps. 

Fra. 13. RHYNCHONELLA RETROCITA, (Suess) Tar. ANGUSTA, Stoliczha, p. 4 5  from 
Lilang. Lilang series. 

A11 the epecimens figured are in tho Geological Survey collection. 
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PLATE IV. 

Lilang Series. 

Fro. 1. PLE~OTOMARIA STERILIB, Stolic~ka, p. 46. Tho last whorl is devoid of 
the shell ; Fig. l b  sllows the strintion on the whole 
breadth of one whorl ; from Lilang, on the Lingti. 

FIG. 2. NAUTILUB SPITIENGIB, Stoliczka, p. 49. Fig. 2b the concave, 2c the convex 
view of one septum ; 2d shows a portion of the reti- 
culate striation of the shell surface. From Lilang. 

FIG, 3. CLYDONITEE H A ~ B I X U B ,  Stoliczka, p. 50, 3b shows the outline of a septum 
from anothcr spccimen not so perfect. From Lilang. 

FIG. 4. CLYDONITEB OLDIIAMIANUG, Stoliczka, p. 50, 4 1  shows the outline of a septum 
of the same specimen : Lilang. 

Fio. 5. AMMONITEB MEDLEYANUS, Stoliczka, p. 54, probably from Ruling in the 
Pin valley. 

All the specimens are in the Geological Survey collc~tion. 





PLATE V. 

Lilang Series. 

FIG. 1. AMMONITEB MALLETIANUB, Stoliczka, p. 58, the only specimen yet known ; 
from Lilang. 

Fro. 2. AMMONITES BATTERI, Strachey, p. 59, variety with narrow but thick whorls ; 
from Lilang. 

FIG. 3. A a r a f o ~ I ~ ~ s  BATTEXI. Outline of a septum from specimen figured on PI. VI. 
fig. 1. 

Fro. 4. AMMO~ITEB nIrIssus, Hauer, p. 53, outline of a septum of a large specielcn. 

All belong to the Lilang Series, and arc in the Geological Survey collection. 











PLATE vm. 
Lower Tagling Limestone. 

FIGS. 1-4. BELEMNITES RISULCATUB, Stoliczka, p. 78, specimens of different size and 
variable sections ; from the South-west of Gie~unal. 

Froa. 6-6. BELEMNITEB TLBETICUS, Stoliczka, p. 79. Figs. 5 and ba, are front and back 
views of a large specimen ; Fig. 6a, side view of a 
much thinner specimen without any trace of a furrow ; 
from Gieumal. 

Spiti Shale,. 

Wa. 7. MACBODON E~ERTON~AXUM, StoliczRn, p. 89. From Gieumal. 
FIG. 8. AUCELLA LEGUMINOGA, Stoliczka, p. 88. Fig. 8 ventral, 8a back, 86 front, 

view ; from thc ncighb~u~hood of Kibber. 





PLATE VI. 

Li lang Series. 

FIG. 1. AB~ONITEB BATTENI, Strachey, p. 59, variety with compreasad and high 
whorls, from Lilang. 

Lower Tagling Limeslone. 

FIG. 2. AVICELA P ~ C T A T A ,  Stoliczka, p. 76. Fig 2a, shows the convexity of the 
shell ; from the north of the Manirang pass. 

FIGS. 3-6. BELEMNITEB BCDIIAICUS, Stoliczka, p. 78, views of different fragments of the 
same spccics ; from the South of Gicumal. 

All the specimens are in the Geological Survey collection. 





PLATE IX. 
. Spiti Shales. 

Fra. 1. ABTARTE SPITIENSIB, Stoliczka, p. 91, outer, side, and inner, riewe of the same 
shell ; from the neighbourhood of Kibber. 

FIG. 2. ASTARTE HIEMALIB, Stoliczku, p. 91, Fig. 2, 2a, side and front views of a 

small but perfect specimen : Fig. 3, inner view of 
another specimen ; both are from the neighbourhood 
of Kibber. 

PIG. 4. HOMOMYA TIBETICA, Stoliczka, p. 92, Fig. 4 side, 4a upper, and 4b 

frontal, view of a tolerabli complete cast ; from near 
Gieumal. 

FIG. 5.  AMMONITE^ THEODORII, Oppel, p. 99, Fig. 5, side view of a cast ; Fig. 5a 
front view of a portion of it, a piece of the outer whorl 
having been broken away, to show the ornamentation 
on the inner roiutions better. From Spiti, collected by 

Capt. Hutton. 

N.  B.-This figure is erro~~eously quoted on page 99 ss P1, rx. Fig. 4, instead of 
P1. IX. Fig. 5. 





1'LATE X. 

Sp iti  Shales. 

FIG. , I .  A x a r o s r ~ ~ s  KIYALIS, Sbliczka, p. 106. Side nnd front views and outline 
of a septum of 3 specimen from Kibber. 

FIG. 2. AMMONITES IIYPHASIS, Blanford, p. 97, from near Gieumal. 
1 3. A a l s o c ~ n ~ s  G E ~ A R D ~ A N U ~ U ,  Stoliczka, p. 110, from Spiti, collfcted by 

Capt. Hutton. 

Gieurnal Sandstone. 

FIG. 4. ANATIXA SPITIENSIS, Stoliczka, 11. 115, inner view, and cast impression 
of the s:imc specimen ; from ncar Gieamfil. 





OF THE 

011 t?tc~ GYPSUI\I of LOWEB Sr.r.rr, v-i t l~ n list of M I S E R ~ ~ $  col lec t~d 

i t t  the  H ~ u a ~ a r a s ,  1804, F. R. lfal.r.li~, Esy., C~nloy i cu l  

S'ttrcry I,S Itzdia. 

OF the different observers rrllo have vi jt.ed lorvcr Spiti few hare  

onritted to notice the depoaits of gypsum wllich occur thcre. The 

nppea~mnce of these is such that tlicy can hnrclly fail to arrest tlie 

attention, and they form one of the Inany objects of interest i ~ i  tliir 

valley. 

As my own observations have led me to conclusiol~s as to their 

origin and relations, different from tlloae of my predecessors, wllnsc 

writiilgs I hare seen, I have been led to pen t l ~ c  following short note 

regirding them. 

Dr. Gerard (Observations on the Sltiti valley, Asiatic.Researcl~es, Vol. 

XVIII) sys ,  " the soil itself appears xi-gillnccouu, - Dr. Gerard, 1832. 
with bedu of gravel, clay, and tmrle, deposits of 

9. 

gypsum, and rt cineritious-looking rubble, indicating coal or plumbn~o. 

Captain Hutton, who visited this regibn many years ngo, rcf'er3 to  

them, (Journal AP. SOC. Bengnl, T'ol. S., p. 198, 
Capt. Hutton, 1841. 

1841, j and classes them mit l i  the nlluviu~n, rcfcr- 

ring both to a salt lake, which Ire supposes at one time tu I~nvct filIeJ 

the entire valley, froom whose nntcrs the gypsum rvns cbe~nica!lg 
Mem. Gcol. Eurv. of India, Vol. V. Art. 2. 



deposited, " \vliilc the s t r ean i~  fi.om the snows were briaging in large 

quantities of fine alluvial particles, such as sand and clay and ivater- 

worn stones of various sizes." H e  notices the fact of' their being 

confined to tlie lower part of the valley. 

Genl. Cunningham also mentions that " about the junction of the 

Petti  and Sutlej, the gneiss woeld seen1 to yield Ce'nl. Cul~nillgl~nm, . 
18-14. by degrees to  limestone, slate, gypsum, and 

cl-jstnlline snnilstone." (General Description of Icunawar, Journal As. 

Soc. Bengal, Vol. XIII., 13. 175, 1844.) 

Cnpt. I1ay (ikiil, Vol. XIX., p. 434, 1850) also notices the occur- 

rence of gypsum and a lu~n,  and states them to be 
Cnpt. Hay, 1850. 

" in connexion with tlie beds of red sandstone." 

These deposits appear,then, to have' been generally classed either 

1vit.h the alluvium, or with the crystalline ancl 
Geological rclntioiis. 

older rocks of tlie district. From my own 

observations I am conviilced tliey are unconnectecl directly with either, 

but as I believe tliey are dependent in their position and origin on the 

tatter, I must mention briefly the succession ,of these rocks, before 

describing the gypsul~i itself: 

Commencing a t *  t.he lower end of the valley we fincl gneiss 

enst of Chango ancl ICuri. I n  mineral charac- - 
ter i t  is more usually fine-grained and hard, 

often very qunrtzose ; one variety containing a conaideralle propor- 
Gneiss. tion of black mica, another being without this 

mineral, the two forming alternate layers, giving the rock 

a banded appearnncc. Not uncommonly i t  is coarsely crystalline, 

and intersecte(1 by dbi t ic  veins in  which scllorl occurs plenti- 

fully, besides more rarely garnet and kyanite. The  boundary 

of the goeiss is fouild between the Chinese village of Kuri, and the 

rock bridge close by, then down the Para  river, m d  turning nearly 

south passes a little East of Chaugo. Resting on the gnciss is a 
!I 



great thickness of' 11ighly lryritou~ dark grey and black slates, interstra- 

tified with pyritous quartzite and some limeatone. 
Dark pyritous slatcs, 

These rocks are Sound nearly as far as P o ;  

the beds north of the Para river appearing to be the same as those 

exposed in the stream at Lari. Here we see some 600 or 800 feet of  

hard black splintery slate, the lower part being speckled with innu- 

merable minute cubes of pyrites. Higher up the crystale are Sewer 

in number and larger in size, being often associated together in slnall 

concretions of the slates. The  latter are covered by quartzites, also 
pyritous, and often lloneycombed from the removal of this miueral ; 

small crystals of i t  may also be found scattered through tlre debris oT 

these rocks. Higher up, both in the valley and in the section, is an 

immense thickness of limestone, in some parts containing llutneroue 

fossils. Above this again a t  Gieumal, Kibber, &c., we find about 400 
* 

feet of black concretionary sllales, highly fossili- 
Fossiliferous shales. 

ferous and also pyritous. They in turn are cov- 

ered by beds of yellow sandstone, limestone and 
Limestone, &c. 

shale again. This immense thickness of strati- 

fied rocks, belonging to several different formations, has been described 

in  detail in the foregoing report. A t  present r e  are concerned 

with their mineral characters only, and not with their geological 
relations. 

Perhaps the largest of these gypseous masses, and from its pmition 

one of t,he most conspicuous, is that opposite 
Gypsum at Shalkar. 

Shalkar, on the other side of the Spiti. The 

slope of the hill is here very steep, and the deposit may be distinguish- 

ed by its color, at about 600 feet above the river, tho slope below 
being atrewed with its fragments. The deposit is a large amorphous 

mass, resting on the face of the rock, the lower part concealed by 
breccia and talus. It is pure and massive, but by exposure becomes 

@oft and partially diaintegmted, so ae to be easily cut by the knife. 
3 



Tllc unnltcrcd rock is, lio\rever, of a snowy wlliteness and crystallioc 

texture, much resembling crystalline limestone, r l i ich it also nearly 

cquals in hardness. Traversing the mass are a few small lenticular 

bands of compact dove-colored carbonate of lime. I n  front of the 

cleposit, and partially covering the lower part, eome breccia occurs, 

formed out of pieces of this limestone, with fragments of the stratified 

rocks on which the deposit rests, some clay, and l u g e  but  coarse 

crystals of' selenite whicb acts as the cement, the material of wllicll 

has evidently been derived from the original deposit by solution. 

Ciosc to this, and about 150 feet lower, a smaller mass is observable 

perched on thc bare rock. No alluvium occurs in connexion with 

S o  nlluvium. 
either of' these, nor indeed on this portion of 

t'he slope. Alluvium is abundant on the Slialkar 

side of the river, but  here I observed no gypsum. About*400 

yard3 from the top of the pass between Cliangrizang and Chango 

on the Northern side a small deposit occurs, 
A t  Cliango pass, 

another having been previously met with lower 

down. Half a mile or so from the summit, on the Chango side, a 

larger mass is scen, another 300 yards further on, and two more occur 

between this and Cliango. The  first rests on 

pyritous slates, and the last tivo on tlle debris 

of these roclts, being theinselves somewliat broken up and mixed with 

it. Another mass is met with between Chango and Slialkar. I n  

mineral character thcy all resemble the deposit at the latter village, 

but  no breccia occurs with them. On the road frbm Shalkar to t l ~ e  

bridge over the Para  river five or six masees are seen in a spncc of 

about 600 by 300 yards ; I observed three others in different localities 

near the lnouth of the Ghu  stream, one about 800 feet above the 

Ncltr Huling, Spiti. Again, between Huling and this stream, 

gy1)surn is met with, but t'hie differs from the 

1)rcccding in its modc of occurrcncc, au it albpcara to be inlrrs trn~flc'd  



witll tlie slat,y and quartzoae beds, although it uncloubtedly has no 

more connexion with them than a band of intrusive 
appears intcrstratificd. 

trap in a similar poaition, having evidently 

been deposited in an opening between the strata. I t  may be observed 
for soine distance, being associated with crystalline carbonate of lime, 
~vhic l~  is almost undistinguishable from it in outward appearance. 

From the various positions aod modes of occurrence of thesc masses, 

Fosilinn in i t  is a t  once evident that they do not belong 
superficial. to the older rocks of the valley, since they are 

all, with one exception, explained above, suprficial ; and it is equally 

clear that tlicy have no connexion with the alluvium. If these 

masses had been chemically deposited from a large body of water in 

which strata were being formed mechallically at  the same time, we 

sl~ould expect to find in them at least some traces of etrat.ification, 

whereas none such exist, but the deposits are eimply amorphous masses. 

I-Iow, if they had been formed in this way, could a mass occur between 

the beds of ancient stratified rock, or be mixed up  with the angular 

debris, wliich is evidently of atmospheric origin ? Rloreover, there ie no 

community of level between the different deposits, and they generally 

are found where there is no alluvium. They occur near the Spiti 

at  Chango, and close to the top of tlie pass between this and Chan- 

grizang, a difference little eliort of 3,000 feet ; and the latter locality is, 

if I mistake not, considerably above the liigheat level of anyoalluvium. 

If then they are not of lacustrine origin, there is but one other 

Origin from thermal agent to account for them, namely, thermal 
springs springs, which account perfectly for tlieir pecu- 

liarities of position, kc .  Thermal springs may form such massea ou the 

face of the older rocke, or between their strata, or amongst their 

debris, and the deposits will be unstratified and amorphous, and occur 



Independcn tly, however, of tlieae considerations, wliich arc of 

Formation at prescllt themselves I think sufficient to determilie the 
time, origin of the gypsum, .there is the additional 

fact tending still more strongly.to confirm this opinion, that gppsurn, 

with carbonate of lime, is being deposited by tlternzal springs at tlre 

present ttme in tllis very region. 

O n  the right bank of the Para river, about 1 4  miles from its mouth, 

me find the process going on. The  water rises 
near Para river. 

through the mass of gypsum and carbonate of 

lime into small pools formed by the natives for bathing, issuing at  the 

surface with a temperature of 1 1 6 O . 5  F. Tlie air around is strongly 

tainted by sulplluretted hydrogen which rises in bubbles through tlie 

water. By its decomposition i t  originates sulphur in a native state, 

which is found i n  inicroscopic crystals, or forming a film on the sur- 

face of the water. T h e  calcareous deposit forms a large thick mass 

.extending several yarda along the river, and not less than 15 or 20 feet 

high ; besides one or two smaller ones. A t  one end of i t  the carbonate 

of lime is seen in curved layers, from one to two inches thick, beneath 

which the white gypsum is exposed, On tlie hill side above a deposit 

occurs similar to those previously mentioned. A t  these springs, i t  

will be observed, there is the same association of sulphnte and car- 

bonate of lime as in the deposits a t  Shalkar and ncar Huling. 
I n  the same region, and, as I am inclined to believe, connected in 

Brccciu, Conglomer- origin with the gypsum, a rock may be observed, 
ate. generally breccia, occasionally conglomcratc, 

cemented by arragonite. T h e  latter varicty may be secn near the 

wooden bridge over the Para, the pebbles and .boulders of gneiss, 

cl~lartzitc, slatc, kc., forming the river alluvium being firmly united hy 

this mineral. Loose talus and debris is similarly cemented into a 

brcccia. I t  occurs a t  intervals from mcst ol' Surrlrn along the north 
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sitle of the Spiti to Huling. The arragonite is usually radiated . 
fibrouj, rarely in small radiating crystals, and sometimes lining cavi- 

ties in fibrous mammillary coats one or two incl~ee thick. I t  is pure 
white, and oppodte Sumra very good specimens of tlic mineral may 

be obtained. The rock is also seen along the road to Kuri above the 

hot springs, and probably occurs in many ot l~er  places. Higher u p  
the S l~ i t i  valley such debris often forms a breccia, but I have ob- 

served i t  oemented by arragonite only below Sumra.* 

The  question of the original source wl~cnce the gypsum of 

these deposita has been derived receives elu- 
Gypsum all on slates. 

cidation from a fact observable on the accoyl- 

p n y i n g  map (PI. I.) namely, that of the different masses which I have 

observed, about 20 in number, all are on the slaty rocks,-I have not 

seen one resting on the gneias. There can scarcely therefore be any 

qnestion that the mineral is derived from the slaty rocke, and its 

origin is undoubtedly to be attributed to the colnbination of iron pyrites 

and lime, lvliich we find in these-a colnbination well ltnown to pro- 
# 

duce this mineral; tlle bisulphide of iron by the 
Formation of 

action of air and moisture forming with the 

ci-i-rbonate of lime hydrous sulphate of lime or gypsum, and carbo- 

nate of iron with free carbonic acid-2 (CaO,CO,) + 4130 + FeS, 

+ 7 0 - 2  (CaO,SO, + 2HO) + FeO,CO, + CO . The carbonate 

of iron is very prone, by oxidation, to pass into hytlroua peroxide or 

limonite, and we very commonly find the small 
Limonite. 

cubes of pyrites altered to '  the latter mineral 

either superficially or wholly. I n  the quartzite, as before remarked, 

* I obse~.vc,d one exception to this at Tsliissigaong in upper Spiti, but here also the rock 
is associated with Gypsum, which occurs sparingly c\issemiuntecl in crystals througl~ the 
black shnlcs above thc limcst,one. 
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tlrcy are r c ry  frequently eatircly removed, leaving tlrc rock full of 

angular little cavities." 

T h e  carbonic acid act free in this process mag, I tllinlc, ] l a r e  

Lecn very probnbly tlie origin of the arrngonite-breccln. Per- 

colating wit11 water through tlie calcareorrs 

strata, i t  exerted its dissolving action, and 

forming n solut.ion of carlionate of lime, furniahed the matcri:rl 

wit11 which the breccia and conglonlerate are cemented. T1~e 
amount of carbonic acid soluble in water being dependent 911 

the temperature, and the amount of carbonate of lime on that of t l ~  

carbonic acid, any increase in the  temperature of tlie saturated solution 

must cause a deposition of carbonate of lime. A s  therefore the i n e m  

temperature decreases witli the altitucle,t tlie solution in perco1:iting 

f'rom any given elevation to one considerably lower ~ n n s t  part with 

some of its lime, and this may be a t  least one way in \\.hich the arrz- 

gonite has been formed.$ 

Another product of the decomposing pyrites is sulphate of mag- 

nesia, which, in many places, occurs ~~lent i ful ly  
Epsomitc. 

as an efftorescence on the blnck slate ; were 

i t  worth the trouble a considerable quantity might be procurcd 

annually by simple collection and by lixiviating the loose slate 

debris. 

* Two interesting papers on the occurrcnce of gypsum on the southern side of' the Hima- 
layas, by Cnpt. Hcrbcrt and Capt. Cautley, witli remarks on the latter by the Rev. I<. Everest, 
xnay bc found in the Asiatic Researches, vol. XVII I ,  pt. I, p. 216, and Jou!.. Asint. Soc. 
Bengsl, vol. I, pp. 289 and 450. On some poittts their ideas as to the relations of thcsc 
dcposits are vcry similar to  thosc expressed above with regard to the Spiti ones. 

t IIookcr (Himnlnynn Journals) gives the dilYerencc as 350 feet for lo P. for elevations 
between 10,000 and 14,000 feet. 

$ If  i t  be true that the formation of drragonitc under all circzinistances i3 due to high 
temperature of the solvcnt, this cxplanatioll would uut sullicr:. 



Why the gypseous deposits a re  confined to the region near the 

junction of the Para and Spiti, while the pyrib 
Limitation of arca. 

. toua beds extend several ~ililce l~iglle: up the 
valley, is explained by tlle fact tlint, altliougll gypsum may be formed 

through the strata by ilecomposilion, (as in tile lrlacli shales a t  Tshis- 

sigaopg, &c., and a t  the ISiti Pass,) it cannot be collected and formed 

into masses without tlie agency of thermal springs, and it is simply 

necessary therefore to  suppose that tlie latter have been alwaye 
confined to  nearly the same region as that in which they aro found at 

present. 

Ho t  springs occur on both banks of the Para within a few yards of 

Hot springs without each other, but while those- on the right bank 
gypsum. have formed the large calcareous masses before 

described, those on t i e  left have produced none ; the explanation of this 

probably being, that the latter rise through gneiss for the greater part 

of their course, and the former through the slates. 

It appears then, that in  former times thermal springs existed in 

this region, probably in greater numbers than a t  
Former greater extent. 

present, though it is very unlikely that all the 

gypseous masses were formed a t  one time. The  same apring may 

have often ceased to  flow in one place, and have subsequently broken out 

in another. Some may have been extinct for ages, while, as we have 

seen, in a t  least one locality, the mineral is still being formed at the 

present day. There is further proof of this, if I am rig111 iu referring 

the gypsum and arragonite to a cokmon origin, for, at the wooden 

bridge over the Pam, I observed pebbles of the former mineral in  a 
conglomerate united with arrogonite. The g y p u r n  contemporaneous 

rvith this arragonite must be, therefore, of inore recent date than that 

included fn the conglomerate. 

The compact unaltered portions of tlie gypsum are of a snowy 

whiteness, and would form a beautiful material for ornamental 



tlley are very frequently erltircly renioved, leaving the rock Cull of 

angular little cavities." 

Tlie carbonic acid act free in this process may, I tl~inlc, llnre 

becn very probably the origin of the arragonite-breccia. Per- 
colating mi t,ll water through the calcareous 

strata, i t  exerted its dissolving action, and 

forming n solut.ion of carlionate of lime, furniehed the inat.eri:~l 

with ~vhich the breccia and conglomerate are cemented. The 
amount of carbonic acid soluble in water being dependent 011 

the temperature, and the amount of carbonate of lime on that of tllc 

carbonic acid, any increase in the  temperature of tlie saturated solut~ioli 

must cause a deposition of carbonate of lime. A s  therefore the tnctin 

temperature decreases with the altituile,t the solution in percolating 

f'rom any given elevation to one considerably lower inust part w i t h  

some of ite lime, and this may be  at least one way in which the arrn- 

gonite has been f0rmed.S 

Another product of the decomposing pyrites is sulphate of iilng- 

nesia, which, in many places, occurs plentifully 
Epsomite. 

as an efflorescence on the blnck slate; \yere 

i t  worth the trouble a considerable quantity might be procurcd 

annually by silnple collection and by lixiviating the loose slate 

debris. 

* Two interesting pnpers on the occurrence of gypsum on the souther11 side of the Hima- 
layas, by Capt. Hcrbert and Capt. Cautleg, with ren~nrks on the latter by the Rev. R. Evercst, 
lnay be found in the Asiatic Researches, vol. XVIII,  pt. I, p. 216, and Jon!.. Asint. Soc. 
Dengal, vol. I, pp. 289 and 450. On some poil~ts their ideas as to the relations of thcse 
dcposits are very similar to thosc cxpressed above with regard to t l~e  Spiti ones. 

t Hookcr (I-limalnyan Journals) gives the clilferencc ns 350 feet for lo I!. for elevations 
betwcen 10,000 and 14,000 feet. 

$ If it bc true that the formation of arragooitc ~ r n r l ~ r  all rir.c~in~stances is due to high 
temperature of the sol\.cnt, this explanation mould uot s~~ l l i c c .  



Why the gypseous deposits a re  confined to the region near the 

junction of the Pnrn and Spiti, wliilc the pyri- 
Limitation of area. 

' tous beds extend 8everal miles lligller up the 
valley, is explained by the fact that, althougll gypsum may be formed 

illrough the strata by decomposition, (as in the black shales at  Tshis- 

sigaong, &c., and a t  the Niti Pass,) it cannot be collected and formed 

into masses without the agency of thermal springs, and i t  is simply 

necessary therefore to  suppose that the latter Lave been always 
confined t o  nearly the same region as that in  wliich they are  Sound a t  

present. 

Ho t  springs occur on both banks of the Para witliin a few yards of 

Hot springs witllout each other, but while those. on the right bank 
gypsum. have formed the large calcareous masses before 

described, those on t i e  left have produced none ; the explanation of this 

probably being, that the latter rise through gneiss for the greater part 

of their course, and the former through the slates. 

It appears then, that in  former times thetmal springs existed in 

this region, probably in greater numbers t l ~ a n  at 
Former greater extent. 

present, though i t  is very unlikely that all the 

gypseous masses were formed a t  one time. The  oame spring may 
,en out have often ceased to  flow in one place, and have subsequently brol- 

in  another. Some may have been extinct for ages, while, as we have 

seen, in a t  least one locality, the mineral is still being formed at the 

present day. There is furtlier proof of this, if I am right ia referring 

the gypsum and arragonite to a. cokmon origin, for, a t  the wooden 

bridge over the Para, I observed pebbles of the former mineral in a 
conglomerate united with armgonite. The gypsum contemporaneous 

with this arragonite must be, therefore, of more recent date than that 
included fn the conglomerate. 

T h e  compact unaltered portions of the gypsum are of a snowy 

wliiteness, and would form a beautiful material for ornamental 
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]nirl)oSCB. All  of i t ,  from its apparent purit,y and freedom from iron, 

&c., miglit be manufactured into very superior plaster of Paris. One 
fatal Lsr, horrercr, exists to its economic employment, namely, the moun- 

tain carriage across the entire breadth of tlie Ilimnlayas. The exis- 
tencc of gypsum near the southern boundary of the hills makes it 

quite certain that tllcse deposits could never be worked admntageously, 

'nt lcast for employment in India Proper. 

List  o f  Jfi?lernls collected in the Ilimalayns-June, Septenzber 1864. 

-- 

Natioe Sull)ltzlr,-from Puga. This valley is situated between Lalre 

Chomoriri and the Indus at an elevation of about 14,500 feet; two 

lnarches from Chornoriri and one from the river. The  stream which 

drains i t  flows through a flat marshy plain, one to  two miles wide. 

Some distance below the mines the valley contracts to a deep narrow 

gorge. A t  the milles the plain is about half a mile across ; the hills 

on the south side, which are crossed on the route from Chornoriri, 

being formed of coarsely foliated orthoclase-gneiss, which becomes 

more scliistose and schorlaceous near Puga. The hills on tlle north 

side of the valley are formed, in the lower part, of thinly foliated mica- 

ceous quartz-schist passing into mica-schist, and it is a t  the foot of 

the  hill in this roclr that  the ' mines' are situated. Lower down tlie 

valley chlorite-schists and eerpenbine are met with. 

Tlle quartz-schist a t  the diggings is thinly foliatoa, greatly contorted 

on a small scale, and considerably altered locally by the agencies which 

have formed the sulphur and other minerals. I t  is intersected by 

many small clefts or fissures, and i t  is in these, and betwcen the larni- 

nae of' the scl~ist,  hat the chief portion of tlie sulpliur is found. I t  

frequci~tly fills them completely iu the ~nassive form, but oftener it lines 

the opposite walls with a thick coating of s~nal l  transparent crystals. 
10 



LIBT OF MINERAL$. 163 

Cypszim occure in large irregular masses t l~roogh tho ~ c l i a t .  It 1139 
finely saccllarine appearance, but is dull, opaque, and rough to  

tile touch, unlike the cryetalline translucent mineral of Spiti. Crys- 
tals of sulphilr are commonly disseminatcd through it, but the 

workable mineral is almost confined to tllc fissures of the schist. 
Potaslt-alum is also found here in  veins one to two or tllrec incllcs 

thick, but  the quantity of i t  is emall, and not sufficient to render i t  

~ o r t l i  extraction. Still rarer is common white opal, which I o~ l ly  
observed in one spot associated with gypsum. 

T h e  mines consist of vertical holes about eight fect deep, from the 

bottom of which the rock is excavat,ed laterally for two or three yards. 

As the mineral is so near tho surface, i t  is easier to open a ncw hole 

than to carry the lateral excavatio~is further from the old one. I f  the 

latter plan were pursued, besides the greater heat and want of venti- 

lation, artificial light would become necessary. 

There are a dozen or more such holes extending along tlle foot 

of the hill, but only three or four were being worlced when I mas there, 

most of' the others being abandoned and clloked up wit11 rubbish; 

The  temperature inside is very high, almost oppressively so, wllich 

appears due to the copious hot springs rising close by, which must heat 

the surrounding rocks considerably.* The appearance of the interior 

is very pleasing from the contrast of the snowy gypsum with the 

brilliant sparkling crystals of yellow sulphur. 

There can be little doubt that these minerals, lilte the gypsum of 

Spiti, hare  been formed by thermal springs ; for besides tlleir-mode of 

occurrence through the fissures of tlle schist,, the springs close by now 

* Thcsc springs rise in tllc middle of the boras-grounds on the right bank of the strcnm, 
at tempcratl~es from 135" to 178" F., the l~ottcst being iu n violent stutc of ebullition. Thc 

borax deposits arc in tllcrnsclvcs very intcrcstiug, but it  is unnecessary to describe tlieui here, 
as the s~lI~jeEt has nlrcacly becll fillly trcntcd on by 11. Marcadieu (" Sclectiolrs fi.orn t l ~ c  
l'ublic Corrcspondcuce of the ruujub Admiuistrntion," No. SII ,  Vol. 11, 1855, whore n map 
01' tllc vnllcy is given.) 
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deposit small quantities of sulphur a t  the surface. The principal 
mineral deposits are very probably below tlle surface. 31. Marcadieu 

believes that sul1)liur is being formed a t  present in the mines from tile 

vaporous condition, wliicl~ appears by no means iml~robable. 

There is no evidence to show from what chemical changee tllc 

gypsum, kc., have been derived ; but from the differefice in the associa- 

tion of tlie minerals liere from those occurring witli the gypslrm of Spit;, 

these changes also mould seem to have been of a somewliat different 

character. The  rocks in the vicinity also differ from those in-Spiti. 

Instead of tlie pyritous slates and quartzites of the latter region, the 

rocks a t  I'uga are of the gneissose series. 

The mines belong to the Maharajah of Icashmir, one of \vhose 

sepoys is on the spot in charge ; but, as usual in  such cases, he was not 

very communicative, or inclined to give much information on the sub- 

ject. EIe inrormed me, however, that tlie anilual yield of sulpl!ur i's 

about 500 or GOO maunils, bu t  fluctuates much in different years. Tho 

nn~ount  depends chiefly on the weather. I n  this rigorous climate, a t  

an  elevation of 14,500 feet above the sea, where snow not unfre- 

quently falls a t  midsummer, the ~vorl; can only be carried on for four 

months in the year. T h e  method of purification is exceedingly bar- 

barous. Only tlie purest ore is used a t  all, tlle poorer portions bcing 

thrown away, so thnt round the mouths of all the excavations are 

llenps of refuse containing a large percentage of sulphur. The  best 

parts are broken up  small and melted i n  pots, the teinl~ernture being . 
.of ccurse kept as low as possible to prevent ignition. The  stony im- 

purities are then skimmed off as they rise to the surface, gene- 

rally carrying wit11 them a coating of soliclilied sulpl~ur,  so tliat the 

secondary refuse llcaps after the fusing are also rich in  the mineral. 

Tlie sulpllur is pourer1 from the pots into copper basin-shaped mouldg, 

about 7 inches clinnicter and 2 inches clecp, and the calies removed 

when colcl. Tlie fucl comes fiom tllc lower clld of the valley, where 
12 
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clump8 of scrubby trees border the stream in the deep elicltererl 

gorge, into which the valley beoomea narrowed. The  supply appear6 
to be abundant ; much more than suficient for tlle small rerluiren~ent~ 

of tlie sulphur diggings. The existence. of such firewood in tllc 
vicinity is extremely fortunate, in a district where trees or shrubs of 

any kind are almoat unknown. It would be very easy to devise a 
simple mode of purification mhich would obviate tlle preeent great 

waste, and probably nearly double the yield of sulphur. 

&ihn&e.-Just west of the fine Bara-Shigri glacier in Lahoul, which 

descends from a lateral gorge into the bed of the Chandra river, 

sulphide of antimony occurs in the gneiss. I did not see the mineral 

i n  situ. A loose block close to tlie glacier, containing a large propor- 

tion of pure mineral, was fully 18 inches in the shortest direction, 

that the vein cannot be less than this in one part. An 
analysis by Mr.  Tween gave, besidcs antimony and sulphur, some 

iron, alumina, lime and chlorine, with traces of copper and arsenic. 

Associated mitli the stibnite in elm11 quantity are zinc-blendc, iron 

pyrites, and carbonate of iron (manganiferous) more abundantly. 

Captain Hay, Commissioner of Rulu, formerly obtained some of 

this antimony for trial. If tlie vein is generally as rich as the blocks 

I saw, the ore could, I should say, be profitably brouglit across the 

Hnmta Pass and freed from gangue on tlie soutll side, vllcre wood is 

abundant. Tiiis is two long, or tliree~sllort, marches, with a made road 

for the greater part of' the distance. Tlle pars is about 14,500 feet Iligli, 

and rather below the perpetual-snow line. From the forests on the 

south side to Sultanpur the capital of I lulu is four nhrches. There 

is no wood applicable to the purpose on the north side of the pass. 

Galena.-(a.) Near the village of Ucl~ich, two miles above Yani- 

karn in Kulu, is an old mine now abandoned, wliich is known through- 
out the district as a ' Silver Mine.' I failed to detect any trace of 

silver however, the only mincrds observable being iron pyrite% with 
13 



a very small q~lant i ty  of galena and arsenical pyrites. Tlie galena ia 
scattered very sparingly through the gangue (quartz rock) in far too 

minute quantity to be of any practical value. Tlle specimens of it I 
examined were not argentiferous. The  mine is in tlie form of a 

narrow vertical fissure 2 or 3 fect wide, accessible by  two small en- 

trances in the face of the precipitous cliff, and extending inwards for 

a few fathoms. Some silver may possibly have been found here for- 

merly, which is now exhausted, but  morc probably the proprietor of 

the mine was misled by the silvery appearance of tlie galena. 

(b . )  A loose pebble from the bed of the Sutlej below Rampur- 

highly gar~letifcrous quartzose chlorite-schist with some galena. 

Zinc-blendc.-The ordinary dark brown opaque variety occurs spnr- 

ingly disseminntecl through the gangue of the antimony a t  Bara 

Shigri. 

Iron Pyrites.-(a). 200 to  400 feet above the Blini limestone a t  

Simla some black shale occurs beneath quartzite. Tlie slialc is usu- 

ally somewhat pyritous, and the mineral is occasionally found in small 

seams. B y  its decomposition alum is formed as an efflorescence on 

the shales. 

( b . )  From near Nuttianna, where i t  is occasionnlly seen in cl~lori- 
tic schistose beds. 

( c . )  From the blnclr slates of lower Spiti (p. 155). 

Fluor-Spar.-A light green variety occurs vcry rarely amongst tlic 

minerals of the albite-granite veins a t  Wangtu  Briclge (p. 12). 

Chromic fion.-Amongst the loose stones and clcbris scattered 

over the comp%ratively level grourid bordering tlie IIanle-cliu (rivcr) 

pieces of chromic iron are not difficult to find in some places. The 

mineral generally has a more or less crystalline structure, ~omctimes 

largely so : Sp. Gr.  = 4.208. I did not observe the ore in s i tn ,  but 

there can bc no doubt of the pieces having becil dcrivccl from the scr- 

pcutinous rocks, which form much of the Lills on citLer side, cspecinlly 
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on the west. Serpentine being tlie ordinary rock in mllicll cl~romnte 

of iron occurs, one would be pretty certain to find the inincral in situ by 
n little search through these beds. That  i t  occur8 in solne quantity is 

from the size one sometilncs sees scattered pieces. I n  tlic 

wall of the Hanle monastery I observed a cuboidal blocli 8 or 9 

inches square. The  same serpentine rocka occur in thc lower part of 

the Puga valley 40 miles north-west of IIanle. I obrrerved no chro- 

mate of iron here, though it may very likely exist. 

Some specimens of the chromic iron are traversed by extremely 

thin seame of another chromic mincral, which outwardly much 

rescmblee Ouvarovite, bu t  differs from i t  in composition. The  chro- 

mate of iron h'as a slight tendency to break along these seams, both sidea 

of which are then seen coated with very minute crystals of a brilliant 

emerald green color. Viewed under the microscope tlie faces of the 

crystals appear to resemble those of a rhombic dodecahedron. Thia is 

the form of Ouvarovite which also resembles the mineral in question 

in  its action before the blowpipe. Both are found with chromic iron. 

Ouvarovite, however, differs considerably in compoeition and also in 

hardness ; ( a )  is an analysis of i t  by Komonen,' ( b )  one of the mincral 

in question by Mr. T w e e n  

(a> (4 . 
Silica ... ... .. 37*11 

Oxide of chrome ... 22.54 

Alumina ... ... 5-88 

Protoxidc of Iron ... 2-44 

Magnesia . . ... 1-10 

... Lime ... ... 130.34 

Water  ... ... ... 1.01 

... ... Silica ... 41.2 

Oxicle of c l ~ r o n ~ c  ... 33.5 

Alumina 
* * -  7 

Oxide of Iron } 24.2 

... Magnesia J 

... ... Water  ... 1-1 

I n  Ouvarovite the alumina replaces part of tlie chrome, the iron and 
magnesia replacing part of the lime. I n  (6) there is no lime, but the 
-- - 

* Phillips' Diineralogy by Brooke aud Miller. 
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quantity of iron and magnesia is much greater. Witli regard also 
to the analysis (b) i t  sliould be mentioned, that the quantity of the 

mineral available for examination was so extremely minute as to 

render a quantitative determination very uncertain. 

Jlicnceous Iron is occasionally met with in quartzite between Ram- 

pur and Gaora (p. 11) in thin seams parallel to the bedding. I t  $so 

occurs similarly in quartzite below Manikarn. 

Opal.-A common white variety, nearly opaque and of a porcellanic 

appearance, occurs with the gypsum and sulphur of Puga. I t  is the 
rarest of the minerals found there, having been seen in only one spot. 

Dialloge.-This variety of pyroxene occurs plentifully in the ser- 
4 

pentine of the Hanle and Puga valleys. Loose blocks of the mineral, 

two and three feet diameter, are sometimes seen. It varies in colour 
from light to dark green, the principal cleavage planes having a 

brilliant pearly-metallic lustre. Dinllage is also frequently disseminnt- 

ed in small crystals through the serpentine. 

1lornbZende.-In the bed of the Puga  stream sope distance from 

its mouth, amongst many other ,varieties of rocks, loose pieces of a 

binary compound occur, the base being felspathic, and traversed in 

every direction by long bladed crystals of dark green hornblende. 

This rock probably forms veins .through .the serpentine and chloritic 

beds of the vicinity. 

Beryl is occasionally found in the albite-granite veins which traverse 

the gneiss at Wangtu bridge, and for some miles up the Sutlej , and 

Wangur Rivers (p. 12); also in the similar veins of the Chandrn 

valley above the Hamta Pass. The crystals are generally light blue, 

but only translucent, and so flamed as to be unfit for jcmelry. They 

are usually amall, the largest specimen of beryl from these localities 

that I am aware of, being one obtained by Rlr. Theobald in 1861 a 

few miles above Wangtu bridge. This crystal (now in the Geological * 
Survey Dluseuin) is about 3: inches long and ,i inch diameter. The 
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mineral appears confined to thostfparts of the rock in which tournin- 

line cccurs, though the latter often abounds without any beryl accom- 

panying it. 
Garnet.-(a.)-The mica-schist of Jntog near Sirnla is highly gar- 

netiferous, and by  its weathering the crystals are set free in large 

numbers. I n  this way the roads which pass over this rock are thickly 

strewn with small garnets ; all are of the same fbrm-a dodecahedron 

with truncated edges. (6.)-From the talcose ~chi3 t  between Gaora 

and Serahan, associated with stauroticle. I t  occurs in dodecalledrons 

with polished faces and often very regylar form. The ellges are 

sometimes truncated, but this is exceptional. (c.)-From tlie gneiss 

north-east of Shalkar. 

Xpidote with felspar occurs in small irregular veins t,Ilrough the 

chlorite schists of the Puga  and Hanle valleys, being well seen near 

the Hanle monastery. The epidote is usually granular, solnetirues 

columnar, the crystals penetrating the felspar. 

Muscovite.-The mica in the granite veins at Wangtu bridge is 

never intimately blended with t.he other minerals, but is ger~erally 

scattered through the rock in individual crystals of some size. Tile 

largest plates are 5 or 6 inches diameter and 1 or 2 thick. I n  these, 

however, the form of the crystal is not so well defined as in sonle 

smaller ones. Some plates show by transmitted light- portions of'a 

series of concentric hexagons, the sides of which are parallel to those 

of the crystal. The  colour is usually brown, rarely silvery white. 

U~l ia r ia l  Mica.-Between Serahan and Trancla very dark brown 

uniaxial mica, with silvery flakes of muscovite through it,, often occurs 

as a scaly aggregate, in layers through the micaceous strata (p. I I ) .  

Notwithstanding its uniaxial character i t  is not acted on by sull)huric 

acid. 

Albite.-The granite veins a t  Wangtu are mainly composed of 

albite, and large cleavable masses of the m i n r r ~ l  nrs reen u l ~ m i x ~ d  

C 1; 



with ally other. Tlie colour is pure white;  translucent, or i n  thin 

plates often semi-transparent (p. 12). 

Very similar in mineral cllaracter are the veins allicli traveree the 

gneiss of the Chandra valley above the Hnmta Pasa. These vary in 

breadth from several feet to the fraction of an inch. The proportion of 

quartz and mica is usually small, the former sometilnes occurring in 

transparent  crystal^. The  mica is not found in as large plates as at  

Wangtu. Beryl is rare in these veius. Small garnets and black tour- 

m:~line common. The  latter mineral appears to be generally more 

abundant in albitic crystalline rocks than in those containing orthoclasc, 

and I I-lave found beryl only in the former variety. 

The  veins of the Chal~dra valley traverse the gneiss in different di- 

rections, and in some places those transverse to the foliation (Fig.  1. 

PI. 11.) are reduplicated in a very remarkable manner, while those 

to i t  (A) are quite free from contortion. These appearances a t  

once suggest great pressure and squeezing in a direction more or leas 

yerpenclicular to  the foliation, and although the hypothesis is not 

without difficulties, the reduplications must apparently be accounted 

for in this manner. The  veins must have been intruded either in their 

present form, or else ~ o ~ p a r a t i v e l y  straight. I n  the former case i t  is 

necessary to suppose the gneiss previously traversed by numerous 

fimures, or a t  least lines of weakness, of this peculiar recluplic~~tecl 

form, but  i t  seems quite impossible to itnagine any cause by wl~icli 

such could have been produced. If the veins then were not intrudetl 

in  their  resent form, they could only have obtained i t  by subseqriellt 

pressurc. I t - is  observable that they are generally thickened a t  the 

bencls (Fig. la ,  P1.11.) ; an evident result of such force, which woulcl 

tcnd to squeeze the veins thinner where perpendicular to its direction ; 

and where parallel to i t  (bb )  to thicken them by lateral expansion. 

l'lre veins lying pei.penclicular to the direction of pressure woulcl of 

course IJC l i i~ l~ lc  lo no contol.tio11, 







. 
01-thoc1ase.-From the porphyritic gneiss of the Jubburticesa Pass 

north of Lake Kiagr. I t  occura through the rock in meesee several 
ir~clles dipmeter, but well formed crystale eeldom exceed 2 or 3 inches 

i n  length (p. 127). 

Stozlrotide occurs in small crystals, and sparingly, in the garneti- . 
ferous talc scl~ists between Gnora and Serahan. 

Kyanite.-From the gneiss above Yangpa. For  some miles beyond 

this village towards the Bhabeh Pass, kyanite constit,utes a regular 

ingredient of the gneiss in some parts of limited extent, being some- 

times associatecl with small garnets. The  kyanite occurs in the 

ortlinary light-blue bladed prisms ; rarely white and fibrous, 

Tourmuline is found abundantly in the granite veins a t  Wangtu 

bridge, besides being diffused less freely through the gneiss itself: 

Indeed in many parts of the hills tourmaline may be regarded as 

a constituent of the gneiss rather than as an accidental mineral. 

I t  occurs in the gneiss north-east of Shalkar and of the Chandra valley. 

I have never observed any other variety, however, than ordinary schorl. 

Many of the prisms from Wangtu contain an admixture of quartz ar- 

ranged more or less symmetrically. I n  these there is usually a central 

nucleus of pure tourmaline, around which are arranged alternate plates 

of tourmaline and quartz in planes radiating from the centre of tbe 

cryst,al. An example of this ~t~rncture,  which seems similar to that by 

which the foreign matter in clliastolite and some other minerals acquires 

s symmetrical arrangement, is shown in Fig. 2. P1. 11. (natural 

size). 

Tlle granite veins of tlie Chandra valleyalso contain a large amount 

of tourmaline. It occurs chiefly in the albite, even when quartz forms 

a prolilinent ingredient of the vein, which is not common. I t  is usually 

met with in long three-sided prisms, the sides often curved, or flat with 

bevelled angles. The termination is com~nonly a plain three-sided 

pyramid. Tl~e  prisnls are very commonly arranged in one direction, 

lying nearly parallel to each other, and this direction is perpendicolnr 
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to  the sides of the vein. The  crystals are larger and rnore nbuntlant 

near the sides than in the centre. I observed in one or two places 

pseudoruorplls of mica after tourmaline, one portion of a prism being 

sometimes unaltered, while the remainder was completely changed to 

this mineral, the plates lying parallel to the length of the prism. 

Talc.-Between Rampur and Gaora the talcose schist (p. 11) 

contains occasional bands of very pure white quartzite, between the 

beds of which white and greenish talc often occurs in lenticular seams 

from 1 to  3 inches thick. 

Serpentine.-Serpentine rock is associated with chlorite schists 

in  the lower part of the Puga valley and in  the Hanle valley below 

the monastery, the beds being the same in bot,h cases. The ordinary 

rock is very dark green and massive, and is traversed by thin seams of 

a finer variety, which is frequently foliated and sometimes of a bright 

yellowish green color." 

Gypstun.-(a)-From the hot springs a t  Changrizang (p. 158 1. 
I 

@)-From a deposit on the hill side above these springs (p. 158). 

(c)-Selenite from breccia near Shalkar (p. 156). (d)-From the 

sulphur mines ai; Puga  (p. 163). 

Alum.-(a)-From the sulphur mines a t  Puga (p. 163). (h)-From 

near Simla (p. 166). 

Epsomite. -From lower Spiti (p. 160). 

Borax.-From the b o r a ~  grounds a t  P u g s  (p. 163). 

Calcite.-From the limestone of Ja tog  near Sirnla, where i t  occlirj 

in veins through the rock, and is used for making lirne. Similar 

veins traverse the litnestone of the Krol. 

Spatliic Iron.-From Bara Shigri (p. 165). 

Arragonite-From lower Spiti (p. 158). 

* Besides the minerals previously mentioned as occurring in the serpentine, thin seams of 
a white carbonate sometimes fill the joint-crscks, not improbably mngncsitu; but the spcci- 
nlcns were lost before an opport~~nity of examining them occnrrod. 
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