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In the preceding remarks I have directed sttention to the discm- 
psacies between my own results as to the quantity of organic matter 
by weight in the Booghly water and thoee given in Dr. Macnamara'a 
Report, and I have ale@ made mme pointed observations on the very 
doubtful accuracy and nneatisf&ory nature of the results generally 
given by chemists respecting organic matter in watera, except some of 
the most recent. Por thongh I have found that the process detailed 
in tbe previow part of my paper ii+ older than I then supposed, having 
been recommended by Mr. Dugald Campbell in 1856 as suggested by 
Dr. Clark,* and that an analogous plan was given by Abel and Bloxam 
in 1854,t though imperfect, yet these plans seem either to have been 
little known, or neglected, or imperfectly carried out. Some analysts 
indeed of later date do not even attempt t o  estimate the amount of 
organic matter at  all, apparently despairing of reliable results. But 
the promu given, I believe, yields the most trustworthy resulta 
hitherto obtainable, if properly performed. 

Jonm. Chem. Sw. Vol. IX. 1856, p. 51. + Handbook of Chemistry, 1854. 
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But if the eatimation of the organic matter in watera ia to be of any 
value at all as a meane of judging of their salubrity, i t  is essential that 
i t  should be done murately. If i t  is to be a fundamental datum 
on which Municipalities are to choose or reject certain waters for the 
supply of large towns, that sanitary boards are to draw conclusions 
from as to the healthiness of eertein localities for the residence of 
troops or other collections of human beings, and on which medical 
men and hygeists are to reason respecting the origin of disease or the 
maintenance of health, i t  is unnecessary to sey that it ought to be 
ascertained in a.reliable manner. 

In the case of my own results, differing so widely from those referred 
to, the question occurs, is there no way of accounting for them or 
reconciling them ? One cause hss been mggested to me independent 
of correctness of method of analysis or of accuracy in ita execution, 
namely the age of the water when examined, that is the length of 
time which had elapsed since the water was taken from its source. 
High chemical authority has been adduced for the necessity of setting 
about the analysis with the least powible delay, on account of the 
chemical changes which the water would undergo by keeping, which 
would result in a dimination of the quantity of organic matter 
present. The validity of the caution I am not disposed to deny, neither 
am I prepared to deny that in my own operations this point was not 
always sufficiently attended to. Indeed i t  had not particularly 
attracted my attention ; except as regards gaseous constituents the 
point had not been particularly noticed either in .text-books or 
monograph I had seen, and :the consideration that the organtc m a t h  
collected by rivera had already been freely exposed to decomposing 
agenoiee, so that probably what remained was not readily dewmposible, 
confilmed as this was by my own observations while operating, led 
me not to attach much importance to it. Still i t  appeared that there 
might be a change of considerable amount shortly after deotion 
which had passed unnoticed, while afterwards the water remained lean 
liable to change. A small change, experiment shewed, did oocm 
speedily, but the present question did not refer to  a small change bnt 
to a large one, and i t  was dasitable if posrrible to aecertsin to wlul 
amonnt it might extend. The question principally concerned the 
waters of the hot season and of the rainy season. 
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So far .e general observation could go, having been engaged in 

1 tolleeting and examining the river water from 1st May to 14th June 
I for the purpose of ascertaining the amount of tidal contamination, 

I hd abundant opportunities of judging of the phy~ical characteristics 
of the water and observed nothing particular except a comparatively 
dight, mhewhat fetid smell, which contrasted distinctly with the very 
decidedly worse smell of the water after the rains had come on, and 

, of which the personal use of the river water gave me a vivid illustra- 
tion. Other differences I have alreedy noticod in the earlier part of 
the communication, all suggesting the greater proportion of organio 
matter in the water of the rainy season, at  least in the earlier part of 
it. Moreover looking to the absolute weight of organic matter, I had 
enly found even in the worst of the tanks, when their water was low 
md putrid, fonr or five grains in 100,000 fluid grains of water, equd 
b rather less than three or fonr grains per gallon ; while the river 
water at any season was much superior to these in smell and colonr, 
even during the rains, that is after the mud had settled. 

- Yet as these observations might not be sufficiently precise, experi- 
mente were instituted to endeavour to determine the question. The 
oxidahon of the organic matter by permanganate of potah offered 
the readiest and easiest way of examination, and was applied to 
various samplea of water, more particularly to determine the rapidity 
of change after collection. And it did indicate a rapid change even 
in course of a day or two, indeed the greatest amonnt of change took 
place within the first 24 houm. But i t  ha already been pointed 
out that this test indicatee the proportion only of certain kinds of 
organic matter, and gives no information as to the total amonnt. It 
my even indicate more oxidizable matter after the amonnt by weight 
of organic matter has diminished, as was really the case in some of 
the experiments made. This will be seen in the csse of the mixtures 
in the succeeding table, in which the proportion of oxidizable matter 
diminished for the first few days, and then increased decidedly, 
dkwards diminishing again. In  No. 3 mixture it incretwed to a 
hrge extent up to time of writing this, and no doubt would diminish 
afterwards. The great extent of change in this case is accompanied 
by a grent diminution in weight. 

The question at L u e ,  however, was the amount by waight o i  
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organic matter present. I t  was impossible of couree to get the hot 
reason water in its original condition, but experiments could be made 
with river and tank water, and with mixtures intended to imitata the 
real or supposed peculiarities of hot muson water. These could be 
examined to aecertain the amount of change produced on them by 
keeping. Accordingly experiments were made the results of which 
are exhibited in the following table. 

For 110,000 9. grains W. 
Date of wlbdion Dde of Ezrpb. Organic mattar. Oxygen rqd. 
or proparatiom. Qraine. Grains. 

Calcutta Sewage Water. 
lath Sept. 1866, 13th Sept. 2.300 

14th 2.040 
15th 21.80 
17th 1.470 
27th 10.75 

Mizturea of River Water with k g e .  

No. 1, containing #th Sewnge. 
10th September. 10th Sept. 5.44 535 

11th .480 
15th .422 
24th 3.63 
25th .624 

"2nd October, .203 
No. 2, containing A t h  Sewage. 
11th September. 11th Sept. .245 

12th 2.18 
15th .I63 
24th 1.88 
25th .421 

*2nd October, .353 
No. 3, containing Q Selvage and 4 Barn. Tank Water. 
18th September. 18th Sept. 6.05 .420 

26th - 2.65 .725 
"2nd October. 1.938 

Introduced after date of paper. 
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. Fur 100,000 9. vaina W. 
Date of eo Reef ion Date of Enpt. Organic matter. Oxygen reqd. 
m pepratioll. Ora ins. Grains. 

Cornwallis Square Tank W. 
14th May, 1866. June 5.16 

21st ~ ~ y ,  ,209 
20th June, 4.40 
11th August, ,155 
6th September, 4.37 

Baranagar Tank W. 

15th September. 15th Sept. .350 
17th 2.38 
29th 2.16 .256 

*2nd October, ,228 
Dalhoucrie #quare Tank. 

18th September. 19th Sept. 1.59 . lo0 
29th t 1.89 .070 

River Water. 

8th Angust. 17th August, 1.08 
25th Sept. 1.01 

18th September. 18th .085 
cleared by 19th 1.69 .044 

Acid 29th, more than 1.36 .046 
The Mixtures were conlposed of liver water of the hot season three 

or four mouths old and of recent river water with a little Salt Lake 
water, No. 3 containing also Tank water ; with these were mixed the 
specified of sewage water which had been collected on 8th 
bptember, and, US tried on the 9th, contained 27.33 grains organio 
matter in 100,000 fl. graina. 

It will be observed that in the organic matters oxidised by the per- 
mangannte of potash there is a distinct diminution early, even by the 
bpec uf a mngle day, as indicated by the smaller quantity of oxygen 

Introdnoed after data of paper. 
t Evidently an error of Expt. The organio matter could not increase. 
f Exp. faulty. Enough of Carb. Soda had not been used. Iiesult could not 

h e  been lees, but probably would have been gresbr, hwl it  been correoc. 
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required 'snbseqnently ; afterwards the diminution is dower, or in 
eome cases even an increased qnantity of oxygen may be reqniredr 
from changes taking place in the water causing the production of b 
larger quantity of readily oxidisable matter. This therefore gives no 
indication of the weight or actual quantity of organic matter present& 
The weight of organic matter ascertained by experiment however, 
indicates in some cases a rather rapid diminution at first. But  thin 
is only to a small amount, except in the cage of highly decomposable or 
putrefying liquids, such as sewage or mixtures ~ n t a i n i n g  much sewage. 
Cnlculation will show that the loss of weight of organic matter in 
mixtures Nos. 1 and 2 is less than would have been suRtained.by th? 
constituent proportion of Bewage water in them. I n  No. 3 probably 
the vegetable matter of the Tank water added caused the more rapid 
and extensive decomposition. 

The' loss of weight in the mixture No. 3 is 3.4 grains in 8 days, 
being fully more than half of the original amount ; in Nos. 1 and 2 
it m only only 1.8 grains and 0.3 grain respectively. 

Bu t .  the river water a t  no time conld contain anything like the 
proportion of sewage that these mixtures did, such as one-fifth, one- 
eighth or even one-twelfth of sewage, the smell alone of such mixture& 
makes the supposition quite inadmissable ; besides a comparison of the 
size of the river with the amount of drainage of the town would show 
that such a proportion was quite impossible. The amount of liquid 
discharged by the drains compared with the volume of water in w 
large a river must be insignificant. 

But instead of citing results of my own, which if incorrect may be 
ppposed to be all equally incorrect, it  may carry more weight to quote 
the results of others. The older determinations of organic matter am 
generally of no value whatever, and I shall refer- only to the most 
recent and trustworthy. I have already quoted Dr.  rankl land's rewlta 
with the London wnters, but as all these are of water filtered lor 
distribution they may be considered not quite comparable. Another 
example I shall adduce from the paper of Lawes and Gilbert 
in the Journal of the Chemical Society already quoted. They give 
tables of the composition of the Rugby sewage from May 1862 
to October 1863, shewing that it contains in solntion from 7.6 to 

5.35 grains per gallon, and a h  e statement of the amount in the River 
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Wade before d v i n g  the Croydon sewage which is 1.44 grains per 

flon, and after reoeiving it which is 2.08 grains per gallon 
decording to this the estimates of organic matter to the axtent of 8 or 
10 graine per gallon in the Hooghly water during May and June shew 
tbrtit contains fully more than the liquid part of the Rugby sewage, 
md this in s tropical country. 

I do not wish it to be nnderstood.that I maintain the perfect aacuracy 
of my own resnlta. The oversight in not examining the samples speedily 
enough after collection must be admitted, though from d l  that I have 
been able to learn fmm the experiments instituted for the purpose, the 
m o r  cannot be a great one. There was no great delay in examining 
the water of the hot season,-about ten or twelve days, and this 
mused by the time and attention taken up in examining the influence 
of the tidee in numerous aamples. There was greater delay with 
the water of the rainy season, probably abont 3 month with the first 
umplee in J d y ,  abont a week or 10 days with those of Augnst. 
This wee c a d  by waiting for the settlement of the very finely 
divided clay, the prwnoe of which was very unfavourable to the 
murste estimation of the organic matter. Recently I have found 
th.t the addition of a emall quantity of hydrochloric acid causes the 
mud to settle so rapidly that the water may be filtered olear in course 
of a few horn  : solution of potash or soda and milk of lime do the 
mme, be the water cleared by these reagents seeme to contain a 
different proporti~n of organic matter than that cleared by simple 
mbsidence. I t  ia of lees importance, as the question at present is not 
v i n g  the water of the rainy season. The samples of December 
a d  February water circumstances prevented me from proceeding with, 
~ n d  ther were preserved in stoppered bottles and probably not much 
done with them till April. The results are consequently more 
doubtful, though I do not SUppwe that they are very wide of the 
tmth Be the seasop advances, should circumstances admit of it, 
1 shall not fail to repeat the analyses, in order to get unobjectionable 
redt.3. 

The observatiops mgde during the last -nth enable me to add a 
little to my former statements respecting the effect of the change of 
~ I U  on the rivor water. The increase of organic matter from the 
rains seems to be chiefly of theaore  soluble and putreacible kin& ; as 
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the season has advanced, the fetid smell hae materially diminiehed. 
This is indeed to have been expected : the soil hes been washed 
comparatively clean, and there is less of such matter to  wash away. 

The only possible way in which my results as to the small quantity 
of organic matter in the water of the hot season (supposing there is no 
great error in the analysis) can be reconciled with the results of those 
analyses that give i t  as equal to 8 or 1 0  grains per gallon, would be to 
suppose that the water a t  that season contains a large quantity of 
organic matter having no very offensive smell, but capable of very rapid 
decomposition, so that about 4th to q,th of i t  would be lost during the 
first two weeks. Without denying the possibility of this, I csn only 
say that I know of nothing that makes i t  probable that such is the 
cnse, while I have already given reasons for believing that no snch 
state of matters exists. Further observation and experiment can 

alone decide the question beyond doubt; while I may remark that 
if snch be the case, it will be a fact well worth noticing and establish- 
ing. 

I t  may also be observed, that as in the case of supplying towns the 
water must always be stored for a time in tanks or reservoirs, it is a 
point of some importance to note the changes which i t  undergoes by 
keeping in these circumstances. I have made some observations in the 
course of these enquiries suggestive of further investigations on this 
mbject, and which may also have a bearing on the purification and 
preservation of snch waters, a subject which h a  lately been occupying 
much attention in England. It is obviously a possible thing that one 
water may be putrefying but its putrescibility nearly exhausted, while 
another may be highly putrescible, and yet its actual pntrefaction may 
be only about to  commence. As regards the preservation of waters 
too, it is one thing to keep them in stoppered bottles, and another 
thing to keep them in tanks. I t  seems to me questionable if they 
improve in tanks as they do in glass bottles. I t  is by following out 
snch inquiries that advance in knowledge of such subjects is attained, 
and in the present case the activity of chemical changes produced by 
the high ttftmperatnre ryld the regularity of the eensons are in no 
small degree farourable for carrying them to a succe&ful result. 
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K d m k ,  & Western Himalaya and tlhc Afghan Houdnim, a geologi- 
cal paper by ALBERT M. V E B O E ~ ' ~ ,  Esq., M. D Rengnl Medieat 
&mice, with a note on the fossils by M .  EDOUABD DE VEXNUEIL, 
Y& de P A&& dcs &h, Pa&. 

(Continued from page 203, of No. In. 1866.) 

CHAPTER m . - G u m q  Sumy of tlte several chains of the Western 
Himalaya, the Afghan momtaina and their dependencies. Preli- 
mina y geologicrrl mapping of the W h  Himalayan and A fghan 
Ranges. 

59. I t  ia intended, in this chapter, to give, in es few words aa 
pmible, .n idea of the general geology of tlie several portions of the 
Weatem Himalaya, the Afghan mountains and their respective de- 
pendencies. In doing so, I have availed myself of dl eourcea of in- 
formation which have been opened to me; I have, however, been 
d y  in went of the help of s more extended library, and I have 
men aeen some excellent works which would have much improved 
tbi chapter, if they could have been consulted. I need there- 
fore hudly soy that i t  ie a most wpedcial of surveys ; but I hope 
neverthelese that it may be found to contain a few interesting obser- 
vations and some new matter yet unpnblished. Buch as it is, it 
rill enable ne to sketch at leeat the first preliminnria of a geologicni 
mapping of the Himalayan and Afghan Rangee ; and also to attempt, 
in the h t  chapter, to draw the history of the mightiest mountainous 
mar of our globe. 

By reference to the map and and to the long Section (Sect. G )  it be- 
annea evident that the Himalayes are 8 succession of more or lem 
regularly parallel chains, having a general N. W. to S. E. direction. 
Between the chains are situated valleys wliich are elevated above the 
ees in proportion aa one nears the centre of the monntainous meea : 
tbns the Bawd Pindie plateau, between the Salt Range and the Sob- 
Himabyan hills, is about 1700 feet high ; Poonch valley, between the 
SubHimalaya and the Pir Punjal chain, is under 4000 feet ; Kashmir 
between the Pir ~ u n j i l  and the next chain (called in the map Ser and 
Merchrin), is above 6000; Ladak between the Ser and Mer chain and the 
lkilas chain ie 10,d00 to 11,000 ; Nilbra and the valley of the Shayok, 

a 
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between the Kailas and Korakoram chains is a plateau nearly 15,000 
fect high. It is probable that on the other side of. the Korakoram 
chain the elevation diminides and that the Aksai chain and the valley 
of the Yarkandkash river, between the Korakoram and Kuen-Luen 
chains, are about 10,000 feet high; beyond the Kuen-Laen is the 
province of Kotan which has been satisfactorily determined by ita 
vegetation to be no more than 5000 feet high. 

We have therefore a series of steps rising from the plains of the 
Punjab to the high plateau of Little Thibet, and descending from 
Little Thibet towards Turkish China. These steps are supported 
by parallel chains or walls which tower by some thousands of feet above 
the plateaux which they support. These chains offer a considerable 
impediment to tlie flow of rivers towards the plains, and most rivem 
have a considerable course parallel to the direction of the chains, 
before they can find a gap to pass through. 

The Afghan mountains present the aame arrangement as the Hims- 
lsyas ; the direction is from the N. E. to S. W. the direction of parallel 
chains is less well marked than in the Himalaya, but this is probably 
due to the little which is correctly known of the topography of 
these mountains. The plateaux are similarly graduating : Bunnoo 
being about 1200 feet above the see, Kabul 7000 feet, Hafiristan 
higher, whilst the plateau of Koonduz, on the other side of the HinT 
doo Koosh, elopes gradually tcrwarda the west. This arrangelllent by 
plateaux is the same aa is seen in the Andes with their high central 
chain and their platean between that chain and the Cordilleras. 

Prom the bypothcsis, advanced in the next chapter, of the manner 
the Himalayan and Afghan mountaine were upheaved, we will dednd 
which of the lower hills belong to the Afghan and which to the 
Himalayan mass, and I will therefore not discues this subject here, it 
would but lead to useless repetitions. I shall begin with the bib 
which one first meets crossing out of the alluvial plain of the Punjrb, 
as he travels north from Mooltan ; and I shall take the parallel regions 
of the Himalaya one after the other, noticing as I go on whatever 
little I know of the geology of the Afghan mountains in the tame 
latitude. 

60. I n  latitude 32' lo', longitude 70° 50' to  71' 20' rises the 
double chain of the Hafir Kote range or Rotta ~ b h  and the Sheikh 
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Bodeen range. A mal l  valley, the Paniala valley, separate8 the Rotta 
Roh range from the Sheikh Bodeen range, and the direction of 
both muall chains ie from t b  N. E. to the 8. W. as far as the highest 
summit of Sheikh Bodeen, whence vestmrdly the Rotta Roh alto- 
gether d i e a p p r s ,  and the Sheikh Bodeen range is continued by a 
small and low ridge of hillocks directed towards the W. N. W. and 
wpporting t he  plateau of Bunnoo. (See map.) 

The Rotta Roh is moetly composed of carboniferous limestone. 
The Zeawan bed is well developed, but extraordinarily disturbed; it 
is a yellowish rock, often very sandy. I t  fonns the base of the hi& 
on the E. and S. E. 

Dr. A. Bleming sent home some fossils from Kafir Kote, which were 
rsoerteined by M. de Vernenil to belong to the following species :-- 

Productus m a  (D'Orb.) ; Productus ~ s t a t u s  (Sow.). 
Productw Humboldtii, (D'Orb.) Sphifer ? 
Dentdim ingem, (DeKonig). 

All the species of which I hare given drawings in P1. I, III, 
.ad V, were found in the Rotta Roh limestone, with the exception 
ofthe Spirifer like 8. trigonaEis.* Several species of cords, either not 
I o ~ d  at all or very rare in Kashmir, were found abundantly in the 
lower beds of the Rottn Roh ; but altogether the fauna of the Zea- 
WM bed in  Kashmir and in the Rotta Roh is so very similar, that i t  
can be called identical. 

The limestone restsf on a quartzite rather peculiar in some Iocali- 
ties. It is composed of opaque white quartz in which are imbedded 
N e s  of pearly white mica half an inch wide ; these plates of mica 
ue arranged in tufts; there are also solue irregular nodules or granulea 
of black augite (1) quite lustreless (see fig. 74, pl. IX). There can be 

A distinct spocien of Sp., acoording to Mr. de Vernenil. 
t I failed to find the bed of quartzite is situ ; my examination was much 

more snperficial than I could wish. But i t  is hardly to be wondered at  that 
the quartzite beda an, not found in sitn, iE we coneider the wonderful state of 
d u n i o n  the beda are in. The limestone is in an extremely sbivcmd wndition, 
having been thrown into stray arch-like anticlinals soparatcd by nnmerons 
hltd The f iver ing  of t he  bed8 oftau goo8 so far thst  i t  is difEodt to ascer- 
tain the dip and strike of the bods. In  ench wnvulsions na those which must 
have taken place in them hills, the brittle and fragile beds of quartzite mast 
have been entirely broken, and are therofore not to be seen in sitn a t  their out- 
crape, but are only indicated by the fragmeuts into which they were rednoed 
fn mvem1 locelitioa the ground is wvored with angrrlar pieces of qnartaite, 
either with mica as described in the text, or plain and opaque. 
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no doubt that this micaceons quartzite repmnts  the bed of quvtGite 
which we have wen invariably underlying the Zeeewan bed in K i d -  
mir. The beds of volcanic ash whiah it probably covers tue not 
exposed in the Kafir Kote Range. 

The Zeeawan bed of limeatone ia cepped by very extensive and 
thick beds of Weean limeetone rich in goniatites, in mumel-like 
anthracosiee, in Aviculo-pedem and other characteristic fo~sile. I 
fonnd some blocks of the sandy limestone in which the anthrwmk, 
solaopsis and A. pectem are generally fonnd, containing one speci- 
men of Productus semiretimlatus, several Athyris sublilitia (Hall) and 
A. Rqyesii (L. W.), and also the P. Bolivicutie (D'Orb.) mixed up with 
the anthracosice and A. pectens, a mixture of Zeeawan and Weean 
fossils which I never saw in Kashmir. Home very large bivalves of 
which debris had been found in Kashmir and resembling an avicoloid 
inequilateral p t e n  were a180 found; the transrerse diameter is 74 
inches. Fine nautilidea and spin- of cidaris six inchee long were 
also fonnd. In the Rottah Roh the difference between the Zeeawan 

and Weean beds is not everywhere ao well marked as it is in Kashmir, 
as I have just exemplified ; generally, however, the assemblage of 
fossils given in the plates as characteristic of the beda ie the same 
it is in Kashmir. 

In the northernmod end of the Rottah Roh, the Zeeawsn bed d m  
not appear, and is only represented near Kumdul by a few small 
mounds of debris rising through the sandy plain close to the foot of 
the hill. 88 we travel south and approach the Kdir Kote river, tbe 
Zeeawan bed appears under the Weeau, and can be traced without in- 
terruptibn as far as the southern end of the hill a few milee from 
Paniala. I t  is imposeible to give the dip and strike of the Z~BBWLUI 
bed, as not a hundred yards of it keeps the same direction; the 
broken fmgmenta of the bed are more like packed ice in the polar 
seas than like courses of rock in a hill. The Weean bed above i 
much less disturbed, except the deepest beds which rest immediately on 
the Zeeawan; it d i p  generally N. W. with a very trifling angle 
varying from 20' to 8' or 9' with the horizon; occasionally the dip 
bccomes W. and even 5. W. 

. I have not eeen any beds in the Rottah Roh s i d i  to the Kotheir 
bed of Kasbmir. 
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At the northern end of the Rdt .h  Boh, the carboniferona lime- 
done ia immediately c o v e d  in by a Miocene eandstone and con- 

gbmarfe. A little further eoath, eome beds of reddieh limestone 
and ~ r m e  emdetma, grey and bituminous, are either the top of the 
urbonifmne or passibly Permian or Triessio beds. The fossils am 

scarce and mere debria. The errndetone contain8 thin layers 
d a shelo which is full of carbonized remains of plants, and from the 
undabne, near the ahale, a blaok bitumen o o m  out. I t  is a mineral 
pitch or impure petroleum ; the quantity is insignificant. 
AE we continue to travel 'muth and west, we find the Weean bed 

forming the top of the hill the whole way; with here and there 
patches of gypseone msrls, red marl, grey ssndstone e d  variegated 
thin-bedded non-fossiliferons limeatone, or rather dolomite, which are 
in dl probability Triassic, but which will require much more careful 
&udy than I have been able to give them, before they can be satis- 
kdorily clamxi. I believe them identical to the red marl and gypsum 
of the hliferian formation of the Salt Range. Cloee to the village of 
PmaL these mppoeed Triassic beds are well developed, and from them 
h e  m e  saline hot springe. Near Qunga, at  the other (northern) 
extremity of the little Range, a patch of them same gypeeous 
oandetones and marl appear at the end of a fault in the carboni- 
ferooe limestone, and from these suppoaed Triessic beds two or three 
d l  hot end d i n e  epringe issue. I t  in a remarkable fact that 
everywhere in the Himalaya and in the hills of the Ponjab, where 
thee gypeeow marls, red marls, sandstones and dolomites appear 
well developed, they are generally accompnied by d i n e  springe, 
mdy hot. 

At the northern extremity of the Rottah Roh, over the village 
of Knndd, we have seen that the Weean limestone forms the bulk of 
the hill. Under it, at one place, is found a feldspathose sandstone 
invaded by tortnone veins of quartzite ; it has acted powerfully on 
the limestone near it, this being much metamorphosed, cellular, 
traversed in all directions by thick bands of crystalline carbollate 
of lime, and all fodls  being obliterated or changed into a lump of 
spu. The feldspthose mud has the appearance of having been 
breed between the broken ends of the beds of limestone which is 
thrown into an anticlinal ; it is generally white, ocmionelly coloured 
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red in patchee; it is not stratified, but mammilated, globulrr, 
irregular, and branching like a dyke. This intrusion of a feldspathw 
eolution or paste took place before the final upheaval of the Himalayq 
as there is evidence that some of the beds have been redisturbed by 
this upheaval, and as the Miocene conglomerate which partially fills 
the fault is unconformable to the limestone. A full description d 
this locality would be complicated, and I have no intention of giving 
here such a description. I merely want to point out that we have 
here Weean beds disturbed and baked by a geyserian action, silnilar 
to that which we have seen at Ishlamabad and a t  the Manus BaL 
61. The Sheikh Bodeen Range is mostly composed of miocene 

sandstone, clay and conglomerate. These beds are thrown into an 

anticlinal, the south-eastern and southern slopes dipping to the 
8. E., and the 5. and the north-western and northern elopes dipping 
N. W. and N. One can see, from the top of the highest summit, 
that deeper rocks have endeavoured to push their way through the 
miocene, the beds of sandstone and conglomerate being arranged in 
semi-theatres on both sides of the points where an underground maae 
has endeavoured to break through. But  everywhere these onder- 
ground masses have failed to find a way to the surface except at one 
point, viz., the Sheikh Bodeen summit, in the centre of the Range. 
This summit is 4604 feet above the level of the sea, whilst the 
Miocene range does not reach higher than 2800 feet and is generally 
very much lower. There is evidence that the Miocene was at one 

Horizontal eppenrsnoe of the M~ooena beds, Sheikh Bodeen range. 

time much higher and reached to within 8 or 900 feet of the summit of 
Sheikh Bodeen. But the friable sandstone and loose conglomernte 
disintegrate very quickly, whilst the 'limestones of Sheikh Bodeen 
eu~nulits decay but dolvly ; hence the Miocene portions of the Rsnge 
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have become low hills, whilst Sheikh Bodeen summit has nearly 
retained its original height, and appears thorefore to stand now as an 
iaolated summit in the middle of insignificant, low, barren and 
crumpling sandstone and conglomerate hillocks. 

Sheikh B d e e n  hill (not range) is mostly composed of Jurassic 
limestone, excessively shattered from having been thrown into a 
wccemion of very sharp anticlinals. The anticlinals are separated by 
faults which run from W. 5. W. to E. N. E. The following diagram 
sections are from the N. N. W. to the 5. 5. E. 

Sectiom V and PI General Map. 

The section in the di~tance is about a mile north of the section 
through Sheikh Bodeen Hill. Jurassic limestone is at least 800 feet 
thick ; it is rich in fossils which are, however, seldom well preserved. 
The lower beds contain Belemnites, Ostreae, Rhynchonellm and 
Terebratulm i n  great abundance, especially in and near some ferrugi- 
nous sandy beds. Shaly beds are full of petrified branches of trees. 
The limestone is sandy and impure ; along the great cliff facing the 
9.8. E. and formed by the removal of half the arch of an anticlinal 
(see section, marked cliQ some very fine specimens of ripple-marking 
ue exhibited on a large scale. Ammonites are also found, but very 
much broken. Cariophyllides and an Astrma are the commonest corals. 
Two or three speciea of Pholadomya are tolerably abundant. In the 
nppennoet beds I have found a Nerimza, very likely the N. Brun- 
t d a m  ( T h w )  of the coralline. I n  both the lower and upper beds 
the mineral characters appear to be identical, and many species of 

fossils we common to both, especially Rhynchonellae, of which no less 
than ten species are abundant. In the lower beds I have found eight 
species of Terebrataclcz with short loops, or true Terebratulce. The 
Belcnindes are three or four species, of which a thick one like the 
B. ruleatus, a grooved species like the B. canaliculatus, and a hastate 
8peciea like the B. lia6tatus are the most abundant. Qnsteropods are 
extremely abundant insome beds, most especially a species of dcteonina ; 
r few encrinite s t e m  mere found, but no heads. 
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From this fauna i t  appears therefore that the limestone of Sheikh 
Bodeen* is equivalent to tho Oxfordian formation of England, and that 
the uppermost beds are contemporary to the English Coral Rag or 
rather to the C h i r e  a N€imaes of the Zena. We shall see preeently 

in the country of the Wmeerees, beds which are, in all probability, 
the equivalent of the Coral Rag. Some of the Oolitic shells collected 
by Dr. Gerard in Spiti are represented in Cr. Royle's Illnstrations of 
the Botany and other branches of the Natural History of the Hima- 
layan mountains ; the drawing8 are by T. Sowerby and are remarkably 
good. The form numbered 17 in Royle's plates and described as an 
Arca or C.ucullea is found at Sheikh Bodeen ; the Rhynchonellae 20 
mud 21, described as Terebratuh or Atrypm, are common at  Sheikh 
Bodeen ; the two speciea of Ammonites, figs. 22 and 21, are also found 
.st Sheikh Bodeen, as well as the two species of Belemnites represented 
fig. 25 and 26 and fig. 27. The fig. 23, called a Delthyrbs, has also 
been fonnd at  Sheikh Bodeen, I believe, but I do not possess a 
specimen of it. 

The Rhynchonello represented by Royle and which is common at 
Sheikh Bodeen, has also been found in Rukshen by Captain Busten. 

The J u r d c  limestone of Sheikh Bodeen rests in variegated 
dolomitic limeatone without fmils (?), red marls, gypseous dark marls, 
and feldspathose white sandstone extremely friable ; and this formation 
appeam identical to the Saliferian formation 'of the Salt Range. 
From these lower beds issue a few small springs of brine, and it is, 
probable that massen of salt exist here and there in the marl, as i t  
does in the Salt Range, but nowhere does the salt crop out. Some 
beds of massive gypsum occur on the southern side of the hill nenr 
ite bnse, but are not extensive. The Oolitic and Saliferian formations 
conform in all their folds, faults and twistings most perfectly, but 
there is a slight nonconformity between the Saliferian and Oolitio 
beds and the Miocene sandstone and conglomerate. The Saliferian and 
Oolitic formations had been upheaved to some extent bofore the Miocene 
began to be deposited, as boulders of gypsum and Oolitic limestone are 
found in the Miocene conglomerate in coinpany with bouldcn of 
volcanic rocks, of nummnlitic limestone, of carboniferons limestone, 
and with rolled Producfi brought from the Bilote Range. But tlie 

A few foeails of sheikh M o o n  am sketched at Plato XI. fig. 2 ta 6. 
3 
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bills formed by the first npheaval were so low, and their beds p 
bably so near the horizontal position, that the non-conformity of them 
beds w d  of the Miocene beds in not now very apparent, b d h  aets of 

beds having been redisturbed to a great extent by the final great 
npheaval of the Himalayan mountains. 

62. In the country of the Wuzeereee, 1st. N. 3%' 15' to 32' 45' 
and Long. E. 69' 45' to 70' 16', we find the continuation towards 
the north of the holimanee Range to be formed of a chain of 
mountains of which the Pir Qul (11,583) and the Bhewy Dhnr 
(10,998) are the highest summits. These high summits were not 
ascended by the expeditionary force against the Mosood Wueeerees in 
1860, but the army marched along the fine plateau of Rusmuk 
(7,000 ft.) which skirts the main chain; and by collecting the pebblee 
of the torrents which descend from thege high peaks I was enabled to 
patimate to a certain extent the mineral nature of the oentral ridge. 
These pebbles were all volcanic, trappean and metamorphic, and none 
of a granitic nature were found. The following specimens of rocb 
were collected in ravinee descending directly from the Shewy Dhar : 
basalt, having the appearance of hard jet ; it is divided by joints and 
by innumerable cracks filled with carbonate of lime. I t  fuses quietly 
before the blow-pipe into a black bead. Some varieties do not shew 
the cracb filled with carbonate of lime, but are whistose in appearance, 
end the joints, which are large, are lined by quartzite. Half inch 
thick plates of valcanic ash, composed of a central layer of a $0 

dirty-greenish and compact minerd, and external layers of a brownish 
granular substance. The central layer fuees very e d y  before the 
blow-pipe, boiling up into a swollen and blistered surface ; it has the 
appearance of treruolite, the outer layer appears to be a mixture of 
Bemolite with grains of augite; t b  au&e here and there forme 
little masses, and thew fuse partially, the assay becoming studded with 
minute darlr globules. Hornblende rock with grey mica. The paste 
appears to be an intimate mixture of felspar and hornblende, and 
invaded by irregular and small plates of grey mica ; the rock is 
divided by a series of well-marked joints, an inch apart. An augitio 
porphyry; the paete is perfectly black and apparently composed of 
ohatoysnt augite ; it is invaded by closely set and minute prismatio 
crystals of dull white albite ; it is more like a porphyritio lavq than 
like a true prophyry. 
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A metamorphosed micamma limerrtone, schistom, the foliation being 
mfmmely wavy. I t  has the appearance of a thin-bedded micaceoult 
md d o e r e m  shale which had been both crumpled and highly meta- 
morphosed. I t  ie nearly entirely composed of exfoliating mica 
imbedded into grey bande of magnesian (7) carbonate of lime, which 
effervesces feebly, and other bands of white felspar. The felspar 
forms bande by itaelf, a quarter of an inch thick and free of mica 
We rock exhibita a foliation or stratification which is thin-bedded and 
wavy. Qreeuish, eoapy, spotted chlorite schist. Jaspery flint, bluish 
and tnmsparent, with veins and patches brownish and opaque, and 
aecasioually threads of milk-white quartz. Quartzite with well 
£owed cryry* six-sided prisms, et one end terminated by a aix-sided 
pyramid. 

These rocka are therefore mostly volcanic ; the four last are, how- 
ever, metamorphic, and mch rocks are not seen in Kashmir ; but they 
ue extensively developed in the most northern portion of the Hima- 
hya, es m Bkardo, Baeka~, &c. 

63. Between the range of the Pir Gul and Shewy Dhur and thd 
p b  of the Dersjat, is a thick belt of low hills which are nearly 
entirely Illade up of nummulitic limestone, slate and shales, and of 
Miocene andstone and conglomerate. At Paloween, however, (see 

mag) under the nnmmalitic limestone is discovered a rock of a vely 
hard end dirty appearance and not forming beds, bnt huge messes ot 
hhooloured limestone which am imbedded either in a grey sandertone 
or in the lower beds of the nummulitic limestone. These maeses are 
most evidently old c o d  reefs, once rising from the bottom of the ses 
md ultimately covered by mnd end calcareous mud; they are s 
confneed agglomeration of corals of many species, imbeddiug shells, bnt 
~~lfortuuately neither corals nor shells are in a good state of preaer- 
vation. I am not suEciently familiar with the forms of the Coral-Rag 
01 England to say whether this bed is its representative in India, but i t  
bnot unlikely to belong to secondary atrata, for the following reasons.* 
1. It t aituated under the sandstone, which generally follns the base 
of the nummulitic formation. 2. I t  does not contain any of the 

A oorel reef formation, apparently cloaely analogous both in lithologio 
hmcters end mode of occurrence, occws at the base of tho Ootatoor division 
of the cretaceous rocb in Trichinopoly. See Mem. Geological Survey, Vol. IV, 
pt 1, pp. 68-12.-B& 
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fossils found in the nnmmulitic limestone above. 8. I t  appeam 
llluch distnrbed and dislocated by 101x1 movements, whilst the num- 
mulitic limestone is to be seen in regular, though much tilted-up 
beds above it. 4. I t  rests immediately over beds of red marl and 
gypsnm which are always found, in the Punjab, where Oolitic beds 
occur much disturbed. 5. Some of the wrals appear identical with 
p m e  species found near Maree on the Indus, in a limestone containing 
the same fossils as those of Sheikh Bodeen which is decidedly an 
Oolite. 

I have therefore, in consideration of these r w n e  coloured these be& 
aa Oolitic, but there is a doubt about it. The country was so dan- 

gerous at  the time me were encamped at  Palusseen, that I wuld 
collect but very few fossils, and I have not yet had the good luck to 
discover a similar bed in British territory. 

These coral reefs reappear in many places in the country of the 
Wuzeerees: at  the entrance of the plateau of Rushmuk a great 

quantity of this bed was again seen, but the rock was different, though 
the foesile were identical ; the limestone was extremely impure, full 
of small rounded grains of gravel, and so much invaded by iron that it 
is often quite brown, and often also spotted by the iron forming little 
dark nodulee in the masa 

Again, near the hot spring of Sir-Oba, similar beds were seen 
resting on red marl, with here and there mseses of gypsum. Tbia 
gypsum is opaque, white and compact, and contains a great number 
of cryetals of quartz, very fine in their form, and terminated at  both 
ends by a six-sided pyramid. The same crystals occur at  Maree and 
Kalabag in the gypsum which accompanies the rock-salt of thase 
localities, and are there collected and sold to natives as ornaments, 
under the name of Kalabag diamonds. 

One of the members of the nnmmulitic genus in the Wnzeeree Hidh 
requires notice on account of its economical value. The Wuzeeree 
iron is obtained by the smelting of a brown shale, extremely rich in 
brown hematite ; the beds of the shale are situated under the nnm- 
mulitic limestone, and seem to replace the extensive beds of slate, with 
nummulites, seen in other localities. The quantity of the ore ia 
enormous, whole ridges being formed of it. I t  is not quarried, as fsr 

as I could discover, but merely broken off the surface of the beds. It 
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in hit rossted, and becomes black and highly magnetic. I t  is then 
worked either with nummulitic limestone or pieces of the coral-reefs 
and melted with charcoal in small furnaces identical to those seen in 
Kdmir. I fonnd at Mackeen a house with two of these furnaces and 
haps of charcoal, of iron-ore and of limeetone, evidently collected for 
melting, and I wuld thus identify the ore used by the Wuzeerees, 
though no information was to be obtained from the people. I have 
hsd, since, pieces of ore brought to me, at  Bunnoo, by the Wuzeerees 
engaged in trade and who bring the pig-iron to the plains for sale, and 
it is exactly the same ore which I had seen at Mackeen, and which 1 
bad observed in aitu as one of the members of the nummulitic for- 
mation. This shale is heavy, generally covered with a rusty powder ; 
it varies in wlour from reddish-brown to nearly black ; i t  soils the 
hand, i t  is not calcareous, and the richest parts of it have a tendency 
to form concretions, or at  least to assume a sort of concentric slaty 
cleavage. I t  is only smelted to a p t e ,  not to a fluid, and is refined 
by hammering. The iron produced is soft and fine-grained, but apt 
to exfoliate, a defect which is evidently the result of the metal being 
half worn-out by the extensive hammering to which it is submitted. , 

Tbe carboniferous limestone was found in situ in Wuziristan. But 
that such rocks do exist in the hills between the British border and 
round the central chain of the Afghan mountains, is proved by the 
boulders in the rivers which drain those countries. Major Vicarey 
found boulders of limestone containing carboniferous fossils in the 
&reams near Peehawur ; Dr. Eleming fonnd " Productw-limestone" in 
the ravines which drain the Solimanee chain towards the eaRt ; and I 
have fonnd in the bed of the Kornm, a torrent which drains the 
mthm slopes of the Sufed Koh, boulders of a black limestone contain- 
ing Productus cora and P. Humboldtii. 
. In the Salt Range the carbonifero~l~ limestone i~ well developed 

a d  attains, according to Dr. A. Fleming, a thickness of 1,800 
feet. I t  begins near Noorpoor in Long. E. 72' 30', as a thin bed, 
which increases as i t  goes towards the west, and attains its maximum 
of development near Vurcha, in Long. 72'. I t  decreases again 
bwude the Indus, and ie not seen at  a11 near Maree and Kalabag ; 
bnt ou the right bank of the river it reappeare about six miles wcst 
of m b a g ,  and ie continued in the Chichalee range and the northern 
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end of the Speen or Lowa Gar. I t  appearr to be identical, in fossils 
and in lithological characters, to the limestone of Ksshmir. Dr. A. 
Fleming does not mention its ever resting on quartzite or volcanic ash, 
but supposes on the contrary that it rests on the Saliferian formation, 
which he, in connequence of this view, a l l8  Devonian. Whatever 
little of the carboniferous limestone of the Salt Range I have myaeif 
seen, is too much disturbed to allow me to form an opinion ; I cer- 
tainly never saw any .quartzite underlying the limestone in the Salt 
Range ; but such quartzite exiata in the Rottah Roh, and i t  is evident ' 
that the Rottah Roh carboniferous limehone, and that of the Salt 
Range are one and the same sheet of deposit, broken and separated by 
eonvuleions of a posterior age. This, however, does not prove much 
either way. 

The long controversy about the age of the salt and gypsum in the 
Alps bids fair to be repeated in the Punjab. The Saliferian of the 
8alt Range haa already been placed by successive obaervm in near17 
every formation from the Devonian to the Miocene I In the Alps, geo- 
logists appear to have once become desperate at the fight, and M. 
Sismonda published in the Comptes d u s  de 1'Acadimie dea Scienccs 
de Pa& (Vd. III. p. 113) the somewhat startling hypothesis that 
"in the A l p  the shells of the Liaa lived at the Rame time as the 
carboniferous planta" 1 l I.. . I t  is not a 'little curious resemblance 
that in the Maurieune, in Savoy, (the great field of contention,) the 
gypaum, quartzite, marl, &c., are much disturbed by local foldinga and 
bendings, and appear to be placed under the carboniferous rocks (-mm 

holliller). Fortunately a thin, but very penistent and well-char- 
acterised bed, the I@a-licrs, has enabled the geologists who have 
best studied this locality, to fix the position of the red marl, red and 
green shale, quartzite, gypsum, &c., in the Trias, and to   how that the 
apparently inferior position of these Trimsic layera was due to such 
great disturbances and revereions of strata as one may reasonabl~ 
expect to have accompanied the surging up of mountains like the Alp 
Lem fortunate or less industrioue than they of Europo, we have not 
yet found the Infra-lias in India, and we have not therefore got bold 
of the thread which led so successfully the Swiss and French geo1op;ieta 
to a true undorstnnding of the Alpine Saliferian. 

I wish that I could have determined satiafaetorily the age of tbs 
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dt of the Pnnjab, before forwarding thie paper to the Society ; but I 
ree at preaent but little chance of my being able to visit again and 
e&dy the Salt h u g e  within a reaaonable time. My own impression, 
from ahat I have m u ,  is that the Saliferian of the Punjab is Triaesio 
or Permian. 

This Werian formation, (whatever ita 430 may be,) playa a very 
important part in the economy of Upper India, and may possibly be 
made r great deal more of than 8t preeent. I t  gives a supply of aalt 

-which pays to the State a handsome revenue ; it has been the original 
wurm of the Reh or Kullur of the soil, an impure and effervescing 
mixture of aaltpetre, of soda and chloride of sodium, which renders 
fields h n  and thae oansee very serious loesee to that same revenue. 
Them ean be little doubt that i t  contains some at least of the numer- 
'om m i n d  discovered in the Raneian aalt mines of Stsssfnst-Anhalt, 
md it ie very possible that i t  will one day give some fertilizing material 
which will mom than repay the low oaused by the Reh. I t  is a fine 
field for m a r c h ,  and only wanta work bestowed upon it to yield 
dnrble reanlte. 
Any one who hw visited the Saliferian of the Punjab must have 

been atm& by the much disturbed state of the beda These appear 
r if they had been raised into a succession of small cones or 

b d ~ f e s , "  and mggeets at first sight the idea of the Saliferian 
hvbg been st some time or another violently dislocated by eruptive 
grsee and snblimated minerals. This is so marked in some localities 
that Dr. A. B'leming advances, as a possible hypothesis, thnt the salt 
my be of volcsnic origin. Bnt the stratification is generally so well 
&ed (the warsee of ealt being separated by thin layers of red mad 
or of oellulsr gypsum) that we cannot regard the aalt as intrusive ; 
it is decidedly sedimentary. That the disposition of the salt gypsum, 
bipyramidel quartz crystals, &., &c., took plnce under the influence 
of heat, due probably to hot springs, is pretty certnin. For Charpoutin 
and de Beaamont have shewn that the gypsnm was first deposited 
mhydrite, and thir anhydrite must of necessity have been prccipited 
Lorn hot eolntions ; neither do we see how sea water could deposit 
gypsnm, unless submitted to a high temperature; whilst, high tem- 
peratnre being admitted, the precipitation of gypsnm becomes easily 
explained, if we remember Mr. David Forbes's observntion in Peril : 
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" The quantity of sulphates and more especially of enlphate of lime, 
" included invariably in tbeae deposits, might, at  fimt sight, appear to 
" the observer too great to suppose i t  due only to the evaporation of 
" the sea-water ; but I believe that this impression will be dissipated 

when he sees the enormous amount of gypsnm removed in the form 
" of hard white cakes or sedimentary crust, from the boilers of the 
"large distilling machines in use along this arid coat ,  for producing 
" from the wnter of the sea a snpply of frwh water for the maintenance 

of the inhabitants, beasts of burden, and even the locomotive engines 
" of the railways along the coast. I t  appears not necessary to wppase, 
" aa has been pnt forth, that the sulphates present have been formed 
" by volcanic exhalations acting upon the bed of ealt."* What indncee 
us readily to admit of the existence of very numerous and extensive hot 
springs during the Triassic epoch in the Punjab is, that even now-adap 
the Saliferian formation is remarkable for the great number of hot 
eprings it contain8 ; indeed hardly a hot spring in the Punjab and the 
Himalaya is to be found unconnected with the Saliferian, and whenever 
we find Saliferian beds, we generally also find hot springs. This is 
true of the Salt Range, of the Rottah Roh, of Kangra,t of Ruksho in 
Thibet, &c. We may therefore conolnde from these remarks that the 
~ a l t ,  gypsum, LC., is sedimentary, though deposited nuder pecnlirrr 
circumstances, vie., the presence and influence of hot springs. HOW 
then to account for the very disturbed state of the Saliferian beds, for 
these limited, local, fragmentary disturbances which give to the beds 
so elastic an appearance ? Two ordinary causes appear to me 
suficient to account for this : one ia the transformation of tbe 
anhydrite into gypsnm by absorptibn of water, a pheno~ueuon which 
continues to take place now-a-days. This absorption of water alld 
the consequent increase of volume of the gypsuul brought about tbe 
swelling up of the beds in cones and " boursoufflures." Then the 

'I The Geology of Bolivia and Porn," by David Forbes, with notm on f* 
by Professor Ilnxley and J. W. Suller, Esq., pnblishcd by Taylor and Fmch 
Red Lion Court, Fleet Street, 1861, commnnicntod to Qcological Society in la'. 

t Tho aaline aprings of the Towala Mookhi and of Kangrs-baeg in 
issue from Saliferian ra~lgea immediately covered by Miocene bede. 
Marcadieu haa found that the wnter of these epringa contains Iodine, in addi- 
tion to the nsusl aaline matter of the epringa of the Baliferian formation in 
Uppor India. Vido Roport, No. 84  by Y. Marcadien. Sketches of Gem 
epoudonce, Pnnjab, 1860. 
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rseond cauw of disturbance begm to- act : the beds ob salt are often 
d i m o l d  and removed by water infiltrating through cracks in the 
&; r cavity ia thns formed rmder the v d t  of roch whioh covered 
iu the and one day the vault falls in 
T6is p c e m  is to be seen now-a-daya in actud existence, one 
d d e ,  in the hillock of Mame on the Indtm. 

Thm, from the swelling of the gypsum by its tdormetion from 
mbydrite to common gppeum, end from the f a b g - i n  of the vanlta 
brmed by tbis swelling, the  beds of the Mifenan formation in the 
Pnnjrb bave a most brokan and turned-over 8ppeU~UIlce. 
Md to th i s  that thew be& have puticipated in t b  canvalsione 

p d d  by the great final upheaval of the and you will 
Lve no &ulty innademtending how difficult it ia to make out 
withcertainty the stratography of theae rocks, and how it ia that the 
E d i f e r h  appears here 4 there inferior to the Paleeowic beds. Before 
quitting ths S d i f m b  formation, let us notice that the be& of i t  
~ppeur to h v e  sdered very great denudation. We can esail y un- . - 

& m i d  that the red marl wee very easily denuded, when wa see how 
L cmmbh. into a powdery, friablq flaid earth, after a few days 
erpoerae to the atmaphere. It is on aceonat of this denudation, on 
aammt d t h e  very considerable amount of material which this for- 
mation gave to the Niocene end to the alluvium deposits of Upper 
bdis, tbst the presence of Reh or Eullnr in the soil of the Punjab 
md the North-Weat Provinces ie to be credited to the Saliferian. I 
ahJl my a few words h o t  tbis again, when rn explain how the 
Miocene was made up, in the next chapter. 
Is tbere ie pet such incertitude about the age of the sdt, I have 

ailed tbe formstion '' Saliferien," without entering it on the Map es 
belonging either to the Palseozoic or to the Mezozoic epoch* 

The carboniferous limestone is covered in, north of Vurcha, by an 
Oulitic formation of trifling thicknm and containing Osfordian forms. 

I hsw ~ l y  avoided insisting on the mineral chamtars of the 
Wiferim brmation of India, m it is now-a-dap the faehion to undervalue 
wry mu& t h m  ohanoten ; but it may be es well to remember that in the 
&1L Bange we have beds of gypsnm full of rookqsbale of a bipyramidd 
rhspe; that tho layew of gypsum are separated by calcareo-magnesian bandg 
having e dlu lar  diepition (Cargnde of the Swiss, BanLPraoke of the 
Qcm1ms) and that the ealt is aocompanied by a bright rud marl without 
fmilr These uovoral ehnractom are found in the Tviinssic salt nnd gypsum of 
Iwikerlnnd, of hvoy and of Spain, end, I baliwe, in no othw formation. 

4 
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AR the carboniferous limestone thins out in approaching the Indne, 
the Oolitic formation incressea in importance and forme muchdis- 
turbed hills, all the way from Moosa Khel to Kalabag. It is con- 
tinued west of the Indus in the Chichalee Range and the northern 
end of the Speen Ghnr; a little above Moola Khel it disappeare 
under the alluvial, and does not reappear till Sheikh Bodeen, where, 
as we have seen, i t  attains a considerable thickness. 

65. The salt and gypsum is continued on the west side of the 

Il~dus, in the hilly country of the Kuttnks, but it ie there much 
covered by tertiary clays and sandstones. I t  crops out near Bahadoor 
Khel and' along the course of the Teeree Towe. At the first named 
place the Saliferian forms an anticlinal arch ; the salt, above fifty feet 
thick, is the lowest bed seen, and is very regularly stratified ; above 
i t  is a thin bed of red marl, another of grey sandstone, also thin ; then * 
gypsum, about twenty-five to thirty feet thick ; then a thin band of 
a limestone with minute debris of fossils, and which resembles 
lithologically the Oolitio bed of Kalabag and Maree on tho Indne; 
then the dark, brown, sandstone which often forms the base of the 
nummulitic formation ; some coarse and crumbling shales without 
fossils ; and finally, a bed of limestone rich in nummulites, volutes, 
veneridae, &c., and about ten to twelve feet thick. This is at l& 
covered by the marly lumpy clayey beds of Miocene. A fault running 
approximately W. E. through the Soordak Pses, hae caused an np- 
throw of the beds on its southern side, and there the nnmmulitio 
limestone, much tilted np, forms a pretty high hill. 

Along the Teeree Towe the Saliferian is immediately covered by 
Tertiary. As far as I~achee the rocks seen are Miocene sandstone, clay 

,and conglomerates ; thence to Peshawur the country i n  entirely covered 
by nummulitic limestone and shale, and the Miocene sandstone is only 
seen here and there in small detached beds and patches, which are 
evidently the remains of layers which have been mostly removed by 
denodation. 

66. North of the Salt Range we have also a great extent of 
Tertiaries. Nummulitic limestone, shale and sandstone first covem 
in the secondery layera in the western portion of the nmge, but rests 

directly on the salt marl and gypsum in the eastern halt of it. It 
attains a great thickness, where well developed, (4500 feet,) and forme 
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the summits of nearly all the highest hills of the Salt Range. I t  is 
amtinned to within two milea of Maree on the Indns where it thine 
ont, but reappears near Kalabsg, and is very well developed in the 
Chichalee Range and in the Speen Ghnr. Near the Indue, all the 
beds of the Salt Range, excepting the Saliferian marl itself and the 
aeconllary strata where much locally distnrbed, dip towards the N. 1. 
On the western bank of the Indns, that is in the Chichalee Hills and 
the Speen Qhnr, the dip is W. N. W. or N. W. This last dip is gene- 
d y  that of all the strata of the Knttnk hills. 

The nummulitio formation s p p w  in the Salt Range ss a thick 
belt which, beginning at  the Monnt Tilla near Jheelum, is continued 
to near Msree on the Indue, where it disappears for s little space, but 
mppeara on the other side of the river, and is to be seen forming the 
bulk of the Speen Qhur to nesr Esokhel. The folmation keeps a 
remarkably similar aspect the wholo way: I t  is, from below upwards, 
compoeed* of - 1. Sandstone often coloured by iron, but generally 
dirty whits or pale grey. 2. Very aronacious, thin bedded or lumpy 

- - 

limestone, with gasteropods, few and d nummulites and innumer- 
able debris of oysters or grypheee. 3. Shales of various colonrs, with 
be& of lignite and of alum carbonaceons shales. The alum shales 
we only developed where the lignite is situated close to the Saliferian 
formation, and appear to be patches of lignite metamorphosed. 4. 
Argillaceous Limestone, full of large nnmmulitas, chama, cardite, 
mesatalla, oetrcsa, many gnateropods, very large echinodermata, &c., 
$C. 5. Shales often replaced by a clay-slate containing nnmmulitea. 
The ahalee contain eometimea lignite and Rol (alum-shale), but the 
seame nre made lese well defined than in the lower shales. 6. drgilla- 

limeatone, extremely white in eome places and oontaining the 
m e  fossile ss layer 4 ; in the eastern portion of the Range it 
eontrim flinta; it is often fcetid. 7. Chert, hard limestone, weather- 
ing rough and pitted ; pale yellow or flesh-colonr, brittle and 

Occasionally e bed of white eoft fragilo limeatone is soen to form the bsee 
oC the nnmmnlitia formation. It in charaoterized by a planorbis whioh ie 
tolerably abundmnt ; bat it conteins neither nnmmnlitee nor any other foe.mil. 
It h f m d  in lenticular be& of littlo extent, and rarely more than two or throe 
feet thick. It anggeats to the mind beds formed in poola or crceke among 
mdy islands and promontories at the month of a river. Whenever it ocoare, 
1 hove found in the nnmmnlitio limeatone above it e great nnmbor of teeth 
md banee of fiehen (aharb). 
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splintery. Shells fewer, nummulites small, bat very abundant, 
especially the N. variolaria, whilst the flat and irregular N. p h i  
and N. kcvigata, so abundant in beds 4 and 6, are not to.be found 
here, or sre at least rare. A nnmmdite about the siee of the N. Hi, 
but thicker, is, however, found pretty abundantly, though not in 
swarms like the N. variolaria. A ribbed cardita is the only bivalve 
which appears tolerably abundant. 

67. Bating on the nummulitic formation of the Salt Bange rre 
thick beds of Miocene sandstone, clay and conglomerate. I have 
described in chapter I. how these sandstones form a great plateau 
between the Salt Range and the foot of the Maree Hill, and indicated 
that t h y  may be considered as the npper Miocene Bed, whilst the 
Maree Hills and the whole of the monntaina between the Jheelum 
and the Pir Punjal chain are to be regarded as lower Miocene. The 
npper bed is rich in mammalian fossils, and ie identical to the 
Sewalik formation. The lower bed is devoid of fomilg* containing 
only s few debris of plants, rootlets, small stems and o d o d y  
small niduses of lignite. The npper Miocene has probably been r 
great deal denuded ; remains of the bed are, however, to be aeen in 
the valley of Poonch; they are there rich in very well preservd 
fossils, teeth of elephants being common and very perfect. 

68. The sandatones and conglomerates just mentioned form a 
great belt from the E. N. E. to the W. 8. W. (see &p) and to the 
north of it appears another belt, having a aimilar direction and com- 
posed of nummulitic limestone and slate. I t  begins in Hezsn in 
Lat. 3 4 O ,  and forms all the superficial covering of the Hazam mom- 
taim aa far as the Sirun river and as high north as Mausera, being about 
thirty miles in width as the crow fliee. It proceeds from N. E. to 8. W. 
towards Attock, keeping the same width and extending in that 
district from the Indue to Janika Serai. Crossing the Indue, it forms 
the whole of the Akora Kuttuck and afreedee hills between Pesha~  
and Kohst, extending about sixteen miles south of Kohat. I t  hns 
been followed e~ far M longitude E. 70'. The beds of this nummu- 
litic formation have a general dip to the N. W. A similar 

It is mid that one or two bones have been found in the low= Miooene, bd 
this ia doubtful; if they exist, they are at any rate very rare. Mr. Medliwtt 
has pointed out a non-oonfomity betwem the lower and npper Miooene; bs 
makw three be& of the formation. 
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nnmmalitic trsct follows the foot of the Himalayan ranges along the 
eonthem veraant of the Pir Punjal chain and its continuation to the 
8. E. I t  begins in the valley of Poonch ; i t  is seen north of Rajaori, 
md the pebbles of the streams near Rajaori are often nummulitio 
limestone, though the parent-beds have not yet been discovered. I 
ernnot my whether nummulitic beds are to be seen to the north of 
Tnmmoo, Baseoli, and Noorpoor or in Kangra, but they appear near 
Snbsthoo in long. 77' lat. 31°, and have further been, just discovered 
by Captain Q. Austen on the east of the Ganges in Kumaoon. 
But thia nummulitic along the foot of the Himalaya is either 
much denuded or much covered up by Miocene, and does not mate 
mch a show on the surface es the other belt which follows the 
direction of the Afghan mountains. 

To the north of these mnea of nummulite we meet the volcanio 
hills, which I have described in the first chapter. 

69. The atraturn of nummulite in Hazara, occasionally broken 
through, or faulted or denuded sufficiently to allow of older rocks 
making their appearance. 

At the northern end of Mount Sirbun near Abbottabad, carboni- 
ferou~limeatone resting on volcanic rocks is quamed for building 
puqmw~. The limestone belongs to the Teean and Kothair group 
and is thin-bedded, arenaceous, marly and occasionally conglomeratic. 
It ia of coneiderable thickneb and immediately covered in by lime- 
stone, the lower beds of which are so poor in fo~sils that i t  is im- 
poesible to identify them, the upper being nummulitic. 

The following is a section near the emall village of Sheikh Wendie, 
from E. to W. 
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rsdCfiOR of tha Northern extremity of Molrnt Sirbun, near Abbottabad, 
fm E. to W. bearing 5. (not drawn to scale.) 

L Vary compact and very hard Canean rook, campoaed of a psste of white 
and grey hnmstane in m t h t e  oombination. The joints and exposed 

m.&m~ u e  smooth end have a qnartg glimmering. In the psste there in 
a partial seperation of white feldspar in spote of a dull white wlonr. 

B p l i p h  of the white Bpots csn be nmnded on their edges before the blow- 
pipe, bat the grey paete of the rack appears to be more refractory, though 
k ir csrtainly a sdening of the mind oompound and a llight smoothing 
of edges after long expowre to heat. I t  ia a bed of very wneidersble 
t h i e k n ~ ~ ,  stratified and muoh jointed. 

2. White quartzite in e brecoiatd state, the pieces being recemented 

together by e grey feldspathose paste. I t  appoam as if the bed hnd been 
broken after ite formation and the fragments reunited by e feldspathoao pte. 

3. Very henvy, ohooolakwoloared, olay-stone, with bands of quartzite. 
4 Indurated oley, with round nodules, the ~ i z e  of a bean, of e black 

miners1 having the l a s h  of jet, whitening to a mill-white wlour bufore the 
blowpipe, and 5ndly melting with Mcul ty  on thin edges ; it belong8 probably 
to the hypersthene group. The olay itaelf ie grey, smooth and meagre. 

5. Chloritio clay ; grey, very amwth and soft to the tmch ; hardnees of 
data I t  ia full of ninnte round grains of e eemi.tnmaparent mineral, grey 
like the clay, but a little darker. The olay beoomea white and mengre before 
tbe blow-pipo ; i t  is unafl'ected by muriatio soid, and doea not form a paety 
IMIU with water, either before or after grilling. 

6. Limeatone, et ftrst extremely aremmom end argillaceous, and presenting 
W l e e  of dirty blue and brown wlonr. I t  beoomea gradnally oonglommtio 
and at the same time thin-bedded, the layers being made of layem of pebble6 
d limestone cemented by a doareone sandy cement ; the top of the layer 
rppears to have been worn flat by the action of the wavea, before the depoeit 
dthe next stratum took plsoe, the pebbles appearing as sections on the surface 
d the bed. The next layer is a muddy limestone oontaining a few flat athyrig 
remarkable especially for three internal Aaed lines or ribs proceeding from the 
bed m far as the middle of the. valve. But these &ells are in a very bad 
h b  of preservation. Thie layer in only two feet thick, and is enccoedod by 
another oqually thin and oontaining numemna debris of gaatempods ~d 
comb. Then wmes a blaok, ~rmetimea blue-blaak limestone, artremoly fmtid. 
The bluer portions are orossed by white lines intersecting eaoh other in dl 
&tiom and containing only debris of fond .  
The limeatone forms altogether a bed of about thirty feet, when it ie ont by 
fdt whioh onnee% it to be repeated, and a saooeeeion of fiulta direoted 
W. N. W. to E. 8. E. keeps the same limostone on the surface for more thm 
halls mile, it bewma h l l y  covered by nummolitic limwtone. 
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This Mount Sirbnn forms the left aide of the Abbottabad valley. Following 
the alopee of this hill, we find beds of quartzite, similar to No. S of the abow 
eection, reappearing three or h r  timm in short antiolinaln ; above it am hed~ 
of limestone oanteining e few fossils, principally ceets of gaateropode. Thii 
limmtone ie often ntrongly oolitio in structure, but preaenta aleo the veq 
anewal appeamnoe of resembling be& of travertin which had been entombed 
in a calcareom mud a h r  their formation, m that the oavities of the trevertin 
hsve beoome Wed np with a limmtone la herd thaa the original deposit I 
have o e d y  regarded thee0 beds ME fmh-water origin near e low ooprt, and 
r e f d  them, in e general and provisional way, to the Jrrraesio ; of ocwat 
this ie donbtfaL 

70. On the lower road from Marree to Abbottabad, near the 
village of Sayd Kote, great disturbances are observed, and mks of 
a geyserian nature make their appearance about half way between 
Sayd Kote and the Dom river. They are principally a chocolate 
colonred sandstone, becoming coated by weathering on the surface 8s 

well as in the joints, with a shining dark incrustation. It is much 
jointed and breaks in prismatic blocks. A great quantity of dark 
boulders of this rock may be seen in the bed of the river Dom. It 
appears to be similar to some variety of dust-rock or sandy eah or 
earthy ash seen in Kashmir. I t  is capped by a bed of quartzite com- 
posed of large, opaque, angular grains of quartz, jammed together and 
cemented by a feldspathose white paste of which there is very little, 
Angular graine of blsck augite are sparingly disseminsted in the rock. 
Under the brown sandstone is seen a thick bed of a m b l i n g  clay 
date, very dark and foliated. This is the lowest bed seen. These 
three beds, vie., slate, sandstone and quartzite conform togetherin 
their dip and are capped by a patchy limestone of doubtful age, and 
interbedded with grey aoft slate. There is much kunknr near tbe 
locality. 

At h y d  Kote the Iimestonea ~ t g  mnderfuIly disturbed : be& 
having the appearance of Eothsir limestone and containing. a great 
number of gssteropods and cyathophyllidecr are seen repeatedly, as the 
road crosses nearly perpendicular beds- which are much faulted. 
Nummulitic limestone appears- to cover in directly the carboniferous @) 
beds SIP 

Again on tbe upper road from Mnrree to Abbottabad, at  the bottom 
of the ravine under Doonga Qnlly, volcanic or rather geyserian nn:b 
are to be seen. They consist of a very white and friable rock COUP 
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p o d  of wicular minuk, cryrtds of albite easily fusible before the 
blow-pipe and pressed and entangled together ; there does not appear 
to be any cement to bind the small cry~tals together ; the rock hm a 
comely 8.ccharine aspect and oan easily be crumbled between the 

hgera I t  tisee in vertical and contorted ban&, from half an inch to 
two and md half feet thick, amonpt mnds and disintegrated shales. I t  

very many remarkable wlours, being sometimes flesh-coloured 
or reddiah, and at other places azure-blue ; its general colour is, how- 
ever, snow-white ; where it is blue, the #hales near it are of the same 
ah.  I t  M interbedded with thin beds of tufaceons limestone which 
have probably found their way there by infiltration. I t  is covered in 
by 8 rnbanneons and dark slate, much diatorbed, extremely cleaved 
md jointed and falling into smdl angular pieces. This slate appears 
similar to that seen near Syad gate, md the feldspathose rock 
iotmsive. Them two rocks are at the bottom of the ravine, on a 
fault, ~d form a little mound by themselves. There are no rocb  
to be eeen in immediate relation 60 them, and the beds of the sides of 
the ravine appear to be entirely nnmmnlitio. 

the examples given of volcanic rocka in Hazara, it seems 
evident that that district has participated in the great volcanio 
accumulation which preceded the carboniferous epoch, and that it hae 
rlao been d i m b e d  at a later date by intrusive volcanio action of a 
I@ and geyserinn character. 

71. Of Chumba, Knlu and Kunawar, districts which oocupy the 
billy tr- 0011th of theexternion of the Pir Punjal chain towards 
the Sutlej, J know nothing. 

72. h h m i r  is continued to the south-east by the highlands of 
Laha1 and Spiti which are eitnated in the same Himalayan parallel, 
viz., between the Pir Panjal chain or parallel and that of the Ber 
md Bier. Spiti has been pretty often visited by geologists, and we - 
how that earboniferone md Juradc  foesils were brought thence by 
Dr. Q d .  Li&a foeails have also been found there. As for 
wallin8 mks, M. Marcadieu mentions much granite, and Captain 
W. E. Bay, granite penetrated by huge veins of ter-mlphuret of 
mtimony and " other metals." Qypnnrn is reported as extremely 

rbanrlant in Bpiti, forming, it ie said, whole mountains ; and here 1 
6 
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would mention again that several hot qringa are found in close 
vicinity to these gypseons beds. 

But I must draw back here, and leave the ground to Dr. Stoliczks 
who has been for some time studying the geology of Spiti with great 
care and is preparing s work on the subject. Dr. Stoliczka has found 
in Spiti rocks of the following ages : Silurian, Carboniierous, 
Triaesic (?), Liassic, Oolitic and Cretaceous. I have mid before that 
m a t  of the fossils from Spiti represented in Dr. Royle's fllustrationa, 
are to be found in the Jurassic rocks of Sheikh Bodeen. 

73. The great chain of Ser and Mer (called by Capt. R. Strachey, 
between the Sutlej and the Kali, the chain of Snowy Peaks, and by 
Cunningham, the western Himalaya or central chain of the Himalaya) 
appears to be, as far as I have been able to ascertain, made up of 
granite, gneiss, and other rocks of the plutonio and metamorphio 
groups. From the Nauga Parbat (26,629 it.) to near the Sojji La 
pass, (11,300 it.) the range is, I believe, mostly granite ; i t  is t r a v e d  
by the road of Skardo vib Cfnzais, and Mr. Drew informs me that the 
range, (which here forms the southern boundary of the Deosai plain) 
is '$ chiefly granite, partly schist." The plain of Deosai is s singular 
plain or steppe entirely covered with debris and loose stones ; it ia 
tolerably flat, considering how i t  is situated, and has perhaps once 
been the bed of a gigantic glacier. I t  is wrrounded by granitic 
mountains on the southern and western sides; the north end is 
bounded by mountains of schist and slate, and the eastern side is closeh 
in by granitic hills which gradually pees, over Drass and Kurgyl, into 
volcanic rocks. 

If we cross the Ser and Mer chain by the Sojji La, from Kashmir 
into Draas, we find near Baltal, a village on the Kashmir versant of 
the pass, that the carboniferous limestone ceases and is succeeded by 
beds of very coarse and micaceous slaty shales, often very sandy and 
always very thin-bedded. The specimens I possess of this rock show 
i t  to be identical with the sandstone and sandy coarse shales seen in 
the Zebawan and there interbedded with ash, agglomerate aud slate. 
This rock goes on to nearly the top of the pass, where i t  becomes r 
dark and hard slate, having a metamorphic appearance. Then lime- 
stone reappears and ie seen as far as Drass ; it rests the whole way, 

gs fa; aa can be seen, on volcanic rocks and azoic slate. I t  is pro 
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bnbly continuous, through Sooroo, with beds of limestone seen between 
Mwlbek and Khnrbn. 

I do not know what sort of rock f o m  the summit of the Kun Non 
or L%md Mer Peaks (23,407 it.) but their north-esatern slope and spurn 
m composed of gneiss and schist ; these metamorphic rocks extend 
ss far rs the Sojji La, where they are graduating into beds of the 
coarse slaty shales described above; on the north of the road it is 
continued by be& of slate and of sandstone extremely micaceous and 
resting on mica-schists, of which some specimens effervesce powerfully 
with acids. Beds of metamorphio white marble are also seen, but 
the great bulk of the mountains between Tillail and the Deo& is 
d e  up of granite, shist and mics-slate. 

Following the greet chain to the S. E. we find it crossed by several 
prsseaof which the Bara Lacha (16,505 it.) and the Perung la (18,794 
ft.) are the moat celebrated and frequented. Mr. Marcadieu describes 
these paeses as being principally through granitic rocks ; but nnfor- 
tmtely Mr. Marcadieu does not seem to have enjoyed much hie 
viait to these " belled horreursO and he gives us little geological infor- 
mation, bat many complaints, about these " delights of Satan," as he 
d s  the mountains. 

hnth-east of the Sutlej, the chnin continues to be mostly granitic. It 
isstudded with noble peaks, Porgyn1(22,700, it.) Baldang (21,400 ft.) 
b e t  (!!5,000) and Nenda Devi (25,700, ft.) all of them made up of 
granite, gneiss, and schiet. But I must refer the reader to  Captain 
B. Strachey's paper " on the geology of part of the Himalaya moun- 
tains,"' for the mountains south-east of the Sutlej. 
74. Having croesed the Ser and Mer Parallel, we find ourselves in 

the great trough between this chain and that of the Knilas peak 
(which 1 shall cnll for convenience sake the Kailas chain) and we 
may hardly call this trough a valley, considering that it is a plateau 
h m  10 to 12,000 feet high above the level of the sea ; and yet it is 
a valley between the two great parallels which tower over it by some 
10,000 feet more. I t  wmprisea the districts of Deosai, Soroo and 
Dram, Ladak proper, Zansker, Rukshn and in the S. E. the great 
p l d m  of Tibet through which runs the Sntlej and inhabited by the 
Hundm. This last or south-eastern portion of the trough is toler- 

-ding8 of the Geologioal Society of London, June, 1851. 
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ably flat, only a small volcanic peak rising here a d  there, detached 
and isolated, through the thick horizontal bone-beds of sandstone and 
oonglomerate which fill up the valley.* But in the other distri* 
the trough ie nearly entirely filled up by vast moanta iq  which 
occupy in the parallel valley of Ladak the same position re the 
entenated chaine we have described in l f a~hmi r  do in the pdbl  
valley of Kashmir ; the c h i n  formed by these mountaim has been 
oalled by Colonel Conningham the '' Tso Moreri" ch in ,  and bas been 
raised to the position of one af the great parallel c h a h  of the Him- 
bye, but it will best suit oar purpoee to consider it aa an inter- 
parallel maw of mountains. 

Deosai hee been described a h d y .  Draw and KnrghyI k e  c o o e d  
with volcanic rocks into which the granite of Deomi gradually p a s  
Mr. Drew tells me that he found near Kurgyl a rock cornpod ax- 
clnsively of mica and felspar, graduating into grrmite. &me 
specimens I possess from Tmhgam, half way between D m  and 
Kurgyl, are composed of s dark green hornblende which fum with 
difficulty and swelling a little before the blow-pipe. %'elsparper is no: 
conspicuous, bat ia probably intimately combined with the horn- 
blende. But rocks undoubtedly volcanic are also seen, such es green- 
stone and amygdaloid. A conwiderable bed of limestone re- on 
the volcanic rocks and appears to be the continuation of the bed seen 
near Drasa I do not h o w  the age of this limestone. The Draa 
bed contains fossils which are, I believe, carboniferous, and I ham 
eoloured the bed now under consideration, carboniferous, aeaumhg 
the continuity of the two beds to be true. 

Of the mesa of hills traversed by the road fmm Knrgyl to Le 
I know very little indeed. They are said to consist mostly of slaty 
rocks capped here and there by conglomerates and grits. 

lLs we near the valley of the Indoa in Ladak proper, near the 
village Kulsi, interesting beds appear. Resting on a hornblende rock 
or trap is a series of slate, light coloured limeatone, conglomentr 
with rolled bonlders of the mme limestone, randstone, s h a l s s d  

dark purple indicated clays. The dip ia not very great and the 
revera1 beds appear to conform together. The whole valley of the 

Proceodingn of the Geological Society of London, p-306. 
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Upper Indue from Kuhi to Nodmo (and probably further east) ap- 
pun to be excavated in thia formation and the river flows in o fault 
of it or more probably in the centre of a denuded anticlind* The . 
caries of rocks (series of Upper Indm *Valley) reat, on the North, 
rgsinst the granite ol the Kilae Range. Captain Q. Ansten, 
to whom I owe these details, estimates it to be at leaat 3,000 feet 
thick, and mentions also ikr appearance in Rodok at the North of the 
Pang Kong Chq, reeting there mconformably on alate. In  the 
limestone layer of this series (about 150 feet thick or more) Captain 
buten found a few fossils whioh he wee kind enough to show me. 
They were very ill-preserved and fragmentary, but appeared to 
memble Borne fonm f o u d  in the Kothair bed in Ksshrnir ; some 

~yathoph~llidee are oertainly not to be dietinpished from those 
represented at figures 56 and 57, Plate V U  Another fossil wan 
a p p d  to be the r e d i d  end of a Cdemite. To complicate maitem, 
tbe ioesile were declared by palaeontologists at home to be cretaeew.  

The ~pecimenm are so bad, that I apprehend that this determination 
must have rested entirely on the one fosllil which I took for a Cala- 

mite, and which was regarded, I suppose, as a Hippnrite. My 
om imprea$on is, that the limestone is identical with the Kothair 
bed of k h m i r ,  and therefore either the uppermost layer of the ear- 
boniferous or perhaps the lowest of the Triassic. 

Above this Upper Indm seriee come the nearly horizontal grits 
a d  mm ssndstones which form the flat6 called in Ladnk Chang 
Tgog and Rang. The non-conformity between the Indue Series and 
the Chang Tang be& is not conepicuo~, aa that dips at a very low 

angle these are nearly horizontal. There is also, I believe, a 
great imilarity of lithological character between the two formations, 
me being merely the resettlement of the other. I conceive that 

ame diEcnlw may be experienced oc&onally to decide where one 
formation ends and the other begins. A few mammalian bonm have 
been found in the Chang-hng sandstone, and there ie but little doubt 
t& thb bed is similar to the sandstone and conglomerate of the 
h t  Thibet pl.teaa to the north of the Niti Pm. These high 
horizontal of conglomerate end sandstone are also observed 

A very great number of rivere in the Himalaya m n  pert of their worse 
in the centre of a denuded anticlid. 
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in the Afghan mountains, where they are called in Pooshtoo 
Ragzhie. I have examined some of these ragzhies, of which the 
platean of Rushmuk in Wnziristan is a good example a t  an elevation 
of 7,000 feet, and I feel satisfied of their fluvio-lacustrine origin 
and of their age being posterior to  the final upheaval of the H i m -  
layn and Afghan mountains.* 

Znsknr and Rukshu or Rupshu are interesting districts, on account 
of their Inkes, numerous hot springs m d  borax mines. The country 
is an elcrntcd labyrinth of mountains and valleys, having a mean 
height of 15,600 feet. The principd peaks are the Korsok Too 
(above 20,000 feet) and the Napko Gondo ; but there are great many 
other nnmeless peaks ; the passes are a11 a good deal above 17,000 
feet. InZaslrar we find a great mass of gneiw and schist which 
appears to be the eastern extension of similar rocks which begin in 
Siiril, and, after entering largely in the formation of the mountains 
of the highland of Zaskar, are prolonged eastward into Rukshu, where 
they graduate into beds of metamorphic slate on which rest fossili- 
ferous rocks. The gneiss, schist, slate and limestone are all stcatifid 
and conformable together, nnd they all dip towards the 8. S. W. 
The limestone appears to be the continuation of the bed of limestone 
seen in Siim reposing on the gneiss and schist of the foot of the &I 
and Mer peaks. 

The occurrence of fossils in Rukshu had been noticed by several 
travellers, but little was satisfactorily known, and to  Captain G. 
Austen is therefore due the credit of hnviug first brought trustworthy 
fossils from Rukshu, and to him I am indebted for the following 
details :- 

Two of the valleys of Rukshu are the Tso Moreri valley and the 
Pang-po-loomba ; they nre separated one from the other by the 
ridge of the Korsok Tso, composed of granitoid rocks and of gneiss 
and schist. From the Pangpo-loomba (valley) one passes into the 
vnlley of the Tsa Rnp (river) by the Pang-po-la (pass), towards 
Zaskar. This Pang-po-loomba (valley) nnd Pang-po-la (pass) w 
the localities where fossilifcrous beds hnve been noticed. The 

Col. R. Strachey appcara inclined to regard these horizontal beds of the 
Great Thibet plateau as aontcmpornry of tho Siwalik la& end a ses-format& 
I believe that both hypthesoe are autcuuble. 
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whde bottom of the valley is uneven and its southern portion is 
h e d  by beds of limestone in which both Captain Austen and Mr. 
M d e u  found carboniferous fossils (No. I.) At  the foot of the 
Pang-po-la the  carboniferous becomes covered by a mnddy sandstone 
(No. 2) which is, however, not seen in situ on the northern slope of 

&ction aomao the Pang-po-loomba (valley) end Pang-po-la (paw) in Balrehn 
bm a sketch by Captain Godwin Anaten (approximate). 

the Pang Po, but of which numerous debris fill the ravines. Above 
this sandstone is found Jurassic limestone (No. 3), all the way to  
the top of the  pass, full of Belemnites, Ammonites, Rhynchonellm 
md Terebratulre. One of the Rhpchonella? collected there by Captain 
Ansten appears identicalwith a form very common in the middle 
Oolite of Sheikh Bodeen in the Punjab. 

Having croased the top of the pass and descending towarda the 
Tu Rup (river), the eame bed of mnddy sandstone (apparently) 
rgain crops out. I t  is there interbedded with thin beds of impure 
limestone, and in these beds were d i~overed a great many Belemnites 
m fine state of preservation. Mr. R. A. C. Austen, to whom the 
bails of these parts were forwarded, pronounced some of them to be 
Limit, but I do not know whether these liassic forms came from 
the mnddy sandstone bed or from beds inferior to it. 

On the other side of the valley of the Tsu Rup, some beds of lime- 
stone, much folded and bent, again appear, but they showed no 
fossils and their age is therefore unknown ; they rest against beds of 
date much up-tilted and apparently unconformable to the limestone. 
At the back of the slate is the great mass of the Scr and Bler 
chain, attaining immense height and crossed by passes above 16,500 
feet high. 

75. The Tso Moreri is the largest of many salt lakes which form 
one of the features of Rukshu. I t  is 14 miles long and more than 
15,000 feet above the sea. Its water is very salt and bitter, though 
Mr. Marcadieu e 5 m s  that i t  contains only one part of d i n e  matter 
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in 10,000 p r t s  of water ; the saline matter is sulphate of d a  and 
sulphate of lime. Another lake, the K~reo-Talao, about 6 milee 
long, is reported by the same gentleman to contain a great deal of 
chloride of sodium and wlphate of soda, with a little carbonate of 
lime and carbonate of soda. These two lakea are said to be aur- 
rounded by mountains of crystalline rocks, principally mica-schists 
and granite. But one of the moat interesting subjecta connected 
with the geology of Rukshu is the existence of borax in the valley 
of Puga. The manner in which it occurs as an efflorescence is too 
well known to require doscription here, but one cannot but regret 
that Mr. Marcadieu's report is not more geological ; indeed it cm 
only be regarded as chemical, and the geology of the district ie dill 

work to be done. I have never visited Puga, but, from the 
revera1 descriptions of it I have read, I am satisfied that the borax 
ground is the bottom of a dried up lake. The analysis of impure 
borax collected at Puga ahows it to contain, besides borax, snlphate 
of soda, sulphate of lime, chloride of sodium and carbonate of sodr. 
These impurities are precisely the composition of the Kullur d t  
of the plains of the Punjab and of the saline matter of many hot 
springs and salt lakes of the Himalaya and the Salt Range, and it 
eppeara to me evident enough that the lacustrine mud which 6lla 
np the bottom of the Puga valley, is similar to the alluvial deposit 
of the Punjab. Boracic acid, which probably once rose freely to . 
the surface of a small lake and was depoeited in an uncombined ate, 
is now arreated by the bed of lacustrine mud which fills up the 
fumarole and combines with some of the salts of soda. I t  appe~ls 
therefore much to be regretted that an attempt waa not made to 

1 estimate the thicknew of the lacustrine deposit and that a few wells 
were not sunk into the borax ground and the waters 'and gaueil 
whish might have been collected in these wella camfully examined ; 
possibly such researches and experiment8 might have led the wsy 
to an increme of the present mpply, and to a syatem of collecting the 
borax or borscic acid sufficiently pure not to require refining. 

76. In Ladak, Rukshu, Sooroo and Zaakar, no fad were ever 
found, se f.r as I know, older than those of the oarbonifem f o m t  
tion. But i f  we follow the great valley, between the K a i l ~  Range 
d the Ser aud Ner chain towards the 8. E. wo hd, an the other 
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ride of the Sutlej, great beds of limestone rich in Silurian fossila* 
Mr. Salter has recognised the following genera among Captain 
8tnehey's fossils :- 
Cbeirhms. Strophomena Cyrtocwra. Ghoetetes. 
L i c k  Orthia Litnites. Crinoid Steme, dm. 
h p h u s .  Leptoena Tentaculites. 
Caymane. Lingola Murchisonia. 
IIla~lll~ Orthoceras. Ptilodictya. 

Mr. Sdkr, M. Barrande end M. de Verneuil, who sew some of the 
h d n  dected by Colonel Strachey, agree that they indicate beds 
of Lower Silurian. We shall aee that beds of Silurian aleo exiets in 
the hago mountains to the north of Skardo and neu the Muetak 
Pm in the Korakonm chain. 

Bot let ui~ 6rst relste whet Colonel B. Strachey fd in the high 
mgea south of the Sutlej. 

The Silurian above mantioned rests on beds of slate without foclsib, 
rad this date reets on schists, mice-schists and other rocks of the 
metunorphic p a p .  Then above the Silurian limestone, aome beds 
of errboniferons mnat exist, though they were not found in situ 
by the explorer ; P~adueti, Athyrb Royssii and other well known 
foasib were found in loose boulders near the Niti Pas .  I believe 
rleo that some of the shells placed by Colonel Strachey and Mr. Salter 
in other gronpe belong really to the carboniferous ; anch is the 
CRm~lcd placed by Colonel Strachey in the Xnshelkalk, but tram- 
f e d  to the carboniferous by Mr. Salter ; the Ptilodictya Fenea 
(8dter), the narrow variety, which I have found in carboniferous 
beds in k h m i r  ; (it WIM naturally placed with the Silurian fossils 
by Mr Salter, on account of the Ptildictya having been fonnd ss 
yet only in Silurian be& in Europe and America) ; the SpPnYeer 
&mch&i, (Salter) placed among the Triassic fossils by Mr. Salter, 
and which is common enough in the Weean bed of oarboniferons 
limestone in Kmhmir; and lastly the srpirifer Rajah (Sp'r. KeilIravii 

e On the geolcgy of part of the Himalaya and Tibet, by Capt. R. StmheY, 
Ben@ Engineera, F. 0. 8. in Proceedin@ Geologicnl Society for Jnne 1851, 
.bo 1 6 p ~ n t o l ~  of Niti i l l  the Northern Himalaya, being dmriptiona and 
figarm of the Palmmi and Secondary  fossil^ collected by Colonel B. Strachel 
R E." Doscriptions by T. W. Sal?, F. G. S., A. L. 8. and H. T. Blanford, 
A. B. S. M., F. Q. 8.-Cdoutta 1866. 

6 
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Von Buch), which bus been removed from the Triae by Dr. Oldham, 
and declared to belong to becis anterior to that epoch. 

There is therefore a etrong probability that both tbe ! h ~ w a ~ ~  
bed (Productus semiretkddw, Athyrb Royssii &c;) and the weean 
bed (Spir. f. Strachayii, Spir. Keilluavis] exist in the ranges near the 
Niti Pass, but have been mnch dennded and broken in looee frsg 
ments along the section followed by Colonel R. Strachey. 

Then comes what Colonel Strachey supposed to be MuschelkaLk, 
m d  which Mr. Salter refers to the Keuper and Eallstndt bed of the 
Upper Trios. I cannot refrain from expressing a enspicion that a 

few of the shells referred to these bods do not really belong t o  them, 
m d  that fossils of various ages h ~ v e  been mixed, either from collect- 
ing them, without due care being paid to the strata in which they 
were respectively found, or from carelem packing. There ia such 
a great likenese between the figurea of eome of the Triassic Am- 
monite~ of Mr. Salter and those of the cnboniferous ceratitea of 
M. DeKoninck,, (see Amnwnitea Blanfoldii, Sdter, nov. sp. and 
Cmatitur LyeUianus, Dekon. nov. sp.) that one finds it difficult to 
decide between these two great aothoritiee. The speciea of am- 
monites figured in the Paleontology of Niti have nearly all the 
cerntite-like sutures nwal in triaseic ammonites in Europe, and 
therefore mnch resemble deKoninck's ceratites. 

I t  niay be advanced, on the other side, that M. DeKoninck's 
aeratitea belong to triassio beds ; but these ceratites are to be 
wen in the Rottn Roll awciated to eome of the fossils which I 
haw given es characteristic of my Weeau bed of the carboniferons 
in Kashmir and the Yunjab ; and a portion at lea& of this Weean 
bed would have then to be made over to the Trias. Ul~fortunate- 
ly for this view, the mixture of Weean and Zeeawan fmils in 
some layers of the Rottah Roh (described i n  para. 60 of this 

paper), does not allow ns to make the Weean anything but csr- 
boniferons, nnlese we are prepared to regard the Prod. semi-reticu- 
latus, the A. Royssii, the A. Sabtilita and other such essentially 

"Description of aome fossils from India, di~covered by Dr. A. Fleming, of 
Edinburgh." B Dr. L. de Koninck, F. Al. C. Y., Profwsor of Chemietry and 
Geology in tha dnimmity of Liego--Jmrrna.l Gaologicd Bocint~ of London, 
Vol, XU. p 1. 
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esrboniferoqe fosils es occasional inhabitants of tLe Trim ! l ! If 
we are prepared to atretch the point so far, we may as well givo 

up at once a11 idea of successive faunm. 
I have, since *king the above, found in the Rottah Rob, some 

be& containing r few fossile which appear Permian. I have no$ 
get hod time to examine the fossil8 with care ; but ~hould  they 
prove Permian or Saliferian (St. Caaaiaa),-and I have little doubb 
t h t  they will be found to belong to either one or the other ot 
t k w  formations,-the presence of patches of such o bed on the top 
of the urboniferws would explain away, in a p e t  mwure,  the 
dilliculties I have now beeu conaideling. 

I have ssicl before that I believe the 8aliferian of Upper India 
to belong to the Paikilitic formation, but that it has been found 
impossible aa y& to d e m o ~ t m t e  that such is the case. The dis- 
oovery of one or two foseile may settle the question, if they were 
fonns thoroughly well .known as characteristic of the Ii~dian Triaa. 
The study of the fosllilifems T r i u i c  becis in India is therefore of 
Lhe greatest interest ; but much care is required lest the mixture 
of Palmzoic and secondary types should take place in our pack- 
bg boxes and not in nature, and we thus become accustomed to 
regard, as characteristic of the Trias, &ells wl~icli 1.en1ly beloug 
either to the carboniferous, or, to the Lias and Oolite. 

To Colonel B. Strachey, however, is due the honor of having 
first discovered fossiliferous Trirrssic beds in the Himalaya ; and 
we may hope that much light will be thrown on the Indian fowils 
of that age by Dr. Stoliceka, in h i  expected work on the Geology 
of 8piti 

Over the be& lest described, Colonel Strachey f o u d  Jurassic 
beds; but the relation between the Triassic and Jurassic beds 
~ d d  not be ascertained, owing to a great fault running parallel to 
tbe general N. W.-8. E. direction of the Himalayan ranges. Tile 
seetion exposed by this great fault i at lcast 5,000 or 6,000 feet in 
thicknesg but the difficulties of the route prevented Colonel Strach.ey 
from examining i t  from top to bottom ; the lowest beds were not 
@mushed. The lowest which were emnained gave form which Pro- 
f m r  E. Forbes was inclined to identify with fossils which occur 

the fuller's earth and cornbraah of England. No Linssio forlnr 
asre diecovered. 
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These inferior oolitic beds are capped by dark coloared shales 
containing belemnites and ammonita, and referred by Profemor 
E. Forbes to the age of the Oxford clay. These shales are there- 
fore the representatives of the several Juressic beds we have d r d y  
seen in several parte of the Himalaya and of the Pnnjab. 

The oolitic beds are covered by grits, shales d limestone of 
unknown age, and finally by the great horizontal bed of what 
Colonel Strachey considers to be mioceue (Siwalik) sandstonee and 
mnglomeratee. I have said before that the identity of theae nand- 
stones, grits and conglomerates to the Siwalik formation is Lar from 
established, and that there are more reasons for conaidering them 
pleistocene, than for assuming them to be coeval with the deposition 
of the Sub-Hiiimlayan tertiaries. 

77. The Kilaa Chain ie of l e s ~  elevation than the &r and Ner, 
and ita peaks are neither so numerous, nor so well known or so rc- 

markable for their enormous mantlen of snow. The principal snln- 
nlit is the Kailas (or Tise) peak, wbich riaes to 22,000 feet above 
the sea, in longitude 81' 18', and is therefore far to the 8. E. of our 
Western Hi~ualaya. As it is, however, the only well known peak uf 

the Chain, I have called the whole chain from ita name. 
The Kilaa chain begins near Mount Haramash, N. of Aator end 

N. W. of Baltistan, ancl is traversed near Skarclo by the 8higsr river 
which cats a p a w  across the m g e .  The summit, Mashknllq 
(16,919) towers over the alluvial phin of Skardo, Shigar and Kuardo. 
This mountain is mostly granite ; its spurs show a great deal d 
metamorphic slate at a high angle of dip ; and the little hill close to 
Bk~rdo, evidently an off-shoot of the Mashkulla, is composed of m 

imperfect sbist. A11 dong the left bank of the Shigar river, schiste 
of various sorts, especially mica-schists, and micaceous slates, together 
with metanlorphic marbles, form the great wall of mountains that 

bonnd the Sliigar valley to the N. E., Following the road which 
leads from Shigar to the Thale valley, by the Thal6 la (pass) Captain 
0. Aueten discovered some beds of limestone, resting on the mica- 
dnte, and I have coloureci that bed of limestone Silurian in the l a p .  
My reaeon for believing i t  to be Silurian is its proximity to 

hes tone  beds of eimilar appearance and position at the Mashabroom, 
d there, I believe, decidedly Silurian ; and also the fact that the 
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dimvmr of the bed found there a few fragments of fossils wliich 
he regarded as Palleeozoic, though different fro111 any of the carboni- 
ferona forms which we found together in Kashmir. There is there- 
fire pmnmption that this bed is Silurian, though of course i t  ie 
merely a presumption. I have also oewmed that a bed of limestone, 

to the b a t h  of Skardo, between that town and the Deosai 
(plain), is Siluiian. We shnll see the bed discovered at  the Masha- 
broom, when me describe the Karakoram Chain. 

From Skardo towards the 8 .  E., the Kilas Chain appears to be 
nothing but a great granitic wall, along the foot of which rnns the 
Ldns. Near Lt! in Ladak the range is crowed by the Digor La 
(p"eY), the road going through a succession of granitic rocks. 

78. Between the Kilab and Karakoram Chains, we find the 
mgged district of nortliern Baltistau, the valleys of Saltoro, Nubra 
8byokh and the Chinese province of Rodok. In  the country of 
the Baltis, the Kilas and Korakoram Chains approach each other 
to within about 45  miles, as the crow flies, from range to range ; 
whilst on the contrary the cliains diverge as we proceed towards 

8. E., the Korakoram chain having apparently a less south- 
direction that the other parallels of the Himalaya. I n  northern 

Bdtistan, consequently, we find the country covered with mountaim, 
a t  with deep narrow valleys and mantled with immense glaciers ;* 
in h d o k  on the contrary high plateaux are abundant, and form to 
the north of the Pang Chong Tso (lake) end Pang Chong La ( p a )  
miderable plains, 14,000 to 15,000 feet above the sea, arid and rain- 
h, often not preeeuting a shrub for aeveral marches ; high deserts 
on which roam a thin population of nomade Turkomans who graze 
h l - w o o l  goata on the ecarce and far-between Aghil or g r a q  
d e n  of thew inhospitable regions. 

There is no doubt that these high plateaux are similar in origin, 
q e ,  and appearance to the great Thibet plateau through which runs 
the Sotlej, to the north of the Niti paw, an& described by Colonel 
B. strathey; and alao to the Chflng Tang and Bong plateaux of 
Ladrk. All these high platenux present a horizontal stratificatioil ; 

' "On the Glnciem of the Mustnkh Rango," by Captain H. G. Auaten, 
p. B. G. 8.. &o., read before the Royal Gwyraphical Society, London, on tho 
11th Jnnasry, 1864, 
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and i t  appzare therefore impossible to regard them otherwise than 
as accum~~lations of debris washed from the ranges into the p c  
troughs betwecn these ranges, and therefore posterior to the grert 
final upheaval of the Himalayas. 

Very little ia known of the nature of the rocks forming the ridges, 
rang- and spurs in Saltoro, Nuha and Shayokh. Dr. Thouwon,* 
on native information ( b e t  Ullah), tells us that the rocks of the 
Shayokh and Nuha valleys are in great part primitive limestone. 
'' The limestone coiitinues towards Rodok and the water of tho Pmg 
Gong Tso (lake) hold a ~nfficient quantity of lime to form a cal- 
careous deposit which cements the pebbles together in patches d 
concrete at the bottom of the lake." The water of the P q  Chong 
Tso ia sufficiently brackish not to be fit for drink, and i t  has s bitter- 
nese probably due to sulphates of Soda and of Magnesia. From the 
examination of a specimen of the calcacerous incrustation which i a  

formed Qn the shore of the lake, I found that lMAgnesia is about as 
abundant as lime. 

An extremely prctty species of Limnea or rather Physa once lived 
in the lake, and dead shells of i t  are abundantly found in the band 
of tufaceous deposit, n few feet above tho present level of the water. 
These shells no longer exist in the lake (Busten). They have pro- 
bably been destroyed by the diminution and concentration of the 
brackish water. 

General Cunningham informe ust  that the rocks of all the high 
ranges and peaks of Radok are granite and gneiss, and this apperre 
to be highly probable. Metamorphic rocks alao abound ; the 
mountains near the Pang Chong Tso containing a great deal of 
mica-achists ; and crystalline marble is also found on the shore of the 
lake, apparently in imnledintc contact with granitoid rocks. 

In  the northern portion of Rodok some hot springs exist in r 

locality &led Chong Chin Mo ; there water deposits largely a grep 
tufa which is composed of carbonate of lime, sdphate of lime .ad 
nulphate of soda. Such tufa is common near the warm springs of 
the saliferian in the Punjab. Its composition is also that of the 
d i n e  impurities of the brackish lake of Tso Moreri in Kuksbn, and 

+ " Ladak," by General Cunningham, R. E. 
t " Lad&," by General Cunningham, 8. E. 
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of the eftlorewence which accompanies the borax at Ynga. Prom 
the extensive beds of gypsum and impure salt found in Rukshn, little 
doubt can be entertained that the saliferian is there well developed, 
md by analogy i t  is to be presumed that the same formation is  
.Iso to be eeen in Rodok. Borax is said to be exported from Rodok 
m large clean crystals, but I do not know whence they are ohtained ; 
that it does come from Rodok appears however pretty certain ; and 
that is another resemblance with Rukshn, and another reason for 
believing that the d f e r i a n  is probably well developed in W o k ,  and 
is there accompanied by hot springs and fumaroles exhaling boracic 
wid. 

I have never seen any fossil whioh had been brought from Rorlok, 
8hryokh or Nuba ; it is impossible therefore to say to what age 
belong the beds of limestone nientioned by Dr. Thornson. The beds 
ue called '' ~rimitive limestone ;" but as Jacquemont, Vigne, Thopl- 
bcm and others speak munetirnes of fossiliferous limestone (such aa the 
h u t s  Bal limestone in Kashmir) as " primitive," it ia difficult to 
know for certain what is meant by that somewhat autiqnated term. 
iQ. The Korakoram Chain is a range of very great extent, begin- 

ning at the Pamer Steppes and reaching to the 8. E. as far as the 
centre of  hibe bet in longitude E. 94' and as low as latitude N. 30°. 
The platan near its south-westem slope is from 15,000 to 17,000 feet 
high, and is an arid tract of horizontal allnvian covered with loose 
rtonea and mpporting very little vegetation ; more to the north i t  ie 
a labyriuth of wild valleys. Near the Mashabroom mountain (above 
26,000 feet) the eoil of the valleys between the spurs is to a great 
extent covered by glaciers ; where not so covered, it is often au 
indurated clay strewed with debris of pale limestono a good deal 

worn and weathered, and with globular cystidere in very great 
rbundance. Mr. Ryall, of the Great Trigonometrical Survey, gave 
me one of the pieces of limestone and some of the fossils. The lime- 
lone is an argillaceona dolomitic limestone, pale yellowish brown, with 
a few patches pale blue, weathering like frosted glass, and resembling 
agood deal of the rocks of the Weean and Kothair groups of 
arboniferou~ limestone. The spheronitea, however, point to a ei l~~rian 
epoch, theae echinoderms having not been found tui yet in fol.mations 
porlterior tu the Wenluck limestoue. 
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The ephmmites of tho Mashabroom are probably a new species; 
they were found in considerable variety, from the size of a small 
wnlnnt to that of a large orange ; the largest were perfectly round and 
polished like a cricket ball, without warts, spinea or facettea, pierced 
by numerous pores. Some of the smaller have the stems scarcely visible 
(fig. 6, PI. VIII), and are covered either with large tracta set well 
apart or with smaller ones set closer ; some epinea are depressed 
or lenticular ; all are pierced by innumerable pores, none ahoms tracen 
of polygonal plates ; mouth not to be seen in any of the specimens I 
have examined. (See figs. 6, and 6, pl. VIII  and plate IX fig. 1.) The 
discoverer, not being a geologist, did not look for other fossile : the 
cystideae were tm numerous and so curioue in appearance, that they 
gave quite a peculiar aspect to the ground. 

The Mashabroom is stratified to ita very summit, the beds being 
limestone and shales, dipping tow& the 8., at  a moderate angle. 
This stratification ie eo well marked, that i t  can be distinctly noticed 
from a long way off. These sedimentary beds repose on metamor- 
phic layers of mice-schist and gneiss. The limestone ie extremely 
rich in magneeia, principally towards the base of the bed, where it 
p w e s  into Steatite in patches (Austen). Some of the Serpentine 
and Jade (compact Tremolite) bronght to Srinuggur A d  there 
worked into ornamental articles by the stone-cntters of that city, 
come, I believe, from the neighbourhood of the Mustak Range and 
of Mashabroom, though the greater quantity is supposed to be derived 
from the Yarkandksss valley and the Kuen-Luen Chain in Khobn. 
There can be little doubt that the limestone of the Mashabroa~n b 
the parent bed of the cystidea found in the valley between two of 
the spurs of that mountain ; and a t  least a portion of the limestone 
of Mashabroon~ is Silurian, 

The following sketch-section embodies the informntion kindly 
given me by Mr. Ryall and Captain Q. Austen. 
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I, granite ; 2, gneiss and micn- 

Steatite ; 5, pale ochre-coloured lime- 
stone, the probable parent rock of the 

To the north of thegreat glacier 
that portion of the Kora- 

e known as the llustnkh 
by the Hnstcrkh Pam a t  

of 18,400 feet. The 
whole 8. Western face of this Mus- 

d by enormous glaciers 
through which the rocky spurs of 
the mountains rise like islands and 

2 promontories. These roch  Captain 

stone clipping to tho N. E., but he 

g have not hesitated to colour them in 

urian. Of course, t l l i ~  
stion. Unfoltunatcly 

reaching even the 

80. I could not get any informa- 

ever saw the chain, agree, I 

7 
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On the other side of the chain we find, between i t  and the next 
parallel, viz. the Kuen-Luen Chain, the valley of the Yarkandkash 
(river), which extends from the Korakoram or Yarkand paes te 
Tashgurkhan, and the Akzai Chin or White Desert, which is can- 
tinued towards the 9. E., nobody knows how far. The  valley of 
the Yarkand river and the Akzai Chin are separated one from tbe 
other by a low ridge of mountains similar to the masses of mountaim 
found between the other great chains of the Himalaya. All we know 
of the valley of the Yarksudkash is that some mines of rock-salt 
occur there, and that both in the beds of the Yarkandkash and &ra- 
kash and in the the ravines of the neighbourhood, some pebbles are 
.collected and used for cheap jemellery ; and these pebbles are either 
quartzy stones or rocks decidedly vdcanic. There is apparently 
some analogy between theso mountains and tho* of the centre of 
Rupshu and of Ladak. The Akzai plain is also very similar to the 
countries just mentioned, in at least the one qharacter of being an 
elevated, rainleea desert, spotted with small lakes, Eome fresh, and 
others salt. 

I t  is superfluous to say that I know nothing of tho Geology of the 
Parkandkash and Karnkash valleys and of the Aksai Chin ; neither 
is there anything known of the formation of the Kuen Luen or 
Piryukh Chain, except that i t  is reported to contain valuable copper 
and gold mines. Another small chain or range, half way between 
the Kuen Luen and Yarkand seems to be the last parallel of the 
Himalaya. Yarkand is supposed to  be in latitude N. 38' and about 
5000 feet above the sea. From the top of the Korakoram pas to 
the foot of the hills, the distance is approxi~llatcly 110 miles, and the 
descent 13,000 feet or about 118 feet per mile, a mild dope. for a 
mountainous country. 

(To be cdinwd.)  



CrmlnMiona toarndian Xa2aeology, No. VIII; LMt of Estuary sR'eEld 
wllected in the delta of the IBAWADY, in Pian, wilh dbacriptions 
cjtb new species. By W&LIAM.T. BLANPOBD, A. R. S. X.,.F. a. a, 
Cur. A h .  2.8. dcc: 

V v e d . 1 4 t h  November, 1866.1 

A ahart visit to Calcutta, and'accees to various works oa coacbology- 
which have, for some years past, been beyond my reach, have enabled me 
b prepare the  following. list of the species of moHusca collected by 
me in the P e p a  delta during. the early portion. of 1862. I n  March 
d April of that year, whilst engaged in the Geological Survey of 
the country south of Biwein, 1. was compelled to traverse the net; 
work of oreeke which intmect the Irawaddy delta in every direction, 
4 in =.doing, I had many opportunities of searching for the various 
molluaea inhabiting. the channels of brackbh and salt water. 

The weatern portion of the kawady delta south of Bassein is of 
pecnlisr character. Instead of the endless allnvial flat which is usudly 
done met with near the mouth of large rivers, tho country is freqnently 
~mdnlating, and even, in places, hilly ; the.hills being surronndcd by 
plains of alluvial. soil intersected by tidal channels. Rock noC 
anfrequently oecurs in these creeks, and affords- a .  habitat for many 
mollnsca which are not met with in the nsual muddy flats. 

The Baawin R'ver itself, one of the numerous mouths of the 
Irawady, like tho Mutlab and other great channels of the Ganges 
delta, is at present rather an arm of the sea than a river; as i t  
receives no fresh water directly from the Irawady except during the 
height of the rains. In the cold weather the water is perfectly ~ a l t  
for many milee above the mouth, and marine animals abound. Thus 
for many daysl during tho time I was traversing the neighbourhoocl, 
the water manned with Malusca. The volume of fresh water which 
pours into the Baasein river cnn at no time be very large, for the mollos- 
a which inhabit the southern side of Ncgrais 18land,.some distance 
within the mouth ol the river, are typically marine, comprising specie8 
of P a m p l m ,  TriJoris, Trodtw, Cltnina, kc., and not inclutling any 
of the uwal estnary form8 Assi~~~iicin, Ampltil~ola, Noilina, dic., wl~ilst 
at Poorinn Point and Pagoda Point, thc two hcadlandr, which lorm 
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the entrance to the Bnssein river, precisely the same mollnaca occur ae 
along the Arakan coast near Cape Negrais.* A t  the months of thoee 
channels by which the mass of fresh water poured down by the Irawady 
reaches the sea, I do not think that any typically marine animals are 
met with, nor could they exist, for, in the height of the rains, I have 
found the water outside the mouth of the Rangoon river perfectly 
fresh and drinkable, and yet this is only a minor channel compared 
to  the Chinabuckeer and the neighbouring branches, down which the 
great bulk of the water ponra 

To the greater saltness of the Bassein river I attribute the preeenee 
of the numerous marine types mentioned in the following list. It 
will be seen that a few distinctly marine species were met with ; the 
number, however, was small. Tbere are also in the list two or three 
genera, forms of which do not appear to have been hitherto found in 
estuaries, e. g. Teetura, Sphmtia, Scalaria ; whilst, on the other hand, 
the geilus Scaphula had previously only been met with in fresh water. 

The fauna and flora of the Irawady dclta appear to be twofo1d.t 
Farther from the sea, where the water is more or less brackish, the 
creeks are mostly narrow and deep,, with steep banks, which am 
covered at  high water, and bordered by an unbroken belt of salt 
swamp, in which grow high trees, chiefly of Bmguieria gyntnorhiza? 
The views along the creeks, with their borders of dense high forest, 
are often of great beauty. This belt of salt swamp and high trees 
varies much in breadth, from a few yards to half a niile or more ; inside 
i t  are either open plains, which, if uncultivated, are covered with high 
grass, or else rime, usually of gravel, occasionally of rock, which are 
covered with jungle. I 

The mollusks of this tract comprise Nerit ina depessa, N. &usa md 
' 

N. Smitkii; the species of Tectura, H d w l a ,  Yartesia and 
named in the following list are met with wherever rocks occur; 

&uphula is found under stones, Auricula and C y w  inhabit the d 
swamp. Teredo perforate8 the dead trees. Neritina eornwpia is 
principally met with in this region, but is also found lower down the 

+ Amonget others, I found species of Dolimn, Ricimla, R c m e h ,  (to. 
t I r o p t  that my want of knowledge of botauy and the paucity of the o k -  

vatior~s I was able to make upon the zoology, prevent me from entering full7 
into this subjoct. I can msraIy point out the fact that a distinction exists bctw- 
the huna and flora of the delta nearer to tlio mast, and tliot feud further in. 
laud, and illustmto it in tho aix~gle instance of the ruoll~mca. 



estuaries : Littorina melanostoma also occasionally occurs, but its homo 
is nearer the sea. 

Lower down where the creeks are broader, the belt of salt swamp 
in narrower in  general, and a broad shelving muddy shore succeeds, 
the upper portion covered by a thick forest of Avicemia, while lower 
down NL;po palms frequently occnr.  he beauty of the wide creeks is 
greatly enhanced by the broad fringe of the bright green Avicensia, 
over the t o p  of which the summits of hills, covered with dense green 
forest, are frequently visible.* On the sloping muddy shore spccics 
01 Potom&, Assiminia, dmplribola, Plewtrema, Hamineo, Stenolhyra; 
Atea granosa, Nassa planicostata, and Columbella Duclosiana are to 
be met with. On the stems of the Nipa and on the mangrove bushes 
1vdina crepdularia and N. C O ~ T I ' U W ~ ~ ~ Q ,  Littorina melanostoma and 

- ~ 

L. seabra are found in abundance. 
I have only included in the present list those shells from the Bas- 

eein river which are found above Negrais Island, for the reasons al- 
ready stated. I regret that the list is not more perfect, and that I am 
obliged to leave a few specimens undetermined. On the other hand 
the majority have been carefully compared, and the names quoted 
may, I think, in most cases, be relied upon. Im~llediately after 
leaving Pegu, I was in England for a few months ; and owiug to the 
kindness of the late Mr. S. P. Woodward, of Dlr. Arthur Adams, and 
eapecinlly of the late 3fr. Hugh Cuming, who allowed me to compare 
my shclls with the- original types in his unrivalled cabinet, I was 
enabled to  determine, not merely my estnary wllections, but also a 
guch more numerous series of marine species from the Araknn coat, 
in r manner which would have been simply impoqsible in India. 

Unfortunately, during the years which have elapsed since these shells 
were compared, a few have been mislaid or lost during constant tra- 
velling iu various parts of India. Still I hope that this list may have 
tome value as a contribution to our knowledge both of the geographi- 
a 1  distribution and of the habitats of molluscs. Several of the species 
named, and some of the genera have, so far as I am aware, never before 

So great ie the height of the trees fringing tho upper orccks, and 80 oom- 
pletalj do they shut out sll the surroundi~~g couutry, that I wss  working amougat 
them for several dsya in ig~~orcluce US tha cxbtance of hills llcurly l W O  bob 
high w i t h  15 or 20 xuiles of me. 
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been shewn 60 inhabit tlie estuaries of India or Burma. Our estuary 
lists have bithcrto bccn almost as imperfect as our catalogues of marine 
species; almost all that is known of tbe molluscan inhabitants of our 
deltas being due to the labours of Mr. Benson, who has desoribed maq 
of the forms found in the Ganges. 

I t  is, of course, highly improbable that the present list is nearly 
complete. Only a very small portion of tho Irawadi delta was ex- 
amined, and that imperfectly. Still the number of species is consider- 
able, and probably includes all those which are most abundant. A few 
forms since found by Xr. Theobald and &. Bedden will'be noted in 
their place. 

The classikntion employed is mainly that of M m .  H. and A. 
Adams, in the Genera of Recent Mollusoe. I have not, however, fol- 
lowed those authors in employing the obscure and forgotten generic 
tcrms of Klein, Montfort and othew I have only deviated from their 
arrangement in one essential particular, vie., the transfer of Assimink 
from the vicinity of Holix, from which it differs in every point of 
str~lcture, to that of Littwhua, to which it is closely allied. If it be 
objected that Bssirnil~iu is as closely related to Cyclostoma as it is to 
Liltorinu, I can only suggefit that Cyclostomu be dm relegated to the 
aamo position in the neighbourhood of Littorina. 

Class GASTEROPODA.. 

Sub-class PEOSOBRANCIIIATA. 

Pnmily BUCCINIDLZ. 

No. 1, N-a pldooetsta, A. Adams. I 
I 

Estuary of tho Baasein river, creeping upon mud between ti do mark^. I 
Scarco. 

NO. 2, *para bituberoularie, Lam. 1 
Not common. Fouud in the lower psrt of the delta; with the next 

spccia 
Family MITRIDB. 

No. 3, Cohunbelle Duolosiana, Sow. 
Found in abundance at one spot in the estuary of tlie Bassein riwr, 

amongbt etolles wit11 n~nd. The sl~cci~ncna werc ummeIIy fine. I 
also met with this shcll on thc mud flats of Iliuuri Island, coast of 
Aruknn 
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Family S C A L B B I A D E  (ScalicEcs, H. and A. Adams.) 
No. 4, Soelaria, sp. 

A minute species, apparently new. As I possess but a solitary 
specimen, which is not in the best possible order, I hesitate to de- 
scribe it. I t  i s  one of the smallest forms known, mensuring drily 3 
millimetres in length. It was found under stones in the Myittnys 
creek. 

Family C E B I T H I I D E .  

No. 5, Cerithiam (Vertagua) obelieoue, Born. 
A single specimcn was found at  Port Dalhousie. 

No. 6, Po tamidea  (Tympanotonos) altltue, Phil. 
No. 7, Po tamidea  (Tympsnotonos) euriptera,  A. Ad. 

Both this and the last species are met with nbundantly on mud 
between tide marks, not far from the sea. They also occnr on the sea 
coast where it is muddy. 
No. 8, Po tamidee  (Teleaoopinm) fuecns, Chemn. 

Common on  mud between tidemarks, where the wntcr is completely 
salt. 

Besides the  above, a species of Ceritltidea has been found by Mr. 
Tbeoball in the estuaries of Burma. I did not meet with it. 

Family LITTOBINIDB.  

No. 9, Litt;orine melanostoma, Gray. 
Very abundant upon '' mangrove " trees, close to high matcr mark. 

NO. 10, L. 808br8, L. 
k n r s  with the last, which appears to pass into it. Two varieties 

of this form occur, one more coarsely sculptured and more sto~xtly 
keeled than the other. 
No. 11, L. sic-sao, Chemn. 

Syn. L. undulata, Gray. 
This species is frequently found on the sea coast, especially near 

month of rivers. I n  the estuary of the Basscin river, i t  occura to- 
gether with true estuarine forms. It is met with on stones and dead 

wood, cloee to high water mark. 
Family ASSIMINIIDB. 

No 12, Aeaiminia rubella, W. Blanf. pl. II. fig. 11. 12. 
A smell roundly ovate, dull red ~pocios, which occurs abundantly 
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near Port Dalhonsie, on mnd between tidemarh. It is a characteristic 
Asriminin, thongh much shorter and rounder than the Bengal apeciea 
A. Francesica, Gray, and belonging in fact to a different section of the 
genus. I t  is closely allied to some Singapore species and also to A. 
marginata, Leith, which inhabits Bombay, but may be digtinpished 
froni all by the double marginal impressed line below the suture. 

The animal is deep red, with a black spot upon each of the lobes 
into which the proboscis is divided. The eyes are at the top of the 
short tentacles. 

Family BISSOIDE. 
IEAVADIA, n. g. 

Testa in~perforata, t~rrrita, spiraliter costata, solida, epidermide feeh : 
apertura ovata, irbegm, antiee obsolete effwa ; peristomate .recto, edur 

variciforini-ii~crassato, intw dilatato. 
Animal Z Opcr~zrlrim 9 
Shell imperforate, tunited, spirally ribbed, rather thick, covered 

with an epidermis. Apertnte ovate, without a canal, slightly efinsa 
in front ; peristome straight, not sinuate, with an external varix, and 
slightly expanded within. Animal and operculum unknown. 
No. 13, Iravsdia ornata, n. sp. PI. 11. fig. 13. 14. 

Testa turrita, drcollata, subcylindrica, (junior elongnto-conira), 
so2it!a1 spiraliter costata, inter eostaa confertim vcrticaliter costn~da, sub 

epidern~itle olivacrci vel ferruyined albida. Anfr. superst. 3-4, rottin- 
dnti, sulx=ri tribzis, prnultinl~u qtiat1~or, 1~1tin~u.q sex costis spiralibru 
ornati, hoe jrixta nperturam paulo ascenclente. Apertt~ra sub-verticalis, 
elliptical iniw alba, (in test& jun io~ i  postice angulata), antirc ~ubanga- 

lata et in trsfLi adult8 obsolete eJiua, in junzwi subennalinclofa; 
q~eristonra extus incrassatz~m, nodoso-va~ic~ornw, nodis costis spiralib~ 
congrucidibw, intrm viz expamum. Operc. B 

Long. 44, diam. 24 mill. 
Shell turrited, dccollatod (tho young shell elongately conical,) thick, 

spirally ridged, with close vertical costnlation between the ridge6 
white, with n brownis11 or olive epidermis. Whorh apparently about 
6, when perfect, but only 3 or 4 remain in all the upecimens colle~ted; 
body whorl with 6 spirnl ribs, of which 4 only appear on the pcnnl- 
timate whorl, and 3 on the npper whorls, the lower r i h  being con- 
cealed. On all the upper whorls the 2nd and 3rd ridges are 
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strongest. Those near the euture, both above and below, are less etrong- 
ly marked, and are occasionally obeolete. On. the last whorl the u p  
permoat ridge near the suture is alone fainter than the other& The 
body whorl lrecenda a little towar& the aperture, which is mbvertical 
and nearly elliptical. The anterior caneliculation is obsdete in the 
adult, but it is well marked in the young shell. Perintome much 
thickened, externally variciform, the varix being nodose in coneequence 
of the spiral ribs of the body wlrorl being continuow upon it. I n  
young specimens the lip is grooved inside, the grooves corresponding 
b the external ribbing, and alight remains of this paving may be 
trsced in the adult shell. 

I had at  first d a d  this shell as a Rissoina on m o n t  of tho 
oblate canal, although i t  differs in essential characters from any 
upeciea of that genua. I am indebted to my £riend.Dr. Stoliczka for 
calling my attantion to the great dietinctions which exist between the 
preeent form and Riuwina, and some of which equelly aerve to die- 
tingnish it from R k o a  and all other genera of the group. Iravadio 
differs from Rbwina in possessing an epidermis, in having spiral 
wlpture, in the peristome neither being sinuate above, nor projecting 
below, and i n  the cohmellar margin being simply curved in front and 
notexcewted. Brom Risswit is distinguished also by ita epidermis and 
sculpture, by the obsolete channel in front of the aperture, which, in 
young specimens, is quite as distinct ae in Bhoina, and by the ab- 
mce of any tendency to the wlumellar tooth or fold, which is eo con- 
epicnous in  the typical species of the genu. ! b e  characters of the 
mlpture, epidermis, end aperture serve equally to separate the 
present form from Alvania, Omba, Ceratia end other genera of 
Biuoidm : Hydrobia and Amnicola alone have an epidermis, but both 
ue smooth ehelle without e variciform perietome. 

It ie nnfortnnete that no specimen of the opercnlum has been pre- 
med. The few shells found were collected during a hurried journey 
in e boat. The species wss only met with at one spot, under stones, 
amonget wme mke in a creek leading into the Myittaya, a branch of 
the Baseein river. Several epecimene were obtained, but when an 
opportunity wae efforded of examining them at leisure, the opercula 
had disappeared. In the absence of the operculurn, I should bo dis- 
posed to coneider tho gcnns as more nearly allied to Biesoi7ra than to 

8 
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auy otllcr, and such naturalists as may refnee generic rank to Imuadio, 
may pcrhaps beet c l w  it as a snbgenull or section of that genus. I t  
may have affinitiee with a curious species from Peru (Bitwina &- 
fera, Trow.) figured by S c h w a ~ ~  von Mohrenstern in hie monograph of 
Rissoina in the D e n h h .  k. k. Akad. Wien, xix, 182, Taf. 10, fig. 83, 
and the differences between which and all other Rkoina are pointad 
out by that author. 

The curious little shell dredged by Mr. A. Adams in the seas of 
Japan and described by him ee Vanesia sulcatina in the Annnls and 
Magazine of Natural History for 1861, Ser. 3, vol. viii, p. 242, nuy 
also possibly have some affinities with I r a v d a .  

No. 14, ~tenothyra monilifera, Ben.. P1. 11, fig. 16. 
I found two specimens of this species at Port Dalhonsie in tho 

,Bnseein river. The type wee first obtained by Mr. Theobald at  Mcr- 
gni and Rangoon, and the shell has since been found in Cochin Chins 
-As the species does not appear to have been figured, I add an ill- 
tion of it. 

Family NERITINIDA. 

No. 15, 'JLTeritina Pegueneie, n. ep. P1. I. fig. 1-16. 
Testa globosa, oblique ovalis, solida, confertin, oblique mrbsinuate 

rugda,  interdurn spinigera, eppzdermide fuew-o~~vaced, ninute jaw-  

pumtulatd, aliquando mlaculis oblongia mcbeulvdis j a v b  infro mtw- 
l a m  ornatd, vel fcrsciie subobsoktb spiralibus circurndat8, i n d d a ,  sad 
epidarmide cmulea ve2 rubella, aWo-mmulata.  Spim vtk aserkr, 
plerunqw m a ,  sutura elevato-compreaaa. Anfv. c i m  3, m r , '  pla- 
nukrto-concavi, ultimus slcperne ad mcturam a p p m r s ,  supra pen+'- 
a m  a& ca&uatwr, apiniaqw dislantibua munitus, vel obeokte anguldw, 
aubtua rotundatue. Apertura i n t w  lactea ; peristoma semiova&, a d  
-eolurnellara' planulatd, luteold v. smdide albidd, minute defitieulatd, 
plicd cmicd ma+ dntrante aupamediand munitti, anticb edenhtd, 

O p e ~ c .  extus planum, albidzbm, margine ezlernd n i q d ,  dntwr rubrum. 
Muj. diam. 19, min. 14 alt. 19 mill. Hub. &R rivulo ad Pnrmon- 

torium Neg?.uk. 
Var. minor testa mogk rotunddd, spinb omnino ca~en t ibq  fig. 

13-16. blaj. diam. 14, nzin. 11, a&. 15 mill. 
. Hab. ad Pcdum Dalhowie. 



Shell globose, obliquely ovd, solid, closely obliquely and rather 
d n u d y  wrinkled, eometimee bearing spines, covered with a dark 
epidermis. Colour generally dark olive with minute yellow specb, 
ousionally with oblong splashes of yellow.below the suture; these 
generally curve backwards, and are sometimes, but rarely, of large size. 
Borne shelle are wrrounded more or less obsoletely with yellow bands. 
Benesth the  epidermis the shell is pink or bluish spotted with white. 
Young specimens are frequently pink, with yellow specb, in front of 
ench of which is a black streak like a shadow. The spire is barely 
sxserted, apex obtuse, and generally eroded, the erosion extending 
frequently down the spire, and often a portion of the outer surfnce of 
the laat whorl itself is wanting ; suture raised, compressed. Whorls 3, 
the upper ones frequently wanting, but when present, flattoned or wb- 
concave. Last whorl concave and compressed agninst the suture above, 
then either carinate above the periphery and bearing short subdbtant 
epinee, or else obtusely, more or less obsoletely angnlate. Below i t  is 
dways rounded. Aperture milky within, peristome semioval, columeller 
area flat, yellow or dirty white, minutely denticulate, except in front, 
md having a prominent re-entering tooth just above the middle. 
Operculnm pinkiah white onbide, exterior margin black, red inside. 

The nearest ally to thia form with which I am acquainted in N. 
&uourtcz, Recluz, which has a more expanded mouth, and more deep- 
ly emtarginate colnmeIlar area, the whorls appear also rather different- 
ly shaped above. 

The preeant species is eminently variable. The type occurred in abun- 
dance close to the beach in a emall stream which descends from the 
hille cloeo to Cape Negrais ; specimens were especially abundant in a 
brackish pool at the beech, spinous and spinelew shells occurred mixed 
together, and the presence or absence of spines is evidently of no im- 
portance. The spineless variety from Port Dalhoueie was found in the 
n l t  water of the Basaein river, abonniiing along the strand between 
tide marke. 

To illndrete the variation of this species, several specimens have 
been figured. 

Bpocimens collected by Mr. Theobald in Arakan illustrate the gra- 
dual passage, by absolutely insensible gradations, of this form, into tho 
very dit inct  N. retifercl, Bern, of the aangelj delta. 



60 Conlr~Tutions to Indian 1Clalacology. [No. 1, 

No. 16, .meritin8 obtuaa, Benson. 
. Scarce. I obtained two specinlens on limeatone rock at Thamm- 

dewa in the Bassein river. 
No. 17, Xeritins Bmithii Gray. 

Less common than.in the estuary of the (fangee. 
I have another species of Nwitina belonging to tho typical section 

from the estuary of a small stream running into the eea just north of 
Cape Negrais. I have been unable to identify i t  with any known 
species, and i t  may possibly be new.* 
No. 18, Xeritins (Doatia) depweea, Bemon, pl. I, fig. 17,18,19. 

There are specimens of this shell amongst my Irawaddy collections : 
I think they are from Rangoon. The species ie generally fonnd in 
fresh or slightly brackish water, while NePQtina crepidularha and N. 
cornucopia are chiefly met with nearer the sea, where the water is 
more salt. In Bombay bland, however, I have met with N. d? 
on the sea shore. 
No., 19, Xeritina (Ibtia) orepidplarie, Lea. PL I. fig. 20, 21,22. 

Thie shell and the next are found rather abundantly npon trees 
growing' in places covered by water at each tide, and especially npon 
Nipa palms. N. crepidularia frequently occm npon the sea shore, M 

well as in estnaries. 

No. 20, Neritina (Doatis) oornnoopia, Benson, pl. I. fig. 23, '24,25. 
Locally abundant. The shells found by me in P e p  differ slightv 

from the type, which is scarce in the Hoogly at Calcutta. I n  the 
latter, the apex of the shell is very nearly in the same plane ee the 
edge of the peristome, sometimes actually so and teaching it. In  Pep 
specimens, the peristome i~ free from the apex. The difference is very 
trifling, and there is slight variation in this character in specimens from 
the same river. In other' respects, the shells appear to egree e d -  
lently. 

I learned from Mr. Benson eome years since that N d m  melono- 
stoma, Troschel, is identical with N. cornueqpia, the latter name having 
priority.+ The figures of the former in Philippi's Abbildnngen 

Further examination ahewa it to be one of the forms already referred fo 
se intermediate betwoen N. P e g u s n h  and N. ~ 6 t i f e t a ,  B. It is amooth like the 
latter. 

t N. melanostoma w a ~  pnbliahed in Wiegmsn'a Amhir for 1897, p. 179: 
I?. cornucopia wm dcsoribod by Mr. Beneon in thie Journal for 1836. 
Vol. v. p. 748 
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m poor, but the apecimena were. from Bengal, and they present 
no essential difference from immature shells of cornucopia, so Mr. 
Benson is doubtlea correct. Reeve in Conch. Icon. quotes N. 
nulonodoma aa a aynonym of N. crepidularia and ignores N. c m u -  
q h  altogether. Von Martens (Malakoz. Blatter, 1863, X, 127.) 
sbem that the oolour of the columella and lip is sometimes white 
wl sometimes black in several Neritina of the Doetia section. 

The fact very probably is, that we have in this case an example of 
a phenomenon not uncommon in the animal kingdom. Two distinct 

neee spring np  side by side, arising from one type, and in the original 
locality do not change their form, but although they breed truly, they 
ve only distinguishable by some slight constant distinction. As both, 
however, migrate into distant regions, the difference becomes greater, 
md at length both become so diverse, that no question can remain aa 
to their being in common natural history talk, " distinct species." 
Thw while Nerit iw wmWa and N. depresa, inhabiting the Ganges 
delta, are scarcely distinguishable from esch other by any more im- 
portant character than the colour of the aperture, the same shells in 
P e p  have varied so much, that each differs from the other at  lesst 88 

msch as it does from their congener N. crepidularia. I n  other places 
the ram representing N. cornucopia may be perfectly undistinguish- 
able from N. crepidularia, as appeam to have been observed by v. 
Martens in Singapore. I t  is highly probable that the origin of speciea 
through variation takes place in space as well as in time. More ob- 
6matione on this question are desirable. 

W p m  of the three forms occurring in the Pegn delta are added. 
Family PALUDINIDB ? 

No. 21, P ma, n. sp. P1. 11, fig. 1. 
Testa do-globma, i m . ~ ' a t a ,  tenuia, castanea, stricltukr, nitidub. 

8p'm eonoidea, apke m u l a ,  sutura ualde impred~a. Anfr. 5, m t d +  
ti, 8emtirn d e s e d ,  u&imus turnidus, subtw vdundatus. Apertura 
tie dl+, mbellipbica, supeme anyulata ; pristonta rectum, tenue, 
~rrJinibua &lo tenui jlmctia, wlumellari e x p a d .  t Operc. corneum. 
Long. 11, diam. 8 mill. Aperhma 74 mill. longa, 6 kta.  

Shell ovably globwe, imperforate, thin, translucent, smooth, brown- 
ish, horny. Spire conoidal, apex eroded, mtme deep. Whorls 5 
(perbps more in adult specimens), roundcd, obsoletely striated, regu- 
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larly dcseending, the last tnmid, rounded beneath. Aperture nearly 
vertical, subelliptical, angulate above. Pcristome thin, straight, mar- 
gins united by thin callus, colnmellar margin narrowly expanded. 

The operculum of this peculiar speciee wae mfortunataly lost, and 
the animal was not observed. In  the h w y  of travelling, the speci- 
mens were placed in a box and forgotten, until the fleshy portions 
wcre too much decayed for examination. About half a domn individnh 
were found under stones in the Myittaya creek, in the same place which 
yielded Irauadk wnata and other forms. 

Mr. A. Adams, who very kindly aided me in determining some of the 
epecies contained in my Pegn collections, suggested that this &ell 
might possibly be a second specie0 of the genus Larina, established by 
him for an Australian shell, the animal of which also is unknown. In 
appearance this shell eomewhat resemblee a Lynmnea. It i not impw 
l ibh that it may have affinities with Amphibola. I have a distinct 
impression that the shells possessed a horny operculum, or I: should 
have been disposed to claw them in the Velutinida. 

Family TECTUBIDa. 
No. 22, Teotura fluviatilis, n. sp. PI. 11, fig. 2, 3, 4. 

Testa deprmso-conica, rotundato-ovalie, tenuis, ghide  fUSC0 
olivaceci indula, lineis radiantibus, striisque confertie minutia concar(& 
+ kcussata, intw edm~leo albda, interdurn fascid con.cmtricd l d d ,  
vel etiam omnino hoc colore v m  margaloena sattlrala, a+ 
fermqinea. Apex subcentralis, erclsa. 

Major diam. 214 min. 20 a&. 6 

71 2o 1, l7 ,, 69 
9 ,  14 ,, 12 ,, 4 

Shell much depressed, conical, subcircularly oval, thin, covered with 
a very dark olive epidermis, always eroded at  the apes, marked with 
fine radiating raised lines and with close and minute concentric 8 t h  

of growth ; inside the shell is bluish white, eometimea with one or 
more milky concentric bauds, or the whole interior ie milky, except 
the apex which is invariably ferruginous, the area so colonred having 
some correspondence to the amount of external eroeion, and the 
colour being evidently due to a depoaition of shell inside to protect 
tlio animal as the external portion is corroded away. 

This species ie , fm~sd on rocks, rarely on trunks of treec;, in many 



the creeka near high water mark, in brackish water. I t  was not met 
with near the eea, where the water was very salt. 

The foot is large, Wng the cavity of the shell, muzde broad, ten- 
td tm long and fine, mouth not notched beneath. It does not uppear 
to keep to one place and form a hole for itself like some Patella, but 
it is very aluggish in its movements. 

B o b - C ~ E  OPIST~OBBANQHIA'X h 
Family BULLIDiE. 

No. 23, asminee tenera, A. Ad. 
Not common. In Bombsy this species abounds upon mud &tea 

The d is red. 
flub-claw PULMON~BBA. 
Family AUBICULIDiE. 

No. 24, A u r i m h  Judae, L. 
Thisspecies is completely blind, a s  h w  been noticed by von BXartcna 

(Ueber die Lanhhnecken der Molukken, BIalakoz. Blatter ; 1863, 
x. 126) and as is shewn in Eydonx's drawing copied in Xrs. Gray's 
mollasca The same is the ease with all other species of the seme 
group which I have examined. In eome instances, e. g. the Bombay 
species, which hae received, I believe, a MS. name from Mr. Benson, 
the eym may be detected beneath the skin by looking very carefully. 
(Yon BIanens observed this in one instance in A. Judm.) Such 
e y a  can, however, be of but little use aa percipient points to the sni- 
d. There is, however, one group of true Aurieulm, typified by A. 
ndub, Quoy and Qaimord, in which the eyes are normally developed, 
the name as in blelampus, Cawidula, and other Aurimlidce. A small 
species of this type inhabits Bombay. The form belonging to this 
mb-division appear also distinguished by a more elevated spire. 
Porther observations are, however, necessary before a division of the 
geniu can be proposed on these grounds, as there appears great proba- 
bility that the two forms pass into each other. 

I found specimens of d. Juda alive under the bark of dead tree4 
on muddy b a n h  of creeks, in place8 overflowed by the tide. Unques- 
tionably, so far ae my experience goes, none of the Eastom Auriculida 
(Auricub, Cawddula, Itlclan~pm, Pythia, Plecolremn) are land shclla, 
d rre met with in place8 overflowed by sult or brrrckish watcr at 
cvery tido. They ore in fact true estuary ahclls. 
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Some of the specimens of this species collected by me shew an al- 
most complete passage into A.  dactylus Pfeiffer, as described and figur- 
ed in Novitatea Cmchologica I, 16, pl. V. fig. 16. 16. This species 
is etated by T@. Theobald to be fonnd at  Mergui (J. & S. B. 
for 1857, xxvi. 253.) 
NO. 25, Aurioula nitiduls, n. sp. PI. 11. fig. 6, 6. 

Testa non Titnda, subfusifmmi oblonga, solida, nitdulu, sub epider- 
mi& olivaced alba, lineis impressis confertis ve7tiCalh minutisa'me 
rugata, alide spiralibua granuldo-&~ec~8ata, sculpturb in* d u r n  
magis impcad. Spira conoddea, apice evoso, mtura impassa. Anfr. 
5 conuexi, ultimwr & ckscendens, Q longitdinis subaqucmm, bati m- 

tundatua. A p d u r a  verticalis, p l iw  parietales 2, supera parva,pmfun- 
da, alia obliqw, plica columellaris haud valida, diagonulk : perist. 
crassunb, murg in ih  callo tenui junctis, dextm supme via: s i n d o ,  in- 
tus callo elevato incrasuato. 

Long. 28, d i m .  124 mill. Apertura c. perist. 19 mill. longa,inttrs 
5 Zata. 

Shell not rimate, subfusiformly oblong, solid, emooth, having a 

greasy lustre, white, epidermis olive, covered with minuto granula- 
tions produced by the intersection of vertical and spiral impreseed linen, 
both very close and the former sinuous, the sculpture being most 
strongly marked below the suture. Spire conoidal, apex eroded, suture 
impressed. Whorls 6 convex, the last nearly of the whole Lngth, 
scarcoly descending,' rounded at  the base. Aperture verticrd with 2 
pnrictal plicce, the upper one small, fclr inside; the lower strong, 
oblique ; columellar plica moderate in size, diagonal ; the peristome 
thick, the margins united by a thin callus which is somewhat ex- 
panded upon the penultimate whorl, the right margin scarcely sinu- 
ate above, and thickened inside. 

This species which is found very rarely with the last, exactly re- 
semblee it in general form, but h a  rounded whorls and finer aculptnq 
besides being of much smaller size. The animal is white, while that 
of A. J t h  is mottled. A. nitidula somewhat resembles A. ChiPlensda 
Pir. which, however, is much less attenuate below, and differs in the 
form of the aperture, &c. 

But two or three specimens of this form were met with. In Mr. 
Thcobald's b t e  of Burmetie hells, A. ghm, Bene. isnlontionod. I csa 



find no description of thin species, and cannot therefore say it i t  be the 
present form or not. 
No. 26, Pleootrerna Cnmingiana, n. sp. P1. II. fig. 16. 

Testa subrinuata, rubelliptk-ovata, solida, punctis impressis crebis, 
Knew spzspZra2es mnfdtae fwmantibus, stribque ~ncremnt i  obliquis &a, 
fcnwp*neo-fusccs, Spira conoidea, lateribus vix wnvexiusculis, apice 
msa, sutum Zmi lineari. Anfr. 4 superst., euperi planulati, via 
dismti, arlcis spimlibus punctatis 4 notati, ultimua ad peripherian, sub- 
anplatus, subtw cmnpressiuaculw. Apertura v& obliqua, plicis parie- 
t a l h  2, acperim* brevi obliqua, alterd intrante, eztua b$dd, plicd 
edumllari subobliqud ; perktoma rectum, pone lintbum acutuna intw 
&m, &argine dextn, tridentato. 

Limg. 5, diam. 3 mill. Apert. 8& mill. longa. 
Shell subrimate, subelliptically ovate, solid, marked with close spiral 

knee, formed of thickly set pnnctiform impressions, and with oblique 
titria! of growth ; reddish brown in colonr. Spire conoidnl, the sides 
barely convex, apex eroded, suture flat. Whorls 4 remaining, the 
upper flat, scarcely distinguishable, marked with 4 spiral dotted lines, 
the last whorl snbangulate at  the periphery, somewhat compressed 
below. Aperture very slightly oblique, with two parietal folds, the 
upper ahort, obliqne, the lower re-entering, externally bifid, the colu- 
mellrr fold sub-obliqne ; peristome straight, margin sharp, but inside the 
~ h r p  edge thickened and bearing 3 teeth within the right margin. 
This speciea was rather scnrce, crawling on mud in company with 

d&minea rubella. I t  is distinguished from its nllies, P. slriatu, Phi- 
lippi, and P. ~unctostriata, H. and A. Adarns, by its low spire npd 
minute eculpture. In  naming it after the late Mr. Hugh Cuming, 
I dopt the only means in my power of acknowledging my obligatione 
to that gentleman for the very liberal mnnner in which he allowed 
me access to his collections, for the purpose of compaiiug and identi- 
fjing my Pegn shells. 

Besides the above Auriculitlre, I have received n Pythia which ap- 
PWE to be a variety of P. trigom, Troschel, from Xr. TheoLald and 
Mr. Fedden, who both met with i t  on the Arakan coast, not far north 
of Cape Negrais. I t  is singular that I did not meet with species of 
either CaesiJulcc or dIt:2ampusJ as I havo reuon to believe that both 
&bit the Irawndi delta or its immediate vicinity. Mr. TheobtilJ 

~ I U  sent me Cassitluln aurisjrliw, Bmg, from Arukitn. 
9 





Class CONCEIIFEY. 
Family PHOLADIDB. 

k. 28, fluminslis, n. sp. PI. III, fig. 1, 2, 3. 
Testa orrotcrconiea, vdde imquilateralis, anlice LmMphrica, postiee 

ranranm crcvrninda, eztnmritds nwmbranacea, albidd, tenuis. Valvd 
anur matgincs Gpidennide crosed, eoriaced indutca, pagina antica jlm- 

b cardinem cuatdb confertistimis, sinuatb, wm~ntricb, lin&que 
d i d w  elevatb dmmantibw pulchre ornuto, mbtus g a a ,  postiecr 
meenhke striato. CalZum trilobb-peltaturn, medw divisum. Valvula 
dondis ndimentaria, wtneci. 

Ld. 124, h g .  6, a&. 64 mill. 
Shell ovately conical, white, thin, inequilateral, anterior extremity 

hemiepherical, posterior regularly scuminate and membnmaceoua at 
the extreme end. Valves near the edges covered with a thick coriace- 
OW epidermie, which in placee, end eepecially toward8 the posterior 
extremity, extends beyond the margin and forms a membranaceons 
fringe, uniting the vrlverr more or l a .  Each valve is divided into two 
plrrte by a line passing obliquely from the hinge to the ventral margin 
md inclined slightly backwards ; in front of this line the ahell near 
the hinge is decussated with very close einuate concentric and subdintant 
nd i ing  coetnlation ; near the ventral margin it ia smooth. Behind 
the oblique line the valves are. concentrically striated, more or leas in- 
diatindly. The callus covering the hinges is trilobate and divided by 
r h e  in the centre ; dmal  valve rudimentary, horny, commencing 
at m e  diatence from the hinge, increasing in breadth backwards, but 
vary narrow throngho~t. 

This species appears most nearly allied to x. rivicola, How., which 
nu fomd perferding floating logs in a river in Borneo. The pre- 
gent specia is blunter and shorter, and M. ~ivicola is destitute of the 
ocnlptnre on the anterior portion of the valves. 

lf.j&&aoZM waa found boring in soft argillsceom sandstone, in 
ereeke far from the we, where the watet was brackish. The external 
orifice in the done is very minute, and must have been made by the 
ahell when very young. Inside, the burrow exactly fits the shell, so that 
the only W b l e  motion is rotation upon the longest axis of the shell. 

The epidermis appears normally to cover the posterior mbdivisio 
01 the valves, bat it ia always deficient, except towaids the margins. 
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No. 29, Teredo P sp. 
A11 the dead trees iz creeks in the Irawady delta are perforated 

throughout by a species of Teredo (1) I either omitted to take speci- 
mens, or else have lost them since, and I can now find none to which to 
refer. I t  is pos~ible that this shell may be the Teredo thoraeib of 
Dr. Gould,* described in Vol. VI, of the Proceedings Boston Society 
of Natural History, and on which he subsequently, in Vol. VIII, pro- 
posed to found the subgenus Calobat~, characterized by the " pallettest' 
(stylets) being " stilt shaped, bony." Dr. Qould's specimens were 
from Tsvoy, but he does not mention if they were fluviatile or 
marine. 

Fomily CORBULIDA. 
No. 30, Sphenia perverea, n. sp. P1.111. fig. 4, 5, 6. 

Testa oblongo-ovata, parum in~quivalvis, valvd h t r d  majm; 
tenuiuueula, alba, concentrice irregulariter s t d t a ,  antice rotundalo, 
p t i c e  acuminatd, deqnurn transverse truncotn, ad &remitatern epder- 

mide ccrriaceci, rugat8 induta ; nzdrgo dorsalis subrecta, ventralis onti& 
cmlveza, postice vix conuavd. Processua cardinalis valva sinietra (non 

U r c e )  elongate-hmellifomnis. 
Lot. 11, lung. 6, olt. 4 mill. 
Shell oblong, slightly inequivalve, broadest at  the nmbo, somewhat 

acuminate posteriorly, and very much more so in young specimens; 
thin, white, irregularly striated, the posterior end covered with 8 thick 
coriaceous epidermis which is vertically furrowed. In the young 
shell the epidermis covers all the shell except the beaks ; i t  is thin 
except along the dorsal and posterior margins, where i t  ie thick and 
vertically sulcated. The dorsal margin is nearly straight, the ven- 
tral rounded in front and slightly concave behind in old shells, straight 
or nearly so in young specimens. There is a lamellifom process in 
the hinge of the kj valve, in front of the cartilage. 

This shell was met with in burrows in stone, apparently the holes 
of M A i a  which had perished, at  least they did not appear to have 
been formed by the present species. I t  waa met with at  8 considerable 
distance from the sea, in company with Martesiajuminalb, 

In every respect, except the position of the lamellar tooth in the hinge 
of the left valve instead of the right, the shell appears to be a true 

* Otis Conchologics pp. 223, 241. 
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&henia. I acarcely think that the exceptional character justifies the 
creation of a new genus, aa the characters of the animal nnfortunatelp 
were not noted. The practice of establishing genera for single species 
on insufficient gronnds is so objectionable, that it will be better to  
err in the opposite diction. When the animal has been examined, 
d~onld it shew distinctione from Sphenia, it will be easy to propose 
a new generic or subgeneric appellation. 
No. 31, Corbula, sp. 

, A aingle valve of a very thin speciea of Cmbula was found on mud 
above Port Dalhonsie. 

Family TELLINIDB. 

No. 32, sanguino- djphos, L. 
This shell lives at a depth of about 4 feet in the mud. I fonnd it 

abundantly in a marsh overflowed by every tide and. where I should 
never have suspected its existence, had not my Burmese coolies point- 
ed it out and shewn me how to capture specimens. Burmese, being 
omnivorous beings, are far better acquainted with the hiding places of 
various animals than the natives of India are ; amongst other dainties 
they eat Sanpimh&ce, and the process for catching them which they 
shewed me was ingenious. The first thing was to cut a very thin 
alip of bamboo, about 5 feet long and not more than + inch in diame- 
ter, and to make B emall barb at the end. This they thrnst down all 
the d l  holes in the mud, many of which corresponded to the si- 
phone of the Sanguinolark below. Now and then the bamboo went 
though a Sanguinobria, ib he lay vertically with his valves open below 
the mud ; of come the bivalve immediately closed his valves upon 
the intruder, and waa ignominiously dragged out by the bamboo, hie 
exit being aided by diggmg when he approached the surface. The 
only objection to the plan is, that most of the specimens are slightly 
injured, aa the shell closes with wch force upon the bamboo as to break 
the thin en& of the valves. Some specimen8 were brought up in 
which the bamboo had been absolutely thrnst down the siphon, thus 
literally impaling the Sanguinohria. The siphons are of great lcngth, 
ansiderably exceeding the shell. 
No. 33, Maooms ala, Hanley. 
No. 34, Scrobioularia angulate, Chem. 

I find both the above shells recorded in my list. I cannot now come 
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across the specimens, and I am under the impression that they were 
found dead in salt water inarahes on the Arakan coapt, and not in the 
delta, but they are both so common in all Indian estuaries, that it is 
equally probable that I fonnd them in the Baseein river. 

Family VENEBIDA. 
No. 85, Chione Ceylonensis, sow. 

I have mislaid my notes aa to the exact locality of this 8peciesaleo. 
I think i t  was found at  Dalhonsie. I n  a backwater on the Arakan 
coast, I fonnd an allied, bnt andescribed epeciea of the m e  genus. 
No. 36, Artemis, sp. 

Of this I have a single-immature specimen. I t  may be the young 
of A. excisa, Chem. but has not tbs sculpture of that species, nor its 
angnlate posterior dope. 

Family CYBENIDiE. 

No. 37, Cyrena Bengalensh, Lam. 
Mangrove and other salt water mamps along the edgee of creeks, 

amongst roots of treee a d  brushwood, common. 
I am inclined to refer the shells I obtained to the above form, of 

which I mspect some others since described are merely vuietiea. 
Cyrence vary greatly with age, besidea being eminently variable in 
form. Thus some of my specimens exactly a p e  with C. turgda 
Desh., but I clrnnot help believing that they are merely immature 
specimens of the thicker form which I refer to C. Bengaknaw. 

Family MYTILIDAG. 

No. 88, Iytilur ameragdinu~, Chem. 
Bound in creeka below low water mark. I do not think it is gene- 

rally known that the flesh of this species is very deliciona. Some 

were brought to me along with a qnantity of oysters, and the Bw- 
mese told me that the mussels were the better eating of the two. 

Not having much faith in Burmese palata, I preserved the shells and 
threw away the soft parts of the Mytili ; but aa a trial, I had two or 
three cooked with the oysters. I fonnd that the Burmese were qaite 

right, though the oysters were by no means unpalatable. 
No. 89, Modiola emarginata, I)ene. 

A dwarf variety of this species occnra in salt woter creeks. 
Fnmily AECIDB. 

No. 40, A m  (Anomaloomdi8) granoea, L. 
This very common species waa only fonnd at one spot in the B* 

scin river. I t  mas living in mud close to the surface, under stones and 
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mob of plants. The same speciee abounds in mud, amongst stones, 
in Bombay harbour, and is collected for food by the natives. 
No. 41, soaphale deltse, n. sp. P1. III., fig. 7-10. 

Tutu tumida, perelongoto-rhboidea, sub  epidemide crass&, fuecd, 
radiatim ZiratCi albida, linew minutia eleuatia mfmtissin~ia 

h w a t a ,  ante carinam cost8 unicci latd,planuM, aliquando obeoletb, a 
n d i b  ad wmp'nem decwrrente, munita, intw cceru&wens, ant& rdun- 

htci, portice obliqve trumxzta, margine ventrali antice wnvczb, postice visF 
G w n m k a &  (testa junior& rectai), Carina perelevata, acuta, valva 

in p a g i ~ s  duao dividenr, antic8 turnidd, postaka wncavci. Area 
nit&, rub lenk driatula, Jigamento rhombeo solum dice induta. 
DeRter cardinales post& brew, obliqui, ab eztremitate remotiuscltli. 

Lut. 10 long 3) alt. 6). 
1, 8 ,, 8 ,, 5. 

Shell very tumid, elongatdy rhomboidal, (the ventral and dorsal 
mPrgine being parallel es in 8. eelox) covered with a thick, dark epi- 
dermis, which is rather rough and radiately ribbed behind the keel. 
Beneath the epidermis the shell is white, and decnssstely very minutely 
mlptnred, one flat broad rib, scarcely raked, and occssionally obsolete 
in old specimens, passing from the umbones to the margin just in front 
of the keel. Thie ie scarcely distinguishable until the epidermis is 
removed. The valves are bluish within, rounded in front, obliquely 
t m t e d  a t  the posterior margin ; the ventral margin is convex an- 
teriorly, subconcave posteriorly, being straight for the greater part of 
ite course in young shells, but becoming slightly concave, at the spot 
where the b ~ n s  passes out, in old specimens. The keel is very high 
md a*, separating the valves into two subdivisions, the anterior of 
which ie tumid, the posterior concave. The area is polished and stria- 
ted rather obliquely, the ligament diamond-shaped and covering only 
the anterior portion, about + to ) the length, of the area. The hinge 
testh are oblique, but less eo than in either 8. c e h  or 8. pima, and 
the posterior teeth are much farther from the extremity of the shell 
than in either of thoee species. 

The great distinction between this speciee and the other two pre- 
h t i l y  deecribed is in the far greater tnmidity of the valves, which 

nearly twice ee broad in their diameter from side to side (of the 
closed valves) as they are from the dorsal to the ventral margin. 
The proportion of the two diameters in the present species arcrages 
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about 12 : 7. In S. ecbx it is 12 : 104 and in S. pinna 12 : 9).* The 

last named species is of a totally dietinct form, being much wider 
posteriorly than in front, so that it is sub-trigonal in shape instead of 

rhomboidal. I ts  posterior hinge teeth, also, are near the extremity, 
and so oblique as to be almost parillel to the hinge line, while in its 
smooth, thin epidermis, marked concentric scu!pture, and convex 
posterior subdivision of the valves, i t  differs widely from 8. dclh. 
The ligament of S. pintla covers a greater proportion of the length of 
the area, (about j,) than does that of S. delta. It is much narrower 
in proportion to its length, as is indeed the entire area, corresponding 
to the smaller tumidity of the valves. S. celox approaches more near- 
ly to the present species, but is thinner end much less tumid, has ib 

posterior hinge teeth more oblique and nearer to the extremity, and 
differs widely in sculpture. 

S. deltce was found under stones in creeka, adhering by a byssu~. It 
was not met with near the sea. I t  is the first species of the g e m  
that has been found in brackish water, both of the forms described br 
Mr. Beneon being from large rivers far above the influenoe of the tide. 

Mr. Benson mentions the occasional occurrence of a raised rib in ' 
front of the keel in S. celoz. I have several specimens, which I received ' 
from Mr. Theobald, shewing this peculiarity. I t  differs entirely hi 
the flattened subobsolete rib of S. delta?. 

F i p e s  of all 3 species are added to illustrate the difference betwem 
them. 

Family ANOMIAIDiE. 
No. 42, Anomia, sp. 

The specimens of this shell have unfortunately been mislaid. I 
only obtained two or three specimens, and i t  is extreluely dillicult to 
make out the species of this genus. 
No. 43, Anomia (Bnigma) mnigmtltica, Chem. 

Occasionally found adhering to stulups of treea in d t  water creeb 

Family OSTBEIDA. 
No. 44, Ostrea, sp. (1 2 sp.) 

A Large form occurs in the creeks below low water mark. A 
smaller kind is met with between tide marks in mangrove swampsand 
creeks, attached to wood or stones. I unfortunately omitted to 
sl~ccimens of either. 

Moasurod h m  autkentio spooimona of each spcciw. 
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.On the Juy le  product~ zMacl as articles qf food by the I~Aabitanfs 
of the distrdds of M a n b h m  and Hazaribdgh. 

By V .  Ben, Eq. B. A. 
Geologiaal Survey of India. 

It is perhape not generally known that thronghout IZanbhoom 
and H-ribagh, as well as in many of the adpining districts a 
considerable number of the poorer classes of the people depend solely 
upon the jungle to supply them with the means of subsistence for 
from two to three months of every year. In time of famine the 
number so dependent is of course greatly increased. 

In some of the more jungly parts of these districts, where the 
altivation round the villages is very limited and deficient, nearly the 
whole of the inhabitants who have survived the past famine, can have 
had little else but the roots and fruits of the surrounding jungle upon, 
which to subsist. While pnssing through some of these villages last 

season, I was told that but few deaths had oecurrcd in them. 
On the whole I am inclined to believe that people living in sucli 

villages are more independent and less affected in every way by fanline 
than thoso, who residing in the centre of cultivation, have no jungle 
readily 8cceseible. Wero a census to be taken, it would probably be 

10 
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found that the relative proportion of deserted houses and villages, the 
result of the famine, to those still inhabited, would be much greater in 
the open, cultivated parts of the district than in the densest jungles. 
Indeed the jungles may be regarded to a certain extent as the saving 
of the lower races of the population ; did they not afford nutritioue 
food in abundance, the result of a famine like that of 1866-7, would 
probably be not merely decimation, but utter depopulation through- 
out extepded areas. 

I t  is not to be supposed that even those who are in the habit of using 
this description of food regularly, for a greater or less portion of every 
year, regard i t  ae in any degree an equivalent to rice. Many have 
spoken to me of eating morw, which is by far the best of these 
products, as being only better than d e r i n g  from absolute famine, and 
they always consider themselves legitimate objects of charity, when 
they can say they are living on it alone. 

The list which is appended to this paper, includes nearly 80 
&stin& species of plants which fnrnish articles of food. Owing , 

to the difficulty of identifying the fragmentary epecimens which were 
all that I could in some instances obtain, i t  haa been impossible to 
make i t  fully complete. I believe, however, nothing of importance hrs 
been omitted. 

TO S. Kurz, Esq. curator of the Herbarium in the Botanic gzude~, 
I am indebted for aonsiderable assistance which has enabled me to 
bring forward this paper sooner and in a more correct f o m  than 
would have been otherwise possible. 

The species mentioned are of course of varying importance, some 
being merely edible, and in a few caees injurious if eaten in large 
quantities ; while others, as the Mhowd, Sdl, Bier, Bur, Pipcil, Singhi, 
Cheh.irr, various roots of the species of Dioscorea, and many of the 
varieties of Sag (leaves) may be considered as bond lfide staple articles 
of food. 

BADIA LATI~OLIA, Roxb. M'iowa, H. & B; 

The Hhma is found in Bombay and Bengal; those who haw 
pot visited the more remote portions of one or other of these presiden- 
cies, can hardy realize the importance of this tree a source of lood 
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to the poorer clssees of the natives, more especially to wch improvi- 
dent rrcea .s the Bheels, Colee and Bonthals. 

In the districts of Manbhoom and Hazaribagh, Yhawa groves 
a well rrs stray trees in the jungle are on the whole abundant. All 
tbe trees, with the exception of a few in the neighbonrhood of rods, 
are the property of the zemindara, and are rented out by them at 
prim vuying chiefly with the bazaar n i d  or price of rice. 
L the crop of Hhmw approaches ripeness, the corollas, becoming 

M y  and turgid with secreted juices, gradually loosen their adhesion 
to the d y x  and fall to the ground in a snowy shower. The duty of 
collecting the fallen blossoms is chiefly performed by women and 
children'; s t  dawn they may be seen leaving their villagee with 
empty baskets, and a wpply of water for the day's use. 

Before the crop has commenced to fall, they take the precaution to 
burn away the grw and leaves at the foot of the tree, so that none of 
the b l ~ ~ ~ ~ n u ,  may be hidden when they fall. The gleanera generally 
remain under the treea all day, alternately sleeping and collecting tho 
crop ; the male members of the family, viaiting the treee once or twice 
daring the day, bear off the produce in banghys. 

It often happene that the people who collect come from a consider- 
able distance, in which caae they erect with the branches of 861 s 
temporary encampment of huts in which they live until the crop ie 
dl gathered in. In front of each of these hub  a piece of gronnd is 
made quite amooth and hard, for the purpose of spreadi i  out the 

mop to w. 
When perfectly dry, the blowoms have a reddish brown colour, and 

in aize they have lost three-fourth of their original dimensions and 
about half their original weight. I t  ia the custom with aome of the 
nrtivee, before mpreading them out to dry, to pull off the little ring of 
folkmlls lobtm which crowns the fleahy corolla. 

It ie very difficulty to collect tnstworthy statistics regarding the 
amount of yield of the Mhowrr treea. I have been told, and it has been 
r e w  to me eeveral timee, that a firat class tree will yield as much 
rn thirty cut& m a d  of 12 chittacka to the seer, or about :th of s 
ton; in other words, an average daily fall of two maunds is said to 
continue for 15 days. This estimate I believe ia more than double 
whrt it ought to be. 
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The rent of the trees variee mnuh with the abundance of them in 
the district, the quality of the previons rice crop, and verioas other 
circumstances affecting the demand and supply. In parh of E d -  
bagh, I have known ten small trees io be let for e rupee, while a fine 
large one would mmetimes alone bring that amount. In Nanbhoom 
I have been pointed out trees for which a snm of from two to three 
rupees mas charged, but I have also heard of treee being hired in the 
snme district for four annas. 
Aa do the trees, so the soved crop variea much in price, the limits 

being, as far as I can make out, from 2 to 8 maunda for the rupee ; but 
when, es is perl~aps most froqnently the csee, the exchange m in kind, 
the mahajnne only give a d l  quantity of d t  and three or fonr 
seers of rice for a mannd of Hlwm. In parts of k b h o o m ,  I haw 
been ' told that during tlie famine, the price of Mhoum was from 12 
to 20 seers for the rupee. 

Two maunds of Nltoma are stated by some to furnish a months' fmt 
to a family cansisting of a father, mother and three children. I t  is, 
however, wlclom eaten alone, being much more frequently mixed with 
the seeds of Sdl, SHO~EA ROBU~TA, Roxb., or with some of the leaves oi 
the plante mentioned in the aecompenying lid which are collectively 
called Mg.  The cooking is performed as fo!lowe. The see%, 

having been previously well dried in the sun, are roasted and then 
boiled alone ; the dihown flowers are then aleo boiled, and the w a h  
is thrown away ; so far having been cooked separately, they are then 
mixed and re-heated, sometimes a small quantity of rice ia  added. It 
is the custom to cook but once in a day, and each member of the 
family help himself whenever he feels hungry. 

When fresh, the illlama has a pccnliar luscions taste with an odow 
somewhat suggestive of mice ; when dried, it poesosaes some reeern- 

blance to the inferior kinds of figs. Cooking renders it vapid and 
ntterly devoid of flavour. On distillation tho newly dried flowers yield 
an highly intoxicating spirit called dard ; this, before boing sold, M 

diluted with ten times its quantity of water, and b then sold at the 
rate of two pice for about a qnart. 

Considering the really usefnl ~ a t u r e  of this tree, it would be mod 
.desirable that whenever new lines of road are being made thm@ 
my of the districts in which it thrives, it should be planted on &her 
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ide, so that the poorest might avail themselves of the crop without 
bring to pay mt to a cemindar or landlord. 

If the yield of an average tree emonnt to 6 maunds, that is to my, 
m q h  to supply r small family with food for three months, there can 
be no queation of the immense amount of food which in time of 
kmine a row of treee planted along a mad passing through the 
mantry would afford. Although the natives rigoronsly protect such 
tma re exist, I am not aware that they do anything to increase the 
nambca. 

8lI0REA BOBUSTA, R o x ~ .  sd6cil, H. & B. 
Under the head of M h ,  the seed of this tree haa already been 

dnded to. Where possible, tho Mhma and SaZ are mixed in the manner 
above described, but in some places even dlholua is not to be obtained, 
so that the Sol seeds are roasted ond eaten alone. With many of the 
bntbals, &2 is probably r regular article of food, and not merely 
" h i e r  7esrorf" to be nsed in such a year as 1866-7. 

Frcos INDIOA, Roxb. Bur, B. & H.-B. BELIQIO~A, Linn. Pi& 
B. & H. 
The fige of both theso specie0 especially thoee of the former 

are eaten every year by the poorer classes of natives. In one 
plre last year I observed a number of metched half-starved ill- 
dothed women and children, with a few still more wretched men, 
picking up the figs whioh had fallen from a banyan tre6 : they did 
not even knook the fruit off the tree, but were become so poor-spirited 
by hunger, that they mere contented to collect the windfalla. 

Z ~ B  JWJUBA, Linn. Bier, B. 6 H. 
The fruit of this tree though not at all to be compared in importance 

with i?fhowa as an article of food, is nevertheless much used in 
parta of these districts where dlhowa is not abundant ; it may frequently 
be seen spread out to dry on the roofs of cottages. There are two 
varieties at least of Bier ; one is a small bush with the appearance of 
which few who have travelled in India can fail to be familiar ; the 
other is from the same original stock, but has been vastly improved by 
altivation and ie always found near villages. 

This fruit is sold in the bazaars, and when not quite ripe, has the 
pleasant acidity of an apple. 
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B A ~ I N I A  VAHLII, W. & A. t%eAur B. & H. 
The pods of this gigantic creeper which, passing from tree to tree, 

forms the festoons peculiar to tropical jungle acenery, are most 
eagerly aought for by the natives, so much so, indeed, that it was 
with difficulty that I succeeded in obtaining botanical specimens. 
They are plucked juet before they become ripe; so that in order to 
open them, it ie necessary to place them in a fire ; on being edliciently 
heated, they open with a loud report, and the carpels at once twist 
into curls which no amount of preesure can remove. The seed are 
easily detached and are eatcn at once. 

TRAPA BISPINOSA, Roxb. & T. anaDarsPmosa, Roxb. 8inghdr6, 
3. & H. Punbqje, Sonth. 

Both theee species of Singhdrd are well known to many Europeans, 
With the natives they form a favourite article of food. I have frequently 
wen from 20 to 30 persons, men, women and children groping in a half 
dried up tank for Singhdrci, Paludinas, and emdl duggish fish, which 
lrrtter are caught by dragging on shore the weed in with they lie 
concealed. From the produce of a morning's collection of these 
miscellaneons substancee a tarkdn' is made, which is perhaps the only 
food upon which a family have to subsist for the day. 

In drawing up the following list, two system8 of arrangement were 
possible, either to enumerate the speciea under their respective natural 
orders, or under headings indicating the pan of the plant used ; this 
latter form has been adopted, as it rendem the list more accessible 
to those not familiar with botanical terma. The order in which the 
species are arranged is approximately that of their relative importance. 
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Fruite-continued. 

Kames. I Ben&. 1 Hindbtani. \ Remarks. 

Zizyphae (Enoplia, Xill. - rngosa, Lam. 
Ficus Indica, Roxb. --- religioss, Liitn. 

- glomerata Ro.rb. 
Cnrinsn carandas, T ~ n n .  
T r a p  bispinosa, Ro.rb. -- quarlrispinosa, Roxb. 

Eugenia Jambolana, Lami 
D i o s p p s  Melnnoxylon, Rosb. - exscnlptn, Ham. - embryopteria, Rozb. 
Olnx ecandens, Rurb. 

Marmeloo, Cow. 
Feronia elephantnm, Linn. 

"_amarindne Indica, Linn. 
- Alangium decapetalnm Lam, 

Flscoartia aapida, Rozb. 
-3 -- cntaphraotn, Rorb. 
3 Phyllnnthns emblica, Linlt. 

Banhinin vnriegata, L h .  5 l l i m o a p  elend. Linm. 
Romioarpun t I I tim. Linn. 
Erycibe panu 111 r I, 1 1 .  

6%-Kol. 
? 

Bur. 
Pipal. 

Dwmnr. [chi. 
Kurnmca orBen. 
Pbni-phnl or 
SinghM. 

Jnmbn. 
Keondor Kaned. 

? 
MakClr-kondi. 
Koko-am. 
Bnel. 

I 
Knthbel. 

Total or Tontar. 
B k h - a n k h  
Kat4i. 
P h i - d .  
Oud. 
Catchui. 
Bohl or Bakal. . 
Bellb. 

Makoi. 
P 

id. 
id. 

id 
id. 
? 
? 
P 

Emla 
id. 
id. 
. a .  

id. 
id. 

Monlsore. 
id. 

I A small black fruit having a slightly tart taete. 

I Are much eaten in time of ecamity by the very p a t ~ t  SOD- 
thlils and Colea 

Is capable of much improvement by mltivation. 
Am procurable in l q e  qunntities in mme of the tanks. 

Thoy furnish a very wholesome food. 

Fruit is collected and mld in the baznrn. 

I IMth 
Chiefly need for making aherbet, but are nleo prepared ia othea 

Dried and exported in large qwtit iee.  
Fruit aomewhat aatringont. 

luaed for d i n g  pickles. 

Acrid, exoept when perfectly n'pe. 
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Kahiv ,  t h  Wesfem Himataya and tha Afghan Illountains, a- 
A Qcdogieal p a F ,  by 

Albert M. Verohere, Rea. X. D. 
Bsngal Medical Servioe, with s note on the foesils by 

x. Edouerd de vemeail, 
Yernbre de l'Amd6mie des Bcienoes, Paris. 
(Continued from page 60, of No. 111. 1867.) 

CHAP= IV.-General Rcntarks, Cfeog?ao~tic History, a d  Conclwwn. 

81. In the preceding chapters I have often insisted on the 
prdeliem of the wveral chains of the Himalaya ; this parallelism is at 
once evident by reference to the map. Between the great parallels, we 
have wen that smaller, catenated chains make their appearance, filling 
up, as it were, with their spurs and branches, the great trougha 
formed by the principal parallel ridges. A11 the peaks and sinuosities 
of these catenated chains appear to present the same arrangement, viz. 
r highly crystalline and porphyritic variety of volcanic rock, passing 

/ gnuldly into others lese crystalline, such as Trachyte, Felstone and 
&tone, and finally covered by ash, cinders, agglomerate, laterite, 
and compact w i c  date : these beds of ejecta, together with their 
intemtrstified layers of slate and wndstone, are all conformable to the 
foeeiliferoua strati by which they are covered, and have behaved like 
thaw at the final upheaval of'the great syetem. But the more crystalline 
rocks, the eeveral porphyries, the hornblende rocks, &c. do not appear 
to have been dieplaced laterally in any way to the same extent as the 
d~rtified layers; they rather seem to have been upheaved from 
underground as a solid maas, breaking through the beds of superficial 
trap and of volcanic ejecta. A similar disposition is likewise usual 
in granitic mountains, the granite wpporting gneiss, schist, me- 
tamorphic date and marble, and these being covered by fossiliferous 
roch. 

To explain the cause of this arrangement, let us consider what 
k~ the section of a volcano, as far 8e i t  is known at present 
from a study of active and extinct ones. We have under the wrface of 
the country, in which the volcano occurs, enormoue maesea of trschyte, 
becoming more and more cry6talline and prophyritic ee we proceed 
deeper, and probably passing gradually into granite. In some 
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vohanoee this maas is perhaps npheaved during their activity, but 
what is upheaved above ground is certainly but a d l  proportion of 
what remains underneath. This m w  is covered by the materiels 
which have flowed out and have spread themselves on the snrfece, either 
under the ass or in the open air. A great deal of this fluid material 
does never reach the sorfw, but finds itn way into the cracks and fis- 
sures of the trachgte and porphyry. The portion which flom on the 
wrface, whether in the air or under water ia a lava ; on the top of end 
interbedded with the laves, ecorh, eshee, cinders, dust, broken rocks 
and mud, thrown into the air or into the sea by volcanic dicicbqp, 
are arranged in gentle slopes on the sides of the volcanoee and in flat 
etrata further off. Now, let ua suppose that the volcanic sctivity 
becomea dormant or ceases : we shall have under the spot where the 
volcano once broke out, great maseee of melted and metamorphosed 
matter solidifying into varioua sorts of trappeen rocks, while on the 
mrface, stratified and fossiliferms be& will be depoeited on the top of 
the lava and ashes. Should then the whole district be sobmiited to 
an expansive force acting from within ontwards, this force will be first 
and most intensely felt by the great maa of underground porphyry 
and trachgte, which will be forced up and break through what- 
ever covers it ; the beds of basalt and amygdaloid through which it 
is f o r d ,  will be displaced and thrown &ide or on their flank, drag. 
ging with them the strstified beds of cinders and foesiAiferoua strata. 
If inetead of one volcano, we bave many, situated not very far 
apart, we shall have the superlicial rooke thrown into endless confusion 
by the upheaval of the many messes of porphyry end trachyb, 
which once formed their baeee. The surging up of these mseseo 
of crystalline rock will of conme diminish very materially the eprce 
occupied by the laves, the cinders and the foesiliferous roolria at tbe 
time of their deposition ; and thew bave therefore no other aliernative 
but to be broken in piecee, and these pieces to be raised more or lea 
towards a vertioal paition, according to the quantity of rock to be 
packed in a given space. Thus, for example, near the Kaj Nag range, 
v e  have vast deposits of felstone. well hemmed in, on the mth, by an 
enormous thicknew of e v e  tertin~iea When the huge m m  of 
porphyry of the centre of this system of mountuiw received ite ht 
upheaval, it took poseeseion of s groat extent of ground formerly 



mred by the felstone ; and this in its turn did ita best to push the 
Mirim further south, but this it only partially succeeded in doing ; 

; md os there wss much felstone and little room for it, the bed broke 
into piema and tbeae pi- became packed edgeways. 

I 
82. Granite may be conaidered as the solidified matter of a volcano 

lerted BO far from the andace of the earth, that it never broke through 
ib cowring while the minerals were in a fluid or v b i d  state. I t  is 
the remains of a " blind volcano." Humboldt has described volcanic 
retion, " the reaction of the interior of the earth on the external cnlst." 

, This cruet has to be broken through to allow of the escape of some of 
, the internal matter; where the earth's cmst reeifits the npward 

pressam, no crater ia formed, no true volcano appeara ; but the melted 
makr remains imprisoned under the cmst, and there gradually 
didifiee under pent presenre. The solidification will neceaearily be 
mode more slow at a great deptb, than it would be near the surface 
md near a rent which allows of the evaporation of the intermolecular 
water to take place; and it is the slorvness of the cooling, the 

1 pmmre soltaioed during the period of cooling, and the retention of 
intermolecular water and gasee which cauRe the melted minerals to 

I 

crystallise rre granite and not as porphyry, greenstone or baealt. 
83. In regard to their geogr~rphid disposition, volcanoes can be 

eLssified into " oentral" and " linear." The " centrd" are those which 
rrise by themeelvea and appear not to be connected with any other 
volcano the linear" are several outlets arranged along a probable 
h u e  in the earth's crust, and the fissure is often parallel to one or 
many other fiesnres similarly indicated by a line of volcanoes; or 
two fiaeammsy w t  one another obliquely, aa we see in the Lipari 
lelpde. 
81 Applying the above general remarks to the volcanio rocks of 

Clehmir, we first notice that previous to the carboniferous epoch, there 
existed linear volcanoes arranged in a direction parallel to the 
p m n t  general direction of the Himalaya, viz. N. W. and 8. E. ; these 
d x n o e s  are now represented by the summits of Kaj-Nag and of the 
KiEtwrr and Badrawar and the peab  of the catenated chains of Cash- 
rair. Theee volc~noee vary much in importance, but no doubt can 
be entertained of their general great activity, if me remember the 
mnnons amount af ejecta which they have thrown out. The well 
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stratified arrangement of these ejected materials, especially thoee which 
are ejected in a loose and fragmentary condition, the amygdaloidal 
nature of nearly all the ash-rocks and some of the slates, and the 
existence of these slates interstratified with the volcanic rocks, jnetify 
the idea that some of the volcanoes were islands and others subaqneons 
cratera, in a sea of modernte depth, and it requires no great effort of 
the mind to picture to ourselves an archipelago of fire-emitting islands 
in the Silurian Rea. 

At what time the volcnnoes first out broke out, i t  is not at present 
possible to determine; they appear to have subsided at the beginning 
of the Carboniferous epoch ; and though phenomena related to volcanic 
power, in the most general acceptance of that term, were not wanting 
during and after the Carboniferous epoch, yet i t  is certain, as far re. 
we at  preeent know, that no regular volcano ever existed in the 
western Himalaya d te r  the great Silurian volcanoes had become 
extinct. 

85. I t  has been remarked in many p& of the world that, when r 
iolnnic district is, after the extinction of all craters, 60 disturbed that 
fissures are formed in the crust of the earth, these fissurea do not pm 
through the old volcanic accnmulations, but rather at  a little distance 
from them. This has been explained by supposing that the maasee of 
porphyry, trachyte and other once melted roch,which have been ejected 
in the original volcanic fissures and amongst the rocks near this fiesnre, 
have so much strengthened the crud of the earth in the site of thrt 
fissure, that a new fracture takes place anywhere rather than acrwor 
dong the old crack. If inetend of one old crack we have many parallel 
cracks, the new fissurea will then naturally take a direction parallel to 

the old fissures and will be situated between them. This has been the 
case in the Himalayas, and the great linea of fracture which were formed 
a t  the last upheaval, are none of them along the catenated volcanic 
chains, but between and parallel to these chaine. But the catenated 
chains or lines of linear Silurian volcanoes determined the direction of 
the great lines of fracture which were formed at the last upheaval. We 
see therefore in the Himalayas great lines of fracture running N. W. and 
8. E., these fractures present a downthrow on the 8. W. and the 
beds of rocks north-east of them form the great parallel chains of tba 
.Himalaya. The general dip of dl these chains, and indeed of all the 
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pent beds of rock in these monntains, is towards the N. E. ; an explana- 
tion of the cam of this dip will be given hereafter. 

86. We have said that granite may be considered ae the consoli- 
drted mate&& of " blind volcanoes ;" that is, the cooled down masses 
d fluid orviscid matter propelled by internal tension towards the 

I nudace of the globe, but not with a force sufficient to overcome the 
mistance offered by the earth's crust. The eoundness of this hypothesis 
' p p e ~ l  supported by the metamorphic influence of granite over i n -  
mew tracts of country : the conversion of shales, limestone, and sand- 
doma .nd other rocb into gneiss, schist, marble and qututzite can only 

1 beexplained either by supposing these  hales, limestonee, and sandstones 
tohavebeen plunged deep into the bowels of the earth, there to be me- 
tamapbaeed,-or else to have been the lid, covering and keeping under 
nnvm of fluid mineral matter. Now, the h t  supposition necesvitatea 

I the ramption of very great disturbancee of the earth's crust, of such 
1 dieturbences as we cannot conceive or imagine by the analogy of any- 

thing we now see in the mkn of the surface of the globe. Neither is 
the idea of superficial stratified beds being plunged to a great depth 
into the earth, agreeable to the universal observation of a forcing-out 
power acting from the centre to the surface. The other supposition 
doea not present the above-named objections: immense masses of 
melted matter may have approached sufficiently near the surface to 
luva imparted great and.wntinued heat to the deepest stratified beds, 
and may have underlaid great trads of country, without disturbing, to 
a very great extent, the position of the strata which they metamor- 
phosed. Hence do we find beds of gneiss, schist and marble retainil~g 
pat regularity of stratification for very many miles ; so much so, 
that it has been possible to claesify these metamorphic rocks in regularly 
mperpcaed formations, and to ascertain non-conformity between these 
be* proving beyond a doubt their successive deposition.* It ie 
impoeeiblo to understand how these be& could have preserved their 
relatiom, overa g e a t  extent of country, if it had been submitted, at one 
time, to a '' b&er~ement" so terrific and complete as to have plunged 
them under the solid crust of the earth, k d ,  at another time, to the 
great upheaval neceesary to bring them up again to the surface. 

The great example of bhia is Sir 
CsnaQ 

Logsn'e Laarentian formatione in 
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I t  is hardly necessary to add that the rolling of this great wave of 
melted ~llinerals, under a certain part of th'e earth's cmst, would wt all 
the deep-seated watere to boil, would sublimate certain metals and 
elements, and that steam at  a great heat, and occasionally impregnated 
with various vapours, would add its metamorphic influenee to that of 
the heat disengaged from the molten granite underneath, and would 
here and their percolate and alter certain distant beds which would 
have otherwiee escaped metamorphosis. 

I t  has been advanced that steam alone was sufficient to account for 
the metamorphism ; to me i t  appears inadequate to the work, when we 
come to considet the extensive beds of metamorphic rocks aeen in 
several parts of the world. No Geyser, ever so hot, has yet been 
reported to have changed shales in its vioihity into gneiss or crystalline 
schists, though, I admit, the influence is often evident enough in bede 
of limestone. On the other hand, we know that dykea of greenstone, 
of baealt, or of amygdaloid have often converted eandstone into horn- 
stone or quartzite, and slate clay into f%hty-state or jaeper. I t  sppeus 
therefore evident, that heat is one of the most powerful, i f  not the 
principal agent of metamorphism ; i t  appears also necewry that the 
heat should be longsustained to produce such a great extent of metamor- 
phosed beds aa those we are considering, end that i t  should be equally 
and uniformly distributed. I t  does not appear likely that this persistent 
and uniform heat was supplied by bursta of vapours, nor indeed have we 

any analogy in the present days of large traets of country being aenaibly 
modified by the permeation of steam. The slow cooling of a maee of 
molten mineral under pressure would be admirably adapted to the work 
of metamorphosing the superincumbent c m t ,  over eeveral hundred 
square miles of country. 
If the hypothesis advanced just now be accepted, we have no 

dificulty in understanding the graduating of granite into volculic 
rocks ; it is indeed what we would naturally expeet to see, wherever 
subsequent upheavals have exposed exteneive graqitic and t m p p  
regions. 

To facilitate the application of these remarb to the HimLya 
mountains, let us make a theoretical section from the eouth-west to 

the north-east across the 0ilurian Archipelego of Kashmir and the 
sen to the north-east of it. 



rlie Western Himalaya and Afyhan Nountains. 
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This theoretical section shows us a succession of volcanic islands or 
n~nritime or sub-aqueous volcanoes of which the base is a mnss of 
nlelted matter, destined to solidify as porphyry, trachyte and other 
volcanic rocks, whilst the melted materials situated further from the 
vents are to solidify as granite. Over the granite; we find the crust 
more or less intact, tl~ough metamorphosed into gneiss, schist and 
marble ; over the porphyries and trachytes we find that it has 
been removed and torn up by the ejecting power of the nlelted 
mass making its way to the vents. Over and between the volcanoes, 
me find a very thick bed of ashes, broken stones, agglomerates 
and Invas. Over the granite we find, after the gneiss and schists, 
stratified deposits of Silurian shales and limestone. After the 
extinction of the volcanoes, we find the whole sea-bottom covered 
with the frngnients of animals of the Carboniferous period ; and thus 
do we eee in Kmhmir the Carboniferous limestone resting confor- 
mably on the volcanic rocks, and not disturbed by their intrusion. 

Of course many changes, oscillations, denudetiom and depositions 
took place between the extinction of the Silurian volcanoes and the 
great final upheaval of the Himalayas; but these changes do not 
appear to have been on a sufficiently grand scale to have affected, to 
any great degree, the lithological features of tho earth's c~ust ,  in the 
portion of the globe we aro considering. A t  the final upheaval, a 
series of new fissures were formed and are represented in the diagnm 
above, and the position assumed by the several slices, - between these 
fissures, is represented by the dotted outline. There are many more 
parallel fissures, I have no donbt, but they did not cnnse a great up- 
throw of one of their cdges, nnd have therefore little to do with the 
general configuration of tlie Himnlnyas. 

Tlie position of the fissures, betroeen the old volcanic lines, and not on 
them, hns produced tlie phenomenon that nearly all the,highest peaks 
of the IIinlalaya are not situated on the chain to wliich they belong, 
but a little distsnce from it. The fissures, taking place in the weakest 
parts of the crnst,followed the old vnlleys between the lines of volcanoes, 
and the volcanic masses are therefore guperior to the chain formed by 
the edge of the fissure by tho height these volcanic massea originally 
possessed. I t  is also rensonable to admit that the movement of np- 
h e a d  was more powerih~ly felt by huge masses of prophyry, trachyte, 



1867.1 the Western Hilnalaya a ~ d  Afghan Mounfaz'ns. 

pnite, gneiss, kc., which cannot be easily compressed or folded, thnn 
by the flat beds of dusts, slates, laves, ashes and fossiliferous rocks. 

8;. Glancing now at the Afghnn mountains, we find that tllcir 
cluins have a steady direction from the north-east to the south-west. 
we find also that, as far as has been ascei-tained, the dip is invariably 
8. '8. or W. N. W.; that is, presents the same phenomenon as in 
the Himalaya, of the beds of rock rising towards the plains of India. 
Thie dip is tha t  of all the rocks of the trans-Indus districtfi; i t  is that 
of the beds in  Versiristan, and of most of the nummulitic strata 
in Hazara, and indeed, wherever it has been possible to exnmine 
it, it has been found to be north-westerly. We cannot therefore refuse 
to admit, t ha t  the strike of the Afghan mountains meets the strike of 
the Himalayas, and the dip of the latter being North-ensterly and 
that of the former North-westerly, wo are justified in concluding, that 
the whole of these huge monntains forms one and the same system of 
upheaval ; that  a tremendou~ dome or swell did surge up in the region 
OI our Silurian volcanic archipelagoes, and that the Himalayas on one 
aide and t h e  Afghan monntains on the other nre fnulted slopea of a 
gigantic oblique anticlinnl ! 

A true anticlinal it cannot be called ; it  is more properly the result 
bf an incalcnlabls force pressing outwardly the crust of the earth and 
endeavouring to raise it into a dome ; and as such a dome could neither 
be raised nor settled down again without much fracturing of the crust 
of the earth, the linea of fracture followed the direction of the old 
~.olcanic lines, and on one side ran N. W.-S. E. (Himalayns) and on 
the other N. W.-5. E. (Afghan mountains). 

No good explanation hae yet been advnnced of the general N. E. 
dip of the Himalaya; none hns even been nttemptcd of the N. W. 
dip of the Afghnn monntains. By placing the nxis of the dome 
between these two masses of mountnincl, nnd considering t l ie~e moun- 
tains a? the opposite jambs of an oblique anticlinal, the singular dip 
'af both is satisfnctorily explnincd. 

88. PI. XI.  is intended to give an idea of tlic great fissures of the 
Afghan-Himalnynn ~ybtern of mountains. 
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We must not forget that the fissures went through portions of the 
- 

crust, having a much greater power of resistance in some placm than 
in others, being here brittle, there tenacious, here rigid and there easily 
bent; and me must not expect too much regnlarity in the fissures, 
but be prepared for occaqional deviations from the general direction. 
The Miocene beds, which present the greatest uniformity of formation, 
have everywhere the most regular strike, in spite of their numerous 
foldings and faults ; the great beds of felstone are also tolerably 
regular in their general dip, and so are the great beds of Carboniferous 
limestone in Kashmir, though of course the smaller beds, especially 
those close against high summits, have a local dip and strike. The 
interminable masses of metamorphic schists, described by travellers in 
several parts of the Himalayas, have also a steady N. E. dip, and 
Captain R. Strachey tells us that in that portion of the Himalayas which 
he examined, the N. E. dip was the general one. On the Afghan 
side of the oblique anticlinal the Miocene again presents the greatest 
regularity, and the Nummulitic formation nearly equals i t  ; the dip of 
both these formations is very steadily towards the N. W. 

Another cause which has no doubt contributed to break the uni- 
formity of the parallelism of the chains is the pressure, in some plwes, 
of such enormous accumulations of volcanic porphyry as we see at the 
.Kaj-Nag and in Kietwar and Badrawar. These centres of volcanic 
rock appear to have been very huge ; they were undoubtedly solidified 
long before they became upheaved, as they were formed during the 
Silurian epoch, and did not receive their upheaval until the Tertiary 
period had been nearly run out. Thoy were, therefore, raised up 
bodily as solid masses, and they had been too huge to arrange themselvee 
in the general parallelism of the fissures. I have represented them in 
the plate as huge centres of volcanic action, regarding them as too 
enormous to be displaced by even the force which has uplifted the 
great dome of the Afghan-Himalayan system; they were merely 
forced up. The Snfed Koh and the Koh-i-Baba in the Afghan moun- 
tains occupy a similar position in relation to the parallel chains; the 
first named is probably a volcanic mass, and I have assumed that the 
other is likewise a porphyry centre. I t  is probable that certain 

granite masses have acted in a like manner; but it would be of little 
profit to speculate about those masses, knowing at present nothing 
positive regarding them. 



l66i.l the Tatern Hinaalaya and iljghan Mountains. 93 

The fissures just described being once formed, we have no difficulty 
in understanding how the slices of crust between them were compelled 
to remain in an oblique position, viz. dipping N. E. and N. W. 
respectively, when the settlement took place, if we remember, that a 
great deal of granite, lignite, porphyry, trachyte, &c. buried under the 
wrfaoe before the upheaval, had now been forced np and occupic'd 
a great portion of the room ; unable to find space enough to resume a 
horizontal position, these bands of the earth's crust became impacted 
in the position we now see them. 

89. Coming down from the high regions of the Himalaya and of 
the Afghan mountains to the Salt Range and the hills of the district 
oi Bmnoo, we notice the interesting pheno~uenon of the tilting up of 
the angular extremity of the piece of crust that had been broken off, 
between the  converging fissures of the Sub-Himalaya nnd the Sub- 
ASghan hills. This crop-fracture is just such as we see near the 
point of an angular piece of a window-pane which has been starred 
by a blow. The dip of the Salt Range and the Bunnoo hills is 
wui3equently disposed in a somewhat converging manner, such ae ie 
indicated by the arrows in P1. XI. ; the crop fracture is not a straight 
line; it is a succession of segments of a circle, and the dip of each 
segment is converging more or less towards the centre of its circle. 

It is, however, possible that this breaking of the tip of the triangular 
piece of crust is only apparent, nnd that the segmentary and converging 
dip of the beds may be due to a complexity of resultant forces, a t  the - 

place where the N. W. and N. W. dips mcet. 
To the mnth of the Salt Range extend the vast plains of the Punjsb, 

Ajmeer and Harwar, covered mostly with clay and sand, often a desert 
without a hill or even a mound to relieve the monotony, and with 
hardly a pebble to be found for some hundreds of miles. So far south 
re Lat N. 27' these great plains extend without a brenk, and then 
we find the volcanic rocks of Central India, supporting here and there 
beds of sandstone with mammalian bones* similar to those which are 
so well developed in the Sub-Himalaya and Sub-Afghan ranges. 
m e t h e r  the whole, a portion, or none of the volcanic rocks of Central 
India are contemporaneous to those of the Himalaya, I know not, 

Bonee of extinct mammle havo been fonnd in  the Valloy of the NerbacI& 
Bath of Lat. N. 2i0, no Miocene hae evor bccn found. 
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though it is highly probable that some at lcmt belong to t h e  same 
epoch. I think it would be a most interesting point t o  study, 
whether the Central Indian Mountains participated in the  g r a t  
upheaval of the Afghan-Himalayan system, and to what extent they 
did so. Such a subject is not, however, to be discussed here, en 
pausaut. We must know more of what is bnried under the alluvial 
sands and clays of the Punjab and the desert of Ajmeer, before we can 
decide on the relations of the Himalaya and Central Indian Monnbins. 
The study of the Miocene beds appears the most likely sort of research 
to lead to interesting results. Could we once show satisfactorily 
that the plnins of Northern India hnve been one day, and that not long 
ago (geologically spenking) a rugged country covered with Miocene 
hilloclrs and ridges, we should soon get an insight into the participa- 
tion of the Central Indian Mountains in the great ~ f g h a n - ~ i r n a l a ~ a n  
npheaval, and also into the nature of the soils and sub-mile of 
Upper India. 

90. Let us now endeavour to sketch a geognostic history of the 
Afghnn-Himalayan system of mountains, in accordance with the 
observations and hypotheses recorded in this pnper.* 

In  tho days of the Silurian epoch, t h  centre of Asia may be a m -  
ed to have been a sea uniting the Arctic to the Indian Ocean. In 
the middle of this sea, an archipelago of volcanic islands and subaqneo~~ 
volcnnoeo existed, displaying great activity and ejecting into the sea 
an immense quantity of matter. 

The position of theae volcanoes and subaqueous vents is now 
represented by the porphyritic masses of Kaj-Nag, of Kistwar and 
Badramnr, by the summits of the catenated chains of Knshmir, 
&c., &c. The volcanoes were linear in their arrangement ; one line, 
that of Kaj-Nag, Badrawar and Kistmar being continued far t.owada 
the south-east ; and i t  is probable that the peaks of Chor, of Dodatoli 
and others in the same districts, are volcnnic peaks on the same 
fissure.  noth her line or rather scrics of lines is that of the catenated 
chains in Knshruir, with a probable S. E. extension in the range 
of mountains which separate Lnhool from Chnmba. Another line 
again is that of Drass and Kargl~yl, at the back of the Ser and 

* A few unnroidnblo rapetitione mhich occur in this portion of tho paper ail], 
I hope, be excuscd. 
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I ' thin, and which is  continued far towards the S. E., forluing numerous 

md considerable volcanic mountains which appear as islands and 
promontories above the flat plain of the grent Thibet platean, through 
which the Sntlej runs. 

Theae lines or fissures had a direction N. W.-S. E. and were 
d parallel, but the activity of the volcanoes was not the same 
on all the lines or in different parts of each line. Thus, in the line of 
Kaj-Nag and Badrswnr, Chor and Dodatoli, the north-western end of 
the l i e  is eminently distinguished and marked by very numerous and 
very long volcanoes, whilst the eastern one only gave passage to a few 
vents separated from each other by collsiderable intervals. On the 
other hand, (on another line) in Ladak, the volcanoes appear to have 
been small and few, whilst the eastern ends of the fissures appear to 
have been marked with many volcanoes of grent size and activity. 
h'o volcanoes appear to have existed in that portion of the Silurian 
sea, where we now h a ~ e  the high mountains of Kailas and Karokoram; 
but where the Kuen Luen chain was a t  a later age to appear, i t  
aeeme, tha t  one or two lines of linear volcanoes did exist at the begin- 
ning of the Palaozoic epoch. 

How long, how many thousands of years these volcanoes kept a t  
their work, i t  is impossible even to guess. Their activity was immense, 
arid it appears that in the waters which bathed the shores of the rolcanio 
ucSpelago, too many outlets kept continually pouring out hot ejecta 
and roxious vaponrs to have allowed life to be present. K e  have seen 
that there is considerable evidence of the sea-bottom having been 
frequently heated enough to become cellular and amygdaloidal, and n 

reference to the section of the Tukt-i Suliman in Knshnlir will, T think, 
leave little doubt of the frequency, the violence and the abundance 
of the discharges of lava, of lapilli, of ashes, and of hot liquid mud, 
We therefore find no Silurian fossils in Kashmir, and the slates and 
~ l l s t o n e s  which are interbedded with the volcanic ejecta are complete- 
ly deprived of fossile. This want of orgnnic life did not, however, 
affect those portions of the sea which were sufficiently distant from the 
mbeqneous craters and volcanic islands to escape the destructive effects 
of ejected materials ; and we find, therelore, in the Karokoram chain 
and also in the Himalaya, between the Sutlej and the Kali, h g c  beds 
of Silurian rocks with the usual fossil. These rocks are, as we havo 
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seen, slates and shales which have until now proved azoic, but covered 
in by lilnestone rich in forms of the oldcr Palceozoic period. 

I need hardly say that the azoic slates, shales and sandstones which 
aro interbedded with the ashes and ?mygdaloids in Krrshmir a re  of 
Silurian date ; if we wish, therefore, to colour a map of Kaahmir 
solely in regard to the age of the rocks, we should have to colour 
all the ashes, slates, &c. Silurian. As the volcanic ejeda much 
predominate in quantity over the azoic slates and sandstone, I have 
not coloured the mnss solely by age, but rather in view of the nature 
of thc rocks. 

But the Himalayan lines of insular volcanoes were not the only 
ones in that portion of the Silurian sea which we are considering; 
other linear volcanoes were directed from the N. E. to the S. W. 
in the longitudes and latitudes where we now find the grea t  
Afghan mountains. We know very little of these mountains: 
we have seen, however, that volcaliic rocks of a grnnitoid appear- 
ance form the ranges of hills between Yeusofzaie and Bonneyr, and 
that clinkstone, granular and porphyritic, is quarried at Jellalabad. 
Dr. Bellew also tells us that he noticed volcanic rocks amongst the 
southern spurs of the Sufed Koh.* He also mentions that  harp 
earthquakes are frequent in the valley of the Kornm, and i t  is re- 
ported by the Povindna who trade through the (fulwaira Pass, that 
a city situated a t  the back of the Suliman chains h u  been destroyed 
by a terrific earthquake. I need not point out the usual relation of 
severe earthqnakes with accutnulations of volcanic porphyries, in 
countries wherc no active volcanoes havo been known to exkt for 
sc;eral geological ages past. Then we hare seen that the summits 
of the main chain of mountains, in the Vuzeeri country, are mostly 
composed of volcanic rocks ; but the greatest amount of evidence in 

Aftar crossing tlie hill-pass of Hnzrah-Shutnr-Qnrdan, tho mad lies through 
a gorge, and astream or rivulet flows to the wcstwnrd; in the bod of this rivulet 
pebbles of porphyry, hornblende ond syenite (?) wcre seen ; the snrfaoe of the 
soil was nlso covcred with siniilnr pebbles. ........... Near tho top of tho Shiughti 
Kothul, the volc~\nic rocks wcro again seon : Dr. Bellow says : " The 
ww strcwod with grcat blocks and fragrno~its of po~phyry md syenite, 
tlio latter was of various sliades, frorn yellowish-grccn to greenish-brown, 
and its frngments shono wit11 a vitreous lustre and broke with e similar f ~ -  
tu1.0." Chaptrr II. N [ c ~ r , i t i ~ e  of o J l i s s i , , ~ ~  tq Iiu,ldahar. The above d&p 
tion of syenito does not look iliucb 11ke ti) cuite, i t  is nearly oertain that tqe 
rock vkeerved was a hypcrathenc rock 
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derived from the boulders brought down by torrents and from thoee 
brmerly csmed down and now imbedded in the Miocene conglo- 
menten which fringe the base of the Afghan moantaine. Them 
boulders and pebbles are mostly greenstone, felstone, trachyte, and 
porphyry identical with the Himalayan hornblende rock ; and that 
peenliar variety of amy&daloidal greedone, pierced with gas-venb, 
which has been described st No. 4 of the section of the Tukt-i-Saliman 
in Kaehmir, panr. 18, occm ip great abundance. (See also P1. x. 
fig& 1. la.) 

%re can be, therefore, no possible donbt that the Afghan monntains 
wen. at the 8ilarirrn epoch an archipelago of volcanio islands and 
mbqueoua volcanoes ; indeed, they were merely another group of the 
rme great archipelago ; bat the fiesnrea or lines on which the vents 
were aituated had a direction N. E., 8. W. 

Towards the end of the older P~lreoeoio epoah, the volcanoes appear 
to have subeided in violence, snd allowed the waters of the neighbour- 
ing eea to cool. They did not do so, however, until they had ejected 
somuch lava, scorice, lapilli, ashes, and debris of the inside of the 
artb that a great bar, a bar going from the North-weat to the 
h t h - &  and studded with the island-cones of half extinguished 
~olauroeg, had been formed acroge the sea. A similar bar waa 
produced by the Afghan gronp of volcanoes, directed N. E., 8. W. and 
the two barn formed a gigantio V, with the angle pointing to 
the n&. On these bare the sea wm shallow ; neither wm it likely 
to be very deep between the two brancbes of the V. The end of the 
great activity of the volcanoes appeara to have been marked by the 
-ing out of a great number of fnmarolea or hot springs, depositing 
m immense quantity of silica, and forming thick beds of quartzite, some. 
timea pure and clear as glass, sometimes white and opaque as porcelain. 
We must not forget also, that all analogy points to a general rising 
of the sea bottom at the north-east of the Himalayan volcanic bar, 
not aa a break, but aa a gradual and slow upheaval of the earth's 
craet ander the pressure of viscid granite. 

But even these last efforta of the great volcanoes, these bnmts of 
vapoars and hot waters, became rare and intermittent, and animals 
mode their appearance in the creeku and bays of the sea between the 
ielrads. I t  was then the dawn of the Carboniferous epoch, and aU 

13 
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over the great bare of volcanic debris a dcsreoua mad was depoeited, 
teeming with the remains of anhub,  with the glimmering eheb of 
the Produeti, with large flat Orthiga, and innnmerable B y -  and 
nnmerone Encrinita which grew lnxuriantly on the half ohallry, half 
clayey, f d i d  bottom of well protected bland ems, gulfs snd e h m e i a  
And ao it went on for yeare and years, until the sea became too &allow 
for P d w t i  and 07thida to live in, and too e d y  disturbed to ita 
very bottom to auit the delicate Byozoa. These animals retired to 
greater depths on either aide of the great bar, and in their stead 
a~peared d l  Czceu2l~, globular Tewbrcltuks, with here and there, 
on sandy banks, coloniee of large. (7csldik or Anlhraeocia, g i b k  
and smooth A v i c u l o ~ k m ,  or radiated ones of great eiee. In calm 
wstais, flat and huge species of Cfoniditea beaked in the mn in company 
with mal l  Orthocmlldce and large species of BeUen,pAOR Earthquakes 
were, however, frequent and terrible, raising and depreaaing large 
tracts of sea-bottom, folding and undulating the newly formed beds of 
limeatone, so that moet of the shells ale found broken, and many of 
them are deformed to 8 wonderfnl extent. 

Many c h g e e  occurred in the sea: clay and a n d  had been brought 
.down in large quautitiea from the volcanic ialtande, and -J of the 
creeka and inland seas were turned into swamps. Long ehelving 
coast-lines extended from ialand to ieland, and many grape of the 
great archipelago were probably united by a low land into larger 
inedar countries. The genera Oucrclloca, Cardinia and A-, 
and small Brachiopoda dissppesred ; and in their stead myriads of 
CJaeteropoda, especially the PymmidelZidcz, living with numerow comb, 

made their appearance. As the islands joined more and more into 
drg lands, and approached nearer to a long strip of land wpporting 
numerous peake of extinct volcan088, the rain-fall i n w e d  more 
a d  mow, eand, mud and gravel accumulated in tbicker be& st  the 

of the mountain torrents which now became rivers, and on a e  
swampy shores forests of ealamitea and other trecm grew up, whilaL, 
out at sea, the mollueks and other animals continued to thrive at  +one 
depths, sccordwg to their kind. What has now become of these forests 
of calamitee ? Have they been buried in sands by osciUatio- of tbc 
ooaat and converted into coal ? If they have, has the coal been denuded 
at ,t abeq~ent  period ? or has eome portion of if eacapd r e m o d  md 
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dou~ it now lie concealed under newer formations? mere  is no doubt 
that great denudation has taken place repeatedly in the Himalaya and 
rbordinate hi& ; yet b& nicely protected by eruptive or metamor- 
phic mka, bottoms of valleys or down-thrown beds might have escaped 
remod  Not a trace of true cod hrre yet been fonnd in the Himalayas, 
the Punjsb or the Afghan mountains, excepting (geologically sped- 
%) the few grains of coal which fill in the d u l a r  t i m e  of the 
lepidode~~dron-like planta described in psra. 43, .e having been fonnd 
in one of tbe byens of the Ween group. This i n  not very enumrag- 
ing; but any person who hse ohmd what a thick m t b  the 
locene sandstones d the old and new allnvi. form over the older 
fmmatioag weald not expect to find cod cropping out in a conspicnone 
mmer. I f  coal does exist, it will be one day dimovered, no donbt ; 
bat the dieoovery will be made by patient and cueful study, and not 
by digging at random with a pickaxe wherever something black is 
obserPed. It may be said with truth that the meam hitherto employed, 
by Government or pereons interested in the search for m1, hsve been 
meh that not the d l e e t  wasonable chance of sutxaw could be anti- 
apated.8 But all this is foreign to our subject. 

91. The end of the P a b i a  epoch or beginning of the h n d a r g  
period wae marked by new volcanic action, trifling indeed, if we 
eompam it to  the inkmity of volcanic power displayed daring the 
Siiurian time, but yet highly interesting. I d u d e  to them locd out- 
barsts of hot vapom, gases and waters, charged with several minersb, 
which have taken place in many distant places of the Himalayas 
and their dependencia. The action is geprian &her than volcanic, 
rs no true volcanic mhs, that is, no lava, no scorire and no ash appear 
to have been discharged by theae vents. The existence of this farce 
ia moetly manifested by the metamorphism i thas  tend in some of 
the upper beds of the Carboniferoaa limestone, and by the peculiar 
way it twisted rocks, then soft, in a manner which appears now 
incomprehensible, and totally abnormd to the surrounding byem 
In some locelitiee, however, it seems that the waterg empting through 
the calcareone mud, were rich in felspara, that this crystallieed in 

Thin remark applies only to the Prrqjab a ~ d  the monntainoua dietriota 
dadid  in thii paper. 
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minute crystale which now form a sort of intrusive band of a friable 
incoherent rock, 

When thia geyserian action subsided, the Palreomlc animals had 
died out. 

92. I now enter upon debatable ground. I have said before, that 
t&o dt, gypeum and red mad of the Salt R a n g ~ n d  I need hard1 y 
my the gypsum and red marl of Spiti, the gypmm of R d s h n  
(and that of Rodok ?), and most probably the selb of the Parkan&kash 
valley, and also that of the Lababsnd mountaim in Badekshan, d 
belong to the m e  epoch and have probably s common origin. 
I have said before that, t h  Saliferian formation hee been placed by 
Dr. A. Fleming in the Devonian. Dr. J a m e m  rmrkee i t  enperior to 
the Carboniferoue ; Major Vicary and M. Marcadieu believed it to be 
Miocene or Pliocene ; some will have i t  volcanic, others sedimentpry ; 
but nobody givee a good and well defined section of the relatiom 
oZ this formation to the rocb  above and below it.* Thie is much to 

be regretted, and I will not increase the confusion by discuming hem 
the reasons which make me believe that the salt and gypsum of the 
Himalayee belong to the Trine or the Permian. My opportunities 
of observing the Salierian formation have been few and of abort 
duration, and I hare no good section to give in mppart of my opinion. 
I shall therefore refer the reader to the note to para. 64, and proceed 
with the next formation. 

03. Whatever had taken place beeween the end of the Cdxmi- 
ferom epoch end the beginning of the Jurassic, it appears tolerably 
evident that the J w i c  ees bathed the shorea of a long atrip of 
land or mcceseion of Large islands, very mmilar to thoee which the 
Carboniferous eea had bounded. The Jurseeic sea does not appear to 
have been muoh deeper than the Carboniferous one had been ; the wme 
impurity of the limestone ie noticed, the same admixture of a n d  *nd 
clay with the calcareous matter, the same rarity of clean drifted sands, 
the same prevalence of thin-bedding, felse-bedding and continual 

Dr. A. Fleming gives some eectiom in hie Beport on the ahatare of the 
Bait Bange; bat only two of theae show the relations of the d t  marl to the 
Carbonifemne limestone, and in one, aect. NO. VIII., e number of mom lm 
theoretioal f d t a  are introdnoed which, if plaoed st the bsse of the mountsin 
limeetane eecapementa, would then make this rook inferior to the d t .  Another 
wtion, No. VII. nhorrs an antiolinal acmes a ravine, end then the mul 
eppeare indeed to be placed under the CarWtuuw limeshe, 
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chnge of the nature and weight of materials. All theae conditions, and ' the frequency of ripple marks, indicate a shallow sea easily influenced 
byheavy outpanre of muddy waters from the land. The thickness of the 
Jmmic rocka vary veriea mnch, and the extent of the beds is limited 
to very small a m ,  compared to those of the Carboniferous. This is 
pbsblydue to the deposition taking place in creeks of a deeply 
indented coast, and in great part to the oscillations of the land and sea 
bottom, causing in some localities repeated denudation of materials 
~ ~ 1 y  deposited, and in othere a steady sinking and consequent thick- 

of formation. The fossils being frequently mnch deformed, is a 1 gd evidence of these oscillations having taken place. 
The Juraaeic beds have always been considered conformable to the 1 Cuboniferous. I am inclined to believe that thin conformity is only 

~pparent. The dip of both formations is generally great, seldom 
I under an average of 45'. In auch highly up-tilted beds, a difference 

of r few degrees is not easily appreciated, unless a careful measurement 
ktaken, and I fancy that most writers have been satisfied with an 
rpproximation. However this may be, there is no doubt that the 
h m i c  limestone preeents, in very many places, indeed in most, 
the appea-ce of having suetained very sharp local upheavals, 
Wn after the end of the Secondary period, but of little extent ; 
IPd here again we find the salt, gypsum and red marl always 
@erlping these sharp and dome-like anticlinale. We remember how 
flheilrh Bodeen is thrown into a succeseion of short, gdhic, arch-like 
UkhaIs ; and that nnder the Juraesic beds the Saliferian are to be 
aeen, perfectly confornablo to the limestone snd following i t  in all its 
oacillstiom. At  Maree on the Indns, a similar appearance occurs : 
thick ma- of errlt, g y p m  with bi-pyramidal crystals, quartz, 
red marl and msgneman mud stone more or less cellular, support 
rverg sharp anticlinal of Jurassic limestone; and the Saliferian and 
J h c  are conformable not only in general dip, but in all the details 
of the fold. Moreover, both the S i l ~ a n  and Jurwic  dip 8. 
(2 or 3 degrees E.) and N. (2 or 3 degrees W.) on both sides 
01 the anticlinal dip, which are not the usual ones of the other rocks of 

portion of the Salt Range, the Nummulitic and the Miocene dip- 
Ping N. E. 

Whether tbeee local upheavals are merely due to the swelling of 
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the g p u e  bed0 from the change of anhydrita into common gypaam 
by absorption of water, is more than I can my. The f3aliferian beda 
would naturally break, dislocate and lift up the superincumbent 
Jurwic  when swelling iteelt into nndulationa. We should thus obtain 
undulated beds of Saliferian and Juraeeic. Let wch undulated layma 
be submitted to the lateral preaeare which mu& have accompanied the 
great upheaval of the Afghan-Himalayan system, and we have the 
undulations folded into arches and sharp bende. 

The Saliferian and Jurassic have been very much denuded, their 
debris being extremely abundant in eome beds of conglomerate and 
sandstone of the Miocene, especially on the western side of the 
Ldus, in the districts of Kohat and Bunnoo. 

94. There are but few traces of the depoaita which may hve  
taken place between the Oolite and the Nnmmnlitic, and I have never 
myself seen any cretaceone roch in the western Himalaya* or the 
Afghan mountains, neither have I found any pebblea with cretsceoa 
fossils in the conglomerates of the Miocene. From the development 
of considerable vegetation in the shales near the base of the Nummnlitic 
formation, it is evident that a steady rising of the land went on during 
the time of the upper Juraesic and Cmtsceooe periods, and with such 
a rising we would naturally associate the great denudation of the 
Juressic beds, soon after their deposition. Little doubt can be 
entertained that during the Cretaceous period, the HimaLyan and 
Afghan ielands had become united into a .oontinent of o~~iderable  
extent, traversed by chains of extinct v o l d c  ridges, and therefom 
receiving an abundant rain-fall which cawed great denudation. We 
know how quickly volcanic mountains d w y ,  when once they h r ~  
caased to receive freeh supply'of ejectcr. I believe thet the cretnceo1~~ 
beds which have been found in and near the Himalaya are v q  
limited in extent, even more eo than the Jurassic beda. The d 
horizontal area of them Secondary beds contrasts widely with the g r d  
mperiicial extent of the Carbonilerow, the Nnmmnlitic and M i 0  
formations ; and yet when they do occur, the Jwaasic beds a t  led 
have considerable power. A continent with a deeply indented cod 
appears to be indicated by these peculiaritiee of the Secondary bedu. 

Dr. Stolicts haa fonnd Cretaoeoun mob in the monntaine of SpiL 
B d W s  nok. 
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95.  he Nummulitic epoch must have been a long one, if we c m  
jodge by the thickness of its deposits. There does not appear tolhnve 
b&n my violent volcanic action, nor any p a t  and mdden movement 
daring the period, but there wae a great deal of very slow and 
prohbly imperceptible oscillation. Thus we first find the base of 
tbeNummulitie to be generally n eandstone without fossils,* this 
k g r d a d y  impregnated with calcareous matter, becoming a sandy, 
very impure l i m e a h ,  fall ot shallow water foesib and containing 
only a few wry small species of Nummulittw. This has been therefore 
r period of elow and trifling singing of the land, and it is probable 
that the nea never covered it by more than a few feet. Then the 
 willa at ion went the other way, and the land appeared again, and was 
cod by for&. Another slow sinking brought on a fresh incursion 
of the nea, which won covered the foreets (lignite) with a layor of 
limeatme, full of large Nummulites and other shells. The depth of 
the sea waa greater than before the growth of the forests, but i t  
pbrbly did not much exceed 20 fathoms. Another movement upwards 
rgrin exposed the land, and again foreats grew and formed thin seam4 
of lignite. Again the land sank and the sea covered in the lignite-beds 
aith calcareous mud. At firat the depth WM trifling, little exceeding 
20 fathoms, but the inking continued to the end of the Nummulitio 
period, and the limeetone eaeumee more and more the appearance of a 
deep-eea formation aa we get higher up the seriea. I t  is, however 
improbable that the volcanic mountains of the great bars of the 
Himalaya and Afghan mountains were ever covered by the Num- 
mulitic sea, as no nummulite  ha^ ever been found amongst the 
central chains;t but that eea filled up the whole of the epace between 
the anne of the great everted V formed by the Himalayan and the 
&hm chains, and probably also bathed the outside ahorea of the arms 
of the V. This alow, gradual and long continued einking of the 
Imd, daring the deposition of the Upper Nummulitic formation, 
munta for the appearance of no great depth in rocks which have 

lometimes a fragile limecitone with P h w b i s ,  and pmbably fresh-wetor. 
8m note to pan* 66, ohap. iii. 
t Dr. T. Thornon reported having obaerved Nnmmnlitio Limeatone in Little 

T h i i  at en elevetion of 16,500 feet. Bnt I much doubt the accuracy 
of the obserrakion, end cennot help i-maghhg that the Thibet nnmmalites are, 
like those of Manrre Bal, weathered enorinite ring. Bee "InlraEuction," 
wii. 
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a v c y  considerable thickness ; the sinking was, however, greater than 
the amount of deposit conld compeneate, and the rocka have therefore 
the appearance of a tolerably deep sea formation at  the top of the 
Nnmmulitic series. Then again, we have a long and steady rising of 
the land, and in consequence a great denudation going on, a denuda- 
tion which has caused the removal of a great deal of the Nnmmnlitio 
formation, in localities where sea-cnrrenta, high-tides and other M- 
favonrable circumstances assisted in the work of destruction. I t  ie 
curious to notice on the top of the Nnmmditic limestone, how the 
surface of the rock has been broken by the waves ; how the fragments 
have been rolled and rubbed and then glued together again. Thia 
appearance is always seen as a bed of transition between the  Num- 
mulitic and the Miocene. A considerable time must have elapsed 
between the end of the deposition of the bed and the breaking 
up of it, ae we must allow time for its solidification. Bnt at any rate, 
here, at the beginning of the Miocene epoch, we had the Nummditio 
limestone forming a nearly horizontal and far-reaching sea-cost, 

aovered with a very thin sheet of water, rolling and polishing pebbles. 
But t h i ~  conglomeratic layer is thin, and we very Boon see a luge 
quantity of mud and mnd, and pebbles of far distant rocks, 6rought 
down to the sea. 

96. Let us consider the kind of map we have at  the beginning of 
the Miocene epoch, and we will have no difficulty in understanding 
the formation of the Miocene sandstone and conglomerates of the flub- 
Himalayan and Sub-Afghan chains. We have an immense expanse 
of sea, north of the tropic of Capricorn, between the latitudee 9& W. 
and 90' E., for, in these days, the Andes had not yet surged np and 
most of South America was under water, as well ae nearly the whole of 
Africa, Arabia, Persia and India. There were probably groups of islsnde 
where these continents now stand, but the immense, dry, thirsty 
plains and plateaux of these countries were then under the serr. 
There was therefore no impediment to the regular play of the Trade 
Winds, no monsoous or winds deviated by the rarifying power of arid 
deserts, but especially no chains of mountains to dry the S. E. 
trade-winds before their arrival at the equator, and their ascending 
to become upper currents with a direction to the N. E. At the 

tropic of Cancer, these minds, still charged with the whole of the 
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humidity they had sucked from the sea in the Southern Hemisphere, 
h n d  w i n  and become under or lower currents, keeping their 
X. 1. direction.* Before proceeding far, thew winds meet a couple 
of nngea of mountains forming a great everted V, opening to 
B south, and on these ranges they poured such a quantity of rain 
ibd r denudation began to take place to an amount nowhere else 
amplified. The only approach to this rain-fall is that now observed 
L P&gonL, a high country which happena to be situatefin the 
hthern Himisphere, somewhat in a position analogous to that of 
tbe Himalaya in the Northern Hemisphere during the Miocene epoch. 
In Pategonia " Captain King fonnd the astonishing rain-fall of 
"nearly thirteen feet (151 inches) in .forty-one days; and Mr. 
"Darwin reports, that the surface water of the sea, along this part of 
"the South American coast, is sometima quite fresh, from the vast 

1 "quantity of rain that falls."+ ' We ere now therefore prepared to anticipate a formation composed 
oi c w s e  debris of the older mountains, waehed down by violent 
torrents; we understand how i t  is that the waters of the sea lost their 
&em, and that marine shells deserted these regions, and u e  therefore 
not to be fonnd aa fossils, or are at any rate excessively rare. The 
~ntinual and violent rushing of streams, charged with mud and 
boPldem,did not allow of the development of fluviatile animals; and thua 
we find the lower Miocene a maes of clay, sand and large boulders, in 

beds coneiderably falee-bedded and totally free of fossils, with the excep- 
tion, in a few protected localities, of some bulrushes imbedded in salt. 
'hae torrenta ocoesionally tore up forests from the mountain sides in 
their headlong courde, and thne it is that we find here and there 
-11 niduees of semi-karbonized wood, interred in the ssndstone. The 
massea of conglomerate, accumulated in certain places, are of tremendoue 
h, and probably mark the exit from the hills of the principnl torrent0 
of the Miocene Himalaya. The deposit of this coarse debris of the 
old volcanic chain and of the several deposits which had become 
mually accumulated round it, attains a thicknees of no lem than 
5,000 feet, and probably in some places much more. This mees 04 

' Bee for a p a d  explanation of the rontea of the winds and the causer 
which alter these rootea, tho work of Captain Yaury, L. L. D., U. 8. N. entitled, 
"The Physical Geography of the Sea end ita Meteorology." 

t Xaury'e Physica1,Geogrephy of the Sea and its Meteorolgy. Page 120 
14 
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clay, sand and boulders could not fail to convert the eea, which we . . 

have seen prss shallow, into dry land, and thus we have this  overlap 
ping of the Upper Micoene on the edge of the Lower which is represented 
st pars. 11. The Lower Miocene was itself exposed to the denndating 
influence of the rain, and boulders of Lower Niocene sandstone are 
aommon in tho Upper Miocene. 

Thecupper Miocene appears to have been altogether a freah-water 
formation ; I mean, an accnmulation of materials brought down by 
rivers of large size, which, in all probability, wandered through t h e  &at 

plains of the lower Niocene, and extended in deltas and marshes and 

creeke, jnst as the Ganges and the Indus are observed to  do now-a- 
days. We may fairly imagine these Miocene tracts to have resembled 
closely a modem Indian plain traversed by large inundating rive- 
a thick jungle of high gram and small trees for the elephant, the 
mastodon, the monkey. and a host of other  animal^ to dwell in, and on 
the sides of the large meandering rivers, wastee of sand and clay, shallow 
pools and quicksands for the delight of the crocodiles, the tortoises md 
the hippopotamus. On sands left dry by changes in the course of the 
rivers, or piled up in undulating hillocks by the winds, grew thinly 
planted trees, such as we now see in the sandy tracts of Scinde, to feed 
and shelter the camel, the giraffe, and innumerable deer of varioue 
epecies ; and on intermediate lands, good pasture supported the horse, 
the o x  and sivatherinm. 

In  the districts of Rawul Pindee, of Jheelnm, of ~ n n n o o ,  ofKohat, 
the Upper ,Miocene has a thickness of more than 2,000 feet ; but 
in the Rajaori and Poonch provinces of the Maharnjah of Jummoo's 
kingdom, the bed attains a much greater thickness. 

Any one who travels through the plains 'of the Pnnjab will 
notice the great quantity of cows, of oxen and horses seen Ioose on 
the sand near every village, and will remark at the same time, that 
when a stream has cut through the sand and thus exposed a section, 
not a bone is Peen buried under the  surface. If, however, he coma 
to  a marsh, such as the one near Ouriwall, in Bunnoo, he will 
observe that the bones will remain perfectly preserved in the I 

thick mud, saturated with kttllur,+ which forms the bottom of the 1 
I 

Impure Snlphate of soda, with a little carbonate of soda and chloride d 
sodium, whioh impregnates, mow or less, nearly the whole of the wil of theP1~11. I 
jab, ead effloreecee on the snrf- &r rain or irrigation 
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mmh. Now this kullur appears to have existed in the soil of 
&e Upper Miocene, as the sandstones of that age are often covered 
with rm efflorescence of that salt; and, indeed, that now seen in  
the dluvinm is  derived from the disintegrating, decaying and 
d i n g  away of the Miocene beds. The fossil bones are always 

I 

f a d  either in a dark clay-stone, which has a bitter taste when 
I 

I applied to the tongue, or in a light-coloured sandy claystone. It 
is therefore highly probable that the existence of a marsh or swamp 

I 
is necessary to the preservation of bones and their fossilification. Thim 

: Ye0unt.a for  the bones being found in beds of limited extent, whilst 
for many miles not one ie to be discovered; but it also brings 

I 

additional evidence that the Upper Miocene was depositrd as a growing 
! delta, similar to the Sunderbonds of the Gangea and to the creeks of ' the mouths of the Indus. I 

What a singular landscape this belt of land must have presented ! 1 If r e  remember that at least mven different apecias of elephant. 
' m e d  in them jungles, some much larger than the living one, and 

with tusks nine feet and a half long ; that the dinotherium had a skull 
three feet and nine inches in length ; that the mastodon was 17 feet 

' 
long from tlie tail to the end of the tusks ; that the sivatherium was 8 

!&intic four-horned antelope-like animal ; that the crocodiles wen, 
much largerthan they are at present, and that the tortoises had a  hell 
meamring 20 feet across ; we may wonder indeed a t  the strange 
bppeamnce which the jungles xuust have presented I I 

I have called this fossiliferous formation Upper Miocene. I n  placing 
it in the Miocene, I have adopted the general opinion of gedogists, 

, bat it may be Pliocenic and not Miocenic. I have not succeeded yet 

in discovering shells in these beds, and without shells it is impossible 
10 fix with certainty the age of the formation. 

I have forgotten to notice, that during the whole of the Miocene 
epoch there was a slow and steady sinking of the land. This sinking 

B ~ Q W ~ ~  of the accumulation of materials to  the great thickness I have 
indicated, but unlike that which took place during the Eocene period, 
it ww not sufficient to keep the country under the sea, the quantity 
of mnd and cloy and boulders, deposited by the rivers, being more than 
adequate to compensate for the einking. The country, however, by 

I h c  sinking was kept to a very little height above the aea level, aqd 
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the inundations of great rivere added continually to the tliicknese of 
the deposit. 

97. There ia no evidence of snj violent action having taken place 
during the Eocene and Miocene epochs. There bad been risings 
and sinkings of the whole country, but these were imperceptible to 
the mnaen, and were probably not more active than the same pheno- 
mena which now occur in many parh of the world, unknown to the 
inhabitante. The belt of flat land had increased to a good breadth, 
m d  the coaet had become sufficiently distant from the mountnine to 

enable the animals to live in peace m d  plenty, away from the starms 

and torrents of the  hill^, when the whole of the portion of the 
earth we have been considering wee raised into an immense vanlt, by 
the forcing up of granite twisted by gas&. When the gases con- 
densed or escaped, the arch settled down by fracturing ite sides, and 
theee faulted sides of the arch are now, what we call the Himdayss 
and the Afghan chains of mountains. 

When the settle-down began to take place, and the sides of the a h  
or vanlt were being broken, the direction of the linear volcanoee of 
the Silurian epoch compelled the new fractures to conform to it. On 
the eastern slope of the vault, the fracturee ran from N. W. to 
8. E., on the western slope from N. E. to 8. W. As is generally 
the case in an anticlinal, the highest portion of the vault settled 
down again to a level much lower than the sides, and we have them 
fore, in the northern Punjab, low hills, whilst on each aide we LW 
mountaim towering to the sky. 

I t  is not necessary to enter here into a11 the details of the complier- 
tions which the masses of porphyry, trachyte, granite and other 
rocks, which had been cooling ever since the middle of the P a h i c  
epoch, caused in the upheaval of the Afghan-Himalayan vault and in 
its settle-down. These details have already been sufficiently indicated 
in paras. 81 to 87. But I will insist on the effect of t h w  m a w  
being forced up like wedges through the rocks which covered them, 
.and by their filling up a great deal of the space once occupied by 
these covering rockrr, they compelled these last to be either folded or 
broken into pieces and pucked edgeways. 

It is not necessary to imagine that the top of the vault wan mid 

to the same height iu we now eee the great pe& of the Himalap, 
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In the settledown, the parallel wnes, into which the sides of the vault 
rere broken, would natnrally assume an angle of dip much greater 
hen isas that of the vault previous to its fracture, ee the sides of the 
vault, in coming down again, wonld be submitted to considerable 
pRBwre, and themfom much redressed. I t  is not unlikely, therefore, 
that it is the effect of this pressure which hae caulled, in many mountains 
of the Himrrlayae, the appearanoe of yoanger rock8 dipping under older, 
of felstone nndor porphyry, of echist and gneiea bnder granite. 

The geologist must naturally expect to find a great many com- 
pliationa among& these immense mountains. The view I have 
eudeavonred to explain is a general one, and will, I hope, be better 
mbatantiated when we know more of the countries of the Afghan. 
Himalayan system. With a little thought, I entertain a hope that 
tL geologist, in finding apparent contradictions to what I have 
rdv.noed, will always be enabled to discover the cause of the com- 
plication, at  firat apparently irreconcileable to my hypotheeis. 

There is one more remark to be made. The direction of the 
Silurian linear volcanoee of the Himalaya not being parallel to that 
of the Afghan chains, we have not a true antidinal, but an oblique one. 
bt the northern end of the axis of this oblique anticlinal, we have 
therefore a pressing of the sides one against the other, whilst at the 
southern end, we have a wide divergence of the r i d p  : at the northen 
a d  of the axis. we have the chains abutting one against the other, and 
tbu supported at a gre& height ; at the southern end we have the 
central bedsnmpported and mnk down very low when the settle- 
down took place ; hence the high plateau of Pamer at one end and 
the low plains of India at the other. Again, when the Himalayan slope 
of the anticlinal was settling down, many of the great masses of p r -  
phyy,  whist and gneiss reeisted the general tendency to dip N. E., and 
~ ~ a e d  a local fault to take place. This fault acted M the axis of 

UI mticlinal for the locality immediately surrounding the maw of 
porphyry, schist or gneiss ; and we find therefore such huge masses ee- 
guming the dip of the western branch of the Afghan-Himalayan 
mticlinal, or dipping N. W. Hence, the singular phenomenon, 
long ago noticed by Captain R. Strachey, that some of the great peaks 
of the Himalayas dip N. W., whilat all the beds ronnd them dip 
N. 1. I t  is also this same obliquity of the anticlinal' which has 
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cnused these numerous transverm faults obeerved in the Himalaya, 
which have a general direction from N. to S., and with the be& 
crushed one rgainst the other at the northern end, whilst the fault 
gapes at the southern extremity. 

A11 them phenomena, and several others which strike the naturalist 
as he travels through these monntains, appear to me to prove without a 
doubt, that the upheaving force was not applied at one certain point or 
along one certain axis, but that the whole country, now covered 
by the Afghan and the Himalayan mountains, waa forced u p  into 
an immense dome or arch, which broke along certain lines determined 
by pre-existing volcanic zones, and settled into an oblique anticlinal, 
of which the slopes are sliced by a succession of parallel faults.* 

98. It is a question of conaidernble interest to determine, with 
some precieion, the epoch a t  which the great and last upheaval of the 
Himalaya occiirred. We know that i t  waa after the great mammala 
had become developed ; and the extraordinary number of mammalian 
species found in the Sewalik hills would naturally induce one to 
consider a portion at least of what I have called the Upper Miocene es 
older Pliocene. The Arelo-Caspian formation or steppe limestone, a 
brackish water deposit, has been placed by Murchison and DeVemeuil 
in the older Pliocene ; and one cannot help thinking that these shallow 
but immense inlnnd or inter-insular seas must have existed previous to 
the final upheaval of the great mountains of Ce~itral Asia, and that it 
is  indeed movements connected with this final upheaval, which have 
dried up the steppe-limestone and reduced these great seas to their 
present dimensions. 

On the other hand, we have seen, that there exist in Thibet and in 
Ladak great beds of horizontal deposits, unconformable to the beds on 

which they abut, and containing fossil bones. Captain R. Strachey 
appears inclined to  believe these be& to have been deposited previoun 
to the upheaval of the Himalaya ; but I think the hypothesis ie not 

$enable, 8s it is impossible to  understand how a " trne sea-bottom 

The hypothesis (advanced, I believe, by Profexxior Ansted in hie Ancient 
World") that the rising of Contra1 Asia caused a depression in the Indian OoePn, 
marked by the coral1 islauds of the Luoudices, the Maldives, the great Cilsga 
bank aud some othere, ie ingenious; the depremion, however, requires pmvlng 
by mtual observatioua. 
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auld have been uplifted from under the sea to an elevation of 15,000 
feet," without losing its horizontality, whilst not only the beds on 
which the '' trpe sea-bottom" rested, but the probable contemporaneous 
W o f  the Sewaliks (according to Captain Strachey's hypothesis only,) 
ue dipping N. E. at a high-angle. Captain H. Strachey describes 
theme  bed, where it extends into Ladak, ae old allnvium, and men- 
tions its containing fossil bones of extinct mammals. Captain God- . 
win Awten calla these beds, in Ladak, Rodok and Skardo, a fluviatile 
deposit. The bed is not limited to  the belt of country situated 
between the Ser and Mer (Snowy Peak Range) chain and the Kailas 
chin. It is  well developed in Rodok, near the Pang Chong Lake 
md up to  the foot of the Korakoram chain, and i t  is very probable 
that the great Deuert of Aksai Chin is a similar bed. I have said, in 
laother place, that 1 believe these horizontal beds to be identical to 
the Ragzaier or elevated plateaux ol the Afghan mountaine. How 
were they formed ? 
In order to anewer this question, let ue consider what wae the 

physical topography of the Himalayas soon after their final upheaval. 
There was not mnch difference in the configuration of the great ocean 
between the  tropics; i f  we are to believe the geologists who have 
atudied the  Andes, these mountains had not yet appeared; the great 
plains of Africa, Arabia, Persia and India, were still under water ; the 
mountains of the Indian peninsula may have appeared (and did pro- 
bably appear a t  the time of the Himalaya's lnst upheaval) but were 
leparated from the Hiu~alaya by a considerable sheet of water ; the 
great inland sea now represented by the desert of Gobi was not yet 
dry,-in short, there was little cause to dilni~iish the humidity of the 
win& which blew from the south, and there was nothing to change 
their old direction. But the Himalayan and Afghan mountains 
were very different fro~n what they had been. Instead of low 
ranges with volcanic peaks which did not probably soar above 6,000 or 
6000 feet, we have now an immense wall, some hundred miles broad 
and 25,000 feet high, with deep longitudinal valleys offering no 
exit and much embarrassed by detached rocks and debris. The 
humidity of the winds which produced the tremendous rains of the 
Miocene period wa8 now deposited as snow. Huge glaciers appeared 
md filled the longitud~nal valleys, and the rivers which ran frou them 
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began to deposit a sediment which, in time, formed the great flst 
plateau of Thibet, Rodok, A b i  Chin, kc.  LC. Thus we see the 
altered physical conditions which were brought about by the differrmce 
of elevation of tlie Himalaya, before and after ita final uphead. 
Before the upheaval, the humidity waa collected ss rain, and  tbe 
mountain debris waa washed to the cosst by boisterons tomntn ; but 
after the upheaval, the humidity waa c o l l e c ~  aa mow, a n d  tbe 
mountain debris was quietly collected in the great valleys, under the 
cover of glaciers.* 
All the while, a different action was going on in the outer or low 

Sob-Himalayan ranges. There the humidity continuad to £dl as lain 
and great denudation wee the reeult. The eame proceae of land 
gaining over the sea, which I have described at t.he Miocene epoch, 
began to form the plaina of India ; this procesa is still in operation 
now-a-days, but necessarily ite power diminishes in intensity aa the 
sea-coast becomes more distant from the hills and the course of river6 
becomee longer. I t  is tlie proms which is now anxiously watched 
by the pilots of the Hooghly, and which no engineering skill u n  
avert : the sandbanks advance in the sea, the river-bed fille up, more 
dry land appears and what wes yderday a dangeroua ehallow out at 
sea, to-day is the shore of the delta, and to-morrow will be far inland. 

As the plains of India extended, the rain-fall of the Himalaya 
diminished. Even if we suppoRe the humidity of the wincia to have 
been the same as before, we must deduct from the Himalayan rain-fall 
the amonnt of rain which fell in the plains. But we know that the 
humidity of the rains had also become less ; tbc Andea had mrged 
up and the South-American continent had appeared ; the plains of 
Africa, Arabia, Persia and Central Asia were gradually appearing 
above the waters, and instead of the trade winds, the monnoona were 
establishing themselvee. There was therefore a great diminution in the 
anow-fall on the Himalayas, and the glaciers began to decrease and to 
expose a greet deal of the plateau on which they had gradually raised 
themaelvea. I t  is easy to uuderstnnd how this decrease of snow-fd i 

The filling up of the great pnrallel valleys of the Himalayas bJ 
mud md boulders, under the corer of the ghiers, is nnalogoas to the filling 
up of dapressio~~s of the surface by the glacial drift in some park of Europe. 
The glociera of the Rimnlayo, soon after the great upheaval, were too huge and 
too general LO have had a ploughing and nooaring aotioa on bhe valleys. 

1 



/ m a  have been very graduul, i fwe  keep in mind what brought on 
LM decresee ; and M the gieciene retreated, animals advanced and 

I m a  popnlsted the high plateau of the Himalaya. These animals 
Lare left their remaim interred in the clayey grite of those elevated 
imda. I t  may appear strange that elephants once lived at such agreat 
bight, .Ild in a climate so cold, but the oeseollr, remains found in the ' hated plateau of Mexico belong to true elephane of extinat 
rpeeiqr and the Siberian mammoth which wes covered by a warm fur, 
lived on the leayea of conifera and roamed over the icedrift. There ie 
didore no doubt that these a n i d  had a greet plasticity of organism, 

d d  adapt themselves to very extreme climates. 
The mammala discovered in the plateau of Thibet and Ladek, all 

! Urng to extinct species. On the other hand, all the &ella which 1 
I h e  been able to collect in the old allnvinm found near the foot of 
I the Sub-Himalaya belong to living species, and it is therefore most 
I e b l e  that the older alluvium of the plains of India, and the high 

of the Himalayas belong to the post-pliocene epoch. 
Pmm the above conaideratiom, and the p m n t  state af our know- 

ledge, it appears that the Afghan and Himalayau mountPine suffered 
their hat upheaval. during the pliocene period. 

99.-The description of the deposition of beds subeequently to the 
Brert upheaval hae been given incidentally in the preceding paragraph ; 
bgh~ciers began to melt, great lakea were formed in several localitiee. 
The Keshmir valley is a good example, R u b  is another, and 80 ie 
Abbdttabad valley. These lakes at first fed large rivers, and both lakes 
a d  rivers had a considerable power in carrying mud, sand and boulders, 

thus raising their beds by several hundrcd feet ; but aa the water- 
diminished, the lakes and rivew diminished also, and the rivera 

Boon began to cut for the~nsclves deep ravine-like beds in the middle 
of their ancient bottoms, leaving on each side a great river-temce. 

Before the rivers had lost their great volume, however, and while 
they filled the whole of their original beds, they floated icebergs of 
mfficient dimensions to carry blocks of stone of great size. The Salt- 
h e  for a time intercepted the free passage of the waters towards the 
mth and a shallow lake filled the whole country between it and the 

Camon, Otte's translation, VoL I. page 280. 

15 
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Munee Range.* On thie lake floated the icebeqp brought down by 
the rivera, drifting gradually to the south, and finally grounding near the 
Salt-Range or averted by it. Thne we eee between Jubbee and Nikkee 
large erratic blocks, being porphyry, resting on the top of the old alluvi- 
urn ; and we find similar but emaller blocks imbedded in horizontal tal- 
of debris which have been piled up in horizontal layem againet the hih 
of Maree on the Indus. Them blocks are not water-worn, but p ~ n t  
eitber flattened or scratched surfacee; the w a n d  aU over that 
district is covered with bouldera of porphyry, greenstone, febtone, 8ec. 
but them bouldere are well rounded and are easily traced to die- 
integrated bedn of Miocene conglomerate. The erratic blocks are vey 
different in appearance, and have the striking, or somewhat odd and 
34plad aspect peculiar to erratice. One of them, three miles south 
of the village of Thrapp, measurea 6 feet 4 inches by 7 feet 4 inches 
and 5 feet. There are four or five smaller blocks near it, but none 
are rolled ; they are all of the gneissoid porphyry of the Kaj-Nag. 
The largest preaenta the very singular appearance of having its 
greatest flat surface (not vertical) marked with a number of cup- l ie  

holes of various size, from 6 inches ac rm to the size of a walnut, and 
from 16 to 2 inches deep. There are from 70 to 75 of thew capa 
They resemble wide rounded holes or cup ,  as water would make by 
dropping. Whether these cups are a glacial effect, or have been made 
by a race of men for some nnknom purpoee, is, what I am unable to 
decide. I am inclined to the first hypothesis. 

Enatic bloaks near Thrapp. 

100. The oldest indications of Mnn having become an inhabitant 
* The damming of the water behind the Salt Range and the Chitta Benge 

wna the oanae of that thiok dopoait of silty mnd now cut by ravines, which hsll 
been the a o n m  of so mooh difficulty and expense in making the great TrnnL 
Road batween Jheelnm and Attak. A eimilar damming oacnrred in the Hnneepor 
valley and eoveral other looalitieq bat to a leee degree. 
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of the Hi~nalayne is, at present found in the Upper Lacustrine dcposit 
ol Kashmir (see note to para. 44). This deposit contains a very great 
nanny fragments of pottery, bones of goats, and picces of charred wood It 
is much older than the Buddhist m i w  of Avantipoor, and attesta the 
preeence of man in the valley during the period which elapsed between 
the first and the second lake. The Buddhist mine were not built 

~ t i l  al ter  tho second lake had been drained. But though we may 

eaU the race of men who l i v d  in Kshmi r  before the second lako 

historically ancient, they cannot be wn3idered so geologically: 8 

cowry has been fonnd* in tho deposit, and t h i ~  evidence of a currency 
indicates a t  once an amount of civilbation and trade iu removed from 
the s ta te  of the primitive races. 

( T o  be continued.) 

ErperirnentuZ Investiyations connected with tlce supply of wakr lo 
Culcutta, Part 111. 

By D. Waldie, Esq., 
F. C. 8. &o. 

(Continued from pege 8.) 

[Beoeived 1st Mnroh, 1887.1 

The present communication is intended to give an account of the  
resrrlte obtained in prosecuting the investigations indicated by the 
title, the first of which have already appcared in this Journal. To 
some of the results given in the original paper objections were raised, 
which were examined in a subsequent article, entitled, '' Supplementary 
Observations, kc.," those being founded on experiments made during 
t%e month of September last. Since that time the enquiry has beell 
continued, with the view of more fully examining these objcctions, of 
mpplging certain deficiencies, of correcting some crrom, clearing up 
some obwurities, and generally rendering the cnqniry more complete. 

I propose also to endeavour to correct some misupprel:ensions which 
seem to have arisen, and indicate points of importance which do n d  

Tho cowry wns discorcrotl by Cnptain Go.lwi11-Anstell whilo wo wcm ox- 
, nmining th-0 l w i ~ a t ~ . i ~ r c  back tugcllwr. I auw C u ~ t e i u  AuaLou dig it out uf 

ihc clay w i ~ h  hi* ~~cuh lr i l c .  
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appear to have attracted the attention that was due to them. I shall 
also draw my own conclusions from my results, stating at the same time 
with what iimount of confidence they are made. 

I n  the original communication, on account of an unforeseen and 
unexpected source of error which vitiated some of the results and 
therefore rendered the series incomplete, only a general view of the 
relative proportions of alkaline and earthly salts at the different 
seasons, taken from the tables in Dr. Macnamara's Report, was glven. 
I t  may be of interest to state the nature of the source of error, then 
only hinted at. I t  occurred in the case of the waters of Decemba 
and February, greater part of which had been kept in green glass 
stoppered bottles till the month of April, which, on analysis, gave 
results so peculiar as to excite surprise. Thc same peculiarities were 
found in some of the analyses of the river water of August, in even 
a more marked degree. After not a little perplexity and trouble, 
i t  was aecertained that this arose from the action of the water on the 
glass, dissolving the glass in such proportion as altogether to vitiate 
the result ae regards the proper constituent8 of the water ; i t  having 
been ascertained that the silica, the alkalies, and the iilne of the glass 
were all added in notable proportion to the constituents of the water. 
I t  was the very large proportion of the silica obtained that first drew 
attentiop to the ssbject. Not being specially connected with the 
object of this paper, it is not necemary to notice i t  more particularly 
than to observe that there can be little doubt, but that i t  is due in 
great part to the increased activity given to the solvent action of the 
water by the high temperature of the climate, though indeed occur- 
red to a ssfficiently decided degree even during the coolest month& 
There is probably little doubt that thiq circumstance has in many casa 

introduced error into water analyses unobserved. The analyw, in 
the present case so vitiated, were rejected and new ones b t i tu t ed  ss 
the season gave opportunity. 

For the porpose of comparison, the most complete plan would be, 
to ascertain the amount of each basic and acid constituent and state 

these in detail. . A very general, or rather the general plan hitherto 
followed by chemists, bas been to allot the acida and bases to cach 
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other, it may be by some conventional plan or according to sonlo 
hvourite theory, and represent them in the state of neutral mlta. 
bad as each chemist may follow his own particular plan, the game 
analysis may be represented in very different ways. As it is simply 
impossible to  say in what way the acids and bases are united to one 
another in mlution, i t  is very much better to state them separately ; 
and I was glad to find that Professor Dr. W. A. Miller expressed the 
m e  opinion in his paper formerly referred to. But for general 
pnrposea a full statement of each constituent is unnecessary, and when 
numerous ssmples have to be examined, is very laborious. ' I t  is 
generally wfficient to classify them, or select a few of the most 
important and characteristic constituents or properties. In tho case of 
the mineral constituents, their total amount, the quantity of chlorine 
or of sulphuric acid, the proportion of earthy salts, that is, of lime and 
msgneaie t o  the alkaline salts, are, singly or together, all more or less 
witable according to the nature of the water to be examined. The 
mp test formerly noticed is a very fuvourite method, from the ease of 
its execution. I have applied i t  in some cases, though the nature of 
my enquiries led me generally to have recourse to other methods. 

The following table gives aview of the constitution of the river 
water at t he  various seasons, classified in a way that seems to me very 
Bnitable for comparing different samples. The principal mineral 
~ ~ u t i t n e n t s  are the alkalies, potash and soda, and the earthy, lime and 
magnesia,-soda being the most abundant alkali, and lime the principal 
earthy constituent. These bases are combined with carbonic acid in 
much the larger proportion, and in smaller proportion with hydro- 
chloric mid, sulphuric acid and perhaps organic acids. The carbonates 
of lime and magnesia are kept in solution by excess of carbonic acid, 
and when the water is boiled or evaporated to dry dryness, by far the 
greater part, indeed all except a very little of the lime and magnesia, 
Me separated insoluble. These remarks apply to the river water 
proper; during the hot season, when tidal influence prcvnils, tho 
eonstituenta of seawater make their appearmce ; then sulphuric acid 
b incresaed a little and magnesia still more ; and hydrochloric acid 
and d a  (or chlorine and sodium as common salt) are largely incrcwcd 
in quantity. 
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TABLE I. For 100,000 fluid p i n e .  

9th Ji~ne~Chandernagore, al~ove 
tidal influence, Ebb, 

14th June, a t  Baranagar, Ebb, 
,, Flood, 

6li J U ~ ) ~ ,  ') Ebb, 
8 1st August, 1865, Ebb, 
21st August, 1866, Ebb, 
19th November, Ebb, 
9th January, 1867, Ebb, 

9 1  11 1 J Flood, 
30th January, 

In  Table I. the alkaliw are exhibited as if they were all in the state 

of hydrochlorntcs of potash and ~oda ,  or more correctly chlorides of 
potassium and sodium, chloride of sodium or common snlt boing the 
best type of such compounds, and the ono most familiar to us, and 
practically most importnnt. The earths arc exhibited as if they ivee  
dl in the state of carbonntes of lirne and magnesia, these compounds 
being also the most familiar ones. By this arrangement, the relative 
proportion of thcse constitucnta at different seasons can be easily 
compared. I sin not awnre that this plnn has been used before, but 

Alkaline 
enlta as River Waters of 

Eartlly 
salts as 

carbonates --- 

it scems to me a good one, particularly when colnbined with the 
results given in Tablc 11. 

Total 
Mineral Silica. 

- 

Silica mixcd wilh more or less clay. 

- I  

saltti. ~Chlorida. 

i 
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TABLIE II. For 100,000 flnid graine, 

Hardness, Chlorine 

River Waters of equal to grains of calc. ae 
chloride Carbonate of Lime.,of . 

I 

' It mnst be remembered that theso results nro for 100,000 grains wntcr. 
Imp. gallon of 70,00@ graine multiply by 7 ant mow tho docirnal point 

om place to the left. 

-- 

21st ~ ~ ~ s t ,  Ebb, 
10th November, Flood, 
19th November, Ebb, 
9th January, Ebb, 

91 9, Flood, 
30th January, { ] 

Surface, 
g t h  l?e;raary, Ebb., 

Flood, 
22 ma;: 1866, Ebb, 

11 11 9,  Flood, 

This table shews the  indication^ of the soap t c ~ t  already noticed 
in theJfirst paper. The total hardness is the effect produced on soap 
by dl the salts of lime and lnagucsiapresent, and all the carbonic acid 
mdsilica ; the permanent hardness is that left after boiling, and is pro- 
duced chiefly by the lime and magnesia not separated in the inao- 
]able state, but still remaining in solution. Another column exhibits 
the proportion of Chlorine calculated as if it were all in the state of 
chloride of sodinrn or common salt. The chlorine is in small quan- 
tity except when tidal inflaence prevails. 

So far as regards mineral constituents, the water of the Hooghly a t  
J 

Calcutta varies greatly according to the season. Compared with the 
raten! supplying London, the solid contents during the rainy season 

much smaller, and the total hardnabs much less ; and even in 
Jnnuary and Febmary, these are somewhat under those of the London 
W*rs. As regards permanent hardness, the Hooghly water is very 
hidedly superior to the London waters probably all the ycar round, 
exoept possibly during the hot season at flood tide, though that latter 
point ie at present somewhat uncertain. Rut the temporary hardness 

easily removable ; and for economical use, except during flood tide 

- 

1.68 
1.79 

.9 5 
2.63 
4.97 
1.28 
3.40 
5.63 

11.48 
15.50 
55.50 

Tota 1 1 Permnt. 
7.8 
9.6 

12.7 
18.4 
22.0 
lgn5 
20.7 
20.3 
21.6 
20.0 
31.4 

*2.9 

1.4 
2.1 

2.5 
1.7 

2.6 
2.1 



of the hot sonson, aa regards mineral constituents, the product of the 
Hooghly may be considered very good water. I t  will be compared 
with the Calcutta tank waters aftemarb. 

Organic constituents. 

The attempt made by experiments with artificial mixtnree to 
imitate the composition of the watelrc of the hot season, end ascertain 
the probable amonnt of change in the organic matter by keeping, aa 
narrated in Part 11. " Bupplementa ry Observations," was not continued, 
partly becau~e all the circumstances of the caee could not bo imitated, 
and partly because the plan did not seem to be considered satisfactory 
to those who objected to the correctnew of my results in this particular. 
I t  appcared to be better to continue the observations, taking care to 
avoid delay in the process for estimating the organic matter more 
particularly. Besides, recently the objections to the correctness of my 
rosnlts have been in a great measure withdrawn,* and it is hardly 
neceessry for me to do anything more in the way of directly answering 
objections, as i t  was never my object to criticiee the laboura of others, 
but simply to etate my own, carefully obtained by m e t h h  of procedam 
the most correct and re!iable known, up to the present time. 

In the original paper I cmidered the varions rnethode of d- 
ing the nature and amount of organic matter in water, and d i e c d  
their several merits ; and a few further remarks will now be made on 
the same subjects. The amount of organic matter by weight came 

first in order, but I shall at  present paetpone it, until the plan of oxida- 
tion by permnngannte of potash has been noticed. . 

This plan has come greatly into favour, chiefly I mppose from its 
facility of application, a very valuable recommendation, provided it8 
other merits be assured. In the original paper I gave i t  a qualified ~ n d  

guarded approval; the msult of n n m m s  experimenta made mnm 
has not increased my estimate of its value, nor has that experiew 
and reflection thereon, led me to concur in the generally favourable 
estimate in which i t  is held. I t  is said "that it is not improbable that 
" tho substances most rendily oxidised,aro just those most likely to be 
"injurious in their effects upon those who drink the water." This is 
Dr. Miller's remark. Others " believe" that the most pernicious are 

+ Inllinn Nefioal Gazettn, Calcntta, 1st January, 1967, p. 14. 
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tbaee that are moet easily oxidized. These, i t  appears to me, are rather 
reaLpunds on which to found the preference which is at preeent given 
to this mode of estimating the degree of organic impurity in water. 
Othern speak of it rui indicating the amount of putridity in the water, 
and this, in my opinion, comes nearer the truth. By this I understand 
tb the amoueB of oxygen reqnired is in proportion to the amount of 
cerhin products of the putrefactive fermentation of the organic mattez 
in the water. This, however, as Dr. Frankland has stated,* furnishes 
no indication of the pmount of organic matter actually present in the 
arter. The offensive smell and other properties of these prodpcta 
malie it more than probable that they are injurious to health ; but 
even then i t  is not certain that there may not be other constituents, 
equally or even more injurious, but more di$oult of oxidation. 
Nor in it even certain that these products of. putrefaction are the only 
wbehnces whi& are readily oxidized by t l ~  permanganate. 

Moreover, a portion of these' products are evidently of a very 
nnstsble character and quickly disappear, or at least lose their power of 
deoxidizing the permanganate. This was first brought particularly 
to my attention by the objections raised to my determincltions of 
organic matter in the original paper, and has been noticed in the 
mpplementary observations. Since then, I have made numerous 
~bservations on this p i n t ,  and give a few selected ones by way of 
i~ustmtion. The details of tho mode of observation are given in the 
original paper. 
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r ----- 
River water of 5th October, 1866, Ebb 
, tide, cleared by a little hydrochloric 

acid and filtered, . . . 
R. W. of 10th October, Flood, filtered, 

R. W. of 10th Nov. Flood, filtered, ... 
R. W. of 19th Nov. Ebb, Burface, ... 

Deep; . . . 

R. W. 15th Feb. 1867, Flood, ... 
Dalhousie Bq. Tank W. of 9th Oct.1866, 

General's Tank, of 6th Feb. 1867, ... 
Baranagar Tank, of 1st 0 ~ t .  1866, ... 

Ditto, of 15th Feb. 1867, ... 

This table exhibits very plainly the rapid diminution of the amount 
of oxygen required, by keeping even for one day, and the moregradnd 
diminution afterwards. I have not observed that any notice hoe been 
taken of this circursstance by the English ohemiete. Dr. b n a m a r s  
first directed my attention to it, and since then I have not only made 
many observations of the fact, but have also made experiments as to 

tlie cause. The analyses of the London waters publitihed monthly 
are of the waters supplied by the water companiee, therefore, dl 
probably two or three days old. I t  is evident tbrt in the recent 
water, there must be substances possessing active deoxidizing 
which speedily undergo certain changes by which they lose these 

Time of trial. 

5th October, 
7th 
10th ocher, 
12th ,, 
10th November, 
12th 
19th, + {our old, 
20th ,, 
23rd 
19th, 4 {our old, 
20th ,, 
23rd ,, 
15th, 2 hours old, 
16th, 28 hours old, 
9th) 3 hours old, 
loth, 16 hours old 
2nd November, 
7th, 3 houra old, 
7th, 26 hours old, 
1st October, 
2nd ,, 
15th, 1 hour old, 
16th, 25 hours old, 

oxygen 
req. for 
100,000 

g*. 

g r a i ~ .  

.I430 

.0440 

.I210 

.0860 
,1210 
.0860 
.I390 
.0357 
.0332 
.0640 
.0320 
.0345 
.I125 
.0410 
.I425 
.0860 
.0430 
.2830 
.I155 
,3150 
.2710 
.4755 
.3625 
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properties. I have paid some attention to the subject, but am not a t  
p e n t  prepared to diacwa it. It will be matter for further examina- 
tion. 

At preaent, however, i t  haa been brought forward to jnstify M, far the 
mpsratively anfavourable opinion I have expressed, of the value of 
the pennenganate procese ae a guide to enable us to judge of the 
qdity of a water aa respects its salubrity. I could bring forward 
olhermamns and adduce experimente, but aa I do not intend to apply 
the method to the matters under investigation in this paper, only one 
&her imnce as an additional reawn for rejecting it will be adduced. 
I shall extract two or three numbers from the preceding table and 
pb beside them a few others of waters from other sources, namely, 
from the C k k  canal which connects the river at the northern 
extremity of the town with the Salt Water Lake. This Circular canal 
receives much the greater part of the sewerage of Calcutta. Reference 
dl again be made to it and to the Salt Water Lake. Dalhousie Square 
Tmk is filled, from the river and the water is considered good; 
hneral'fi Tank is filled by the rains and is generally said to be the 
best drinking water in Calcutta. 

TMLB IV. 

I 
Oxygen reqd. 
for 100,000 

grains. 
-- - -- 

Ddhansie Bquare Tank Water of 9th 
October, 1866, ... 

Qenercrl'n Tank Water of 6th February, 
1867, .. . 

Circular C a d  Water of 23rd Novem- 
br ,  1866, . . . 

Ditto of 20th Febnary, 1867, ... 
bit Water Lake water, flowing from 

Canal, 14th February, 1867, ... 
&It Water Lake of 18th February, 

from Canal at Dhappg ... 
Prom the Marsh, ... 
h his report on the London waters to the Chemical Society on 

March 13th, 1866,* Dr. Frankland is stated to have expressed surprise 
t b ~  the soft water supply from Loch Katr ne required more of the 
P a g a n a t e  than any of the waters of th: Metropolitan districte, 
but here something more burprising still. The water of the Canal 

Chemical New6 of 23rd Maroh, 1866. 

1 6  hours old, 
3 honrs old, 
26 houra old, 

20 hours old, 
1 6  horn old, 

20 hours old, 

1 9  hours old, 

- 

.0860 

.2830 

.I155 

.0832 

.0680 

.I780 

.I475 
19 honrs old, .I690 
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which receives the greater part of the sewerage of Calcnth reqniros 
lm oxygen to destroy the proctucte 04 putrefaction &an the be& tank 
waters of Calcutta ; and the water of the salt mamh to the east of tbe 
town, celled the Salt Water h k e ,  requires only about as hoch as  that 
of General's Tank of the same age; for taking tbe rate of improvemeet 
between 8 houa and 26 hours, General's Tank mnter at  19 bourn old 
would reqnire .I626 grain oxygen. Resnlta like these have led me 
to set but a small value on this favourite procesa, and induced me to 
turn to othem promising more trustworthy indicatione. 

The fundamental point with respect to the organic matter ie the 
same as that connected with nny other constituent, namely, ite propor- 
tion by weight, ancertained as accurately as practicable. The method 
of doing this has already been detailed in the firat paper, and I have 
only to repeat that, with a fine balance, patience, and care, i t  givee fairly 
eatisfactory results. Attention to details is advimble to procure 
uniform results. Of the ordinary river or tank watem, I usually 
evaporate from 10,000 to 40,000 grains, according to the kind of water, 
contriving eo ns to have 4 to 6 grains of dry residue, beside 3 grains 
of dry Carbonnte of Soda* added to the water, when put to evaporate. 
A t  one time I did not use the soda for some kinds of water, ae 

unnecessary, bat now I use i t  always. I t  makee the m ~ l t s  more 
accurately comparable. These quantities are sufficiently Inrge for the 
crucible, which holds conveniently about 200 grains of carbonic acid 
water, but requires to be twice or thrice filled up. A larger mcible 
would be more convenient, in which case once might do. 

- The rivcr water of the cold season of 1865-66 had been kept over 
from two to four months,and the reeults as to organic matter therefore 
were doubtful. Thcse will now be replaced by new determinations, all 

made without delay. There has been no oppol-tnnity yet for making 
new determinations of the hot season and rRiny Beaeon watere ; but I 
hare already, in the " Supplementary Obeervations," given reason for 
believing that the delay of from 9 to 16 days in making theee 
determinations, in the case of the hot season waters, cannot have been 
prodl~ctive sf any serious error. Additional reasons will be given for 
this opinion presently. There is greater doubt respecting the July and 

Dr. Parkee in hie "Pmtical Hygiene" recommends 30 grains Carb of 
Soda! This is sorely a misprint. He also recommends to matore the aarbonic 
mid lost by ignition by adding mlntion of carbonic aoid or arbonate of smmonir, 
This ia a miatake : the reaolta by carbonute of amnionis are totally wrong. 



Aopne~ waters, which atood in most cw about five weeks, to allow the 
fine clay to settle. This is a special case and will require further 
mmk ; but at preeent, as I wish to preacnt a view of the whole, they 
d l  be taken as they are in the constrnction of the following tahle. 
by more determinations of organic matter were made, particularly 
of the watens of the rainy aeaeon, bnt these were made for special 
parposea and with various modificntions of the process, so that they 
were not comparable. Only those are given in the table which were 
mde by the plan already epecified, and so far as thia is concerned, 
they are therefore comparable. These variatione in plan were chiefly 
tried in September and October, and so unfortunately no results for 
thew months can be introduced into the table. But as an illustration 
01 these variations, I may instance tho case of the water of 6th October, 
which, cleared by Bydrochloric acid, gave 1.05 grnins, and cleared by 
801. potash, gave 8.22 grains organic in 100,000 grains of water. The 
ddition of a little of either of these causes the mud to settle, and 
rdmita of filtering the water clear in course of a few hours. But aa 
there ie much organio matter adhering to or combined with the clay 
or other earthy matter of the mud, the wid or alkali upon t h  and 
brings it into solntion. 

TABLE V. 
Shewing the amount of Organic matter by weight Ebb. Flood. 

in 100,000 grains of the Hooghly water. Chins. Graine. 

6th Jilly, 1866, Neap, Surface, ... .80 ... 8th Anpst,  Neap, Surface & Deep, .84 
21st August, Nap,  Deep, ... .86 

10th November, 1866, Spring, ........................... 1.28 
19th Ditto N eap, ............ Deep, ... -94 ............ ... t, 19 Surface, 1.28 
9th Jannay, 1867, Spring, ........................... .88 1.50 

30th Ditto, N eap, ............... Deep, ... .58 ............... ... I, ,, Surface, 1.28 -- 
Averege, ... .99 1.89 - 

........................... 2d May, 1866, Speng, 2.70 
30th Ditto, Spnng, ........................... .90 2.60 
14th June, Spring ............................ .90 2.20 -- 

Aver.pge, .................... ... . .90 2.50 



126 Hr. Wuldk's Inveetigdiinls conneded [No. 3, 

With reference to this table, a few remarks may be made. The 
rainy w o n  waters were taken during Neap tides a t  ebb. Probably 
they would not have differed much, though they had.been taken at  
spring tide during flood. Special remark8 will be made on these 
afterwards. 

The numbers attached to the waters of November and January, 
shew that the surface water contains more organic impurity than the 
deep, and that there is a very decided excese of this during flood tide 
as con~pared with ebb. 

The May and June waters are the old one&-open to htnre 
emendation as to quantity of organic matter. But even theee indicds 
8 still larger excess of organic matter during flood tide. And corn- 
parativcly small though the amount of organic matter be, compared 
with those hitherto generally received, they shew the iduence of the 
tides in bringing up organic matter, as has not b e e n m w n  before. 

1 have already observed that the opposition, with which my state- 
ments as to the small amounts of organic matter originally met with, 
has been now in a great measure withdrawn ; yet i t  may be desirable 
to make a few observations on the subject. Having regard to 
the delay in examining the waters of the cold and hot seasons, 
I abandoned those in which the water had stood from two to four 
months, (the cold season samples) ; but did not think that the delay of 
from nine to sixteen days would materially affect the c o m t n m  of 
the results from the hot season waters. Reasons have already been 
given in the Supplementary Observations for this, to some probably 
not sufficiently c.onclusive, so I shall i n  the first place give the rmltc 
of the examination of another class of waters, which may have some 
bearing on the wbject. These are the waters of the Salt Water Lake 
and of the Circular Canal. 

The Salt Water Lako is a large mlt marsh of abont one-third of the 
degree of saltaess of sea water, abont two miles to  the eastward oI 
the boundary of the town. Prom Entnlly, near the Circular Road, r 
canal proceeds eastwards towards it, called the Baliaghatta Canal. At 
this extremity i t  forms a cul de sac, but is joined about half way in 
its course by another branch which proceeds from the river at the 
northern extremity of the town, and in its course, enclosing a11 the 
northern part of the town, at lcngth joins the Entally branch. Thw 



Im,] with the supply of water to Calcutta:. 127 

h l s ,  I am informed by the town surveyor, Mr. Rowe, receive by far 
Be largeat proportion of the sewerage of Calcutta, the conrlie of 
dninrge, except for a narrow space along the river, being towards 
Be a, or from the river towards the lake ; so to these sources of 
qply  I went for specimen0 of impure water. The Canal water flows 
erstward or westward according to the relative height of tide in the 
Hooghly or Bidyadurrea with which i t  communicates. The follow- 
ing table gives the results of the examinations. 

I TABU VI. 

For 100,000 fl. gre. filtered water. 

1 8 6  Water Lake and Circular canal. Total solid Organic 
1 I matter. I matter. 

Water flowing from the Circular Canal at 
Chitpore bridge into the river on 14th Feb- 
may, 1867, Neap tide, ebbing commenced. 

water iron, Bsliaghatta canal at Dhappa Toll 
House, 18th  February, 1867, ... 

Water from the Marah takeu at same time, .. . 
Prom Circular canal a t  junction with the 

Entally canal, water flowing fro111 the river 
Nth November, 1866. Filtered, 

91 Ditto, 
Qeared by per-chloriie of iron and filtered, . . . 

91 Ditto, 
Fnnn Circular canal at  $ridge on Dam-Dum 

road, full tide, 20th Bebmary, 1867, ... 
Prom the mouth of the canal at  same time, ... 

I 
- 

grains. grains. 

The most remarkable thing exhibited by the table is the ma l l  
quantity of organic matter in these waters. The exceea in the w e  of 
the 14th Bebmary water, was, there can be little doubt, owing to the 
Wder having traversed the whole length of the circular canal, passing 
over its putrid mud and carrying with i t  the sewerage from the 
nttmerons drains which enter it. The small quantity of orpnio 
Utter in the filthy looking water of thc marsh, full of gelatinous 

Pmb'ably somo linobscrved e ~ o r  in this oaso. 
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looking rank vegetation, i~ very striking. I got in June l a  
year 20 grains organic in 100,COO; but besides that I doubted the 
correctnew of the result, considering it perhaps over-estimated, the 
difference of season must be taken into account.* Besides thin is 
a etrongly saline marsh. The comparatively small quantity in the 
canal water is also remarkable, and shews how di5cult it is to 
increme greatly the crmount ip the comparatively pare water of the 
downward flowing stream.+ 

And here it may be well to consider the amount of organic matter 
which the river can receive from the sewerage of Calcutta First, we 
have to consider the amonnt of water camed by the Booghly, for the 
data for which I have to acknowledge my obligations to Mr. Leoaud. 
He estimates that at the lowest seeson, the river, through its tributary 
afiuenta, receive8 only abont 2,000 cubic feet per eecond, but 8 or 
10,000 cubic feet more by percolation from its banks, or say from dl 
sources 10,000 cubic feet of water per second, equal to 8€4,000,000 
cubic feet per day. Mr. Clark, in his report on the water wpply, 
propoaes to distribute 6,000,000 gallons per day or even ultimately 
12,000,000 gallons. Now let us take the highest of these quantities; 
at a rough estimate this is about 2,000,000 cubic feet, and ib  
proportion to the ~olume of the river water is as 2 to 864 or part. 
The greatest amonnt of organic matter 1 found in the filthiest ditch in 
Calcutta at its worst in June Was about 24 grains per gdon.  Now mp- 
posing all this large quantity of water wes daily poured into the Hooghly 
in the state of sewerage of this degree of concentration, it would be 
only =++ part of 24 grains of organic matter to each gallon of rim 
water or abont .05 to .O6 grain per gallon. Even mpposing that 
the amount of water carried by the river 'has been o~er-estimated, 
and that it amounts to only one-half or one-fourth of the quantity 
titatel above, the proportion of organic matter added by the eewelage 
would pot exceed one-fourth of a grain per gallon at most, during 
tbe hot season. 

Dr. Parkee states that 12 to 40 or 60 grains per gwllon ie not nnamonum 
It would be neoessary to know how sach results were obtained, before admit 
ting them. 

t Probably if the water of the oanal, instead of having been odl- at full 
tide, had been taken when the river water wes beyinning to eel* iub tho 
canal, it  would have contained more organic matter. An &tempt indeed WM 
made to get sach water two deys before (18th Fobmay), bat the proper time 
wue not hit. 
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It i~ unnecessary at present to say more respecting the qnantity of 
agrnic matter in the Hooghly water near Calcntta. I t  does not 

qpar to exceed two grains per gallon even in the most unfavourable 
cireamstsncea of season and tide, and daring ebb tide is only about 

that or less. Dr. Parka says that it should not exceed one and 
a hnlf grain per gallon in drinking waters, and the London authorities 
seem to be endeavouring to reduce it almost to nothing. I n  view of 

the difficulty of judging of its nature, it in  desirable to have as little 
d it M pwible. 

In the original paper I have discussed the nature of the organic 
mrtter, and' have not now much to acid. The seaon of the year since 

thrt commnnication is the least favourable to the examination of the 
iapurities in  the water, as during these months-October to Bebruary 
-4 the wetere are at their purest. I formerly expressed an opinion 
on the amount of ammonia being probably a good indication of the 
impurity of a water, and gave reasons for it. The following are the 
~ d t a  of some examinations of tho river water, during these months, 
for ammonia. 

TABLE VII. 
Shoring proportion of Ammonia in 100,000 fl. gre, of water. 

grains. 

.......................... 18th September, 1866, River Water, .0620 
10th November, 1866, Flood tide ,......... ..................... ,0066 
9th January, 1867, Ebb, ...................................... .0160 

Blood, ................................... .0145 
X h d  January, 1867, Shore, .................................... ,0260 
30th January, 1867, Ebb, Deep, ............... .0090 

Surface,. .............. .0160 
20th February, 1867, Circular canal at mouth, ............ ,0170 

at 8rd bridge, ........... ,0190 
18th February, 1867, Salt Water Lake Mar~h ,  ............ ,0250 

The quantities are snldl, yet consistent enoagh with the previous 
observations. Reference may be made to them in remarks that 
follow. 

But the Ammonia in not the only thing to look to in connection with 
o~anic matter. An formerly observect, there are the products of 
oxidation of nitrogenised matter, including that of .ammonia ittielf, 

17 
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namely, nitric and nitrous acids, and there are nitrogenised substances 
in progress of decomposition, as well as non-nitrogenous substancee, 
usually called vegetable, carbohydrates, and hydrocarbons more or 
less oxidised. Reasons have been given in the f i ~ s t  paper for not 
attaching very much importance to the estimation of nitric acid, yet 

the enquiry is interesting, to account for the destruction of the 
nitrogenised matter. If the nitrogen is oxidised, it ought to be found 
as nitric or nitroue acid, unless it be supposed that it escapes in 
some gaseous form. Time has not permitted me to investigate this 
subject, but the few trials I have made for the detection of nitric 
acid have not been a t  all successful,-possibly i t  -may be for want of 
sufficient care. On the other hand, the test recommc~~ded for nitrous 
acid,-Price's teiit by starch, acid, and Iodide of Potassium, at once 
gives indications of thnt acid. But unfortnnately it equally has given 
me free indications in the distilled water used, though means have 
been taken carefully to free the water and all the re-agents employed 
from it. A t  present I can give no explanation of these difficultia : 
the point is reserved for enquiry. 

The most di5cult part of the subject is the estimation of the nature 
of that more fixed portion of the organic matter which has undergone 
comparatively little change. The detern~ination of the amount of 

' nitrogen in this is one mode of examining i t  : I have not at present 
attempted this, aa the waters have during the last four months been 
in the least favourable condition for such examination, and my time 
has been occupied with other parts of the enquiry. But I can only 
confirm what waa before stated, that the organic matter evidently 
varies considerably in its nature : that of the rainy season resembles 
more that contained in tank waters; thnt of the dry season is man 
like that contained in een water. The former evidently contains 
mow matter of vegetable origin, but so far as I have been able to 
form a judgment, this only partially accounts for the difference. 

But before proceeding to discuss these points, it may be better to 
have the whole of the data before us, by including the composition of 
the tank waters ~8 well as of the river water. I n  the first pper 
one table exhibited some of the principal characteristics: now, 
additional information can be given. It will be exhibited by the 
following tables, 



As to the remainder, some explanation is necessary. I wall 
requested by the Municipal authorities in December last to examine 
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TABLE VIIZ. 
Tank and well waters. For 100,000 fluid grai~ia. 

some waters in the northern part of the town, with reference to a pro- 
posed public tank to be excavated there, and the results are included 
in the table. Of these Nyan Chnnd Dutt's Lane Tank and Well and 
Blqniere's Tank are old sources of supply ; the three latter ' I  welld' 
were simply holes dug in the ground 8 or 9 feet deep to collect water 
for examination : the water from the aqueduct was supplied at my 
request for comparison. 

Another table will exhibit a few more points for comparison. 
Called Dharrumtolhh Tank by miateke. 

1 The first three are well known tanks referred to in my first paper; 
hmdhone Ghose's Tank, J ~ u n  Bazar, is that also noticed there,* near 
Mr. Dall '~ school, the water of which has since become much cleaner, 
md the Baranagar Tank is also that referred to there, the well being 
an old one on my own premises. 

Solid 
matter. 

grains. 

9.83 
9.05 

12.80 
12.33 
20.30 
25.58 
66.25 
46.00 

105.25 

72.50 
97.00 

107.20 
187.20 
158.01 
278.60 

20.80 

........ General's Tank, 

Honobur Doss' Tank, ... 
Ddhousie Sq. Tank, ... 

hrndhone Qhose'sTank, 

Orga- ,Oxigenl 
nic ,req. to,Ammo- 

matter.,ox~dise.' nia. 
I 

-1- - 
grains. grains (jrain8. 

2.11 
1.59 1 1 .017 
1.95 j 
1.24 / .026 
1.90 I t  

Date of col- 
lecting. 

- -  

7th Oct. 
24th Jan. 

9th Oct. 
25th Jan. 
9th Oct. 

21tit Jan. 
18th Peb. 

2.33 
4.62 
4.05 
4.56 

6.25 
5.20 
8.00 

12.90 
9.23 

21.23 

1.80 

' .OM 
. hranagur Tank ,........ .I 15th Feb. 

.316 

.060 

.I72 

.200 

.281 

.882 

.lo2 

Well, ....... 
Nrau Chnnd Dutt's 

Lane Tank, ......... 
Well, .......... 

Blaqniere's Tank, ...... 
Nanictollali Well, ..... 

.045 

. 

.660 

.700 

22d Feb. 

22d Dec. 
22d Dec. 

16th Dec. 
16th Dec. 

1 PuttoreaghatSt.Wel1 .,... ( 8th Dec. 
1 Nimtollah Street Well, .. 8th Dec. 

River water from street 
j q o e d ~ ~ t ,  ............... 16th Dec. 

I i 
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...... General's Tank of 18th Feb. 1867, 
Ramdhone Ghoso's Tank of 18th Feb., 

............ Bnranagar Well of 22nd Feb. 
...... Nyan Chund Dutt'e Lane Tank, 

Well, ...... 
........................ Blaqniere's Tank, 
..................... Mnnictollah Well, 

.............. Puttnreaghat Street Well, 
................ Nimtollah Street Well, 

......... River water of street aqueduct , 

TABLE IX. 
Tank nnd well waters. For 100,000 gr.  water. 

Total. 

6.4 
29.9 
70.4 
33.7 
69.7 
51.1 
68.1 
53.3 

127.5 
19.7 

- -- 
Perma- 
nent. 

2.1 
15.1 
12.3 
2.9 

17.1 
14.5 
6.1 

11.0 
21.0 
2.1 

And to get a full insight into the nature of such waters, a complete 
analysis waa made of two of them, of which this is the result for 
100,000 fluid grains of water. 

TABLS X. 

- 

P u t t u q h a t  Nimtollah [ Street Well. ( Re& 

Hardness. 
Equal to that from 
Carbonate of Lime, 

in grains. . 
-- 

---- 
grains. I-- I grains. 

Chlorine 
calc. ss 
Chloride 

ofSodinm. 

Potmh, .................................... 
Soda, ....................................... 
Lime , ...................................... 
Magnesia, .............................. 
Chlorine, .................................... 
Sulphuric acid, .......................... 
Phosphoric acid, .......................... 

....................................... Silica, 
Carbonic acid by difference, (including 

errore of analysis,) .................... 

Organic matter, .......................... 

Nitric Acid, .............................. 

30 49 
31.35 
11.00 
8.76 

32.30 
1.84 

7.00 

23.03 
--- 

148.77 
9.25 

168 --- 
none dckted. 

34.77 
35.33 
31.20 
22.80 
67.81 
13.20 

4.80 

47.46 - 
257.37 

21.23 --- 
278.6 

small quantityq 
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Wasphoria acid : very distinct indications of in both. 
This was also found in smaller quantity in the other four of thme 

w h ,  and in still smaller quantity in the water of the aqueduct. 
The relative proportiom of these constituents, so different from those 

d ordinary spriog or even river waters, point clearly to their origin. 
The large quantity of alkaline salta, compared with those of Lime and 
k g n i a ,  snd the large proportion of Potrrsh and of organic matter, 
indicate that  they are derived from the decomposition of vegetable 
md animal substances : the phosphoric acid and perhaps the chloriile 
being more particularly characteristic of their animal origin. In fact, 
it is the composition of sewage water, and differs from some other 
rudpes of English town sewage+ most remarkably in the large 
pmportion of potash present, no doubt the product of the vegetable 
bod of the m a s  of the population. I t  i~ indeed simply sewage water, 
Qprired in great part of its bad' smell by filtering through the enrth. 
And the psrtinl annlyses of the other tanks and wells (except the 
t h  first tanks of the table) indicate that the waters all partake 

or less of the same chnracter, and contrast strikingly with the 
superior purity and different charucteristics of the river water daring 
the mld eeason. 
The large quantity of Ammonia aa exhibited by Table VIII. in the 

tao  waters fully analy~ed is also very striking. 
Now to return to the consideration of the organic matter which has 

undergone comparatively little change, and for the proper examillation 
of which we have no very ready or suitable chemical procemes : the best 
mean8 of judging of its nuture and properties have already been 
discoseed in my first paper. These are, chiefly, the general appearance 
mdsmell of the residue obtaiued by evaporating the water, t h  
smell on burning, and the estimation of the amount of nitrogen by 
the Soda lime process. This last, for reasons already stated, I have not 
applied. Bu t  I may observe again, that these bad tank waters more 
m b l e  the river water of the rains than of the hot season, in the 
appearance and properties of their organic coiltents. NO doubt thia 
proceeds in part horn the larger proportion of matter of vegetable 

' LRna and Gilbert, Journal of Chem. Soc. Ser. 2, Pol. IV. p. 118 for 1866. 
Waf8 Ecport on Sewago of Towns quoted in Parkrs's, Manna1 of Practical 
Bp~iene, 2nil edition, 1866, p. 325. 
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nature ; non-nitrogenised matter. I t  appee1.s t o  me, however, that 
there is a tendency generally to make too much of this distinction 
between matter of vegetable and of animal origin, i t  being often 
spoken of as if the organic matter were of little importance, if it could 
be shown to be vegetable matter. Now i t  may be admitted that  
most probably water tinged by penty matter consisting of the  ordinary 
humous class of acids and salts, may be not a t  all even injurious to 
health, and tllnt wnter flowing over or percolating through t h e  soil 
of mouutainous districts or others bare of vegetation, where there is 
little herbage and much earth or rock, mny be very pleasant and 
wholesome. B u t  citing such cases is only evading the  question. 
I t  does not follow thnt wnter draining off cultivated fields o r  dense 
jungle, or flowing between banks covered with luxuriant and rant  
vegetation, will be equally harmless. Putrefying animal matter is v e v  
offensive, but putrefying green vegetable matter, though not  so 
disgusting in iden, is scarcely less offensive. Nor, be it remembered, 
are the poisonous properties very much dependent or connected with 
a disguuting taste or smell, and the most powerful poisons come from 
the vegetable kingdom. 

I n  my first communication, the oxidising action of the  atmospheric 
air dissolved in river water was brought forward aa a powerful agency 
for poriiying the water. And though Dr. frank land'^ result8 were 
quoted as strikingly illustrating it  in  respect to the Thames waters, 
yet such observations aro by no means new. And i t  must again be 
observed thnt the high temperature of the climate will materially 
~ s i s t  this action. No doubt it  assists putrefaction, fermentation also, 
and in some cnsea this may tnke place in  a river, when its course from 
any cnuse is rendered very slow. B u t  in the case of the  Hooghly 
the  tides cannot fail to act beneficinlly ; twice every day damming 
back the water and again retreating, enabling the river t o  flow with 
increased velocity, increasing the motion amongst i ts  waters and 

changing the surfaces exposed t o  the air. This is jd 
one of those agencies thnt escapo general observation : it does not 
exhibit itself to  the senses, yet i t  must be remembered that it is. 
by the oxygen dissolved by water, small though that  be in amount, 
that animal life is preserved in the watem no lese than i n  the ordinov 
atmosphere. 
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The organic matter remaining in the motl~er liquors, after having 
a well .a practicable crystalliaed out  or otherwise removed the 
mined saline constituents, is, in the case of the hot season river water, 
of rpale brownish yellow colour, with a comparatively faint, somewhat 
urinous emell ; that hom the tanks and river water of the rains is of 
r darker brown colour and a more excrementitious smell : a smell, in 
kt, similar to  thnt of Guana. So fnr as sensible properties go, the 
latter is t h e  more disagreeable, and according to the  result^ of 
experiment mentioned in the first paper, probnbly at least equally 
nilrogenised. At present it would be difficult to speak more positively 
on the subject. 

In my first paper, and more particularly in the abstract of i t  
furnished for the proceedings of the Society, I made some remarks in 
eonnedion with some of the tanks which my own obscrvations will 
not bear out. This was the result of haste and inadvertence, which 
wi l l  now be corrected. Some of the best tanks, Oenernl's Tank more 
prticulnrly, are probably equal to the river water in purity at some 
rersons, and superior to it at others. Tank water deteriorates during 
the hot season from putrefactive fermentation ; the river water proper 
improves from oxidation, but near Calcutta deteriorates from eewernge 
md tidal water. Tank water improves during the rains by dilution 
Kith rain water, and the animnl and vegetable life in it preserves the 
proper balance, removes decaying matters, and prevents putrefaction to 
my great extent : nt least, this is the case in good tanks.  general'^ 

Tauk seemg a well kept aquarium ; it  abounds in animal life : though 
ki water hm often a slightly putrid flavour, this is eaeily removed by 
exposnre. But even the water of that tnnk is not, in my opinion, 
equal i n  freedom from organic impurity to the river water proper, 
taken during the dry season at ebb tide. 

. 
General Conclusions. 

Before closing this communication, i t  may be well to make a few 
general remarks as to the conclusions to be drawn from the data 
obtained. It must h ~ v e  been observed that there is some uncertainty 
mnuected with the subject of the organic matter. Persevering enqniry 
my in time enable us to remove much of this uncertainty, but at 
P m n t  we can only draw conclusions from the most certain grounds 
we poaeess. Probably all will agree that it is advisable to get 
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drinking water containing as small a quantity of organic matter as 
possible, and more particularly as small a proportion ae possible of 
that which is of recent origin. If, this being kept in mind, we take 
up the question which seems to have been considered of greatest 
practical importnnce by the Calcntta community, namely, con the 
snpply be safely taken from the river a t  Cossipore ? we can ecarcely 
answer it in the affirmative. My results, as has been pointed out, 
show that there is a very distinct increase in the quantity of organic 
matter in flood over ebb tido, even during the cold, but still more 
during the hot season. HOW far this may be due to the proxiinity of 
Calcutta, could only be sscertained from extended observations ; but 
88 the town must supply a considerable quantity of putrefying and 
putrefinble matter and that of recent origin, in the absence of evidence 
indicating the contrary, it  wonld be desirable to avoid taking it from 
that locality. What is the smallest distance up the river at which 
this source of contamination is not appreciable, is a point that could be 
determined only by observations during the hot season in various 
circumstances and plactul. Bnt it is evident enongh that the further 
up we go, the more certain are we to avoid.thi~ source of contamination. 

But though this is an important question, it is not the only one: 
it seems to have occupied almost exclusively the attention of that 
portion of the commnnity who have taken an interest in the 
subject, while another, and in my opinion an equally important 
one, has ~carcely if a t  all been noticed; and that is, what is to 
be done with the muddy water of the rainy seeson ? If we look 
to the amount of putrefying matter as indicated by the permangr- 
nate test, or even as observed by the senses, the water, for the first 
two months at least of the rains, is worse than the flood tide 
water'of the hot season ; if we look to the two as we have them, each 
with its suspended mud, the rainy season water is greatly the worst. 
If we consider the quantity of organic matter actuaHy dissolved in the 
water, probably the hot season water contains most, though thisat 
present is not quite certain, and it is also somewhat doubtfnl if it be 
so bad in qnslity as in the rainy season water. Of dl points in tbe 
enquiry, this is thc one involving the grenteet doubt and difficulty, 
and I should feel it quite impossible to give a decirled opiuion on it, 

without ngnin examining the water during that season. And ~ h .  
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mrLa lhia point of chief ii~~yortance is this, that though the towu 
antaminatiou may be avoided by going up the river, thie cannot. 

That flood waters (that is, floods produced by rain fall) are most 
impure, aa regards organic matter, is now a recognieed fact in England. 
h L by no means a new observation. In  the Report on the letropo- 

litrn Water Supply by Messrs. Graham, Miller and Hofmann, presented 
b the Secretary for the Home Department in June 1851, thie 
point is repeatedly noticed and the remedy for it diecussed, though 
from the nature of their remarks it is evident that the amount of 
finely suspended mud, and the degree of its putridity, have probably 
been much smaller than those of the Hooghly water in the rains. 
It must be remembered that while in England there are numerous 
rmall floods, here we have but one large flood in the year, washing 
down the ~ccnmulated refuee of seven. or eight months. I t  is true 
that the large quantity of rain dilutes the mnddy mixture, and, so 
fu an matter in actual solution is concerned, improves the water. 
6tiH we have it loaded with mud, part of that in a very fine state 
01 mupension, very slow in settling, and which cannot be separated 
by my ordinary filtration. And as the finely suspended clay 
contains organic matter, putrid or putrefiable, the water must be 
deprived of it to be rendered fit for use. 

The eubject has engaged the attention of the Engineer to the 
Juticea, and in his Report on the works for the supply of water 
to Calcutta, he details the plan for meeting the difficulty alluded to. 
Re admits the difficulty, for the says, para. 28, " The mnddy character 
oi the water to be dealt with is an nnusual feature in works of this 
description and necessitates peculiar aud special arrangements being 
provided." Let us see what these are. 

It ia to be settled in large tanks 6 or 7 feet deep for 36 hours; 
then the upper portion, to the depth of 4 feet, is to be d r a m  carefully 
off to the filter, after passing through which it is conveyed to covered 
reservoirs for storage, whence i t  is to be distribnted aa required. 
The filter is composed of wnd and gravel, and also, according to 
Mr. Clark's original proposal, a layer of Spencer's magnetic carbide." 
The object of this is to purify the water from organic matter, and 
it is alw said that i t  renloves the tinspenclctl mottcr. 

But so iar as I a n  gather froul the Rcport, Mr. Clark sccul~ to 

18 
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consider that ihe settling of the muddy water of the rains for 36 
hours will put the water on an equality with that of the rest of 
the year as to tho rapidity with which i t  will pass through the  
filter, and, I suppoee, with or d t h o u t  the magnetic carbide, will 
supply i t  in an unobjectionable state. At least I cannot find in  the  
Report any provi~ion made in addition to this for the special c : ~  

of the muddy waters of the rains, or a single arrangement made to 
provide against any difficulty in this case. 

My own observations on the waters of the rainy season are not a t  

dl in favour of the success of this scheme. On the contrary, I have 
experienced the greatest difficulty in getting the water freed from the 
finely suspended mntter by either subsidence or filtration. After 
standing to settle for several weeks, i t  still contained much of this 
finely suspended clay, from which it could not be freed by filtration in 
the ordinary way. I t  seems therefore to be impossible to avoid the 
conclusion that through the ordinary sand filter the water will psss 
little changed; or if by any modification i t  be made effectual, it will 
pnss with such extreme slowness as altogether to interrupt the 
ordinary supply of the water. And if i t  pass in its muddy state into 
deep covered reservoirs provided for it, daily i t  will deposit a portion 
of its mud, which will be dnily more or less stirred up by the new flow 
of water into the reservoir, a state of mattcrs which appesrn to be 
very well adapted to maintain the water in the state in which it 
entered, or even to tend to make i t  worse. Whether the water of this 
season then will be in a fit state for storage, after thirty-six hours 
settling and the short time longer necessary for its pmsing though the 
filter and being conveyed to the reservoirs, ifl a question deserving of 
serious consideration. Ny own observations lead me greatly to doubt 
it. I t  would be rather a serious error, if these fears should turn out 
to be well founded ; for not only would the water be offensive during 
the rainy season, but, nnless the reservoirs were cleaned out, woald 
continue to be so. And in the plan there appeare no arrangement 
for cleaning them, and no facilities for doing so. 

There are other and effectual plans for speedily separating the 
suspended mud from the water, and rendering i t  easy to be mtered 
perlcctly transparent. These are by ehumical precipitants, to some 
of which I have previously alladed ; one well known is alum, in drily 
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common use. These have been observed sometimes to increase the 
quantity of organic matter in solution, but this is probably from 
imperfect knowledge of the proper way to apply them, rather than 
essential to their operation. 

This enquiry into the water of the Hooghly was commenced, aa 

formerly stated, without any reference to the water supply of Calcutta, 
but simply as an investigation interesting in a scientific point of 
riew. For  even in the single point of the organic matter there is 
room for t h e  expenditure of much labour and research. It is difficult 
md not very promising, but persevering enquiry often brings much 
of intereat out  of unpromising'subjects. The high temperature of the 
country increases the energy of chemical action, and the comparative 
regularity of the seasons favours the simplicity of its operation ; and 
thus a country like India affords a field well adapted for the study of 
the influence of chemical changes on the phenomena of mture. Many 
of these changes may not be very obvious to tho& unaccustomed to 
M y  them, but they are not the less real on that account, and 
not the 1e.m powerful in their operation on the world around US. 

Since writing the above, the enquiry has been continued, with the 
view of settling one or two points left in some degree of uncertainty. 
These were the amount of organic matter in the river water during 
the hot season and during the rains. The first of these was the point 
on which the greate0t doubt was felt by many as to the correctness 
of the results given in my first paper, though little shared in by 
myself: the second was the point on which my own opinion was 
most uddecided. The experimental results will be given in the tables, 
and comments and explanations will follow. 
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TABT,R XI. 

Hot season. 

River water or 2 'th Mny, 1867, 
Spring tide, ..... . . .. . ... ... ... . Flood, 

Ebb, 
Ditto of 6th June, spring, Blood, 
General's Tank of 10th Jnne, 
Dalhousie Sq. Tank of 10th Jnne, 

For 100,000 grains. 
Tot a1 solid Organic 
contents. matter. 

Rainy Season. 

River Water of 13th July, purified by 
perchloride of iron, 1.22 

Ditto by ditto in smaller proportion, .63 
Ditto scttled 3 days and syphoned off, again , 

settled 8 days, 12.07 .il 
Ditto settled and sand filtered continuously 

with new water daily till 26th, then 3 1.06 
settled till 18th August. 

River Water of 16th August, Flood, 10.71 .74 
Ditto of 24th August, Ebb, 1 0 2 6  1.10 

The experiments on the hot season waters were made 'to decide the 
question involved in the objection raised to my first results, namely, 
'that the organic matter had been decomposed and lost by the delay 

(of from ten to fourteen days) in proceeding to the evaporation. 
I n  the preaent cases the water was evaporated on the next day after 
collection. The result shews only from .90 to  1.70 grains organic 
m ~ t t e r  in 100,000 grains of water taken at flood tide of the highest 
spring tides of the seaRon ; lens indeed than I had obtnined in 1866. 
Many other experiments have shown me that there is very little 
change in the weight of 6rganic matter sustnined by keeping it even 
for several weeks, and least of all in the case of water containing so 
much anline mntter as the river does at this season. The only thing 
that undergoes rnpid change is the deoxidi~ing power of the water .s 
shewn by the permanganate test, but this does not appreciably ded 

the weight of the orgnuic matter. 
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One thing is to be .noticed in connection with these, namely, thRt 
tbe amount-of d i n e  conte& is very deoidedly smaller than it waa in 
the ~wresponding season of 1866. This may possibly have arisen 
from the correct time of full flood not having been caught, but if so, 
tbis must hava happened on both ooaaRions : and moreover the 
quantity of ealiae matter at Ebb tide ie also much smaller than in 
1866. It appears te me more .probable that the river water .has 
amtained lees saline matter this . p a r b  It would be difficdt to give 
m opmion as to the cause of this : besides, the observations were not 
Meiently numerous to draw conclusions from with certainty. 

'IBe results of the examination of the river water of the rainy 
confirm those I have already given in Table 111. of the firat 

paper and in Table V. of this. The sbeolute amount of organb 
mttm is somewhat leas than in the watera of the hot season, but, in 
pmportion to the mineral constituents, very innch greater. I t  is to be 
obeerved that the watere which were simply settled, or even eand- 

1 filtered, etill contained clay : the water, clarified by a little seaqui- 
chloride of iron, do- not give the correct amount of ealine matter, 
thaefore in the table thie ia omitted in these cases, but it was only 

such means that the water could be got clear and free from clay, 
tbe beginning of the raine, without delay. The two esmplea thm 

Mfied were evaporated next day after collection, the others after 
mter delay. 

The waters were also examined for ammonia by the process given 
in the first paper : the results are exhibited in the following table. 

TABLII XII. 
Bhewing qunntity of ammonia in 100,000 fi. grains water. 

Hot Season. 
Brains. 

River water of 13th May, Neap tide .............. Ebb, .0350 
Flood, ,0240 

20th May, Spring tide .............................. .Ebb, .0090 
. Blood, .0165 

8th June, Bpring tide .................................... Flood, .0100 

Avetage,. .......................... .0205 
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General's Tank water, .......................................... .0386 
.................................... Dalhousie Sq. Tank water, .0!!5 

Racny Season. 

River water of 10th July ,....... ................................ -0240 
,, ,, ,, 13th July , ....................................... .0810 
,, ,, ,, 16th August, ................................ .0380 
,, ,, ,, 24th August, ................................. .0140 

Average,. ..... -0392 - 
These resnlte exhibit great variations in the proportion of emmonig 

and recent investigations throw eome doubt on the trustworthiness of 
the method employed ; besides, it is confessedly an imperfect indication 
of the amount of nitrogenous matter : nevertheless, so far a they go, 
they are confirmatory of those already given .in table IV. of Part I. 
The waters of the rainy season yield more ammonia than do thom 
of the hot season, and the tank waters, even the best of them, 
yield more than the river water. And the previous table also shews 
that General's Tank,-probably the best of the tanks, or at  least 
one of the best, contains more organic matter than the river water; 
and the results given connected with Dalhousie Square Tank confirm 
the opinion expressed before, that the river water rather deteriorPtee 
by storage in tanke. 

I do not mean to Say that these results, aa to the quantity of 
organic matter and the proportion of nitrogenous matter, prove with 
certainty that the river water is at least equal, if not superior, to 
even the best of the tank waters ; but they are the best means of 
judging which chemical analysis affords of the quality of water for 
drinking purposes, and, in the abeence of equally good evidence to the 
contray, the results lead to such conclusions. 

Only in one point have I to say something in modification of the 
results of previous examination, and that is connected with the water 
of the rainy eeason. In  the previous pages I have spoken strongly 
of the putrid flavour of the river water of the rains, particularly of 
the early part of the season. This respected the year 1866. In the 
yrcsout year, howevor, I have not found this putrid flavour, or at least 
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only to a comparatively very slight degree. At  first 1 was inclined 

i to attribute this difference to some local or accidental cause .which 

had led me into a mistake as to the general character, but after 

I fnrther observation and oonsideration, I do not think that this is the 
explsnation, but that the water is really different in this respect, this 
-n, from what i t  was last. For not only has the putrid smell been 

b t ,  but the mud has been easier to separate from the water; the 
pYticlm are not so fine, or nt lenst not so glutinous, and i t  has not I k n  so d s c u l t  to filter clew as i t  was laat year st the corresponding 

I period8 ; and the quantity of organic vegetable matter produced on 
I shding i n  bottle8 has been decidedly less than it was last year. 

I Indeed the river water of the rainy season of 1865 gave mnch more 
1 vegetable growth than that of either of the two succeeding years. 

Moreover the water of the river did not become muddy nearly 50 

yedily after the setting in of the rains as it did last year: this was 
noticed particularly, as the muddy water wns watched for. Neither 
after i t  had become muddy, did i t  exercise nearly so strong a deoxida- 
ting power on permanganate of potash as it did last year : only aboui 
one-third of the powor ; and this is a good indication of putridity. 
These facts, to which may be added the greater purity oi the 
water of the hot season of this year, seem to  indicate some generd 
caw the variation. Both 1805 and 1866 were yeam 
of deficient rainfall, 6'2.40 and 60.3'2 inches ; while the year preceding, 
1865, was one of large rainfall, there having been 84.22 inchee 
in 1864. This perhaps may have some connection with the points 
noticed. The peculiarity is worth attention in the future. 

The mbject of water analysis, in connection with hygiene, has 
lately occupied mnch attention in London. Dr. Frankland hes 
exp-ed opinions respecting the small value of the oxidation test by 
pennanganate, in accordance with my own and on additional grounds, 
and also proposed a fuller examination of the nitrogenous constitu- 
ents 88 the most important guide. Miles Messm. Wanklin, Chapman 
and Miles Smith have also p~~oposcd some riew methods for determining 
the nitrogenous constituents. The details of these plans, however, have 
not yet been published, or a t  least have not yet come under my 
notice. The subject is also under experiment by myself, and will have 
further attention. 
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To sum up, it may be observed, that these extended enquiries, 
though leaving many points yet imperfect, still ' go to confirm the 
general conclusione arrived at in my-firat oominunication, favorable 
to the water of the Hooghly, compared either with the Calcutta Tank 
waters or the present London waters. I may repeat what I then mid; 
" Such are the conclusions I have arrived at, some of them unexpected 
even to myself, and which may be disputed by others." And I may 
add, that they can only be properly controverted by evidence of the 
incorrectness of the experimental results from which these conclusioaa 
have been drawn. 
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PABT LL-PHYSICAL SCIENCE. 

& the Reproductive Fundionnl Relatiotw of several Species and 
Varieties of Verhca.  

By John Soott, Eeq., 
Curator of the Boyal Botanioal Gardens, aaloutts. 

I n  this paper, I purpose giving an account of a numerous and csrefnlly 
performed series of experiments on the hybrid and cross-unions of several 
npecies and varieties of Verbasca, with the view of illustrnting those 
functional relations, or differences existing between the results of unions 
of distinct species on the one hand, with those of different varieties of 
t h e  aame species on the other. I believe, the generally accepted view 
of naturalists on this point ia, that a certain degree of sterility 
alwayu resnlta from the union of distinct species in their first hybrid 
p&duce, and that their progeny we absolutely infertile one with 
another; while in the croee-unions of varieties of a species, the ferti- 

7 
lity 31 in no respect affected in the first cross, and the progeny are, in 
every case, perfectly fertile, one with another. Theae relative differ- 
encea, then, in the products of hybridism and mongrelism are 
strongly maintained to be decisively demarcative of the factore, in- 
cluded under the terms "species" and "varietiee," affording, so to 
e p k ,  an unerjuivwal analysis, whoreby nature'a original and immn- 

19 
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table units-speciee-may a t  once be discriminated from those diverged 
forms-varieties-to which they have given rise, and with which, 
from the important structural differences they frequently aasume, they 
might be hopeleesly confounded. Sucb, at least, is the opinion of 
thoee naturalists who regard species BR the result of distinct creatiye 
acts. On the other hand, thoee naturalists who believe in derivative 

hypotheses, and look upon all existing organisms as the genealogical 
connections of other and earlier kinds, entertain the directly opposite 
view,'and maintain that no such essentia1 differences as those above 
stated exist between the results.of hybridism and mongreliem ; though 
they readily admit a difference in degree. This point has been ably 
and philosophically discussed by Mr. Darwin, who, after a careful and 
impartial examination of a11 the evidence he could collate, considers 
himself justified in concluding, that " first croeses between fods 
known to be varieties, or sufficiently alike to be considered as varieties, 
and their mongrel offspring, are very generally, buL not, as ig so often 
falsely stnted, universnlly fertile.. .. . .. . .consequently chat neither 
fertility nor sterility afford any clear distinction between species and 
varieties ; but thnt the evidence from this source graduates away, and 
is  doubtful in the same degree, as is the evidence derived from other 
constitutional and strnctural differences."* 
- Though Mr. Darwin thus clearly anticipates an essential accordance 

between the result of hybridism and mongrelism, it is to be obaerved 
that  the extreme paucity of experimental observations on the latter 
phenomena prevents his illustrating the subject so fully and satisfac- 
torily aa its importance demands. The want of such observations, 
and the importance of their baring on that theory of the L' origin 
of species" proposed by Mr. Darwin, has been frequently and strongly 
insisted on by Professor Huxley. Thus in his " Essay on Man's 
Place in Nature," p. 106, we find the following remarks : 
acceptance of the Darwinian hypothesis m u ~ t  be provisional ao long 
as one link in the chain of evidence is wanting, and so long as all the 
animals and plants certainly produced by   elective breeding from e 

common stock are fertile, and their progeny are fertile one with another, 
that link will be wanting." Again in his Lectures on our knowledgeof 
the cause of the pheuomena of organic nature, Lecture VI. p. 147, after 

+ Darwin'a "Origin of Species," 3rd Edition, pp. 271 and 300. 



discnseing the obligations of a hypothesis, he remarks, that " Mr. Darwin, 
in order to placo his viem beyond the reach of all possible doubt, ought 
t o  be able to demonstrate the possibility of developing from a particular 
stock, by selective breeding, two forms which should either be unable 
to .croes one with another, or whose cross-bred offspring should be 
infertile with one another," .. ... ..." Now it is admitted on all hands 
that at present so far as experiments have gone, i t  has not been found 
possible to produce their complete physiological divergence by selective 
breeding .... ...... If it should be proved, not only that this hae not been 
done, but that it coald not be done, I hold that Mr. Darwin's 
hypothesis would be ntterly shattered.'' Professor Hnxley, however, 
though thns strongly insisting upon the absence of facta showing that 
any degree of sterility has resulted from the crossing of varieties 
known to have originateil from a common stock, statea that he does 
not know a single fact which would justify the assertion that such 
sterility could not be prodnced by proper experiment, expressing his 
belief that it may and will be produced. 

Considering then the as yet positively equivocal nature of the 

relatione between the phenomena of hybridism and mongrelism, 
together with ita important bearings on the converae theories which 
now divide the scientific world, I trnst the reader will bear with me, 
while giving a somewhat detailed statement of my own experiments 

.on the above phenomena. I venture to premise that they show pretty 
clearly the relative claims of the two views now held by naturalists 
on our acceptance, and illnstrate also one or two other points of high 
intereat in theoretical natural science. First, for the union of V. 
phmicacm vars. romum and album and V. nigrum. 

T A ~ I , E  I.-Rrsnltn nf Prim nnrl 3rixerl rnione 
0 ' 7  phlr ; i i i , - t r n t ,  vnr. rr~v,~um nnti 

- 
..- I Rr. rnl- 

7 (,11Inf inn. 

- .  ,~ - - . 
o l l , u , ~ t ;  R I I ~ ~  V. t t i : ~ r ~ o i ~ .  L = T . r ,  ,.. - . . ; =  - 

.- - -z , ,?  
- - 2 

= s  - , I  L L , ?  $ 
A c ._  - .. 

So. 
1. F i r h n r r r ~ n i .  phrpnirrvm hp pnlien or T'. 

FJ,,,,,, :c~ , , , , ,  r o c p , , : n ,  ... ... 10 3 143 q t  
2. T, pi ,  r . , ~ < . . * ~ r i n ,  n > o . - r r r ~ ~  hp pollvn of T: 

? i , r . ? ~  ( C ~ Y I I ~ ,  
-- - *.. -- 
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The followiag descriptive notice of the plants in Tab. 1, will show 
their close morphological relations. First, V. phniceum ; sten& somewhat 
downy, simple, prodncing upwards a racemose panicle. Learn 
crenate, oblong-ovate, nearly glabrons above, deep green. Radical 
subcordate, ovately-scuminate, petiolate. Upr cauline crenulated, 
semi-amplexicaul. Bracteas lanceolate. Racenle eloiigrted. FLncert 

lax, solitary ; pedicels longer than the bracteas. CoroUa purplish-violet, 
beset with violet hairs at its base. Stamens ; filaments of the t h ~  
shorter stamens covered with long glandular purplish hairs, these of 
the two longer naked, except on the upper side, whore there are a l e ~  
similarly characterised hairs. Anther8 of the three longer stamens 
nearly circnlar, and covered with purple and white glanduloec hairs, 
these of the shorter stamens, reniform and nearly naked. Polh 
copper-coloured. Second, V. phoeniceum, vosetbm differs from the abow 
only in the leas elongated raceme and the rose-colonred flowera. Third, 
V. plimiceum, album ie of a more robut habit than the other two. 

TABLB 1, (Cmtd.)-Redte o f  Pwe and Y ixod 
Unions of Vrrba.cca~n phmnicwnr, var. roseurn 
and album; and V. nigrrcm. 

--- 
No. 
8. V. p h a d m m ,  by pollen Or P. p h i -  

cam, album, ... ... 
4. V. phceni-n, album by poiibn of V. ... P . 
6. V . p h x a l b t u n  by po& of b 

... phmiceurm, rosezcm, 
6. V. p h m i m m ,  rorreum by pollen of  V. 

plmicewn, album, ... ... 
7. V. phmiceum, by pollen of V. nigruma, ... 
8. V . p h & m ,  dbwn by pollen of V. 

nyym,  ... ... .. 
9. V. p h r c e u m ,  m8mn by pollen of V. 

erum, ... ... ... ... 
10. V. phmlaccum, by own pollen, ... .. 
11. V. p h m i e a ~ n ,  rosoum by own pollen, ... 
12. V. p h i c c u m ,  album by own pollen, .. 

By cnl- .- calatioa - 

10 

16 

8 

8 
10 

10 

10 
18 
18 
18 

6 

11 

4 

0 
3 

6 

7 
0 
0 
0 

------ 
l20 

287 

116 

5, 

110 

107 

20 

26 

W )  

19 
18 

15 . . . . . . . . .  ......... ............ 

ZO 

80 

80 

20 

20 

400 

688 

580 

& 
361 

3% 

, 



Badiool leaves ovate-lanceolate, light green. Flowera whito and 
rather larger than the othera, wfth a few whitish glandulose haim 
near the base of petale. FiLmmta and form of anthers similar to 
these of V. phenieeum, but beset with white intltead of purple, 
glandular haira. Pollen similarly copper-coloured in each. 

Thus, judging from the characters of thew three forms done, there 
cur be no doubt ae to their being other than conspecific. I n  addition 

to this I may add, on the authority of Mr. Stirling of Edinburgh, 
that they have heen rsieed from pure seed of the V. phceni- 
ceum, the rose-coloured variety frequently appearing amongst the 
medlinge of V. phceniceum, the white presenting itself more rarely. 

In the first port of Tab. 1, the number of flowers fertilised, and 
the simple results are shown, and in the right hand, for the sake of 
comparison, the calculated produce of the number of seeds from 20 
capsulee of each ia given.* If we compare the results, we me that 
reciprocal unions may be effected becween the V. phcenicem and 
varieties, with one exception, viz., V. phceniceum, roseum, by pollen of 
V.phmiceusn, album, in which caae 1 have found that though the 
pollen tubes are abundantly developed and freely penetrate the stigmatio 
tissnee, the capsules nevertheless drop preruatnrely. The goodness, 
however, of both the male and female elements of the above varieties 
is nevertheleae shown by their reciprocal unions with V. phceniceum. 
The individual potency of the respective sexual elements of these' 
varieties, in their reciprocal relations, is clearly shown; whereaa by 
thoee experiments given in the three last liuos of the table, in which the 
aigmaa of each variety were covered by their own good pollen, no 
unione were effected, each proving utterly self-sterile 1 

.This absolute, or conditional, sterility of the three varieties of V. 
phireurn, when treated by their own good pollen, led me to examine. 

Fmm Mr. Dsrwin's s n g p t i o n  in " The Origin of ~pecies" that the dwx-essod 
fertility of mixed unions, na compared with thnt of the pnre unions, might possi- 
bly bo increased by the fnot, thnb for perfectly antisfactory results, castrntion is 
necssaary in the cwm-nnions ; wheroas in the lntter, in pnre unions, this not 
being necasserp, we may have indiscriminate compriaons, of tho two resultm 
though clearly castration lnRy have n direct sterilising influenco. I n  view of 
this prudent muggerstion, I took the precaution to castrnte every flower both of 
the pure and mixed unions, from which I intended to draw msults. The sole 
exception to this is thnt given in the first line of Table 2 of Y. p71ciiicc1tm 
aa I wan unable to get any of the plants under mo to prodocc soed by thoir own 
pollon. Whatever be tho eIfffits of mtmt ion  then on the furtility of tlio plnnts e.0 
treated, in tho proscnt cnaes,nll hnving undergone it, the results will be mutual. 
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in to  the apparent cause, as in certain cases we find it arising from the 
non-emission or non-penetration of the pollen tnbes ; the pollen through 
some mysterious cause being thus utterly impotent on its own stigma 
Theresults of my present examination will, I trust, be fonnd of sufficient 
interest to permit of my stating them here. They are as follows : first, I 
applied the pollen of each of the three varieties, reciprocally, to their 
stigmas ; on dissecting these, I fonnd them abundantly permeated 
by pollen tnbes, many of which I distinctly traced into the ovary. 
Secondly, I fertilised several flowers in each variety, with its OWXI 

pollen ; on examining the stigmas of a few of these flowers, I fonnd 
that many of the pollen grains had emitted tnbes, but wmparstively 
few had penetrated the stigmatic tissue, and of these still fewer 
permeated the conducting tiasues of the styles. Several of the latter, 

however, I traced into the vascular bundles of the placenta, the 
pistillary cords, and in one or two instances, I believe that I detected 
them in the nucleus of the ovule. Nevertheless we have seen that, 
though these pollen tubes are developed, they most ineffectively 
perform their deputed function, inasmuch as not one of these matured 
even a single ovary l I have here to observe, however, that t h ~  
pollen tnbes do not seem utterly void of the fecundative idhence, 
Illany of the ovaries did undergo a certain degree of development ; and 
on examination of these, ns they dropped off, I found that the o v n l ~  
also lind undergone a partial and variable degree of development. In 

the fleshy nlbuminous envelope of the embryo wae larply 
developed, whereas the embryo had undergone a very slight develop- 
ment, judging from a comparison of other good seeds of n similar stag$ 
not n t  all proportionate to the size attained by the albununons parts. III 
nenrly all the embryos which came under my observation, the develop- 
ment had ceased ere they exhibited any distinct separation of parts; a 

few only hnd reached that stage in which the axial and lated 
projections were visible. 

We thns see, that whatever be the real cause of the inveterate self- 
sterility of the three varieties of the, V. phmiceum, i t  does not ark, 
as has been shown in other Cases, from the non-emission of the pollen 
tubes. I n  these, as I have elsewhere noticed it, in certain individual 
plants of different species of Oncidin, Maxillaria, and Passiflow 
sterility appnrer~tly resulta from some slight differentiation of the de 
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element with respect to its own female element. I have also to remark, 
that the ultimate conditional sterility of these p1ant.s is not, relatively 
conidered, an absolute but a graduated quantum ; this is shown 
by the different degrees of development the embryos had nndergone, 
thus illustrating a mo8t interesting, though as yet imperfectly known 
fact, namely, that the male element, even though reaching the female 
element, may nevertheless fail to communicate that amount of vital 
stimulus necessary to the complete development of the embryo. 
Furthermore, I may in passing briefly refer to the perfect parallelism 
between these phenomena, and those occasionally observed in hybtidi- 
eation, a t  least in the zoological kingdom, ,for unfortunately we are as 
yet nearly void of information on this point in the vegetable kingdom, 
bybridiste having, in most instances, satisfied themselves by attending 
to the ultimate resnlts, without troubling themselves to examine into . 
the nature or degree of embryonic sterilisation. From the published 
papers of the Hon'ble and Rev. W. Herbert, we find, as might 
indeed be expected, that this point did not escape observation : thus 
in one case he remarks, " It has, I believe, not been duly considered, that 
the fecundation of the ovnles is not a simple, but a complicated process. 
There seems to me to  be three or four several processes: viz., the 
quickening of the capsule of the fruit, of the outer coats of the seed 
itself, of the internal parts or kernel, and lmtly, the quickening of the 
embryo.". . . . . . ..." It is further to be observod," he cot~tinues, ((that there 
is frequently an imperfect hybrid fertilisation, which can give life, but 
not metein i t  well. I obtained mnch good seed from Hibiscwpalustria 
by a. speciomcs, and sowed s little each year till i t  was all gone, the 
plants always sprouted, but I saved only one to the third leaf, and ii 
periuhed then." 

To recur, however, to the above perallelim, of which we have here 
additional and important illustrations: it haa been stated by Dir.Danvin* 
on the authority of Mr. Hewitt, that in the hybridisation of gallinaceons 
birds a frequent cause of sterility in Jirst crosses is the early death 
of the embryo. Again Mr. Salter records similar results from 
his experiments on the fertility inter se of several hybrid Qalli,f thus 
concluding, " the one striking point of these experiments (which I 
believe hae never been noticed before) is thnt a large proportion of 

loc. oit. p. 288. 
t Net. Hiet. Bev. 1863, p. 276. 
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these eggs from hybrid birds breeding inter ee have failed to prodm 
young, not from absolute sterility, but sterility in degree, from m 

amount of vitalization insu5uient to carry out the whole malt of 
reproduction, in which the young individual hae been complelsd, 
leaving it with vital resistance insufficient -to maintain life and eopr 
with common and custnmary external influences." And thae in thm 
curious cases of sterility of structurally hermaphrodite organiemq 
whose sexual elemtnta have become differentiated with wspect to their 
mutual fertile conjunctions, so in the phenomena of sterility h m  
hybridism, we find, aa Mr. Salter well remarks, with respeot to the 
relations of hybridism and parthenogenesis, " that the eterility is not 
absolute but in degree, and that the stimulus, whatever it m q  bq 
which starts the embryonic changes is feeble and imperfect ratha 
than wholly wanting." 

I have now shown that a regular more or lees &rly embryonic abortion 
results from the eelf-fertilisation of certain individual plants of V. 
phmticewn and wars. roseurn, and album ; wherens by their reciprocal 
fertilisation, highly fertile unions may in general be effected. By again 
ponsulting Table 1, however, i t  will be wen that besides a recipoal 
fertilisation, these three plants are aim susceptible of fertilktion bg 
pollen of other species. Thus in lines 7, 8,9, of Table 1, the d e  
element of V. nigrum is singularly enough effective in the fertilisatim 
of each, while in a succeeding Tebl&the goodness of the male 
elements is also similarly shown by each effectively fertilising tbe 
female element of the V. lychnitb, lutea. Again, we have fqller ill, 
tratione of these curious sexual phenomena in Table 2, in which OIM 
of the above plants, V. phmiceurn, yields a varying degree of fertility 
to four other distinct species ; namely the V. ferrugineum, Bldtmia 
lutea and a h ;  Lyclrndis lutea and ovalifolia. These are indeed 
remarkable physiological revelations. How strange that an individnd 
plant could be fertilised by the pollen of five distinct species, and yet 
not by its own good pollen : how singular also, as shown above, to sa 
three hermaphrodite individuals incapable of self-fertilisation, yd 
having each sexual element reciprocally meeting and fertilising the 
oppouite elements of other species. Thus, for example, the l d e  

element of V. phaniceum and vara. roeeum and albtnn fertilise thm 
female element of V. Zychnitis, while the femnle elemeuts of the three 



former are also susceptible of fertilisation by the male element o*. 
nujrum. The full explanation of these curious and complicated sexual 
relations, I leave for more sagacious and ingenious investigators, and 
sirnply confine myself to remarking on the apparent support that theso 
a n d  more especially those other cnsecr which I have communicated to 
t h e  Linnean Society,* on the fertilisation of certain ~pecies of Passifiorce, 
-in which I showed that illdividual plants perfectly self-sterile readily 
effected reciprocal unions with other similarly characterised individuals 
of the same species-give to that view whichMr. Darwin haa propounded 
regarding the existence of s law in nature necessitating " an occasional 
cross with another individual, or, that no hermaphrodite fertilises itself 
for a perpetuity of generations," but " that some unknown great good 
is  derived from the union of individuals which have been kept distinat 
for many generations."t 

In the following table, the results of the pure unions of V. 
phceniceum given on the first line are taken from capsules on a 
specimen in the Edinburgh University Hcrbarium, as I have not yet 
been sacce~ lu l  in getting good capsules from any of the plants which I 
have had an opportunity to experiment upon by their own pollen. The 
other plants of V. phmiceum and varieties mentioned in tlie table are the 
#awe ns those from which I had the results given in Table 1. Indeed, 
in one or two instances, the same experiments are re-stated, with a 
view to show more elearly the relative degrees of sterility resulting 
from the crossing of undoubted varieties of a species on the one hand, 
with those from the hybridisation of distinct species on the other. 
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TABLB 2.--Pure and Mixed Unions 
of Verbcrsmm phrenicewm end 
V8r. M 

- 
No. 
1. Verbascl~n phmicertm L. 

(wild plant naturally ferti- 
liaed), ... .., 

4 By calcn. 
lation. 'm m 

6- The 
3 comparative 

% unions. 

a a % 4  ------- 

.. 4 142 36 20 

+ 



I n  addition to the simple and calculated results given on Table 1, 
I have, in the above, given at the right hand, for the sake of corn+ 
son, the calculated product from tan assumed 1,000 eeeds of the pan 
unions relatively to those yielded by the cross and hybrid uniom 
By a further comparative study of theae results, we find that  the 
fertility of the pure unions of V. phaniceum, relatively to that of ib 
cross-unions with the white and rose-coloured varieties, h, in the 
least differentiated or most highly fertile unions, viz., V. phiceum, 
roses by pollen of V. phmiceuna, sa 100 : 95; whereas in the 
least fertile unions, V. phmiceum by pollen of 7. phm~ieeum, alba, 
the proportions are sa 100 : 56. The average fertility of the &a 
cross-unions given in the table, relatively to the pure unions given in 
the first l i e ,  is aa 100 : 75 ; so that the pure unions thus exceed in 

fertility the crose-unions, in dearly the proportions of 4 : 8. A@ 

.. 
8 'B~ calcn- 

d MiaL 

TABLE 8. Go&.-Pore and Mixed 
Unioolr of Verbasmm p h i e e u m  
sud Per. a8 9 

No. 
2. V.  p h i e e u m ,  rose% by 

pollon of V.  pyhmiceum L., 
8. V.  p h i c e u m ,  alba, by 

pollen of V. pluenicam, 
rosea, 

4. V. p h i e m ,  a h  by pollen 
of V. pliwniccurn, .. 

6 V.  p h m i c m ,  by pollen of 
V . ~ l m + w n , r o s e a ,  .. 

6. V.  plimtceum by pollen 
V . p h i c - ,  dba ,  ! 10 6 1 

7. V. plrwr~iccrutn by pollen of 
V .  jclruginewn, Andr., 

8. V. phcmicnum by pollen ;;f 
V. blattmicc, luka L., .. 

9. V. plumiceurn by  pollen 
V .  blattcuria, dba ,  

10. V. phmiccum by pollen 
V.  lychtlitis h k a ,  L, 

11. V. p l ~ n i c e r m  by pollen of 
V. ovolifolium, ... 

12 

7 

16 

10 

9 

6 

11 

8 

806 

164 

287 

1 1  

84 

31 

96 

&1 

------- 

20 

20 

20 

m 

680 

616 

622 

483 

.. 

.. 

.. 

957.i 

asti 

7SSs 

880d 



by a similar comparative study of the relative fertility of the pnre 
nnions of V. phniceum and the different hybrid unions given in the 
Table, we find that the highest degree of fertility results from the union 
oI V. f e r m g i m r n  (which perhaps is correctly regarded by De Cnndolle 
and others as a mere variety of K pplrceniceum) with V.phaeniceum, the 
proportions of the pnre to the hybrid nnions being ss 100 : 59, in 
favour of the former. The lowest degree of fertility results from the 
nniona of V. ovalifolium, with V. phicetsm, the proportion of the 
pure to the hybrid-unions in this case being aa 100 : 24.) Lastly 
the average fertility of the$ve hybrid nniona given in the latter line8 
of the Table, relatively to the pure anions of V . p h i e e u m ,  is nearly 
ss 100 : 40, or aa 2.5 seeds of the pure unions to one of the hybrid 
unions. Thus, the relative differences in the degree of sterilisation 
rewlting from the hybridisation of distinct species, and that from the 
crose-impregnation of varieties of r species, relatively in either cam to 
the pare uaiong ie in the former as 2.5 : 1, and in the latter aa 4 : 3. 

The 
TABGL 8.-Pure and Y i e d  

of V. ZycMtis, L. var. 
= 9 .  

No. 
1. Verbascwm t y c h i t i t ,  mr. 

dbo of gsrdenq by own 
pollen, .. .. 

1. V. lychn6tb, dba, by pollen 
ofY. lydun66ir ,hb,L. ,  

8. V. llychnitk, dba, by pollen 
of V. thcupacs, L. Tar. cllba, 
of gardene, .. .. 

4 V. l.ychnritis, eba, by pollen 
of 7. p?lQmamn, L. w. 
&a cS gardene, .. 

6 

8 

10 

6 

6 

8 

6 

4 

------ 

250 

8 1 4 8 4  

88 

118 

42 

SO 

28 

20 

20 

20 

80. 

685 

892 

565 

8331000 

.. 

.. 

. 

822.8 

470.k 

678.; 
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In Tnble 3 we have first the result0 of the pnre unions of V. 
lychnitis, alba, and by comparing them with those resulting from fer- 
tilisation with the pollen of V. lyelmitis, lutea, we find that the letter 
cross-unions undergo the proportionately decreased fertility of 100 : s?. 
By the hybrid-unions of V. lychnitis, albn, with the pollen of V.  
phmnieeun&, alba, a sliglltly higher degree of sterilisstion results ; the 
proportion in this case being as 82 : 67, relatively to 100 produd 
by tile pnre unions of V. lychnitk, alba. The highest degree of 
steriIisati~n in this Table results from the unioil of V. lychnith, 
alba, by polle~l of V. thapsus, alba, the proportion of the pure to 

the hybrid unioiis being here as 100 : 47. 

. , ." z a BY m~co-  
k lation. The 

TABLE 4.-Pure and Mixed 
of V. lychni tk ,  lrctea, L. aa 

KO. 
1. V.  l!~chnitis,  Itctea, L. by own 

pollen, 
2. V.  lyrhnitis hrtea by pollen 

of V. lychnitis, alba, 
9. V ,  lyrhiritis, 11ttc.a by pollcu 

of V. phrni~icrum, L., 
4. V. Zychnitis, lrctea by pollen 

of V.  ~ ~ l r c r ~ ~ r c c ? c n ~ ,  L. vnr. 
alha of Rddcns, . 

6. Y. l y c h ~ ~ i t i s ,  lutes by pollen 
of V. p h ~ r ~ ~ i c e u i n ,  L. var. 
alha of gnrdena, .. 

6. V. l y c h ~ ~ i t i s ,  lutea by pollon 
of V. blattarin, L. vsr. alba 
of gardens, .. .. 

7. F: Zych~~itrs,  l u t ~ n  by pollen 
of V. blattaria, lutea, L., 

. 8. V. llychi~itis, lutea by pollen 
of V. thapsus, lutca, L., .. 

0. F. l y chn~ t i s ,  111tra by pollen 
of V. t h a p s w ,  L. var. alba 
of gardens, .. .. 

10. V. lychnitir, krtca by pollen 
of V. nigmm,  L., . . 

11. V. l y c h ~ ~ r t i s ,  Iutea by pollen 
of V. mrgatwm, With., . . 

12. V. l!~ch?ritw, l?ctra by pollen 
of V. tharp.vifornw, Schrad, . 

6 

8 

6 

6 

6 

8 

8 

10 

10 

10 

10 

8 

6 

7 

9 

3 

a 

4 

6 

7 

6 

6 

6 

8 

226 

249 

75 

63 

87 

85 

97 

123 

75 

182 

111 

62 

38 

36 

26 

21 

18 

81 

19 

18 

16 

SO 

22 

17 

------- 

20 

20 

XI 

20 

!MI 

80 

20 

20 

e0 

20 

20 

SO 

753 

711 

600 

4 0  

870 

425 

988 

861 

.. 6W.i 

1000 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

94u 

6640 

667.; 

1~)li 

664.i 
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The resnlts of my experiments on the yellow variety of V. lyclhnitis 
are given in Table4. By a comparative examination of this Table,we have 
t h e  following general raults  : first, the fertility of the pure unions of 
17. lychnitie, Iutea exceeds that resulting from the cross-unions of 
t h e  latter with pollen of Fr. E~ychnitis, alba, in the proportion of 
100 : 94. The degree of sterilisation induced by these unions, though 
less than that resulting from the converse unions given in Table 3, is 
nevertheless sufficient to show a sterilising influence in the conjunctions 
of varieties of s species, characterised only by those, systematicslly 
considered, trifling differences in colour-the one being white, the other 
yellow. Secondly we have the results of unions of similarly and 
dissimilarly colonred forms of distinct species, with V. lychnitis, lufea. 
Thus the pollen of V. phmiceum, with purplish coloured flowers, 
applied to  the stigmaa of V. lychnitis, lutea, gives an average fertility 
oi 6 6  ; the pollen of tho whits variety V. phmiceum, alba, gives an 
average of 55 ; while that of the rose-coloured variety is productive of 
the highest degree of sterilisation, giving only 49-relatively to  100, 
the produco of V. lyclmitis, lutea by its own pollen. Xr. Darwin, on 
the anthority of Gartner, states in his " Origin of Species," that similarly 
coloured varieties of distinct species are more fertile when crossed than 
are the dissimilarly colonred varieties of the same species. The parti- 
cular illu~itration of this point will be found in a subsequent part of this 
paper ; I will here merely state that, in the above unions, the degrees of 
fertility are by no means regulated by the colour affinities. Thus,,we 
have first yellow and violet, then yellow and white, and lastly yellow 
and rose yielding a mccessively decreeeed fertility ; whereas, judging by 
the colour affinities, the arrangement ought to have been, beginning 
with the most fertile, yellow first with white, then with rose, and lastly 
with violet. Secondly, with pollen of the V. blattaria, vars. alba and 
lutea, we see, that the V. lychnitia, lutea yields the higher degree of 
fertility with the former : V. lychnitis, lutea, yielding with pollen of 
V. bluttaria, alba, 56, aud with that of V. blattaricr, lulea, 51, relatively 
to 100, the product of fertilisation with its own pollen. Thirdly, in the 
unions of V. lych7zz'tisJ Eutea, by pollen of the yellow and white varieties 
of V. thapw,  we find that unions of the t~imilarly coloured flowem are 
the more fertile. V. lychnitia, lutea, yielding with pollen of V. thapus, 
lutea, 46, and with the pollen of V. thapsus, alba, 39, relatively to 100, . 
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the reanlta of fertaisation with itn own pollen. Fourthly, in aemrdaoc8 
with mognieed systematic affinitid, we find the following descending 
scale of eterilimtion rewlting from the nnione of V. +rum, V. oirgdwe 
and V. thapdforme with the V. lycirnitie. Thns with the pollen of 
V. niqmm, the average fertility of V. lychnitis, luteu, is 80, with 
that of V. viqdun, 68, and with that ot V. t hapym 46, rela- 

tively, in each instance, to 100, the product of fertilieetioa by ita 
own pollen. A eimilar amordance ie obeewable between the functional 
and eyatematical relations of V. Mattaria end V. thpw with the 
V. lydnitis. In the nnione, however, of V. phmicsurn and vuietiea 

with the V. Zydritis, no snch pxordance is obeerveble. The &&rent 
anions vary greatly in the degree of fertility intar ss, and jndging 
indeed by the relative functional potency of the pollen of the t h  
varieties on the stigmas of V. Zychnitb, the different d t a  are 

compcrrable with thorn from dietinat epeaies, and would amre theh 
interpolation into nyntematiccrlly considered falee pitione, aboniag 
ns that the fanctional and spetematio at6nitiee of the epeciee of 8 

genus are by no means strictly co-ordinated. 

TABLE 6.-Pure d Mixed Unions 
of Verbweurn bkath-b, L. var. 
d b m  of &em. 

- 
No. 
1. Verbascum b & W ,  L. Oar.. 

alba of gardens by own . 8 8 488 66 80 1095 1 

8. V. b-, alba by pollen 
of V. tharpsua, hha, L., 6 2 86 18 %I 860 ... 

4, V. ~~ alba by pollen 
of V. tharpszce, L. var. &a 

of 1.. I!rcltnitia, L. FPT. uli.,' 
of gnr~lerc~,  .. 



!i!J~e rewlta of experiments on the V. blattaria, varieties Zub and alba. 
ye given in the above Tabla : they comprise 12 unions between the 
white and yellow varieties of three species. Let UR briefly compare 
the d t s  of their reciprocal mione. First, the fertility of V. bkttaria, 
&, when fertilieed by ita own pollen. undergoes the highly propor- 
tionate steailisation of 98 : 78 when fertilised with the pollen of the 
yellow variety-V. bZutla&a, lutech In the converse case, the sterilie- 
ing influence of the cross relatively to the ptue unions of these forms is 
much decreased, the pure union of V. bEa#rcuria, loctea, yielding more 
seed in the proportions of 90 : 88 than from its cross-union with the 
white variety-V. bblattaria, alba. Seoondly, aa to the hybrid unions 
with the pollens of the yellow and white varieties of V. thupma. In 
&me the pollen oi the white variety is the more potent. Thus V. 
mtaria,  alba, fertilised by pollen of V. thapsus, dba, &ordB 
average fertility of 43, whereaa by that of V. thapsue, lutes, the 

is reduced to 32, relatively in both to 100, the averoge 
fertility of V. Ilattakz, alba, when fertilised by its own pollen. By the 
union of t b  yellow and white varietierr of V. t h u p w  with the yellow 
variety of V. bluttm-in, we see that the relative dilferences in tho 

4 * By cnlcu- 

E 1 lation. - The 

TABLE 8.-Pure and Mixed Unione 
of 7. bblotkwicl, luaa, L. es S! 

- 
Ro. 
1. Verbmccmc b L w  krtea, 

L. by rn pollen, .. 
a V. bl((ttwia, lutea by pollen 

of V. b- alba of gar- 
dens, 

8. V. b L W ,  2 4 x 1  by pollen 
of V. thapaur, h a ,  L., + V. blattaria, Crtea b y  pollon 
of V. tAapsw, dba ol gar- 
dens, . . . 

6. 7. bblattaha, htea by pollen 
of 7. ly~yehmitis, kh, L, 

6. V blottaria, latea b y  pollen 
of V. ZychniDis, alba of gar- 
dear, .. . . .. 

- 
8 

6 

6 

6 

8 

8 

- 

7 

3 

4 

8 

4 

1 

364 

147 

103 

62 

81 

23 

- 

60 

49 

86 

31 

20 

28 

20 

20 

20 

XI 

80 

2.0 

- 
1011 

980 

615 

620 

406 

460 

1OOO 

... 

... 

... 

... 

969.i 

609.4 

613.; 

410.i 

,.. I 4.54.~ 
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potency of the two pollens on the stigmas of V. blattaria, kctea, 

are much less than those we have above noticed when 7. Mdtorlo 
a l h  is used as female ; and aleo that the potency of the two pollens 
is greater on the stigmas of the yellow than those of the white variety 
of V. blattaria lutea ; and again that the white variety of V. thupsur 
is more fertile than the yellow, in their respective unions with the 
V. blattaria, alba. Thus V. blatlaria, lutea, by pollen of K tl~apsus, albn, 
gives au average fertility of 61 ; by pollen of V. thapsus, lufea, 50, 
relatively to 90, the product of fertilisation by its own pollen. Lastly, 
we have the different unions of the two pollens of the white aqtl 

ycllow V. lyclrnilis on the stigmas of the yellow and white varieties 
of V. blattaria. In  these unions we see fimt that with V. blattaria, aRm 
as female, the pollen of the white variety exceeds that of the yellow 
in the proportion of 36 : 23; secondly, with the V. bZuUark, 
lutea, as female, the pollen of the white variety is again singularly 
enough the more fertile, exceeding that of the yellow variety, in 
the proportion of 45 : 41. Thirdly, we find that here also the yellow 
variety of 7. bluttwia yields a higher degree of fertility,-taking the 
conjoint products of the two unions with the pollen respectively of 
V. thapsw, Zutea and alba,-than the white variety of V. b la t tda  when 
similarly treated, the proportions being aa 70 of the V. blattaia to 47 
of the V. blattaria, ulba, or nearly as 3 : 2. 

This lends me to notice a curious fact prominently brought before 
us in the above Table, whatever may be its real signification, namely, 
that tlle yellow varieties of V. lycA7,itis and blattarin, though yielding 
a higher grade of fertility to the pollen of the white and yellow 
varieties of distinct species than do the respective white varielia 
of tlie above species when similarly fertilised, are nevertheless 1- 
productive of seed than the white, when both are fertilised with their 
own pollen. This will be seen by consulting t h e  following tabnh 
al~allgement, in which I have given a reduced approximate of tho 
relative fertility of the different unions, selecting from the  hybrid 

in each instance only the most fertile. 
1. V. lyclrnitis, alba, by own pollen is as 83 : 75 of V. lydrrdic, 

lz~tea, by its own pollen. 

2. V. lychlbilis, u1bu1 by pollen of V. lychnitis, lutea, is su 68 : f l  
of 1'. lychlaitis, lzctea, by pollen of V. lych?ritis, alba. 
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3. V. lychnilis, aBa, by ~o l l en  V. thapm, a h ,  is as 99 : 30 of 

F. lychnitin, lritea, by pollen of V. thnpsw, alba. 
4. F. Iyehnitis, alba, by pollen of V. phceniceum, allm ns 56 : 42 

of P. lychnitis, luten, by pollen of V. phceniceum, alba. 
5. V. blattaria, alba, by its own pollen, is as 98 : 90 of V. blattarin, 

lutea by its own pollen. 
6. V. blattaria, lutea, by pollen of V. Ilattaria, alba is as 96 : 79 

of P. blatta7-ia, alba, by pollen of P. blattal.ia, lutea. 
7. 7. bluttaria, Iulea, by pollen of V. thapms, alba, as 61 : 43 of 

V. blo~aria,  alba, by pollen of V. tlrapsus, alba. 
8. 7. bZaffaria, lutea by pollen of V. lychnitis, alba, ne 45 : 36 of 

P. blattaria, alba, by pollen of P. lychnitis, dba. 
We thus see, from the eight pnre, cross, and hybrid unions of V. Mat- 

tmia alba and lutea given in the above comparative table, that though 
the white variety exceeds in fertility the yellow variety, when both 
are fertilised by their own pollen, the yellow variety, in the mixed unions, 
k in every case more highly fertile than the white. I n  the different 
nnions of V. iychnitis, alba and lutea, there is some little discordance, 
this, however, ie confined to the hybrid unions which are aa yet very 
insu5ciently illuntrsted, as may be seen by consulting Tables 3 and 4. 
In the case of the pnre and cross nnions, we we, as in those of V. 
blattaria, that in the pure unions the white variety, and in the cross 
ctnions the yellow variety is the more fertile. 

I know not whether this concordance is casual or otherwise, but I 
waa so forcibly strnck with it in the comparative study of my Tnbles, 
that I have thus ventured a special statement. I have been more 
especially induced to notice i t  also from its evidently beering and 
illustrating, se I am inclined to think, that view of Mr. Darwin, (lnc. 
cit.) reepecting the good derived from cross fertilisation ; inaslunch as 
we see that the yellow and original, or normally coloured, form of the 
epecies is less fertile than the white or derivative form in the pure 
unions, whereas in general, in the mixed unions, the yellow variety 
relatively exceeds the white in the degree of fertility. Any how, the 
mere fact of such variations occurring, whether or not they have any 
bearing on other points of theoretical natural science, see~ns to me 
worth noticing, as affording an additional liuk to that broken chaiu of 

21 



evidencc which is &it1 to  disjoin the sorial continuity of the pbe- 
noiliena of lllongrelism 81itl Ilybridism. 

I n  Table 7 we have several unions of the  yellow variety of 
tliapsus. If we coqpare these results, we see that  the fertility of h e  
V. thuysus, lutea, by its cross-unions with tho P. t h a p m ,  dba, is 
decreased in the proportions of 9 1  relatively t o  100, the  pmdndoI 
fertilisntion by its own pollen. W e  also see a great difference in tho 
degrees of potency of the two pollens of the white and yellow variety 
of V. lychititis on the stigmaa of the yellow variety of V. thapu; 
ihc  polleu of K lydinitis, alba, exceeding in i ts  fertilising inflnem 
tliut of K lychnitis, Zutea, in  the proportion of M : 46. Judging 
fro111 tlie re~ultv of the seven hybrid uniolur given i n  this Table, we 
nlso see how little tho recognived systematic a6ni t ies  of speciea guide 
us ill pronounci~ig a yriori ss to  the degree of fertility of their several 
unious. For ernlllple ?? tlrnpsiJorme, V. vi~gaturn and V. blu~tnio,  

By calcn- 
lation. 

TABLE 7.-Pnm nnd Mixed Unions 
o f  I5rbuscu)n tliupsw, lutea, 
L. aa $. 

- _ I _ -  

No. 
1. rcrl~a*rtcln il~opaus, lutc~c, L. 

by own polleo, 
2. V. thnl~>tts, 11~1~a  by pollen 

o f  V. t l ~ o p s u ~  var. albu o f  
g~rrdcns, 

3. V. tl~irl~.~rrs, Ilctcn by  pollon 
o f V . l ! ~ c h n t t ~ s , l ~ r t e f ~ , L . ,  

4. V. thup>l18, llitea by pollen 
o f  V. lychi~t.tcs, var. albu of  
gardens, . . 

6. V. tlt,rl~sus, latea by pollen 
o f  V. ~ I ~ ~ I ~ J I L ,  L., . 

6. V. thnpsus, lutta by  pollen 
o f  1.. ~ y r a i ~ ~ ~ ~ l u l u m ,  Beib., 

7. V. th<~l>s~ts, 1lctt.u by poll011 
o f  V . t l i u p s ~ j ~ r ~ ~ ~ o ,  Bchrw.3, 

8. F*. tthnparts, leteo b y  pollen 
o f  V.  eargat~c)~~, Wlth., 

9. Tr. thapslrs, ltftea by pollen 
o f  V. bluttar~a, 1utt.a L., 

The 
comp:~rati~e 
fort 1l11y IJ 

thed~ffercllt 
-,,& 

-- 

... 

... 

... 
.. 
... 
... 
... 
... 

947.0 

463.2 
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443.1 

SS6.0 

289.9 
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2 2 2 ?a 0 & % 4 2 
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6 
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10 

10 

10 

10 

8 

8 
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8 

4 

6 

8 

6 

3 

115 

109 

62 

69 

62 

61 

4i 

35 
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218 

64 

187 

275 

374 

408 

222 

98 

5 

20 
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20 

20 
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1246 

1375 
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though much more closely allied to the Z? thnpeu~ thnn tlie otli~rrl 
g iven  in Table, are neverthelec6 least effective in their conjunctive 
fertility with the latter species. Furthermore, we see by those unious 
of V. thapu.9, Illtea, as female, with the yellow and white vnrieties of 
7. lychnitis, and of P. pyramdutun~ ; that though the pollen of r. 

pyramidatttm is eqnally potent on the stigma of V. thnp~ls  lz~ten, as 
is that of V. lychnitk, albn, there is nevertheless a considerable decrease 
in the proportionate fertility of the unions with V. lychnitia, luten. 
Hence, as we have before shown i t  to be with the varieties of V. 

phaniceum, and judging by the physiological test, the I? pyraiuiclntuin 
would interpolate itself between theae slightly different and undou1)tecl 
varieties of a species. 

In the foregoing Tables, then, I have given nearly all the re- 
mlta of my experiments in the unions of Verbasca. Bciore 
conliidering the nature of the evidence they afford us as to the reln- 
tionship of mongrelism and hybridism, I will briefly attempt to show 
how far these resulta accord with those of Gartner, who has also 
largely experimented on these plants. I may premise, however, that 
rrs my experiments are much less numerons than Gartner's, compris- 
ing  some 57 distinct unions, in which 527 flowers were artificially 
fertiliued,-whereas, as will be seen beneath, Gnrtner ~ubjected no 
less than 1085 flowers to experiment,-they would induce very 
different conclusions, in certain points, to those arrived a t  by that 
careful experimentalist. I rendily acknowledge therefore the higher 
claim of the latter to a provisional acceptnuce, until further exl)erinient8 
show more conclusively their relntive correctness. I have also 
to notice a cause of some little discordance in sudi a compara- 
t ive examination as that which I am about to institute; nnme- 
ly, that I have given in every case the average number of seeds 
produced both by pure and mixed unio~w, whereas Gnrtncr givcs tlie 
acerage number of seeds in the pure ut~ions only, taliing in cncll cuzle 
the  muximum or highest number produced by a single cnps111c in the 
m d  uniom. I was not aware of this peculiarity in Gnrtncr's tleciuc- 
tions when I counted the seeds in my own experiments, otherwise, I 
should have drawn them up for the sake of compnrison on n sinlilar 
basis ; even though I consider it a less fair method than thnt which 
I have adopted, in all such w e n  as the prclient, in wl~icll the ovnricn 
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contain an indejnite number of ovulen. And this t h e  more especially 
if, as in  my own experiments, castration and urt~'jicid impregrtalirm be 
performed in both pure and mixed nnions. In drawing comparisons 
between to~castratcd pure nnions, and castratetl mixed nnions, the 
orernye of tlie forolel., with the ~nazimum of the latter would certainly 
be the fairer mctl~ocl, as affording a complement for t h e  nterilising 
influence of castration. 

For  the following digest of Gartner's experiments I have to hank 

Mr. Darwin, who kiudly sent i t  to  me from his yet unpublished N8. 
illustrations of these pl~enomena : " To show the  scale on which 
Gnrtner worlrrd, I mny state thnt, in the gennsVerbs~cum, he crossedno 
less thnn 1085 flowers and countetl their seed, and recortled t h e d t a  
Now in two of his works lie distinctly asserts that similarly colonred 
varieties of J? lyclrnitie and J? Mattaria are more fertile together than 
when differently coloured varieties of the same species are c d .  
But Oartner chiefly relied on the crosses which he made between the 
ycllo~v and white varieties of these two species and nine other distinct 
species, and he mserts thnt the white-flowering species yielded more 
seed than did the yellow-flowered varieties when crossed with themme 
white varieties of these two-flowered species, and so conversely with 
the  yellow flowering varieties with the  yellow species. The  gened 
results may be seen in his Table. I n  one case he gives the following 
details ; the white Verbascum lychaitia naturally fertilised with ita 
o ~ v n  pollen had on an average in 12 capsules 96 good seeds : 20 flowen 
nrtificially fertilised with the pollen of its yellow variety gave as the 

mnzimtcm 89 good seeds. I shonld have thonght thnt this  slight 
difference niight have been wholly due t o  the cvil effects of castration; 
but Gnrtner shows that the white variety of TT. Iychnitds, fertilised by 
the  pollen of the white a11d yellow varieties of 7. Mattaria, in  both of 
which cascs there must have been prcrinus cnstrntion, bore seeds to 

the  white vnricty in the proportion of 62, to  43 when pollen of the 
yellow variety mas used." 

First then, in  regard to the greater fertility of the nnions of simi- 
lnrily coloured varieties, relntively to that of the unions of dissimilarly 
coloured varieties of the enme species. To these phenomena I mill apply 
i n  the subsequent parts of this paper the following terms : '' Hen* 
chromatic" to  the unions of similarly coloured varieties, and " hdew 
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chwmatic" t o  those in  which di'ssimilarly coloured val.ieties are united 
In t h e  ft)llowing table we mill a t  once see the comparative fertility 
of these different unions given in the previous ones. 

1. P. phceniceuni by its own pollen, . . 1000 
2. T: phmniceun~, roeea, by pollen of 7. phmice~cm, ... 958  
3. 7. phmniceum, alba, by pollen of V. yhceniceum, rosea, 867 
4. P.pi~mniceum, alba, by pollen of ~ . ' ~ h n i c e u m , .  ... 735  

5. V. phmniceum, by pollen of V. phmicean,, ros?a, . ... 680 
6. V. phenieersm, by pollen of V. phmniceu~n, alba, ... 563 
7. V. lychnitis, alba, by pollen of V. lychnitis, lutea, ... 8 2 2  
8. P. lychniits, lutea, by pollen of V. Zychnitis, alba, . ... 944 
9. P. bldtaria, alba, by pollen of V. blattaria, Idea, ... 792 

10. 7. blattaria, lutea, by pollen of V. blatlaria, alba, ... 969 
11. V. thapsw, lutea, by pollen of V. tilapsus, alba, . ... 947 

Hero the comparative fertility is shown by calculation from 
the number of seeds produced by 2 0  a~snnled cnpsules of both 
unions. The various cross-unions of V. phcelricel~m and its varieties 
are in  each case to be con~idered relntively t o  the ausulned reaults 
of the  pure unions of V. phceniceum given in Table 2, these 
planta experimented upon being individunlly self-sterile ns shown i n  
Tnble 1. The unions, on the other hand, of V. lychnitis, blattaria, 
and thapus, with their respective varieties, are each to be considered 
relatively to  the 1000  seeds produced by the pure union of that  
variety given ns female. Now in all the  above Iietcrochromntic 
unions, as compared with the holnochromatic, we have the clearest 
evideric~ of reduced fertility. Thus, taking the 1 0  heteroclirornatic 
uuiolls given, and colnparing them with a si~niliar number of homo- 
chromatic unions, me find that the  average proportion in which the  
former exceeds the  latter, is as .05 to .23. On ngnin confining 
ourmlres to  those species alone which have the yellow and white 

varieties, and keeping the unions of white as Q with ycllow 8 ,  
dintinct from those of yellow as Q with white as 8,  we fintl that 
the cross-uniona with white as fen~ale are to the pure unions of tho 
latter as  .01 to  .28; and i n  those crobh-ui~iona with yellow ns female, 
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the proportions are as -23 to -29, relatively to the  pare uniona 
oi the latter. Thus, in whatever way we proceed, the  gened 
results are the some, testifying to the highly remarkable i d  
annonnced by G r t n e r ,  that varieties of a species, characteriaed by 
no otlicr differeiice~ than that of colour, are occa.sionnlly so differen- 
tiated functionully, that  the cross.unions, as colupared with the 
fei-tility of the purc unions, i~ivarinbly indicate a certain degree of 
eterilisntion ! 

I11 coi~~icction with this higher relative fertility of homochromatic 
to that of 1it.terochromatic unions, as limited to  tlie crossing of vanetie8 
of a single fipccie~, I will venture t o  add that this lew not only h o b ,  
but, (YJ I believe, extends t o  and regulates the functional relations in 
accordance with the relntive colour afliuities of the varieties crossed.. 
Thus for t h e  sake of illustration, we may take the three pri~urry 
colours of the cya~iic series, namely, blne, riolet, and red. h'ow 
beginning with red, we know thnt grenter physiological cl~an@ 
must take place in the ulinute anatomy of the petals of an origi- 
nally red-colourcd flower t o  give the impremion of blue than 
thnt of violet. Hence we luight suspect that a species presenting 
varieties chnracterisetl by such differeuces in colour, woultl like- 
wise afford different degrees of fertility in their col~junctivc iuuc- 
tional relntions, the blue and red yielding less fertile unions, 
than the violct and red ;  while the violet holding an iuterucdirte 
colour position between these, might be equnlly ns fertile in its anions 
with the blne as the red variety. I n  practical illnstrntiou of these re- 
liitions, we mny tnke the rerjults of the various unions of Kpltmnumr 
aiitl ra~.ieties given i11 Table 1. Thus the V. yhmaice?tsr with pur- 
plisll-violet flowcrs yieltls riiore seeds when fcrtilised by the  pollen 
of the rosc-coloured variety, than by that of the white variety, i n  the 
proportion of 5 t o  4. Again the white vnriety of V. pltcmiccua 
fertilised by the pollen of the rosc variety yields an average of 29 
seeds per capsule, and by that of the purplish violet variety the 
avernge per capsule is  26, that  is as 9 to 8, in favour of t h e  unions 
of the rosc nnd white vnricties. We see here evident co-relatious be- 
t\vecn tllc degrees of fertility lautl the colour affinities of these plants in 
tlicir respective sexud  n~iionri, niid I venture t o  look for more mulied 
dificrcnccs in tlioae respects, had wc as subjocta of experiment, 
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varieties of a species presenting three, or a t  least two, of the primary 
colonre with interniediate tihndes irrespective of the white. Tlic latter 
being rather unsatisfactory from its similar relations to  the primary 
colours, though in such instances as the above of the purplish-~iolct,  
rose and white, in  which we have secondary co1ou1-s forluing inter- 
mediate steps between the primary and white, by a gradual t l i l~~t ion  
of the  colouring principle, we find that  the mhitc, agccnbly to  the 
above vicwa, form less fertile conjunctions with the violet than tlic 
rose-coloured flowers. Before passing from this point of my subject, 
I will now only add that I have thought these indications of a tnngi- 
ble law, co-relating and regulating the sexual functions of vnrieties 
when crossed-dim though they as yet undoubtedly are- worth notic- 
ing,  as me are 'as yet in  utter ignorance of angtliiilg like definite or 
specific l a m  in these phenomena, the rcsults being considered as most 
capricious and nncertain. 

Giirtner's second proposition is, that i n  the hybridism of differ- 
ently coloured. varieties of digtinct species of Verbasca, the con- 
junctions of the similarly colonred flowers are niore fertile than time - 
of dilisimilarly colouretl flowers. For  example Giirti~er shows* that  
on t h e  cnlculation of V. lycltnitis,J. a h ,  yiclding with its ow11 pollen 
1.000 seeds, i t  yields when fertilised with the pollen of V. Llal/arin 
jl. alba, 0.622 seeds, and with that of V. l~lal t t r~ia ,  jl. lzcfen, only 0.43'3, 
so tha t  the similarly colnured n~lions of these spccics are more fcrtilo 
than the dissimilarly colonred unions in the proportion of 3 to 2. Lit 
us now see then in how far this law of the  differenccs in the fertility 
of tho homochromntic relatively to  the heterochromatic nnions, is 
borne out in  the case of my own experiments as given in the preced- 
i~rg Tables. And here again, for the sake of clearness, and facility of 
reference, I will reatate them i n  a tabular form, and show as clearly 
as possible the differenceti in the relative fertility of the liomochromatic 
and the  heterochromatic nnions, i n  each case, by mnking calculatious 
from an essnmed 100 seeds produced by the  more fertile of the two 
cnione compared. The results may be conveniently arranged untler 
three heads; thus, first, the heterochromatic unions, or tliose in  
which the unions of difierently coloured flowers are the nrore fertilc : 
second, the  holnochromatic unions, or those in which similurly colour- 

Fcr~oche iibor dio B&ardorsengtmj, 1849, ~oction 216. 
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ed flowcrs are the more fertile : and lastly, the  irregular unions in 
which no relntions arc observed between the degree of fertility and 
affinity of colours. 

A. 1.-I~ETEROCHROMATIC UNION, the MORE fertile, 

1. F. lyclrnitis, lutea, by pollen of P. blaltaria, alba, . 100 
2 V. Iych~~i/is,  lutea, by pollen of V, tlattaria, iutea, . ,, to 91 
3. V. tlatlnria, luten, by pollen of 7. thnpsus, alba, . 100 
4. F. blanttnria, lutea, by pollen of P. thapslur, Iutca, . ,, to S8 
5. V. blatlaria, lutea, by pollen of F: Zyclinitis, nlba, . 100 
6. V. blattaria, lutea, by pollen of K lychnilis, lutea, . ,, to 88 
7. V. tlrapsw, Idea, by pollen of P. lychnitis, alba, . 100 
8. V. tilaysue, lutea, by pollen of K Zychnidia, Idea, . ,, to 87 

B. 2.-HOMOCHBOMATIO UNIONS, the MORE feslile. 

1. V. lych~aitia, lutea, by pollen of P. thapstca, lutea, . 100 
2. V. lyclrrlitk, lutea, by pollen of V. thapcrus, alba, . ,, to 85 
3. V. hlattariu, alba, by pollen of P. tliapewr, dba,  . 100 
4. V. bldar ia ,  alba, by pollen of P. t l tapm, lutea, . ,, to 76 
5. V. blattaria, alba, by pollen of P. lychnitde, alba, . 100 
6. V. t ldtaria, alba, by pollen of P. lychnitis, lutea, . ,, to 66 

C. 3.-DE~REE OB BBRT~ITY AND AFFINITY OB COLOUB 

IBRE~ULAR. 

1. 7. lychnitk, lutea, by pollen of V.phceniceun~, . 100 
2. 7. Iycl~nitie, lutca, by pollen of V. phoeniceum, . ,, to 80 
3. I? lydtnitk, lutea, by pollen of 7. p h i c e u m ,  . ,, to  7.1 

I n  A. and B. of the above comparative tables, I hare at- 

ranged those unions in  which a certain regularity is observed b e  
tween the colour relationship and the degree of fertility. Now, hg 
co~npnring the 14 unions therein given, we find that  the heterochm 
mntic unions are, in the greater number of cases, more fertile, vir., a 
8 to  6, than the homochromatic unions, and that this higher fertility, 
in  every cnse, results from those unions in  which the yellow variety 
of the species is trentcd as felnale. Agnin that the average PIP 

portion of the four heterocllro~nntic to thc four converse honlochrornrtic 
unions in 'the first of the above tables is nearly as 7 to 6 in 
favour ol the former. In U. 2 of the tabulated results, we see in one 



instsnce the homochromatio unions with yellow re female exceed i i  
fertility the converse heterochromatic union; bat in the other caeer 
given in lines 3 and 5, this higher fertility of the homochromntic uniow 
is yielded by the white variety; the relative proportions of these being 
much more marked than in the above casea of the heterochromatio 
union with the yellow variety ss female, via., aa 4 to 3, whereas, aa we 
have wan, in the heterochromatic, A. 1, the proportions are aa 7 to 
In further illustrations of this point we see in B. 2 that the yellow 
homochmmatic union of V. lychnitw, lulea, by pollen of P. thaporss, 
kctm, relatively to the heterochromatic unions of the former with 
pollen of V. thapuw, alba, ia nearly aa 5 to 4, so that we here again 
see (as in the heterochromatic and homochromatic unions in A 1) 
a more intimate approximation between the prodacta of these two 
unions, than occnra in the other cognate uniona of 13. 2, in which 
the white variety ia the more fertile. 

These curioue relatione, however, ae I have already shown, are 
partly explained by the fact,-though we can only dimly see why it 
should be so,-that in the pure unions of the white and yellow 
varieties of the above mentioned epeciee, the white, in every case+ 
yields more seed than the yellow; whereas in the crow-unions the 
yellow variety in g e n e d  is the more productive. But, i t  may 
be asked, how ia the greater potency of the pollen of the white variety 
relatively to that of the yellow variety, aa ehown in the abovo 
tables to be socounted for 7 Does i t  really imply that the female 
element of the yellow variety yet retains itr normal or origin:11 
potency, the male element done having become absolutely less potent, 
es compared with the male element of the white variety. This 
hypothesis, analogicnlly coneidered, do- not seem to me at all 

improbable. I think we have clearly seen by the wanparative results 
of the pur8 and mixed unions of the yellow variety with those of the 
white, that the pure unions of the yellow do not yield a degree of 
fertility at all proportionate to that of the like unione of the white 
variety, aa judged by the relative fertility of their cross-unions ; slld 
that accordingly this would seem to be due to an acquired wenknees 
in the generative powers of the yellow variety. I n  noticiug this 
point in a former part 01 my paper, I treated i t  aa ii both sexual 
alementa had undergone a similar deoreeae in their generative powers; 

22 
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but we here see that it is mom particularly, if not altogether 
confined to the male element. Now, as tho results of hybridisstion 
show that the pollen is more susceptible to the concomitant sterilising 
action of hybridism than the female element, may we not m p p  
that the debilitating effect of continued self-impregnation will slso 
manifest itself more quickly in the male than in tlle female element, 
and thus afford an explanation of the decreased sexual powers of the 
male, as compared with the female element, in the yellow varieties of 
the above species of Verbasca furthermore, showing us thst ss it 
has been a slowly acquired quality, so will it be in its elimination and 

regaiument of its pristine vigonr. 
The relations of the several reciprocal uniorm in the above 

tables is another point which we must briefly wnaider, ae having 
moat important bearings on the subject of our present enquiry. A 
hesty examination suffices to show that these are much complica- 
ted. Thus V. lychivrdis, lutea, in its two unions with the white and 
yellow varieties of P. bluttaria, tho heterochromatic nnious are the 
more fertile; wherees in its two unions with the white and yellow 
varieties of V. thapsus, we find i t  yields the more fertile by 
a homochromatic union. Again P. bluttaria, lutea, in its fonr 
distinct nnions with the white and yellow varieties of V. thap" 
and P. lychnitia, yields the higher degree of fertility in the hete- 
mchrornatic nnions, while the TI: blottaria in its similar nnions with 
the white and yellow varieties of K thapsus and lychnitir kc, 
singularly enough, morc highly fertile in the homochromatic than the 

beterochrom~tic unions. Lastly the 7. ttlrapaus, Eutea, yields mom 
seed by its hcterochromatic unions with pollen of the P. lydnitia, 
alba, than by its homocl~romatic unions with the P: lychnitis, lute4 ; 
whereas in the converee unions we have seen that the ?? lychndis, 
Zuiea, is more fertile in the homochromatic nnions with V. thaysur, 
Zutea, than in the hcterochromatic unions with P. thapsuu, alba I 

The tabulated experiments given in C. 3, afford .another source of 
complexity to the question under examination, inasmuch as they 
quite irregular in the relative degree of fertility produced by 
the affinity of colour. Thus by the three nnions of V. lychnitti, 
lutea, with pollen of the three varieties of K p h i c e u m ,  tha 
post  highly fertile ie that in which V. lyehnitis, lutea, is treab 



ed with pollen of the purplish violet, or notmal form, the average 
in this being 26 seeds per capsnle; then follows the unions with 
pollen of the white variety, the average of seeds being in these 21 
eeeds per capsule ; and lastly in the nnions with the variety with rose- 
coloored flowers, the fertility of P. lychnitis, Zutea, ia reduced to 
the low average of 18 weds per capsule. Tlius judging by the degreee 
af fertility, we cleirly see that the natural functional' co-relations of 
these planta in place of being regulated by their respective colour 
affinities, arrange themselves in an entirely independent and opposite 
m l e  ; the extremes in the scale of colour given, viz., the purplish- 
violet with yellow, manifesting the nearest functional co-relation. - 
Again as a further complication we find that the white and yellow unions, 
-the most closely allied of the colours mentioned,-hold a medial 
position between tho purplish violet and rose. How obviously futile 
then, we may well remark, would our B pricni conclusions have been, 
ui to the degrees of fertility of tho above unions, on a presumed 
coordination between colour and function in the phenomwa of 
hybridism l 

I t  would thus appear from the results given in the foregoing tablea 
that  in the hybridisation of varieties of distinct species characterieed 
by  differences of colour alone, no definite relations whatever can be 
obeerved between the affinitiea of colour, and the degrees of fertility, 
bu t  that in these cases as in the reciprocal hybridisation of pure 
apecia, the relative fecundity is a most variable and nnpredicable 
quantum. This view wems to me to be further supported by the 
results of my experiments on the reciprocal hybridisation of the di- 
morphic species of Primulm* in which I showed that the laws of dimor- 
phism were limited in their action to the unions of the two forms of a 
species ; the heteromorphic and homomorphic unions of distinct speciee 
proving irregularly the more fertile. From considering the important 
functional co-relations of the two forms of dimorphic species, and their 
trifling morphological characteristics, together with the specifically 
limited extent of their operations, we have less reason to be surprised, 
if a similarly limited relationship shonld ultimately prove to rogulato 
the  degree of fertility of those unions of differently colonred vnrjetics 
of a species es in Verbaacum and analogous cases. Indeed, judging 

* Linn. 800. Jour. VoL 8, p. 78. 



from my previone &marks on the co-relations between the degree d 
fertility and affinity of coloor in the crossing of varietiea of a speciaq 
together with the results of the hybridising differently coloored wis. 
ties of distinct apociea, this law seems clearly indicated, that the 
relative degree of fertility of the cross unions between the differently 
colonred varieties of certain specie8 is invereely proportionate to the 
less or more mediate colonr affinities of theae nnions. Fotther tbrt 
this law does not extend to, or regulate the hybrid nnions of Her- 

ently colonred varietiea of dietinct specios, bnt is strictly limited in 
its operations to those nnions of varieties of a single species. Snch 
at least is the conclosion which my own experiments wonld indnn 
me to hold, bnt seeing that they are eo directly opposed to the d b  

of aiirtner's large experience, I wonld rather avoid at preaent any- 
thing like definite or positive conelusione, until subsequent erperi. 
ment affords us a crncial a m y  of data 

In conclusion, I will now by a cursory retrospect of the above d e  
tails, w-state a few of the more important points, which elucidate the 
mooted relationsbetween the phenomena of the hybridisation of a speeior 
md the mongtelism of the varieties of a speoiea. Pint  then in h y W k  
we see on the oalculation of 7. l y c h i t w  yielding with its 
own pollen 100 weds, i t  yields upon fertilimtion with poIlen of 
?? nignrm 80 seeds, by the pollen of V. wirgattcm 68 seecle, by 
that of V. phniceum 66 weds and by that of P. t h o p ~ m  46 
seeds. I n  the nnions of varieties of a species, with thew of other 
~pecies we find differences in the aexual powers, so that the pollen of 
the one variety of a speciea is lem potent than that of the other 
on the stigmas of the game variety of another speaies. T h a  P. 
lychnitis fertiliaed by the pollen of I? Mattaria, Zutea, yiel& 
61 aeeds, by that of V. bblattaria, dbaJ 66 weds, and again by 
pollen of V. tihapma, Zutaa, P. lychi t ia  yields 46 weds, by that 
of 7. thopaw, alba, 39 seeds, relatively in each caae to the 100 
seeds produced by its own pollen. Again we have evidence also of 
reciprocal differentiation in the relative mxnal powers of varieties of a 
species, and those of other speoies. Thua in the case mentioned .bow 
ef V. blattcL7iaJ the pollen of variety olba is more potent on the 
stigma of P. lycltnitis than that of variety Zutea, whereas in the 
converse nnions of theae forms, we find that the pollen of P. 
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Zychfiitis is more potent on the stigmas of P. blattark, luten, than 
that on those of the variety alba, in the proportion of 40 to 26. 

8econdly, in mongrelism, we also find variabilities in the relative 
sexual powers of varieties of a species, by differences in the degrees 
of fertility resulting from their simple and reciprocal nnions. Thus 
an the calcnlation of 7. @ceniceum, yielding 100 seeds by ferti- 
Emtion by its own pollen, it yields with that of the variety roaea 68 
ewb, snd by that of the variety alba, 66 seeds, or nearly as 6 to 3. 
.Cn the reciprocnl nnions of these varieties, we also find variabilities in 
their converse aexual powers. For example, in the reciprocal nnions 
of V. phanku~n and varieties,. the potency of the pollen of r o w  

relatively to that of alba on the stigmas of the normal form is nearly 
aa 5 to 4; where- the pollen of the  latter on the stigmaa of rosea and 
a7k ie rrs 4 to 8. This difference in the reciprocal sexual powers of 
vsrietiea when crowd is so regulated however by colour affinities, that 
unlike the irregular and indefinite results of the reciprocal nnions of 
oarietiee of distinct species, judging by my own experience, we see 
that  the pollen of T o e a  is more potent on the stigmas of the normal 
form than these of alba and so conversely, the pollen of tho normal 
form is more potent OR the etigmm of roeea than on those of alba. In  
those cases, however, in which colour differences do not come into 
play the pollen of one variety, relatively to that of another variety 
of the same species is so differentiated with respect to their 
reciprocal stigmatic relations that the grade of fertility of the pure 
unions of these varieties does not at all correspond with that of the 
cross nnions. For example, in the pure nnions of varieties lutca and 
aZba of 7. blattuzia, the fertility of the latter exceeds that of the 
former in about the proportions of 12 to 11 ; whereas in their converso 
nnions, lutea exceeds alba in the higher proportions of 6 to 5 ! Thus 
in the inter-crossing of varieties of a species, ns in the inter-crossing 
of varieties of distinct species, there are converAe variabilities in the 
reciprocal sexual powers of their respective elements. 

As the facts stand then, i t  appears to me tliat in the first crosscs of 
the varieties of certain species, a s  in the first hybrid crosses of distinct 
species, s variable degree of sterilisation results, and ngain, that tho 
relative sterilising influence is aa highly intensified in tho crowing of 
undoubted varieties of certain ~pecics, i t  is in the lybriditiing of 
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several undoubtedly distinct species. There is also a pamlleliem 
Lctmeen the results of reciprocal hybridisation of varieties of distind 
species, on the one hand with those of the reciprocal inter-crossing of 
varieties of a single species on the other. The sole difference in the 
two lines at l w t  ie merely as to the degree of extension ; species rs- 
lative to species occupying a higher point in the divergingly extended 
line, than do the varieties of a species relatively to each other, and 
accordingly yielding in general more intensified results, harmoniously 
testifying to the truth of Rir. Darwin's remark that sterility k simply 
a superinduced quality due to incidental differences in the repmduc- 
tivo system ... .As in the varieties of a species, however, we find that the 
relative amount of physiological divergence,--as judged by the fertility 
of their reciprocal conjunctions,-is by no means regularly or definitely 
co-ordinated with their morphological ; so in the hybridisation of the 
different species of a genus, the most dietinct morphologically are 
often found to be most nearly allied in their physiological cham* 
teristics, and thus there being no necessary co-ordination of thess 
charncterifitics we can readily nnderatand how the sterility of the first 
crosses of varieties of a species may, and occasionally does, exceed that 
oi well-marked and undoubtedly distinct species. 



Cmatrahtions towards a history of PANOLIA ELDI ; McLelland. 

By Captain B. C. Beavan, C. M. 53.5. a. 
The published accounts of this compnratively rare species of deer 

are scattered through back numbers of various scientific periodicals 
and proceedings of Societies, some of which are out of print, and 
not easily procured. I have therefore brought together nearly all 

that  has been previously written on the subject, and added much 
in fomt ion  on the manners and habits of the species procured during 
a recent visit to its haunts in Burmah. 

P m o ~ m  ELDI. The Snngniti. 
Nondescript Deer, McLelland, Calcutta Joum. N. H. Vol. I. p. 501, 

P1. XIL 
C m  mi, Quthrie, (Calcutta Joum. N. H. Vol. 11. p. 405, 

P1. XII. 
C. Zyratrss, Schinz. Syn. Mam. ll 395. 
C. dburphe, Hodgson, Joum. As. Soc. Bengal, Vol. XII. p. 897. 
C. mdhi ,  Gray, Proc. Zool. Soc. 1837, p. 45. 
Panolio amticornl, G r ~ y ,  List Marnm. B. M. 180. 
Panolia platycercos, Gray. List Mamm. B. M. 181, adult; Cat. 

Osteol. B. M. 66. 
C e m w  (Run) frmitalia, McLellnnd, Calcatta Journ. 3. H. III. p. 

401, P1. XIII. Sundevall, Pecora, 132. 
Punolia Eldi, (The SungnG), Gray. Cat. Hodgson Coll. B. M. 34 ; 

Osteol. B. M. 66 : Knowslcy Mcnag. Cut. Mam. in Musourn 
As. Soc. Bengnl, Blyth, 1863, p. 149. 

Nalice namee, Sungnki, apud Guthrie and Blyth : Snngraee apud 
Eld  : Thamyn of Burmah. 
Bd. Pegn, northward to the valley of Munipore : Siam : and prox- 

imate portion of the Malayan Peninsula, (Kedda) Mergni, (Blyth.) 
The first notice we have of this deer, was published in 1841,. and 

entitled-' Indication of a nondescript species of Deer by John 
McLelland." 

" Captain Guthrie of the Bengal Engineers, employed in the con- 
etrnction of a road from the valley of Cnchar to Monypore, procnred the 
borne of a deer whose lower, or basal antler dcecenctu in the axis of the 

Celoatta Journ. Nat. Hist. Vol. I. p. 601, P1. XII. 



beam, rather as an extension of the horn itself than as a mere shoot. 
The horn may be compared to the segment of a circle, the burr, or 
root from which both limbs extend, being placed on the outer circnm- 
ference. The beam is round, and terminates by e fork, ae in the 
Rusa deer. The lower prololigation of the horn beneath the. burr 
may also be said to terminate in a fork, for on the left horn, 8boa) 
two inches below the root, there is a small snag directed forward. In 
illustration of this notice, a figure of the horns is given a t  pl. 12." 

Captain Eld, one of the principal assistants to the Commissioner 
of Assam, who had been previously attached to the British Resideucp 
in Muneypore, having had his attention called to the notice and the 
figure alluded to, soon after wrote an interesting letter on the subject, 
which affords the first general information hitherto received mlative 
t o  the habits and character of this interesting species. His deecripdon 
is AB follows :* " I observe mention made of a new description of 
Deer, said to exist between Mnnipore and Cachar ; some specimens 
of the horns of which were procured in the latter place by Caphin 
Quthrie. Prom the drawing, i t  irr evident to  me that the Deer alluded 
to is of the kind originally discovered by myself in the valley of 
JIuuipore in the beginning. of 1838, and several paim of the antlere 
of which were given by me to Captain Guthrie in the same year, 
.Z h d  intehded at the time to send a description of the animal to one 
of the Journals, but was told that a similar Deer was to be found in 
the north-western jungles. As this, however, does not appenr to be 
the c w ,  I now folward you a correct drawing of a pair of the horns 
in my possession, together with a short account of the animal h. 
taken from notes made at the time in my sporcing diary ; and which 
you are welcome to make use of in any way you plonw. 

L' The Sr~ngrGi;, as it is called by tho natives, or large Deer of 
i\Iunipore, is only to be found in tho valley of that state, but neither , 
in Cachar, nor the Krtbo valley, nor in any of the Nag8 hills sarround- I 

ing Mnnipore. I ts  favonrite haunts are the low gram and swamp 
the edge of the Logta, (lake) at the western end of the valley, 

and the marshy ground at the foot of the hills. It is gregarious in 
its habits, and after the annual grass burning, I have frequently wen 
herd8 of two and three hundred. The colonr of the lllales from the 

month of November, till about the end of nlay, ir of a dark brown, 

* Caloutta Jourual Natural History, Vol. 11. p. 416. 
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nearly approaching to black, and their bodies are covered down to the 
knee-joints with thick shaggy coats, resembling split whalebone, of 
four to eight inches in length. 

The hair about the neck is very thick, and just like a horse's mane, 
and the appearance the stag presents when roused, with his shaggy 
mane standing on end, coupled with the strong smcll which at this 
season proceeds from their bodies, perceptible at 40 and 50 yards 
distance, is so formidable, that I have known the boldest ele- 
phant refuse to approach them. I n  June the stngs commence shed- 
ding their horns, and the new ones have nearly attained their full size 
by the end of November, but are in perfection in February and Mnrch ; 
about this time also (June) they change their coats, which lose 
their whalebone texture, and become of a beautiful glossy chesnut co- 
lour, and about half an inch in length. The contour of their pecu- 
liarly small heads, and the perfect symmetry of their fol.n~s, di- 
vested of their long biistly coats, are now fully developed, and a t  
this season thoy are, in my opinion, the most beautiful and graceful of 
the Deer species. The height of the full grown stags averages about 
eleven and a half hands, and that of the does three or four inches less. 
The colour of the latter is always the same-a bright bay, but more 
glossy during the rains than a t  any other time. The principal dis- 
tinction between the 1SNngrnee and others of the Deer species consists 
i n  the peculiar shape of the lower antlers, which, instead of brcaking 
off at an angle where they are set on the head, preserve the continuity 
of curve downwards, and project over the eyes of the animal, which 
they nearly hide, their semicirculnr shape giving the Deer, when a t  
gaze or in motion, the appearance of having too distinct pairs, the 
one inclining forwards and the other backwards. The generality of the 
stags have from six to ten branches or snags, but I have killed very 
old ones, with no less than sixteen clearly defined branches. 
" I t  would be a great object gained, could any live specimens be pro- 

cured for transmission to Europe, but i t  would I fear be attended 
with much difficulty. I have known several instances of the fawns 
being caught and thriving well for months, but nt about a year old, 
they invariably pined away and died ; nor have I known or heard of 
a single indance of one having nrrived at maturity, this too in their 
native climate ; and I thereiore think the chance8 of one surviving a 

23 
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voyage home but small. I have written to a friend in the mlley to 
aend me a complete skeleton of one with the skin &c., and he hoe 
kindly promised to do so if he can succeed in procnring one ; but snya 

be can hold me out but slender hopes, as the Deer now seem t o  bear 
a charmed life, and roam about unpersecuted by anybody." 

The next detailed description of this doer was given by Dr. 
McLelland in 1842,. and I quote his remarks nearly in full. 
" Although differing considerably in the form of the horns from 

any of the Ruea deer, still the general form, -the colour, the 
mane, and the Asiatic habitation of the species, seem to refer it to 
the Rusa group, of which i t  forms one of the most unique and etriking 
examples, 

" The form of the skull agreos more with that of Cervus hippelaphw 
than with that of any other species that I can refer i t  to, but the 
nasal and intermaxillary bones, aa well aa the muzzle generally, seem 
to be somewhat mere prolonged and compressed, and though the face 
is broad and flat between the eyes, the forehead is compressed, and 
the head as well aa the muzzle narrow, and the profile nearly ~traight, 
but with a short prominent ridge commencing on the forehead, and 
extending between the horns. There are two canine teeth, not much 
developed, in the npper jaw of both sexes, and the suborbital sinnaea 
are large. 

" The homu are large and directed backwards, and obliquely out- 
wards without ascending from the burr : they are then curved gradually 
upwards and outwards, and terminate in a point directed forward. A 
single small antler extends obliquely inward from the npper third of 
the horn ; this antler in young individuals appears to form a fork with 
the summit, but in t.he adult i t  is placed about six or seven inches 
from the top point of the horn, and is more or less developed according 
to nge ; in the adult, and particularly in aged individuals, an imper- 
fect nodular spine extends from the base of thin antler towards the 
point of the horn, with several irregular blunt mugs arising from it, 
forming an incomplete kind of crown. T h e  &nu antler advances 
directly forward from the burr, and bending upwards and onwad\ 
terminates in a point which, if prolonged, would meet the summit of 
the horn, and thus complete an almost perfect circle, 

Calcutta J m .  Net. Hiat., Vol. 111. p. 401, PI. XfII. XIV. 



,,A single little snag sometimes shoots out promiscuously from the 
base of one or other horn, more frequently from that of the brow 
antler. 

'' The length of the horn following the curve is three feet, and that 
of the brow antler twenty inches. The circumference of the horn is 
five and a half inches, that of the brow antler five inches, and both 
together form one extended and uniform curve of four feet and seven 
inches ; the horns spreading laterally from each other to a distance of 
three feet, and then approaching a t  their bases to an inch or an inch 
and a half. 
" The body in its general eymmety is light, the limbs slender but 

strong, the hoofs long, black, and pointed ; the head is carried erect ; 
the tail short and conspicuous in the summer dress, but only appear- 

ing  a short tuft in the thick winter coat. 
" The cod is thick and dense in winter, longer and coarser on the 

neck than on other parts, forming e thick but undefined mane of 
straight, harsh, and coarae hair, five or six inches long in the winter, 
but in snmmer the mane is more defined. Prom the withers the hair 
becomes shorter, diminishing towards the tail, which in summer ie 
thinly clad, though in winter i t  is covered with a dense clothing of 
hair, in common with all the upper parts of the body. On the face, 
the muzzle, the limbs, and the external ears, the hair is short, close, 
and colnpact ; on the lower surfaee of the c b e ~ t  it is warae and short ; it 
is thin, lengthy, and fine on the under-parts of the belly. The inner 
parts of the thighs and upper and inner parts of the forelegs are also 
thinly c l d .  

" Tire colour changea from yellowish brown in summer to a brownish 
grey in winter: during summer, brownish grey prevails on the face 
and neck, becoming yeuowi~h brown on the upper parts of the body, 
the backs of the ears, and tlle upper and outer part of the limbs and 
the muzzle. The belly, the inner parts of the thighs and the forelegs, 
the under parts of the lower jnw, the hips, the tail, and adjoining parts 
of the rump, are white in summer, but the rump and upper parts 
of the tail partake of the colours of the upper parts of the body in 
winter. The lower parts of the limbs are light grey, the same also 
provails il-regolarly round the eyes, and corners of the mouth and nose, 
b d  lengthy tuftti of light grey hair cover the inner surface of the ears.'- 
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Mr. Blyth, as noticed above, considers the Cervlu dimotph of 
Hodgson to be identical with the species uuder notice ; but that the 
horns of the individuals figured by the latter are abnormal, on ac- 

count of their being developed ill captivity. Had not Mr. H o d p n  
mentioned, (as quoted hereafter,) that his animal was three yeare old 
and the horns perfect, I should have been inclined to have considered 
it ns bearing its first year's horns. 

The following information waa obtained during a recent viait to 
Burmah. 

Lient.-Colonel Blnke kindly fnrnished me with the following 
account : " As regards the exact localities of the Thunayn I can  only my 
whero I have found them and where not. As far as I know, they do not 
occur to the south of Moulmein, but from within a short distance of 
Thabyoo point, the south-western headl~nd of the Martaban district, 
to  Sittang, bounded to the eastward by the forest line, they are found 
in large herds. 

Again, on the opposite side of the Sittang river, to the south and 
west of Pegu, they are also found in large numbers. How far they 
extend in a westerly and northerly direction, from the mouth of the 
Rangoon river, and in the Bassein district, I do not know, but I 
have heard that they are common even as high up as Munipow. 

" From Pegu to the north they are found in very small parties, the 
ground not suiting them, until you cross the " Koon" creek o r  river, 
the separating boundary between tlie Martaban and Thoungoo districts, 
and from this to within a few miles of Thoungoo they occur in large 

herds. 
L b  Sometimes the plain8 or open spaces between the Eng* forests mil 

be covered with them, and three or four huudred may be seen a t  one 
time. Under these circumstances they are shy and very difficult of ap- 
pronch. Strange to say, that although the ground appears quite as 
favonrable for them, I have never seen a single one to the eastward 
of the Sittang river north of Sittang. From the above, you will see 
that they are gregarious in their habits. During the night, and early 

morning and evening, they frequent the plains, and where the fore& 
jungle is not distant, they retire into it during the heat of the day. 

Dipterocarpua pand jfolia, Wdlioh ; Wood oil T m ,  Mason's Bnrmah, edit. 
1860, p. 493. 
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" Their food, I imagine, consists of grass. I cannot call to mind 
having seen more than one fawn with ite mother. 

" The colour of the young, as well as that of the females, is what is 
termed light fawn colour (light rnfous?) The males are sometimes 
of the same, and sometimes as dark as the male of the Sambur, Rrlsa 
hippelaphus. I know not if any change takes place in their coats with 
the change of seasons." 

Colonel D. Brown, Officiating Commissioner at Moulmein, has 
noticed them to range along both banks of the Irmwaddy, on the 
proper right bank up to Meanoung, and on the left bank as far as 
Meaday, on the British frontier, N. Lat 19' 40' E .  Long. 95' 20' 
(approximately). He has also obflerved them as plentiful at Thecg- 
wen, near Bassein, a few at Padoung opposite Prome, and to be more 
sparsely mattered through the Themwaddy district. 

For most of the following information I am indebtod to the courtesy 
of J. Davis, Esq., Superintendent of Police in the filartabnu District, 
an  Officer well known for his intimate acquaintance with the Burmese 
language ; hence his services as interpreter were invaluble when Bur- 
mese and Karen Shikarees had to be questioned. 

Pioneered by him, early in October last, I visited the haunts of 
the  Thamyn near Thatore (a town about 40 miles N. W. of Moulmein), 
and although, owing to the dense nature of the vegetation covering the 
plains a t  that time of year, I was only able to see a few scattered 
females and young of tho second year, yet the insight thus afforded into 
their habits and economy more than repaid me for the severe attack 
of illness I subsequently incurred by exposure to the heat and wet. 

This plain of Yengyaing was then, owing to the recent and heavy 
falls of rain, one large swamp. Nearly the whole oi its unbroken 
extent, which embrnces an area of 14 miles in length with an average 
breadth of 10, could be traversed in a small canoe, except here 
and there, where mud and vegetation combined obliged one to resort 
t o  a very unpleasant system of hnlf wading in water, and half stick- 
ing in deep slime. A continuation of this plnin, broken up by belts 
of jungle, extends for several jundreds of miles np the Burmese coast, 
and has evidently been formed by the gradual retirement of the sea, 
which a t  one time doubtlesq dashed its waves against the 31nt.tnban 
and other continuous ranges of lnterite hills. I t  is now, at Ycngyaing, 
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some eight to ten nliles distant from the hills, and seema to  be ail1 
retiring, since the water along the coast of this gulf of JrIartaban 
is very shallow and stutltled with sandbanks. For the primary 
cause of this we may doubtless look to the iulmense amount 
of silt deposit brought down by the waters of the Salween, Beeling, 
S i t t n g  and Rangoon rivers, all of which discharge themselves inu, 
the gulf of Rlartnban. As the sea retires, a belt of mangrove jungle 
about a mile in width appenrs to trnvel with it, thus enclosing the 
plain with a barrier of vegetation on one side and the mountains on the 
other. This strip of mangrove jungle gives cover to numberless hog- 
deer, tiger, leopard and pig, but is never entered by the %my(, 
except where somewhat open; nor on the other side do they ever 
attempt to penetrate into the mountains. The plain is intereected by 
numerous titlul creeks which in the hot weather, when deprived of 
water from the hills, appear to dry up to a great extent, and those 
still open a t  that time of year contain no admixtnre of fresh water, so 
that i t  is evidont, that for two, if not three, months in the year, the 
Y'hamytr must be entirely deprived of fresh water, whilst during the 
rainy season, for six months at least, they may be said to live in water. 
It appears wonderful how they can manage to exist in such ex- 
trenies of heat and wet. With the exception of a few stunted 
trees, and a fringe of hibiscus bushes along the creeks, the plain 
i s  covered with nothing but graseee and paddy, of which latter both 
the wild and cultivated varieties are abundant : owing, however, to  the 
paucity of the population and the consequent demand for labour in 
this immediate neighbourhood, perl~aps only one fourth of the whole 
area is undcr cultivation for paddy : this crop succeeds here admirably, 
and the grain fo rm one of the staple articles of export from Moul- 
mein and other Burmese ports. The remaining three fourths crre 
covered with the intligonous unci~ltivated p1a11t.a which, in sewone 
of scarcity, arc reaped and used for food. This tract of country l o r n  
a vast grazing ground both for the T h a ~ u y ~ ,  and for large herds of 
tame buffaloes which are during the rains pastured here by the 
Karens, but withdrawn into the heavy junglea nenr the hills, when, 
in April and May, the whole of the vegetation on the plain becomes 
parched np, or is devoured by jnngle fires. A t  the time of my visit 
vwt flocks of wadera and other water-birda were arriving from the 
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nortb, and the meeh were filled with pelicans of several species; 
whilst the mud flats absolutely swarmed with stiuts, sandpipers, 
egrets, and especially the rosy tantalus. Here and there, stalking 
gravely amongst the flowering pnddy, might be seen pairs of the Sams 
crane, (Gnu antigone), or a troop of ndjutants, both of which breed in 
the  neighbourhood. Occnsionally the rarer Javanese adjutant wss met 
with, and the Jabirn stork, Mycteria ausf~alis. 

The rutting seaaon commences in the middle of March and lasb 
throughout April, to the middle of May. 

The female gestates nearly seven months, and brings forth her 
young in October and November, amongst the jungle paddy which is 
then flowering or in seed, and at its greatest height. The sexes 
begin to b r e d  a t  abont 18 months old and the female hns only e single 
young one at a time, which frequently stays with its mother until 
the  second year.' Females have only four teats. In  colour they are much 
like the female Sambur, but perhaps a little lighter. The yonng are 
a t  first spotted or menilled, but this disappears with age. The femeles 
lrre hornlew. In  the second year the yonng males first begin to 
-ire horns which are perfectly developed in March, and ehed in 
the middle of the rainy seeeon, that is abont September.? After 
two yerre they get two tines, and when abont seven years old are in 
their prime with twelve tines (including the brow antler). The na- 
t i v a  have a vague iden that two distinct species, the leeaer and the 
greater Thump, are to be found in the same herds, disti?guishable 
only by difference of size in horns, and colour ; but this of course in 
to be accounted for by the individual distinctions common to all 
races of mimale. 

The average weight of the male is from fifty to sixty vis,f that of a 
female forty vie. 

Pour men can carry a male with ease, when disembowelled and 
quartered.$ 

The mother will breed a second time in 18 months nfter bringing forth, eo 
that the young of two seasons are not nnfmqnently seen with their parents. 
t As noticed above by Blyth in Mqjor Tickell's specimen at  Bloulmein. 
The colonr of a full p w n  bnok ia dark brown, especinlly abont tho bnok and 

neck, with underparts lighter. An far ae I can ascertain thrre is no trnco of a 
mnne, nnd the texture of the cont vnries considernbly with the seasons ; more 
exact information on these pointa is however needed. 

f A via ia eqnal to 140 tolahs. 
3 Aa noticed by Blyth, the Burmese always quarter deer with the ekm on. 

The Karenr, howevor, will not eat the meat, h n s o  they think it will breed 
cholera. 
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The male avernges 3% feet in height a t  the shoulder. The femnle is 
a little less : the very largest males do not exceed 49 feet. The flesh 
is much liked by the Burmese, and always finds a ready sale in the 
neighbouriiig villages. I t  is rarely bronght into Monlmein. In the 
country the wholesale price of a doe is Rupees 3, and that of a buck 
Rs. 4,* which is of course less than tho usual retail baear rate. 

The flesh is said to smell a little about the end of March when the 
weather is very hot, but about November and December it is in good 
condition for the table. 

Their habitat and range, according to Mr. Davis, are ae follom : In 
the Martaban District they inhabit exclusively the open grassy p l h  
between the sea and the mountains. In  the Pegu plains they am 
perhaps more abundant than in any other pait of Bnrmah ; next to them 
the Yengyaing plain in Martaban produces most ; near Rangoon they 
are found in the Dallah plain. About P e p  and Yengyaing they rue 
found in herds from fifty to nn hundred in the month of March, but 
when hunted, they congregrate much more, and as many as two hun- 
dred mny then be seen together. In  habits they are essentially gre- 
garious, and essociate with no other species, although hog deer abound 
in the grass and jungle along the edges of the plain ; nor will they 
allow the tame buffaloes to come nearer to them than about 100 
yards. I n  habits they are very wary and difficult of approach, eqe- 
cinlly the males ; they are also very timid, and easily etartled. The 
males, however, when wounded and brought to bay with dogs, get very 
savage, and charge vigorously. On being disturbed, they invariably 
make for the open, instead of resorting to the heavy jungles like hog 
deer and Sambur. In  fact, the Thumyn is essentially a plain loving 
species, and although i t  will frequent tolerably open tree jungle, for 
the sake of its shade, will never venture into any composed of dense 
or matted underwood k. e., bush jungle in contradistinction to trea 

jungle." Indeed I wns credibly informed of a large stag which, being 
driven into a corner of the plain latit year, by herd boys, with p i a h  
dogs, and finding no means of escape, took refuge in heavy jungle 
where its horns got entangled in a hibiscus bush, and so naR a c t ~ d y  

captured alive. Its captors, however, soon put an end to its existents 
with a sharp dhar. 

The price.# quoted are what o eUarrg expccta aedly  to & 
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When first startled, their pace is great. They commence by giving 
three or four large bounds like the axis or spotted deer, and afterwards 
settle down into a long trot, which they will keep up for six or seven 
miles on end where frequently disturbed. This in when the vegetation 
on the plain is comparatively short. I n  the rains they do not go far 
before they find a hiding place in the long paddy. Their powers of 
leaping are highly developed. On the Yengyaing plain alone there 
are at the present time about a thonsand head, on the Thatong plain, o 
little further to the north west, perhaps a hnnclred head only, which go 
about in srnall herds of seven and eight. At Yengyaing the annual 
number killed alnounta to about forty-five, including those bagged by 
Europeans, and about five natives gain their livelihood in that place, 
almost entirely by the sale of the f l e l .  They are least gregarious in  
the rainy weather, the females have mostly then retired in twos and 
thiees into quid  spots, and the her& are altogether more iwattered, 
owing to the increased density of the vegetation. They feed during both 
day and night, chiefly however in the early morning and evening, their 
food consisting principally of the jungle paddy. During the night they 
do a great deal of damage to  the cultivated variety, treading dowm 
more than they eat. They also feed on grass, and on the leaves of two 
jnngle trees called in Bnrmeae the " Keay" and the " Thamey," the  
scientific appellations of which I am unable to resolve.* I n  a tamed 
State they will e?t,plantain leaves, 

The call of the female, uttered when disturbed, is a short barking 
grunt, that of the males is louder and more prolonged. I t  is most 
frequently heard in the rutting season, during which period the males 
have frequent and severe battles ; a pair have been known to have 
been captured whilst so engaged, with their antlers interlocked. 

I lately had a stag Panulia in confinement for nlnny months. It NUS pot 
on t  every day among capital pasture, bnt  invariably sbstnined from eating it. 
I tried i t  with a number of trow and found tha t  i t  eat qninkly the leaves of 
ficus venosa, religiosa and iildica, and that  the tender sllouts and leaves of barn- 
boos were it. speoirl favwrite. I t  was kept close to a tank in which eoncol. 
vulug reptms was growing luxnriantly, and i t  was accustomed daily bet in~rs to 
d a u d  in the  water np  to its middlo, and feod on the leaves of this plant trlso. 
It did not appear, however, to be so fond of the water cm the nearly d i n e d  bara 
singhu, Rlleeruus Di~vauccllii. A lnulo of tho l a ~ t e r  spccics in my possession, in the 
hut  scaron, used to  spend the greater part of the day lying in t h e  water. Its 
food also apparent17 differs from tha t  of the thuinyi~, for i t  browsed on oo~llnloq 
pasture, and while m the water fed on thc long straggling b.rass Seersia hmwltt,.a 
(E~ittur.) 
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About the end of January the first jungle fire sweep over the 
plain and destroys the dry herbage, leaving small patch- here d 
there about the edges of ewampcl. The second burning takes placa 
about the end of Mamh, and leaves scarcely a blade of grass behind it ; 
the plain ie then almost entirely bare, and the deer having no cover 
congregate in large herds. They are then to be seen on all sides, and, 
the buffaloes having previoudy withdrawn to the tree jungle, are 
left. alone in their glory, and, & noticed before by Colonel Blalie, 
become at  thie time excessively wary. From the middle of Pebmary 
until the fimt nhowers fall at the end of April they apparently subsist 
without water, they lie in salt swamps during this period, and get the 
benefit of the heavy dews at night. Their only enemy appears to be 
man, but an epidemic occasionally breah out amongst them and des- 
troys large numbers. The last occurred in 1863, and some fifty or 
aixty head fell victims. The came of this murrain is unknown, i t  ie 
probably analagous to that which yearly ill Bormah, during the  rains, 
creates such havoc ainongst domestic cattle. The Burmese readily 
mt  the diseased fleah, and experience no bad effects from doing so. 
The disease attacks old and young alike, apparently cansing pi 
emaciation and lose of strength, and the animal at last dies of pure 
senknese. It will probably be found to he solne swelling or dection 
of the throat and lung ,  which prevents the animal from eating. 

There seems to be no doubt that, in Burmah, this species is gradual- 
ly decreasing, and will, at no distant date, be excessively rare. T b  
can be accounted for by the gradual but steedy increase of the  popu- 
lation, and the greater area of country (which mnst naturally incresss 
pearly) which is taken up for the cultivation of rice. Unfortunately 
for the thamyn, the whole of their favourite locale is exceseively well 
adapted to the cultivrtion of rice, and there is no doubt that when 
the indigens~s mild plant is found, there also the cultivated variety 
pill flourish. The rice trade of Bsrmab is yearly increasing in  ex- 
tent ; and 4 few yesre bid fair to see the present haoata of the thonap 
pot unlike the present state of the greater portion of the rice producing 
plaina of lower Hengal, An intelligent Burmese shikarree, who h.s 
beeq a bqqter from his youth upwar* asd is now an elderly man, t e b  
we that in former yeare, befope Martaban was taken by the  British, the 
thwyv sere msch wsre qbqndaqt tban they ere now, end t& 



the nstivea used to destroy them wholeeale at  battues: a large 
number of men would assemble from the surrounding villwas and 
gradually encircle three or four moderately nixed herds with long 
strings, upon which plantain leaves were tied so as to flutter in 
the wind. The circle originally formed at  some distance was gra- 
dually lessened, as the deer, afraid to paas the ecarecrows, got 
gradually driven together, until they were comiletely mrronnded and 
a t  the mercy of the hunters. The object wes to get them into a 
corner near the heavy jungle, into which if they attempted to run, 
they either became entangled or allowed their pnhue~r, to get up 
quite close. My informant tells me that, in former yerrs, he has I~imwlf 
seen as many as 150 to 200 killed in one battue. To wch a length 
was this system carried, and such enormous havoc thereby created, that 
the  Burmese Government, fearing that the species would be utterly ex- 
terminated, wieely put a stop to the practice. This shikarree informed 
me that five-and-twenty years ago he has seen a8 many as five hun- 
dred h d  in one herd, and his account wes confirmed by othera. At 
the present day, vslrt mounds of their bones, in every stage of decay, 
exiet on the Thatong plain, the site of many a battue in former times. 
The value of a whole carcam then was only 4 annas or 4 tical weiglrt 
of Burmese silver, equivalent to eight or ten annas of our coinage at  
the present day l Several intelligent men are now living in the 
vicinity of Thatong and Yengyaing who formerly took pait in tliese 
.wholesale slaughterings, and, like many others of the present genera- 
tion, are apt to look back fondly to those good old timee. 

These battnes or kymine were preceded by all sorts of ceremonies 
and sacrificial ritee, offerings being previously mode to the tutelary 
nets or deitiea of the woods and plains, to ensure success. In addition 
to tlreae battues, and the recent increase of cultivation and population, 
we may account for their gradual decrease by the great increw that 
haa taken place, of late years, in the number and use of fire-arms. 
Nearly every Burman can  hoot, and a large proportion have each 
their matchlock or cheap Birmingham gun. I t  is excessively diffi- 
cult to catch a thamyn, even a young one, alive, owing to the open 
nature of the country which they frequent; and several officers in 
the Burmeae Commismon have for some time paat been endeavour- 
ing, without succes~, to procure young individuals of both sexes 
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for the Zoological Society of London.* Mnjor Tickell had one 
alive for son~c time in Ilonlmein, but it WW eventnally killed by 
pariah d o g  wllicll got into its enclwurea at night. Ny informant, the 
elrikarree, tells me that he had one also tame some years since; he 
caught it when about three months old, fed it on milk a t  first. and 
afterwards on grass and plantain leaves, and, after a short time, it be- 
came ao tame that it f ould follow its owner about. and never attempt 
to leave the dwellings of man ; after an interval of two years, it got a 
small pair of horns shaped like those of the adult, but much smaller. 
Finally, like mod pets, it met with an untimely end, being stolen md 
killed for iood by rapacious Burmeso officials. From this the speciea 
appear to be capable of easy domestication, although i t  ia said by some 
invariably to pine away and die after capture. The horns of the species 
are of large ~ize ,  and are kept by the natives for making handles for 
rickles. TIIA small onas are of no value, and are either thrown away or 
cut up and u~ied as pegs. 
Ae to medicinal qualities, when a buffaloe ia bitten by a snake, the 

horn of the tlwmyn ground to powder is mixed with a solution of the 
leavea of the " Yehseoon" ( I p m a .  sp. or convolvulus,) and given in- 
ternally, as i t  is said to cure the bitten animal immediately. No other 
part of the beest appears to be used medicinally, and the above men- 
tioned nostrum is of no avail for the human race. 

In  conclusion, there is one point to which I wish to draw especial 
attention, as one on which our information at present is very limited 
I t  is not known for certain whether the thamyn, in its first year, hrs 
home without the brow antler, or whether they are the same ae thoee 
of adult individuals, but smaller and with fewer tynes. The pras and 
cons on either side of the question are I find abont equal. I t  remains 
for those who have the opportunity of rearing the young animal in 
captivity, or of shooting a young one, to prove which is the right view 
of the case. 

I have since heard that Col. Phayre hau one s t  the present time alive st 
Ris~qoon, and Mr. Grote one s t  Alipore, supposed to be the young of thi. 
q~wiee. 

A fine full grown atng which I received for Col. Phnyre is now in. the Zwlo. 
gioal SUO. Gardens, London.-Editor. 
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The following notes refer chiefly to  the distiibution of various 
animals in India and Burma, and to the habits of a few speciee. 
There is much in them which is probably not new, more especially 
.wit4 regard to the habits of'animals. Still the subject is so interest- 
ing, and so little studied by naturalists for want of opportunity, that I 
trust these few remarks may have some interest. All the facts noted 
are from personal observation, except where the contrary is stated. 

1. !l'heLion in India. Mr. Blyth, abont 2 years since, called atten- 
tion to the circumstance that lions had been recently met with in parta . 

of India in which the nnimal had been supposed to be extinct. Since 
that  time, one or two other localities have been added to the list of those 
i n  which lions have been met with. A paragraph went the round of 
the  newspnpem rather more than a year ago, in 1860, to the effect 
that a lion had been killed near Rewah. An accouut of the death of 
this animal was given in the new Oriental Sporting Magazine ; and 
again in " Land and Water," for December Sth, 1866, Cnptain Lq 
Meaurier described the locality and gave the dimensions of the skin. 
The animal was killed by Neasrs. Love11 and Kelsey, of the Jubbulpoor 
raiiway staif: it  was a fine male with a full mane. The dimensions of 
the  stretched skin were the following : 

it. in. 
Prom tip of nose to end of tail , ........... 9 8 

................ Ditto to insertion of tail, 6 10 
Ditto to hinder end of mane, ............ 8 6 

... Across skin from fore toe to fore toe, 6 11 
So that the animal, when alive,  roba ably measured rather less than 

9 feet from the tip of the nose to the end of the tail, measured as 
tigers nsnslly are, that is, by carrying a tape from the nose over tlie 
bead and along the middle of the back. 

The mane is specially mentio~ied es very full, the longest haim 
being abont eleven inches in length, the colour yellow sandy, except 
on the crown of the head, along the crest, and acrow the shouldem, 

where a blackish shade prevailed, the hairs being white,. black and 
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yellow, in about equal proportiom. The ears were black on the 
outside, and the tip of the tail was a180 b h k  ; the lower tip white. 
From the dark colour of a portion of the hair, there can be little 
doubt lhat this wae not an aged animal, although, from the fully 
developed mane, i t  mnst have been mature, and not a young lion. 
The spot where i t  was killed was near the 80th milestone, on th. 
railway from Allahabad to Jubbnlpoor. 

I am indebted to Mr. Grote for a note from Captain Le  Mermrier 
confirming the above particnlare, and adding the following, h 
mentioned in the letter published in " Land and Water." 

"Some few years ago Mr. Court, who is now Commissioner of 
Allahabad, and a very good sportsman, disturbed two lions on the 
rocky plain near Sheorajphr, twenty-five miles west of Allahabd, 
when he wae stalking antelope." 
" TWO years ago (1864) Mr. Arratoon of the Police shot at and 

wounded a lion very near Sheorajpdr, and eventnally, with native help, 
stoned him to death, as he had no spare ammunition. Some of the 
members of my staff MLIV the skin, and got the story, nearly as I 
relate it, from Mr. Arratoon, who still holds a police appointment 
somewhere in the N. W. Provinces." 

The lest authentiaated appearoncea of an animal now ~erg ing  an 

extinction in Central India are, I think, sufiiciently worth preeerviog 
to demand a record. The Sheorajphr lion is, I believe, the farthest to 
the eastward yet known as having been killed in the present centnr_r, 

Col. Torrens also hae written to Mr. Grote to eay that lions still 
occur about Lalatp6r, betwaen Jhansi and Saugor. 

A few lions appear to be killed every year about Gwalior and 
Ooona, but the animal ie.rcarce, and, being eagerly aought after by 
some of the keenest eportmen in Iudig i t  is rapidly h o m i n g  scarcer. 
In  the hot weather of 1866 no lese than 9 lions were abot by one 
party in the neighbourhood of Kota in Rajpootana. My information 
is derived directly from one of the sportsmen, Major Baigire. Of one of 
these Rajpootana lions I have wen a coloared drawing, taken imme- 
diately after death by an excellent artist. The mane wss very fine 
and well developed, although the beast woe killed in the hot weath~, 
when the mane, like the rest of the fur, is doubtlm thinner than 
the winter. 
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From o native I l am,  that in a recent beat in Rajpootana (some- 
where on the neighbourhood of Kota), no lees than 10 lions were 
turned out. If this story be true, and I think I have heard of similar 
large gatherings amongst African liom, this animal occasionally collech 
in much larger numbere than tigers do. At  the same time I do not 
place much faith, in the stoiy. The largest number of tige1.e of which 
I ever heard ati being found together was six. These were full grown 

mimala. Five I have sereral times heard of. I n  wch cases all are 
one family, the old tiger and tigress and their full grown progeny. 
A tigress not nnfrequently has 3 or 4 cubs ( I  have known the latter 
number of fceti to be taken from the body of a slain animal) but they 
rarely, I suspect, all attain to mutulity. 

The lion seems still to exist in 3 isolated parts of Central and, 
Weetern India, omitting its occasional occurrence in Bundelkund. 
Thew are (1) from near Qwalior to Kotah. (2) Around Dee= and 
mount Aboo, and thence southwards nearly to Ahmedabad and (3) in  
part of Kattiawar, in the jungles known as the Qheer. I t  is possible 
that  isolated examples may yet remain in others of its original haunts. 

I may add that the opinion expressed by Mr. Blyth (Cat. Mam. i n  
Mus. As. Soc.) of the inferiority in size of the lion to the tiger ie 
quite borne out by all I have heard on the subject. Major Bnigire, 
one of the best known tiger hunters of Western Indio, who has also 
killed more than one lion, told me that the muscular development of 
the  latter animal, 88 displayed in the skinned carwe, is decidedly less 
than that of the former. 

2. The hunting leopard, F e l b  (oynalurus) jubatw. Blyth, in his 
catalogue, gives the range of this animal in India as confined to the west 
and south. I t  ie found throughout the greater portion if not the whole 
of the Central Provinces, though everywhere scarce, and I have seen 
the skin of a specimen killed near Deogarh in the Sonthal pergunnahe, 
a d  brought to that station by a sllikrree. I think i t  will be found to 
exist, here and there, almost throughout the Peninsula. I n  Cutch it 
ifi said to be the only large feline existing, but I cannot speak positively 
on this subject. 

8. The wild dog. Cuon rutilnns, Pallas. 
The ordinary prey of these animnls, who, as is well known, hunt 

in p ~ b ,  ie $40 liambar (Rum Aristdelis, Cuv.), the chital or spotted 
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deer (& m u l d u a  Gmy), and the wild pig. But they attack higher 
game. I have heard a perfectly authenticated account of their destmy- 
ing a young gaur (Bos gaurcw), and I myself found the k h  
of a full grown (tame) bnffalo which had been killed by them. T h i  
was in the jungles east of Baroda. Now a buffalo is not  a n  q 
beast to kill; very few tigers will attack an adult. It s tmck me 
that the teeth of a wild dog would scarcely suffice to tear the enormously 
thick skin of the throat of their prey : and on examining t h e  carcree 
I found scarcely the mark of a tooth on the neck and throat, although 
there were many about the muzzle. The animal had evidently been 
killed by tearing out its intestines, a portion of the pack meantime 
holding the animal by hanging on, in bull dog style, to his muzzle 
and forequarters. I suspect that they kill all large animals in the 

same way; a young sambur, which I saw on the Nilgiris, had 
apparently been killed in this manner. I have heard from natives, 
too, t l ~ a t  this is their mode of attacking tigers. That they do attack 
and kill tigers is so universally stated in India, in every place where 
the wild dog is found, from the Himalayas to the extreme south, tbat 
I do not think its truth can be doul~ted, startling se the  aseertion 
appears. Yet, singulnrly enough, they never attack men : at lcnst I 
never heard of their doing so. The wolf, which, although larger, ie 
proportionntely their inferior in strength and speed, aud which rarely, 
and in India, I think, never, collects into packs ae large ae tho& of 
CUOIL n~tilans, not unfrequently attacks men, though I believe he 
rarely attacks an aniniqj of the riize of a full grown sambur. 

RU~INANTXA. 
4. The gnur and gnynl. Bos gaum,  Smith, and Boa pontdu, 

La111bel.t. I had the unusu:~l advantage last year, and at an interval of 
2 months, of seeing five adult examples of both these magnificent bovine 
species alive. The gaur were wild in the junglcs of Nimar, the p y a l s  
were the magnificent tame specimens procured by Dr. J. Andersou for 
the Zoological Society, and living for some time in the R o t a n i d  
gardens at Calcutta. There could be little question of the purity of 
breed of the latter ; although far more tame and gentle than most 
domestic cattle, t l~cir  synllnetry and the regularity of their colonring 
were those of wild animals. 

Thcre is, at the first sight, a remarkable resemblance bctmeerl these 
two rnccs. Thc luuwive proportions, thick horns, short legs, immeuse 
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depth of body, the dorsal ridge terminating abruptly about half way 
down the back, the general colonring, me all characters common to 
both. Biit one or two differences are immediately perceived, and 
others become conspicuous on closer examination. The most reruark- 
able of course are the comparatively straight aud wide-spreading 
horns and the enormously developed dewlap of the gayal, as contrasted 
with the sharply curved horns and absence of any dewlap in the gaur, 
and the shorter tail of the former. But if Dr. Anderson's specimens 
ore fair examples of the gayal, they ehew that there are several minor 
distinctions between the two. In  the gayals the head is shorter and, 
I think, altogether smaller than in the gaur, and the dorsal ridge is 
not quite eo high. I n  the adult bull gayal in Calcutta, the skin of 
the bnck and sides ie almost naked, as in the  buffalocs of the plains of 
India; this I have never seen in the gaur. The legs below the lcnees 
too, which in the gaur are dirty white, are, in these gayals, dirty 
yellow. The female gayal is darker in colour than the cow gsnm 
which I have seen, but as the latter vary considerably in tint, the 
former may possibly do the same. 

I have seen a good deal of the gaur in the Satpoora hills during the 
last few years. I t  there inhabits the peculiar thin jungles which 
cover the trap rocks of Central and Western India. These jungles, ss 
ie well known, consist of tolerably open spaces of thick grass 3 to 5 
feet in height, with small scattered trees. This grass is burnt at the 
end of the cold weather over the greater portion of the country. I n  
m i n e e  and along the. banke of streams. the jungle is thicker, but 
elsewhere there are few places where the trees are all impediment to 
riding. The gaur feeds in these plnins in the morning anct evening, 
drinking in the evening, or at  night, and retreating during the day 
either to a shady ravine, or, during the hot weather, at  least, to the 
top of a high hill, the moat breezy spot being apparently chosen, 
irrespective of shade. So far as I have observed, the gaur, like the 
Ambur, never remains in the vicinity of water, or drinks, during the 
heat of the day.* 

The ferocity of the gaur has been, I think, greatly overstated. I 
have never heard of but one well authenticated instanoe of an 
unwounded animal attacking man, though the bulls, like thoee of all 

The spotted deer, on the other hand, almoet invariably dooe so. The s6m. 
bars, I believe, only drink at night. 

25 
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large bovines, are undoubtedly dangerous in the rutting season. In 
general, the gaur is a timid and rather stupid animal, not very sharp 
of sight, though, like all ruminants and, indeed, all wild ~ r d s ,  
gifted with strong powers of scent. 

I have never seen a herd of more than 16, and ten to twelve is a 
more common number, the herd comprising one or two adult bulb 
only, the remainder being cows and calves. The bulls remain apart; 
either solitary, or in parties of two or three. But I have heard both 

from Europeans and natives of much larger gatherings having been 
seen. These are doubtless formed by the union of many herds, and 
this habit of collecting, at particular seneons, in very large numbers, 
appears common to most ruminants which habitually live in herds. 
Thus I have seen, in April, at least 150 spotted deer (A& d d u r )  

together, and I have hoard of far larger numbers collecting in the hot 
season, and I have recently heard of similar assemblages of the 
Wasingha (Rucervue Duvaucelliz). 

The cows of the gaur, aa I have already mentioned, vary consider- 
ably in colour, being usually some shade of brown, approaching dun. 
Some, in Nimar and the Satp~ora hills at all events, are of a very red 
tinge, in some cases approaching closely to the deep red m common 
in European cattle,-the colour also, I believe, of the cow Bat ing ,  
Boa aondaicw. I am inclined to think that the colour is redder in 
the cold season than in the hot weather. The usual tinge in the hot 
season at least is a mnch duller brown, nearly the colour of the Nilgiri 
buffaloes. From what I have heard, the tint of these Nimar animals 
may be lighter then that of the cows in the Western Ghata and 
southern India, a circumstance probably connected with the mnch 
greater exposure to the-snn which they must undergo in the thin 
trap jungles, and also partly, perhaps, accounted for by that tendency 
which appeam to exist in most wild anilnals to approximate, in  their 
colour, the general hue of their habitat. This is, of conrse, mu& 
lighter in a tract mainly covered by graw, which is dried and of the 
colour of straw for 7 months of the year, than in the depth of the 

evergreen forests of Malabar and the Western Ghats. 
The siee of the gaur, great as it is, is often, 1 suspect, exaggerated 

by unfair measurement. Instead of measuring the true height, as in 
done with horses, the length from the forefoot to the end of the epind 
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ridge is snbstituted. A great addition to the height is also w i l y  
made by pulling out the foreleg as the animal lies, and by measuring 
from the toe instead of from the heel, especially if the cord be curved 
a little over the side. Another plan I have lntely heard of is to 
stretch a tape from one forefoot to the other over the back, aud to 
take half the resulting length as the height. When it is remembered 
that  the measiirements are inade by sportsmen, not by naturalists, it 
will easily be under~tood that all shoiild be taken cum grano and that 
many may be rejected nltogether. My own irupression is that it is 
ae rare to find n gaur exceeding about 173 hands (5 tt. 10 in.) as it is 
to meet with a tiger above 10 feet in length. Larger animals do 
undoubtedly exist, but they are rare, and it is, I think, doubtful if 
20 hands (6 ft. 8 in.) is ever reached. To judge from all the horns 
I have Men, tlie gaur of no part of India proper attains a larger eize 
than in the Satpoora hills. 

The gaur is called ran pado in Gtoozerat and ran hila by the Bheels 
of Knndesh, both words, like the name commonly used throughout 
Central and Southern India, ran or jungli byne, nieaning wild buffalo, 
which is just as absurd, as the term bimn applied by Anglo-Indians. 
I have even heard the name a rm,  which of course means the wild 
buffnlo, applied to the gaur ; and the correct name is rarely used, in 
Central India nt least, except in the neighbourhood of districts where 
wild buffaloes occur. 

5. The wild buffalo, Boa (Bubalw) buffelw. 
1 think Blyth is in error in restricting the range of the aboriginally 

wild buffalo to the Ganges vnlley and Assam. (Cut. Mam. As. Soc. 

p. 163). Wild buffaloes are completely unknown throughout Webtern 
and Southern India, but they are common on the east coast, to some 
distance south of Cuttnck at least, and throughout tho jungles of 
Elandla, Raipur and Snmbalpfir, extending west as fnr as the Wein a 
Gunga and Pranhita, and south to the Godnvery ; n few herds may 
occur beyond these li~nits, but they are very rare. hly infornlation is 
derived partly from my own observation, partly from various sportsmen 
who have seen ant1 killed the animnl in these districts ; nnd I have 
myself seen the spoils. A11 that I hnve seen belong to the 11. speiroceros 
race of Hodgson, with horns curvilig from the base. My rensons for 
thinking a11 these animnls aboriginally wild, and and not feral, are- 
lst ,  the  perfect symmetry and immense size of their horns. 2nd, tho 
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fact that the tract inhabited by them is contiguous to  the area, Lower 
Bengal and Assam, inhabited by the undoubtedly wild race. 3rd, the 
oircnmstance that precisely the area nlentioned comprises the  range of 
other anirnnla also restricted, in India proper, to Bellgal and the 
neigllbourhood ; e. g. Ruceruus duua1ue2lii and (3allu.s f e v h e z u ,  
concerning the distribution of which I bhall have something further 
to say pre~cntly. 

6. Tlie four-horned antelope ( T e t r a c m ~  quadricomis.) 
Tliis species is especially abundant in the trappean districts of 

Western India, i t  is one of the corumonest wild aniuuls i n  Nimar, 
Malwn, Khnncleish, the western part of the Nerbudda valley, and 
throughout the Taptee valley. I t  is also common along the Western 
Ghats and in  the Konkan about Bombay. I t  lives in jungle, and is 
generally to be founcl near water. I t  is comparatively a solitary animal, 
and I l~nve never seen more than four together, the two parents and 
their young. For a long time I wns inclined to look upon the 
animals with only the posterior pair of horns developed as a distinct 
race, with lighter coloured fur, aud I am by no means satisfied that 
there is not a distinction to be drawn. The two horned specimens, in 
the country I have mentioned above, are quiteas numerous as the 
four horned, and although they are fully adult, I have failed to find a 
trace of the cores belonging to the anterior pair of h o r n  on the skull ; 
a specimen with all four horns fully developed and pointed is rare, 
generally the anterior horns are mere knobs. 

Mr. Blyth is, I think, in error in his catalogue of the Mammalia in 
BIus. As. Soc. p. 166, in applying the name Chikara to this animal, 
The Chikara or Chinkara (the latter being the correct name, but t h e n  
ie nun1 and very little sounded) ia the name which I have heard 
universally applied to the Indian gazelle, Antelope knnettii, Sy kes. The 
4-horncd antelope is called Chowingha in Hindee, as stated by Xr. 
Blyth ; it is known by the Mnhrattas as " Benkara" and by the Bheelr 
of Queerat ns Rokra or Phokra. 
7. The Indian antelope and gtuelle. (Antilope h o a r t i e q  Aldr 

and A.  Bmnettii, Sykes). Both of these animals can exist mithont 
water. The antelope abounds on the strip of sand separating the 
Cfiilka lake, which ie quite salt, from thc sea ; and on this strip tho 
onlj  fresh water is obtained from one or two deep wclls. The strip is 
about SO miles long. I have been assured by so many people tbst 



a n b l o ~  do drink in places, that I cannot absolutely assert that they 
do not, although1 snspect their visits to the edges of strealns and 
tanks are rather for the purpose of feeding on the green grass growing 
there than for drinking. As regards the Chinkara or Indian gazelle, 
I quite believe that i t  never drinks. I have seen it in the deserts of 
Sindh* in places where the only water for 20 miles around was procured 
from wells ; and in places in Western and Central India where, in the 
hot weather, the only water is obtained from small pools remaining in 
the beds of stream, and around which the tracks of almost every 
anillla1 in the forest may be seen, I never yet saw the very peculiarly . 

formed tracks of the gazelle, although i t  frequently abouilded in the 
neighbourhood. The four horned antelope, on the other hand, drinks 
habitually. I have seon it doing so, and its tracks are constantly to 
be found a t  water holea. The Nylgai drinks, but not, I think, 
habitually, except in the hot weather. 
8. The Bdra Singlia, Rucervus Duvauccllii. For some remarks on 

the distribution of this species sce further on, under the 
jungle fowl. The localities given by Mr. Blytht are Upper Bengal ; 
valley of Nepnl ; Asrjam; NcrbzuZda territory; Eastern Sunderbuns. 
This list requires slight modification. Tlie animal occurs, though 
scarce, in Beerbhoom, and I believe, here and there throughout the 
Chata-Nagpoor country, Sirgooja and Chutteesgurh, and i t  abounds 
in Bubtar, as I have lately learned from Captain Glasfurd, tho Deputy 
Comniissioner of Sironcha. I t  is to bo found about Umarkantak, the 
source of the Nerbudda, and in Mundla, but with one exception, to 
be presently noticed, not further to the west, nnd it is uuknown 
throughout the greater portion of the Nerbudtls valley. Generally 
the limits of its range are very nearly those which I have indicated 
for the wild buffalo. 

PACHYDERMATA. 
9. The Indian wild pigs. SWI scroplia ? 
Mr. Blyth haspointed out (J. A. S. B. XXIX, 105) distinctions in 

the form of the ekulls of wild pigs in India, but he has not referred to 

The Sindh species may be distinct. 
t Cntnloguo of the Yammalia in the Mnsonm of the Asiatio Sooiety. The 

localitiaa given by Mr. Blytharein general thoroughly trustworthy, eo far os my 
experience gws. I am therefore tho moro anxious to ourrect them wilere auy 
improvement is possible, u taak ouly practiuabb ~o thoae who liko myeoU have 
had opportnnitiou for exteneive travolhg in In&. 
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differenccs in colour. Now I have seen whole herds (or sounders) of 
wild pigs which were brown in colour, irrespective of size or sex, and 
other herds in the same region, all the members of which were black. 
Large hogs are usually black, becoming grizzled with age, but I hare 
seen a large solitary hog of the brown species, which had been just 
killed by a friend, aiid it was the same colour as the smaller animals. 
The brown race, fio far as my observations extend, is never found 
except in bus11 or forest jungle, the black pigs are the common wild 
hog of the plains, but are also frequently met with in forest. These 
may be accidentnl varieties, but it is equally probable that t he  
dfference in colour is connected with other distinctions. I cur, 

however, only point out the question as one for enquiry. 
RODENTIA. 

10. The Bnrmese bamboo rat, Rhizomys &anew, Blytb-In 
the Cntctlogue of nlammalia in Mus. As. Soc. the locality of a specimen 
received from me is erroneously entered as South Arakan. The speci- 
men was killed by me at Prome in Pegu. The distinction is 
important, as the fauna of 9. Arakan, and of Arakan generally, is 
very different from thnt of Upper Pep, though many species, like the 
present, are common to both. 

CETACEA. 
11. The freshwater dolphins of India and Burma (Pldanido). 

It is well kdown that species of Platanisla-whether the tame or 
distinct,iti less clcnrly ascertained, occur in the Ganges and Brahmapdtrs 
ant1 in the Indus. It is less generally known that a species abonnds 
in the Irrawadi. I have sfen them in varions parts of that river from 
near the mouth to nearly 100 miles above Avn, aiid I was told by 
nntives that they are to be met with (LS far to the north as Bnmo, tho 
Burmese frontier. I wns, however, never able to obtain a specimen. 
The species is very likely to differ from that of the Ganges. 

I cannot say if these nninlals are found in any other Burmese rivers. 
They may very likely exibt in the great rirers of Siam and Caulbodia, 
and tiley should be looked for in thc great Chineserivers. I am pretty 

that in India they are only found in the Ganges, Brahmnphtra, 
and Indus, and their tributariee. I cnn speak pretty certainly of their 
non-existence in the Brnhmini, Mahanadi (of Cuttack), Godavery, 
Taptee and Nerbudda, and I never hcard of their occurrence in the 
Krishna or Cauvery. 
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Avm. 
12. Geographical distribution of the red and Sonnerat jungle fowls. 

Ballw femcgincw, Gm., and ff. smtneratii, Tem. 
I regret very much hnving been the means of misleading Dr. Jerdon 

as t o  the distribution of the red jnngle fowl. I had been told by two 
different observers that they had seen nntl shot jungle fowl exactly 
like the common barn door fowl in a l ~ d  near tho Rnjpihla hills, and a 
third had assured me that he had seen specimens of two differeut 
kinds of jnngle fowl from the same neighbonrhood. 

I have now been through the Rajpihla hills and the western 
Satpooras pretty thoroughly, and I am convinced that the only jnngle 
fowl inhabiting those ranges is ffallu+ conneralii. This species is also 
found north of the Nerbudda, in the jungles east of Baroda, aud 
around Chota Oodipoor, but how fnr it extends to the north nnd north- 
west I cannot say. It is not improbably to be found in the Arnvelli 
range and perhaps about Mount Aboo. It occurs throughout the 
Satpoora hills, north of Kandesb, and indeed throughout the Taptee 
valley. Further south I have recently shot it in the jungles just east 
of Chanda. 

Jerdon mentions its occurrence at Pachmnm, where, however, 1 
learn from Lieut. J. Forsyth that G. femgineua also occurs. I am 
indebted to Lieut. Forsyth for the following most singulnr fact with 
reference to the limits of the latter species. He tells me that it is 
precisely conterminous in the hills ~ o u t h  of the Nerbudda with the 
Bdra Singha, Rucervlce Duvaucellii, and the S&l tree, Shorea ~obuuta. 
The western limits of the great belt of SB1 forest which covers so large 
a portion of Eastom India i s  in the Mundln district, and there b h a  
singha and red jungle fowl also occur. The s&l is not found in Western 
India ;  but there is one spot in the Deinwa valley, jubt under 
Pachmurri, where a patch of sal forest occunr, and there, and there 
only, the red jungle fowl and the bBra singha are met with, nlthough 
the nearcat spot to the ewtward where the three again recur is 150 
milea off. Lieut. Forsyth adds that the two kinds of jungle fowl meet 
on the plateau at Pachmum and he has shot both there. When in 
charge of the forests, he hai  traversed the whole of the jungle tracts 
south of the Nerbndda, and can speak positively as to the above very 
curious circumstance. I t  would be very intereeting to ascertain 
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whether any other animals or plants have a similar distribution. The 
only hypothesis which appeara to  account for the existence of an 

isolated colony of eastern forms like this ia to  suppose that, like a 
geological outlier they were formerly connected with the present main 
range, and that they existed throughout the intervening area in which 
they ere now no larger found. 

To the south, the range of thc:bCa singha and red jungle fowl 
appears again to coincide with that of the d l  tree. Ihave  mentioned 
above the occurrence of the bPra singha in Bustar, where Jerdon 
found both kinds of jungle fowl together, and where the ssl tree is 
also met with. Gallus fcrrugims does appear to reach the Godavely 
further east, as I heard one crowing not long since in the gorge through 
which the river runs about 50 miles above Rajahmundry. 
13. Distribution of the black and painted partridges, Froncolinw 

~ l ~ n r i e ,  stephen;, and F. pictlur Jerd. and Selhy. 
Jcrdon, Birds of Indin, pp. 659, 562, leaves the relative distribution 

of these two species to the west somewhat undefined. I haye only 
seen or heard of E: m7ynria in Elind. F. pictus abounds tbroughont 
eastern Guzernt ncar Baroda and Surat, and I believe, exten& 
throughout Kattiawar. It also occurs, though less commonlg, i n  
Cutch, where I have seen it. 

R E P T ~ U .  
The gnrial (Onvialie gnngeticlis.) 

This crocodile is gencrnlly supposed be confined to the Gan- md 
Brahmapfitra with their tributaries. It is found also in one other riyer 
running into the Bay of Bengal, the Mnhanadi of Cuttnck. It d- 
not, however, appear to range further south and is unknown in the 
Godavery. I t  is wanting in the Nerbudda and other rivers which fall 
into the sea on the west  COW^.* I t  is also unknown in Burma. 

I have been recently informed on good authority that it existe in the 
Indue. E D I T O ~  
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Ktuhmir, the Wesfem Himalaya and the Afghan Hountains, a 
Geological paper, by 

Albert X. Verohere, Eeq. JU. D. 
Ben@ Medical Semiog with a note on the fwik by 

JU. Edousrd de Verneail, 
Membre de l1Acad8mie des Sciencee, Paris. 

(Continued from page 116, of No. 11. 1867.) 

In April 1864, I sent a box of fossils, mostly from Ksshmir, t o  
Profewor Faire, of Geneva. M. Faire kindly forwarded these to M. 
E. J. de Vernueil, who Was good enough to examine them carefully, 
and to  write a most interesting note, of which a translation is now 
given. I 

€lome of the fotxiIs represented in the Plates were not sent to Pro- 
&or Faire, and some which were sent, are not figured here ; the 
numbers at the head of eome of the paragrapha of M. de Vernneil'a 
note ref& to the fmib repreeented in the PIatea. 

Note on the fadrih f-ded by BIT. Vmtcm~~,  bg M. EDOUARD DN 

Vmm&, M& of the Academie des Scieneer, &c. &. 

The largest of the two specimens sent, of which the matrix is a 
dark brown limeatone, belonge to the P d u c t w  S m i ~ e t k l a t w ,  
(Martin), one of the most characterietic species of the carboniferous lime- 
stone, in Europe, in Russia and in America. This species has been 
brought from the south of the Oursl, and Mr. Tchihatcheff has found 
it in Siberia in the Altai mountains. 

A specimen of Produdw coutntw (Sowerby). This is a species 
warcer thnn the preceding. The specimen from India shows well the 
charactera of the species such as they are figured by Sowerby, whilst 
those from Bliseouri, figured by N. de Konnick, do not postiess the 
large and thick ribs which characterise the original species. The PTO- 
ductrur costatus, first found in England, does not exist in -Continental 
Europe, except in Russia where I found it in the government of Toula. 
8ome Russian authors mention it from the government of Tiver and 
of Kdonga 

Productus HumbolJti (DYOrbigny). This species is very like P. 
BranuZouuu (Phillipe) and P. Reherti (Vernueil, Bull. Soc. Geolog. de 

26 
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France, Vol. XII. p. 1180). I t  is distinguished from this by its well 
marked sinns, and its fine and numerous spines strewed without order on  
the surface and not forming concentric series. The P. Hunzboldti ie 
mentioned by Keyserling as having been fonnd by him in the ear- 
boniferous limestone of the Soiwa, an affluent of the river Petchora 
on the western slope of the north of the Oural. Mr. Davidson has 
thought proper to make a new species which he calls P. Purdoni {on 
some Carbonifcrous Brnchiopoda collected in India by A. Fleming and 
W. Purdon in 1848 and 1852, Quarterly Journal of the Qeol. Soc. of 
London, P1. 2 fig. 5, 1862) based on specimens similar to those under 

examination, and which came from Chederoo and Moosalihel (&lt 
Rnnge, A. M. V.). He gives a drawing, under the name of P. Eurn- 
boltlti, of a ~pecies on which the spines are fewer and confusedly 
arranged in quincnnces, and of which the sinus is very slight and  only 
visible near the front of the shell. I would regard this rather as the P. 
pustulostur. 

Pmductus Cora, (D'Orbigny). Two good specimens posseaging well 
the characters of the species.-Discovered fir& in the Bolivian plateau 
by D'Orbigny. This species is one of the most characteristic of the car- 
boniferons limestone in England, in Belgium, in Spain and in Rus..ia 

At the time I found it in the last named connty D'Orbigny had but 
jnst described it ; I did not know his work, and, ss this shell varies much, 
I had made two species of i t  under the names of P. Tenuistriatua and 
P. Nejedhui. I t  is fonnd on both slopes of the Oural, and also in the  
white cnrboniferous limebtone of the plains of Russia a t  Sterbita- 
mak on the river Oka, and in the carboniferous region of Douety. 
Finally i t  is also mentioned in North America. . I t  has therefore a 

great geological range. 
Pour specimens of Productus. That in the black limestone and 

brought from Kashmir is the P. Flelningii or Longiqkus or 
Lolratuu (three names of the same animal). I t  ia one of these Pro- 
dueti largely distributed on the globe. I t  has been fonnd on the 
Mississipi in the state of Ohio and in Kentucky. It exists in Eng- 
land, in Spain, and in Belgium. Messrs. Keyserling and Murchison and 
I have fonnd i t  in the governments of Tiver, Knlonga, on the Dcuets 
8s well as on the river Belaja near the glacial sea. The speci- 
mens from the white limestone of the Kafir-Kote are a distinct 



variety, remarkable for a pretty considerable number of tubular 
spines, and by the large size of its longitudinal strise, which are 
often well marked. 

Pour specimens of a small ~pecies which differs from the P. 
h g i s p i 7 z t u  or lobatus by the want- of lobes and of a sinus on 
the middle of the greater valve. I t  is perhaps the P. Acu2entzu, 
(Martin), but the specimens are not good enough to be determined 
rigorousiy. 

Very small specimens of P1~lcZucttd~ which ere perhaps the young 
of the  P. longispinw or of P. Bolduiensis, (D'Orbigny), of which 
Keyserling found a valve in the carboniferous limestone of the 
basin of the Petchora (government of Archangel). I t  is characterised 
by well detached ears. 

Two specimens of Athyris, without the test and too imperfect to 
allow of their being determined (Terebratula Subtdlita, Halls?) 

Pour specimens of a species of Athyris which is perhaps new. It 
belongs to the class of TereMuZae with concentric strise and internal 
epires, called by D'Orbigny Spirigera and by M'Coy AthyG (a name, 
let us remark, which means the reverse of what exists, since, instead of 
being imperforate, these species have a round hole on the beak). 
This species from Kashmir approaches the A. Ambigua, (Sowerby), and 
the A. GlobuLxa, (Phoill.), but i t  is more transverse and the beak is 
more detached and sharper. I t  may be called A. Buddhists, ns propoeed 
by Mr. Verchere. The A. Ambigua is found in Russia in the carboni- 
ferous limestone, but is rare there, whilst i t  is common in England. 

Two specimens, of which one is perhaps a variety of the T. Subti- 
Zila, (Ball*) or the T. Subtilita itself. The other appears to me to be 
an AtIly& Royesii, (Vernueil), discovered by myself in the carbonifer- 
ous limestone of Belgium. When this species is well preserved, the 
shell is seen to be covered by a pilose investment or coating, consisting 
of very fine spines continuing the lines of growth. The specimen I 
possess presents traces of this structure in the shape of a pubescence 
of very fine hairs. 

Three specimens in e bad state of preservation, which are probably 
merely varieties of the A. Royaii. 

The Tercbratula Subtilita is a specioe of Hall, found in the carboniferou 
of the Great S d t  Lake in Amerioa. Hr. Davidson mentione it from India, 
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One more specimen of the eame apeciee. 
Two specimens of a Terebratula which ie probably new, but the 

specimens are not good enough to be determined. 
Six specimens of a Spkrifer which appears to me to be new. At 

firat sight one would take i t  for the 8. Trigonalis, (Martin), but it 
differs from it by the narrowness of the sinus, and by the want of folds 
in that part which most commonly shows some of them, more or leea 
well markeil, in the Sp. Trigo~lalis. The narrowness of the sinus re- 
minds one of the S. dfosquensis, of Russia. 

S'irijkina nearly allied to the S. Ocfoplicuta, (Sow.), and still more 
to the Sp. Cristata of the Zechstein, two species which Mr. Davitison 
unites into one. This author figures the S. Octoplicata among the 
fossils of India. The specimen, which is marked No. 16, has narrower 
ribs and broader furrows than the specimens figured by David~on. 
On another are admirably well seen the granulations peculiar to the 
genus Spirqerina of the lias, and to the Permian and Carboniferous 
species under notice. P1. I. fig. 2, a, b, C, d. 

Great Cardinia, perhaps new. P1. VI. fig. 2. 
Two specimens of Curdinia bearing a distant likeness to the C. h l i a  

(Martin,) C. Uniformis of the Carboniferous of England and also to 
the C. Lieleri Unio (Sowerby,) of the Lirrs. 
M. de Koninck has figured a shell very similar to this under tbs 

name of SolenqpsM imbricata, (Descrip. of new fossils from India, dis- 
covered by A. Fleming, by de Koninck, Quart. Joumal of the Geol 
Soc. vol. 19 PI. IV fig. 3.) obtained from the carboniferous limestone 
of Varcho, (Vurcha, Salt Range, Punjab. A. dl. E) 

A&x&-Peeten disrimilin (Pecten id., Fleming), This specimen 
reminds one of the P e a  E Z l @ t k ,  (Phillipe), which ie found in the 
Carboniferons of Russia. 

A&nua, sp. nova. Thie shells renembles much the AZiplpbs o h m s ,  
(sow. Schizodua, King,) of the magne~ian limestone or Permian of 
England. I t  baa also some distant likeness to the A. C a r h u r h  
(vernus) Sow. Geol. Trsnsac. vol. V. pl. 38. 

Fenestellu Sykeai, Koninck, Quart. Journ. vol. 19, pl. L fig., 
Fenatella megaatma, Koninck, Quart. Journ vol. 19, pl I. 
Renestella. Undetermined. PI. V. fig. 1. 
A very pretty species which I do not know. Perhaps the Firutr- 
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lark multangulprie (Postlock). It is to be regretted that the surface is 
not seen and that the branches are split in two. 

Lithastrotion Jorifme, Plem. a eonlmon enough species in Russia 
in the carboniferous ; found also in England. 

Michliniu w Beaunaontia. I11 preserved specimen. 
PhylZopora cribellurn, Konnick, Quart. Journ. vol. 19. pl. I fig. 2. 

List of species which have been identified from the specimens sent 
by Mr. Verchere. 
1. Productw Semiretiwlatw, Mrutin. 

2. ,, Costatw, Sow. 
3. ,, Humboldtii, D'Orbig. 
4. 91 Cora, D'Orbig. 
6, ,, Flemingii, Sow. = P. Loqi8pinwr and P. Lobatus, 

Vernueil. 
6. 9, Aculeatus, Sow. 
7. ,, Boliuiensie, D'Orbign. 
8. Athyrk m&u.a ? Sow. (perhaps &. hov4). 
9. ,, Royssii, Vernenil. 
10. ,, Te~ebatula  Subtilita, Hall. 
11. SpPraYer Verdwi, Verneuil (new species, neruly d i e d  to the 

S. Tn'gonalis, Martin, but distinct). 
12. Spiri~ersersna Octoplicata, Sow. 
13. Cardkia ovalis ? Martin. 
14. &Zenqpeia irnbrkata, Konn. 
15. Auiculo-pecten dissinailti, Flem. 
16. Axinw, Sp. nova (nearly allied to A. Obscrcrus of the Gechetein) 
17. Fenestella Sykesii, Konn. 
18. ,, biegasbma, Konn. 
19. Vthcula7ia rnultangularie ? Postlock. 
20. Lathoutrotion j l o r i ~ o m ,  Blem. 
21. Phyllqpora cribellurn, Konn. 

Remarks. 
Several notes on foesils collected in ~ndiahave  been pnblished lntely ; 

the fossils were forwarded by Messrs. Fleming and W. Yurdon and 
more recently by Captain Qodwin-Austen. These pnblications are l s t ,  
Davidson's Memoir '' On some C w b o n ; f m  Brdiqpoda collected in 
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India by A. Fleming and W. Pnrdon, Quart. Jonmal,vol. XVIII. p. 25 ; 
2 plata. 2nd, Description of some fossils from India discovered by J. 
Fleming, by Dr. L. de Koninck, Quart. Journ. vol. X I . .  with 8 plrtes 
on which are figured among others some very cnrions goniatites. 3rd, 
Geological notes on part of the N. W. Himalayas, by Capt. Godwin- 
Ansten, with notes of fossils by T. Davidson, R. Etheridge and P. 
Woodward. I t  is only an abstract of the memoir; without platea 
Capt. Godwin-Austen followed the Carboniferous limestone along 
the foot of the mountains at  the north of the valley of Kashmir 
as far as Ishmalabad." The carboniferous series is, according to 
Capt. G. Ansten, as follows, from the highest to the lowest. 1st 

Layers with goniatites more or less analogous to the ceratitea of 'the 
Musckelhalk. These layers are the highest of the carboniferous 
formation. 2nd. Below is found a compact limestone poor in fossils ; 
3rd, argillaceous series ; 4th, limestone rich in fossils,  product^, dkc. 
6th quartzite. 

As early as 1850, Sir Roderick Murchison had shown me some of 
the fossils sent by Mr. Fleming, and I had identified the P. Cora, 
costatus, Flemingi, the AtJ~yris Roysii, Ozlhk crenakttio, dtc 
Quart. Journ. vol. 7, p. 39. At the same epoch Dr. Balconer and 
Major Vicary had announced the existence of palaeozoic fossils in 
the mountains which separate British India from Kabul, as remarked 
by Sir R. Murchison, Quart. Journ. vol. VII. p. 38. I n  1852, Mr. 
A. Fleming published his observations on the Salt Range in several 
letters addressed to Sir R. Murchison, Quart Journ. vol. IX. p. 189. 

All the fossils collected by Mr. Pleming, Mr. Purdon, Captain 
G. Austen and Dr. Verchere belong to the carboniferous formation. 
Captain Strachey alone has proved the existence of more ancient rocks 
(in a pal~ontological point of view.)+ B e  sent to London a se r i a  
of fossils collected in the mountains, from 17 to 18000 feet above 
the sen, which separate Thibet from the British provinces of Eumaon 
and Garhwal. I have identified among these fossils some 

Capt.Gordon-Ansten and 'myself visitod the localitiee referred to in the 
g~olobicnl notas, during a tour we mado togotl~er in tho anturnn of 1863. We 
thought at  one time of writing a momoir in collaboration, but having been sent 
to the extremes of India, wo arrnnged our notes soparatoly. d M. V. 

t In tho presont papor are figurod a few Cystuids whioh are in all pmbabi. 
lity Silurian, see PI. VIII. fig. 61 and 62. 
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Lychae, Illmw, Cheirulud, Orihocerae, &c. all characteristic of the 
Lower Silurian. I n  the upper part of the beds Cnptain Strachey 
found goniatites, ceratites and even ammonites, which remind one 
much of the Trias. So far, therefore, two of the four great divisions 
of the Palszoic formation have become well known in the Himalaya, 
viz. the Silurian and the Carboniferous. The Devonian will be 
found also, for we hnve received from a Missionary travelling in 
China three species of Brachiopoda characteristic of the Upper 
Devonian rocks, among others the Terebrat ulu Cuhides. These 
fossils have been presented this year to the Acadimie de Sciences 
de Paris. Mr. Davidson has also figured and described, as received 
from China, bachirrpoda which also are characteristic of the Devonian, 
among other the S'irifer, Verneuil. The discovery and deternlina- 
tion of the Devonian in the Himalaya requires attention and research. 

I have further to remark how great ia the analogy between 
India and Russia ; I have found in this last county most of the 
species which Mr. Verchere hns found in the Himalaya. Russia, 
the Oural and the Altai, are connecting links between England and 
India. 

In terminating this note, we wish to observe that if, according 
to  Mr. Verchere, the coal measures, (which should be wperior to 
the  carboniferous limestone), are wanting in India, this want is 
one more resemblance with Russia, for in all the carboniferous 
zone which extends from Moscow to Archangel the carboniferous 

limestone is never covered in by coal measures. There has been 
a slow upheaving motion of the ground, which has raised the 
strata above the sea-level, without, however, otherwise disturbing 
them, at  the epoch when in other countries, the coal was being 

deposited. It is in the south of Russia only (the Douetz), and in a 
few localities on the western slope of the Oural, that coal measure 

deposits are to be found. 
(Signed) ED. DB VXBNEULL. 

Paris, 21st Nov., 1864. 
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APPENDIX. 

FOSSILS. 
Snusm.  

f7pharonites np. P1. VIII .  fig 5. 
Perfectly globular ; covered with small rounded wart8 sh~rply  

defined. The whole &ell, between the warts, is pierced with minute 
porm. No trace of plates ; no mouth nor stalk-scar visible. 

Pound in the rocky plains at the foot of the Masha Bmm, Kora- 
koram Chain. 

S~~hwro?litcs sp. PI. VIII .  fig 6. 
Proposed nnme of a new spccics : 8. Byallii, ?'erd. 
Globnlnr. Lnrge warts well sct apart and not very sharply defined. 

The wllole shell is covercd with pores. No mouth. A stalk-stem 
very conspicuous. 

1 Prom the same locality as the preceding. Name proposed in 

honour of Mr. Rynll, Gt. Trig. Survey, who discovered the shell. 
Sl~hccronites sp. Y1. IX. fig. 1. 
Depressed. No warts or spines ; no plates or traces of plates, no 

stalk-scar. The whole surface pierced by minute pores. 
Snme locality. 

i CAEBORIFEROUB. 
Zedwan Be&. 

CEPHALOPODA. 
Ntrutilus Flemingianus, DeKon. 
Journal, Geological Society, Vol. XIX. Part I, No. 73, p. 15. 

P1. VIII. fig. 2. A fragment of this shell was found a t  Zeawan, 
Knshmu. 

Nautilus Famanns, Verdr., n. sp. 
A very largo globular Nautilus, eleven inchcs across the mouth. 

Psrfectly slnooth and inornate. Siphon large nnd centml, for~ned by 
s scries of dilatntions, giving it a beaded appearance. 

Itotta Roh in tho Punjab. 
Orthocerarr sp. 



Zowoor and Zeawan in Kashmir. 
GA~TBBOPODA. 
Macrocheilzrs Avellanoides, DeKon. 
Journal, Geological Society, Vol. XIX. No. 75, p. 10. P1. I11 

fig. 4. Rotta Roh. 
Dentaliurn Herculeum, DeKon. 
Op. Cit. p. 8. P1. IV. figs. 10, 11 & 12. Several speeimena 

were fonnd in the Rotta Roh, but none in Kashmir. 
Trochua sp. 
Some large specimens of Trochus, four inches acroas, were fonnd at 

the Rotta Roh, Punjab. 
L AMELLIBBMCEIATA. 

Anoinia Lawrenciana, DeKm. 
Journal, Geological Society, Vol. XIX. p. 6. P1. IT. fig0. 7, 8 & 9. 

Found in the Rotta Roh, but not in Kashmir. 
BRA~HIOPODA. 
Terebratula sacculw, biartin. 
Journal, Geological Society, Vol. XXII.  p. 40. PI. 11. fig. 1. 

Fonnd at Zeawan Zowoor and Barns, Kashmir. 
Remark. A few other species of true Terebratnla were found in 

the  Zeawan group of Carboniferous limestone, but I am unnble to 
identify them at present. 

,Spirzym Fercheri, de Verneuil, new sp. P1. I. figs. 1, la .  
See Y. de Vermeil's note. 
Bnrns in Kashmir. I t  has been fonnd in Spiti. 
Spirifer etriatw, Martin. 
Journal, Qoologieal Society, Vol. XVIII, No. 69, p. 28. P1. I. 

figs. 9 and 10. 
Several fragments were fonnd at Zeawan and Zowoor, and co~xiplete 

specimens in the Rotta Roh. 
Spirifer Moosakhelemis, David. 
Op. Cit. p. 28. PI. 11. fig. 2. 
This shell is extremely abundant at Zeawan, but was always found 

in fragments. I t  is also common at the Rotta Roh. 
After comparing numerous specimens of the laet two species, i n  

-various states of weathering, I must express my impression that the 
8. Noosekhelensis is  only o variety of the 8. stlistus, in which the 

27 
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concentric lamina (which do exist in the striatns) have became 

exaggerated. All stages of t r b i t i o n  are to be o b s e n d  in a mode 
rately large series. 

Spirifer Rajah, S r a c h y  [Syn. 8. KeiUavii B d  ?] 
Paleont. of Niti, page 59. 
Pragments found at  Zenwan and Barus. 
Spirifer, spec. nor. 9 P1. 111 figs. 1 & la .  
Hinge-line straight and much longer than the greatest width of the 

shell. Umbones prominent above the hinge-line ; hinge-area not 

seen. Six or seven irregular ribs radiate from the nmbo to the margin 
in a wavy manner. Pine ornamental raised linea (coarser on the 
larger than on the smaller valve) radiate likewise in a wavy manner. 
Sliell flat. I t  varies a great deal in shape and size, but is alwaya 
very flat, so much so that i t  has somewhat the appearance of wch 
shell as the Strophon~ena grandis of the Silurian. I t  may possibly be, 
like the prccedent, a variety of the S. Kcilhavii. 

Fuu~ld at Zeawan in Kashmir and at the Rotta e h .  
Syiriferina octoplicata (Sow.), var. Trastrersa (F7erch.) 
P1. I. figs. 2, 2a, 2b, 2c, and 2d. 
Specimens like a, are not common at  all ; but fragments of the 

shell such as are represented at b, are innumerable in the brown 
shale of Zeawan. Pound also in the limestone of Kafir Kote in the 
Rotta Roh, but i t  is there rare. This shell seems to vary wonderfnlly, 
from the narrow forms figured by Davidson, (Journal Geological 
Society, Vol. XVIII. P1. I. figs. 11 end 14,) to the very transverse 
variety represented here. 

Atlbyris sp. (Ath. subtilita. Hall), PI. 11. figs. 1 and l a .  
This species varies considerably, especially as to size, but is e d y  

recognized by the ovcrlapping of the upper edge of the lines of 
growth, 60 that tho shell looks as if made up of several layers laid one 
over the other, lilie the many capes of a conchman's cloak. 

Found at Zowoor in Knshmir, in lenticular beds where i t  a p p m  to 
be gregarious. Also in the Rotta Roh nnd Salt Range. 

lItlryris B~cdtlhista, F7erch., it .  sp. P1. II. figs. 2, 2a, and 2b. 
I t  has flnt, expanded sides on each side of a well marked sinus of 

the larger vnlve and sharp fold of the lesser. The beak terminates in 
a point, occasionally pierced by a small foramen bat generally 
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imperforata The spiral oral arms appear to fill nearly the whole of 
the shell, leaving only a small hour-gless-shaped space in the centrc. 

This shell varies a good deal, some specimens being much more 
transverse than others, some being very flat and others less so. I t  
wss a gregariou~ animal fonnd,now nccnmnlated in lenticular beds. 

Zeawan and Zowoor. The name proposed is derived from the firat 
few specimens which were found having been discovered in blocks of 
stone of a Buddhist ruin. 

Athyrissp. probably A .  Roysii, (LIEueillb) P1. 11. fig. 3-8. 
Leev transverse then the preceding and ornamented with fine and 

closely set concentric lines of growth strongly marked. Foramell 
generally obliterated. Imprints showing the fringe-like expansion 
round the margin are very common in the brown shale of Zeswan. 
The shell is abundant in all the localities where the Zeawan bed has 
been observed in Kashrnir and the Yunjab. 

Rema~k.  Several other speciee of Athyris were discovered nt 
Zeawan, Zowoor spd Barus, some having the general facies of our tigs. 
2 and 3 and being probably varieties of the A. Roysaii. Others with 
the nmbo-marginal diameter longer than the transverse and being 
probably narrow varieties of the A. subtiliba. Others again have the 
general facies of the T. Digona, and others the marinated appear- 
ance of the A&. Navicuh (Sow). 

Retzia radialis (PhiU), war. gramdicasta (Davida.) 
Journal, Qeological Hociety, Vol. XVIII. p. 28. P1. I. fig. 5. 
Very frequently met with at Zeawan and Zowoor, and also in the 

Rotta Roh. 
Streptoynchus creniatria, Phil.!. var. robustus. 
Op. t5t.p. 30.P1. I. fig. 16. 
This shell attains a very large size in Kashmir and in the Punjab, 

specimens five inches in tranvserse diameter not being rare. Pragmcl~ts 
of this shell, and young shells, swarm a t  Zeawan and in some beds in 
the Rotta Roh. 

&rl?tis rmpinata, Martin. 
Op. cit. page 31. P1. I. fig. 15. 
Abundant in the brown shale of Zeawan, Kaehmir. 
Orthis q. P1.111. fig. 3. 
A cast of an Orthis belonging to the type of the Orthis pliccrtulla 
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(Hall) of the Silurian. I t  has six ribs, not very conspicnow, and two 
well-marked lines of growth ; and is ornamented with fine radiating 
striee. Only one specimen was found at  Zeawan. 

Remark. An immense nnmber of smnll, or perhaps young, 
Orthisidm occur in the ferruginous dark shale of Zeawan, in some 
places so abundantly that they cause the shale to exfoliate like a 

disintegrating mica-schist. The shells are, however, so thin mi 
brittle that imprints alone can be procured. 

Strophomenu analoga (Phkll.) 7 P1. 11. fig. 4. 
There is, I think, little doubt of this shell being Phillip's species. 

The shell is raised in irregular concentric furrows and ridges, and 

is ornamented by fine radiating striae. Both valves are nearly flat ; 
the umbones are hardly marked ; the hinge is linear and nearly as 
long as the greatest diameter of the shell. These Indian specimens 
are very large, above four inches acrosa. 

Seldom found entire in Kashmir ; but even pieces of it are 

conspicuous and easily recognized. Good specimens were obtained 
from the Rotta Roh in the Punjab. 

Stroplromena ? sp. P1. III. fig. 2. 
An internal cast only. Pound at Zeawan in Kashmir. 
Productua codtalus (SOW.) 
Journal, Geological Society, Vol. XVIII. p. 31. PI. I. figs. 20, 21. 
Numerous specimens of this well known species were found a t  

Zeawan and Zowoor in Kashmir, and in the Rotta Roh and Salt 
Ranga 

Produetus semireticulatus (Martin.) 
Op. Cit. p. 21. 
It varies considerably, some epecimens being very transverse. 

The Kashmir and Punjab specimens are usually very large and often 
deformed by pressure. 

Zeawan, Zowoor, Barus. Rotta Roh, Salt Range. 
P~odtlctw Cora (d'0rBigny.) 
Pound abundantly every where in the Zeawan group. 
productus Humboldtii (D'Orb.) 
Journal, Geological Society, Vol. X V U .  p. 52. PI. 11. fig. 6. 
Large specimens found at Zeawan and smaller onee a t  B a r n  

in the Salt Range and Rotta Roh, Punjob. 



1867.1 Appendix. 

Productus Purdoni (Davids). 
Op. Cit. p. 31. P1. 11. fig. 5. 
Zeawan in Kaehmir and Rotta Roh in the Punjab. I n  a series of 

specimens of P. Humboldtii and P. Purdoni, i t  is quite impossible to 
decide where one species ends and the other begins. 

Froductus FlemingW (d'Orb.) 
8yn. P. longispanus (de Vem) and P. lobutus (de Pkrn.) 

Journal, Geological Society, Vol. XVIII. p. 31. PI. I. fig. 19. 
Davidson's figure does not show the enrolled and horn-like eala so 

weU defined in our specimens. 
M. de Vernueil regarda the B o t h  Roh epecimens as a well defined 

variety ; see hi note. 
Found a t  Zeawan and Zowoor and in the Rotta Roh. 
Productus Boliviemie (dlOrb.) and P. aculeuttur 7 (Martin). 
See M. de Vernneil's Note. 
Found a t  Zowoor and Zeawan in Kashmir. 
6trophalosiaP Bradnoidea,) Verch.) n. ap. PI. IV. figs. 1, la ,  1b. 
Thespecimen of the larger valve is from the Rotta Roh and the 

other two from Zeawan in Kashmir ; they may be different shells. 
The larger valve resembles the Productus Purdoni, but the epines are 
fewer, better defined and less slanting tow-nrds the margin. The other 
two specimens are remarkable for the excessive length of the thread- 
like spines and for some complications in the hinge. 

C B U B T A C ~ .  , 

Euyptsnur ? Limullcs ? ap. P1. V. fig. 4. 
Claw of a Crustacean, belonging apparently to one or the other of 

the  two genera above. It was found on a slab wliich had been worn 
by running water, so that a horizontal section of the claw is produced. 
The same slab was full of Sthyris B d h i s t a  (Verch.), Yroductua 
Remingii (D'Orb.). P. Aculeatus, Fenestellu Sykaii (deKGn.) and 
Vincularia Hultangularis (Patlock). 

The tegument is smooth and pierced by pores, which are seen 
vertically seoted on the margins of the claw, and appear like dots 
where the tegnment is not worn off. The tegument forms septa in 
the upper mandibule, but none in the lower. The enda of the 
mandibulee are hooked. There are no traces of teeth on the internal 
margin of the claw. No other part of the animal could be found. 
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Kashmir. 
penlark. Another crustacean haa been found abundanily in the 

Carboniferous of the Hixnalaya I t  is a Trilobite, with the ringe sharp 

and rib-like. Though common, i t  haa not been found good enough 
for identification and figure. 

Zeawan, Banda and Barus in Kashmir. Also Rotta Roh and srrlt 
Rango in the Yunjab. 

EOEINOIIEEYATA. 
CitIaris Forbesiana, (deK6n). 
Journal, Qeological Society, Vol. XIX. No. 73, p. 4. P1. IV. figa 

1 and 2. 
Rotta Roh, but not in Kashmir. There are several species a 

varieties. 
These cidarides will have, I think, to be made into a new genua , 

when better known. They appear to have been borne on long thin 
branching stalks. The body haa not been fonild yet, but I have fowd 
haagonal plates with an articulation cup in the centre, spines four 
inchea long, and stalka of considerable length. 

Crinoid etems were found in enormow quantity in all the layere 
of the Zeawan bed. Sometirllw the rock is nothing but a mass of 
rings pressed together. I n  the Rotta Boh I found a great number of 
an $ncrinus, cup-shaped and nearly a foot in height, belonging 
apparently to a new genus. I cannot describe i t  at present. It 
suppolts a multitude of minute arllls and fingers, the debris of which 
form a glaring-white rock, very cornpicnous as one of the layera of the 
Zeawan bed in the Punjab. 

BBYOZOA. 
Tenestella Sykesii, (deKon.) P1. IV. bis. f ig .  1, a. b. C; d. 
Journal I. Geological Society, Vol. XIX. p. 6. Y1. 1 fig. 1. 
The colony forms a wavy leaf. The' openings of the c e b  cover 

the whole surface of the longitudinal bare without assuming a linear 
arrangement ; the transverse b u s  are barren of crells. The cells am 
arranged in bundles imbedded in socketa of the support, so that a 

vertical section along one of the longitudinal bare nhows a succession 

of little cups or socketa, in each of which are collected from ax to 
eight elongated cells, di~posed fan-like. The cdc~reone sup@ 
between the eockets is massive. 



This Byomon is extraordinarily abundant in the Zeswan bed. 

The colonies are often packed one over the other like dead leaves, and 
I have counted seven and eight coloniea in a piece of s u e  not an inch 
thick. 

P m t e l l a  Megastoma, (dellon). P1. IV. bb. fig. 2, a. b. c. d. 
Op. Cit. Vol. XZX. p. 6. P1. XI. fig. 3. 
The shape of the colony was not seen. The openings of the cells 

cover the longitudinal h, without assuming a linear arrangement. 
The bars are rounded on the cell-bearing side and are angular on the 
barren surface. They are hollow or tubular, and the cells an? ar- 
ranged over the roof of the tube, like bricks in an arch, and are not 
connected in bundles and contained in socketa aa in the Ben. Sykesii. 

FeneeteUa, q. P1. V. fig. 1. 
Shape of colony not seen, but generally very flat and wavy. The 

oscnles, which are small, are somewhat quadrangular. I t  iti found 
mostly as an imprint. Disposition of the cells not seen. 

Very abundant at  Zeawan, Zowoor, Banda, in Kashmir and also in 
the Botta Roh. 

VincularM Hultangularb, (Portlock) 7 PI. IT. bb., figs. 3, a. b. c. d. 
See &I. de Vernueil'e note. 
The colony hes a mom-like appearance. The cells are arranged all 

round a calcareong support, and inclined forwards. 
T h b  Bryozoon is extremely abundant in the Zeawan bed, the 

branches extending in all directions but never anastomosing ; their 
division is nearly dways dichotomone. I have seen colonies cover 
more than a square foot of rock with their ramifications. 

Dbteichia 3 3 (Slrarye). P1. V. fig. 2. 
I am unable to refer i t  to any genus which I know, unless to the 

genus Disteichiu (Sharpe). I t  is found at  Zenwan, but is there rare ; 
in the Rotta Roh i t  itr very common. The layers of cells accumulate 
one over the other to a great extent, forming occcleionally large lllrrasos 
of Cordline rock. 

Aeanthuddia, ep.  P1. V. fig. 3. 
The colony has the aspect of a fern. The central stem throws out 

brcumhes at regular intervals, and at a certain fixed angle, and theeo 
branches throughout younger branches. Both stem and branches 
s q p o ~ t  short epinea like leaflets. The disposition of the c e b  was not 
wen, as only imprints of this animal were found. 
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Found near Banda in Kashmir. 
Ph yllopora ? Cribellurn (&Kon). 
Jolzmal, Geological Society, Vol. XIX. p. 6. P1. I. fig. 2. 
Fragments are not scarce in the Rotta Roh, but it was not found in 

the Kphmir beds. 
Retepora Lepida, (deKon). 
Op. Cit. p. 6. PI. I. fig. 5. 
Several fragments found at Zeawan and in the Rotta Roh. 
Remark. A few other species, not yet satisfactorily determined, 

were found in this group. 
ANT~OZOA.  
Litlrostrot ion Flon)brme, (Flem.). 
Beautiful specimens are to be obtained near Bilote in the Rotta Roh. 

Not fonnd in Kashmir. 
Lithostrotion Irregulnre, (P7till.) ? 
A Lithostrotion mhich is this species, or a very near ally, is very 

common in the Rotta Roh. The calyces are long, rounded, irregular 
cylinders, more or less vermiform in appearance and varying consider- 
ably in size in vnrious specimens, but always of nearly the same size in 
each individual colony. 

Very small fragments only were seen in Kwhmir, but in the Rotts 
Roh colonies of thiw coral attain to great size, forming masses of rock 
several feet across, and many tons in weight. 

Alveoliles Septosa, (Flew.) ? 

Journal Geological Society, Vol. XIX. p. 4. P1. TI. fig. 1. 
It often forms shapeless masses, the centre of which is converted 

into flint. 
Zeawan in Kashmir and Bilote in the Rotta Roh. 
Illicl~elina, sp. 
Rotta Roh. Never found in Kashmir. 
Remark. The abundance of corals in the lowest bods of the Zeawan 

division of the Carboniferous at the Rotta Roh is sometima 
astonishing. I n  Kashmir they are rather scarce. We have a few 

specimens not yet determined. 
PISCES. 

Snuriclttl~ ys ? 
Teeth of fishes, large for the genus to which they a p p w  to 



bebmg, were found in E h m i r  and in the Rotta Roh. They ru8 

eonial, but compressed so that the section is an oval ; they am 
~trongly striated or rather grooved the whole length. The largest i 
about three quarters of an inch long. 

Wan Be&. . 
CXPHALOPODA. 
Qmiatites Cfangetieus, (deKon.) 
Journal Geological Society, Vol. XIX. p. 14. P1. V. fig. 2. 
I had thought at firat that this Qoniatites was more like G. 

Hensl-i, Sow. ; but better specimens, which I have since procured, 
leave little doubt that the species found was DeKoninck's shell. Some 
of the species from the Rotta Roh are much larger than DeKoninck's 
figure, and some are elliptical. 

Pound near Ban& in Kashmir and near Qung and Oomurkhel in 
the Rotta Rob. 

Qoniatites C u e t a h ,  (Vmch.), nov. 8p ? 
The species is well characterized by curved ribs, rather coarse and 

irregular. The suture is like that of the U. Gangeticus. Only one 
specimen, from near Qung ; not good enough to be figured. 

Remark. Several indeterminable Qoniatites were found near Banda, 
end at Barns in Kashmir. 

Nautilw Clitellariw, (Sbw.) ? 
Fragments very like this species were found near Qnng. Two or three 

other apecia, indeterminable, were fourtd in the Qoniatite-bed in 
Kashmir and at the Rotte Roh. 

OrMocerns, sp. 
A small species, about two inches long and a third of an inch thick, 

was found in the limestone with h i a t i & e  ffangeh'ew near Qung. 
LAMELLIBBANCUIATA. 
BoZmpsis Imbicata, (deBon.) 
Journal Geological Society, Vol. XIX. p. 8, P1. IV. fig. 3. 
Pound at Koonmoo and in the hills near Mt~tton and at the Manus 

Bal, in Ktwhmir. Also in the Rottn Roh. Good epecimene were 
procured from blocks not in situ, near Bij-Behara in Kaehmir. 

Solem.p%'s, qp. vel vw ,  nov. P1. TI. fig. 1. Similrrr to the preceding 
28 



but longer ; the anterior epd is narrower than the posterior extremity, 
whilst in the 9. Imbricata both ends are nearly equal. The imbricr- 
tion of the lines of growth is strongly defined. 

Found with the preceding. 
Cardinicr, 9. (C. Hinlaluyana, Perch. nov. sp.) PI. VL fig. 2.- 

(Anthracoaia, King.) ? ? 
The lines of growth are deeply impreased and imbricated, and the 

d e l l  bulges a little between these lines. The hinge WM not seen. 
Animals gregarious ; their shells occur heaped together in pa& 
Manus Bal, Koonmoo, Mutton?, Rotta Roh. 
Cardiniq q. (Cardink Ovalis, Martin,) PL VI.fig. 3.-(Anthrnoorio 

King.) ? 

A epeciea more elongated than the preceding. Lines of growth 
similarly disposed. Found with the preceding. 

Cuculkpa, ep. PI. VI. jig. 4. 
A gregarious small shell, sometimes so abundant that i t  f o m  

masees of rock by itself. Lines of growth well defined, especially near 
the margin. Hinge not seen. I t  is perhaps the young of some larger 

I shell. 
Found at Wean, Eoonmoo and Ishmalabad in Kashmir and in the 

Rotta Roh in the Punjab. 
Pecten, ap. P1. IV. fig. 6. 
Small shell, perfectly smooth with the exoeption of a few lines of 

growth. I t  is ornamented with painted dark lines, which radiate fmm 
*e beak to thg circumference, increasing in width aa they approach 
the margin. The convexity is very smnll, and the ears small. 

i Only one-valve specimens were ever found, through the shell in 
tolerably common in the reddish limestone of Koonmoo in Kashmir. 

Found also in the Rotta Roh P 
Aviculo-pecten Dissmilis, (jlem.) 
See 112. de Vernueil's note. 
This and the following A v i d o - p e c t e ~  are apparently identid 

with the group of animals represented in England by the 8.-Pectun 
I Arenacew. They were gregarious and all lived together, and are now 

I found in a sandy somewhat friable limestone, in lenticular beds which 
we evidently the remains of sandbanks near the shore. 

Oar epecimeaa of 8.-P&n Dissimilu are oval in shape, the 
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umbo-marginal diameter being the longest. The shell was at first 
very gibbose, but after the second line of growth it is much less so. 
Four sunken lines of growth are well marked. E m  small and trans- 
versely striated. Shell nearly equilateral, beak prominent. 

The caet shorn two deep pita, corresponding on the inside of the 
shell to two tubercles. These pits are more than half way down 
the valve. The cast is covered with shallow irregular foasae which 
correspond to small bosses inside the shell, and are probably due to the 
presence of pearly matter. There are traces of an epithelium. 

Found at Koonmooh, Rotta Roh. 
Avicub-pecten, ap. (A-pecten Owrtua, Verch.) P1. VI. fig. 6a, and 6b. 
A small specimen, quite smooth. Outline elliptical ; wnvexity 

trifling ; ears meeting above the beak into a straight line. 
The inside of the valve shows (b) two strong lateral ridgas proceeding 

from the beak, and terminating about two-thirds down the valve in 
well defined tubercles. The hinge presents two short rounded ridges 
or teeth proceeding from the beak for about a quarter of an inch, when 
they also terminate in minute tubercles. 

Aoiculo-pecten, sp. (A. pecten Ranus, Verch.,) P1. VI. fig. 7 and Sa. 
Outline sub-circular ; shell very flat ; ears irregular. The whole 

valve is covered with fine radiate striae, and with thin lines of growth. 
Shell thin. Internal cast not fonnd. I t  is perhaps the P. Crenisteria 
(A Koninck.) 

dvimlo-pecfen Circularis, Perch., P1. VII. fig. la. and lb. 
Outline of shell sub-circular, rather transverse. Shell moderately 

convex ; concentric striae faintly seen. Lines of growth irregular and 
nnconspicuous. The cast (b) presents two deep pita which are 
continued by a groove towards the beak, corresponding on the ineide 
of the ahell to two muscular tubercles and ridges. The ridge ie 
much more defined posteriorly than anteriorly. Lines of growth 
strongly marked on the cast ? No pearl fossae. I t  may be a variety of 
P. Ellipj.l'ieus (Phill.) ? ? 

Aviculo-pectan, sp. P1. VII. fig. 2s & 2b. 
Outline pyriform, nmbo-marginal diameter the longest. Moderatly 

gibbose ; beak much incurred and somewhat imbedded in the e m ,  
which meet above it in a straight line. 

The cast only was found. I t  shows two strongly marked lines of 
growth well set apart. No pearl-foesao on cast. 
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The inside of the shell, (b) shows two ridgee proceeding from tbe 
beak but not terminating in tubemlee (at lea& not on one side ; the. 
other side wee not seen). Two smell teeth in the hinge terminate by 
~niuute tubercles. Beak grooved by a canal or foramen. Inside of 
a m  concave. 

Aviculo-pecten Testudo, Verch. PI. VII. fig. 3 and 3a. 
Shell pyriform, umbo-marginal diameter longest. Extremely 

gibbose. Beak pointed ; ears meeting above in a straight liw. A 
few concentric striee. Lines of growth unconspicuous, excepting one 
near the margin. 

Avicub-peeten Gibbow Ferd. Pi. VII. fig. 4 and 4a. 
Outline sub-circular, transverse. Shell enormously gibbooe, es- 

pecinlly 88 far as the second line of growth. Shell inornate. Linee of 
growth shallow and confueed. E m  meeting in aline above the beak. 
Shell thick. 

Bemark. These Avicnlo-Pectens were found in Ktwhmir in the 
Wean groups only ; but in the Rotta Roh they have been found here 
and there mixed with shells of the Zeawan group, such as P. Semid- 
culutw, A. Sublilila. 

Azinw, nw. 8pc. wnf. A. ohnre. 
See M. de Vernueil's note. 
Found with the Avicnlo-Pectem. 

BBA~~HIOPODA. 
#pirifeTina &rdeyi i ,  (Sdler.) 
Paleontology of Niti, page 72, PI. IX. fig. 13. 
This ahell is not rare in the Weon group near Koonmooo; in eome 

be& it swarms in company with e small Terebratula. We have two 
varietiee, one like Mr. Salter's figPre and mother higher and m w e r  
Some specimens show plainly to the naked eye the punatate stractore 
of the shell. 

Yoer-S~BIPTUX. Productus Lmie, (David.) T. Qeol. 80c. VoL 
XXII. p. 44, P1. XI. fig. 16, and tYpirife7a BarusieMis, (David), Op. 
Cit. p.42, PI. XI.fig. 7. 

Both these shelle are found in the Wean limestone near Koonmoo, 
and at the Rottah Roh in the flaggy limestone with Gonkldes Qunge- 

ticus. I hare not found them in the Zeawan group, except a t  the 
Rotta Roh in the mixod beds. 



TRIM (MIDDLE MD UPPER.) 
Xotltair Beds. 
In the text I cansidered provieionally the Kothair group aa either 

the uppornost layer of the Cuboniferous, or else Permian or Triasic. 
I had no f d l s  then to decide the point. Daring the time which haa 
elapsed between my first sending in this paper and its publication I have 
found, in breaking up some rocks from the Kothair bed in Kaahmir, 
a Globosus with Ceratite-like eutures ; and I have discovered in the 
Rottah Roh, in beds corresponding to the Keshmir bed, a few s h e b  
which do not leave a doubt of this group being Triasic. 

Ammmitea, ep. con$ A. ffaytalci (Klip.) 
Paleont. of Niti, p. 65, P1. TIL fig. 4. 
Our specimen is a little more than half an inch across, and very 

globose. I t  ~hows well two or three of the sutures which are identical 
with Mr. Salter's figure. 

Frolu the Upper Bed, necrr Banda in Kashmir. 
Cernl ites &mi-part itue ((faiuardot .) 
A vcry g o d  and nearly complete specimen was found in the Botta 

Bob, in a pde  limefitone which forms a high cliff above the much 
disturbed Carboniferons. The shell is slightly elliptical. The suture 
ie exactly like that represented in Pictet's Traite de Palhntologie. 
It has some resemblance to M. de Ponuinck's Ceratitcs Lyellianua or 
more still to his 0. Lawrencianu, but the suture diffem. Cliffs above 
Kotela and Oomarkhel, Rotta Bob. 

Remark. I have but little doubt that several of the Ceratites 
dewribed by Mr. de Koninck (from Dr. A. Fleming's collection), w 
obtained from Carboniferous beds with Spirifers and Prodncti, had 
their situa in those cliffs or siuiilar ones, and had dropped and become 
mixed with the much broken up and fregmentary rocka of the Zeawan 
and Wean groups below. 

Cerditea Nodosw (Sow.) ? 
On a slab of reddish calcareous sandstone from the Alged Wan, 

&tte Roh, a shell, which has all the characters of this species, is to 
be seen in company with the Posidonomya to be hereaiter deecribed, 
with fragments of bone and what appears to be a tooth of Lepitlotus (?) 
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GASTEROPODA. 
Natica, 8p. 

Like N. Subglobuha (Kl.) Pal. Niti, p. 68, PI. VIII. fig. 12. 
Only sections and outlines were seen on the westherd surface of 

rocks. Very abundant in the upper beds at Banda and at Kothlir 
in Kashmir. 

dlacrochedlue, up. 
Sections and outlines of a shell of this genne are very abundant at 

Sono Murg and Kothair. 
Nerinrea, sp. f 
Small shells with a raised spot in the centre of each hdf-whorl. 
Pyramidella or Lownema ? 
Several specimens of this fine Pyramidella were eeen on the 

wenthered surface of the sandy limestone of the patch of Bothair rock 
near Koonmoo. 

L A ~ ~ E L L X B ~ O ~ T A .  
Poaidonia con$ P. Minuta. 
Minute shells of this genus, with well-marked concentric strim, were 

found in the sandstone containing the 0. Nod-. Algenl Wan, 
Rotta Roh. 

Outh'nea of small bivalves are very abundant on the weatbered 
surface of the roche at Qono Hurg and Kothair, but the shells cannot 
be extracted. 

EOEINODBXMATA. 

P e n t ~ ~ n i t e s ,  ty. ? P1. VIII. fig. 1. 
Starry rings of Encrinite stems are very abundant in most of the 

arenaceons limestone of the Wean groups, and also in the rock of the 
Kothair groups at Sono Murg and Kothair in Kashmir. 

Atiraozoa. 
Cyathophyllum, sp. 
Abundant on the weathered surfaoe of Kothair-rocks. 
Cyathophyllu17~, sp. 
Same remark as above. 
CynthopRyUun, sp. 
Generally found as figured at (a). Found as represented at (b)  

near Martand, Kashmir. 
Remark. Several small species of corals were seen in the Kothoir 

limestone in Kashmir, but in a very bad state of preservation. 
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L I A ~  (LOWER.) 

CEPWPODA. 
Ammonites Tuba? (Stmchey.) 
PI. Niti, p 32, P1 20 fig. 2 a--a and P1.21 figs. 1 8-4. 
Three good specimens of this shell ehowing well all the characters 

and the suture, as represented by Mr. Blanford. 
From a muddy and sandy brown bed, very sparingly calcareous, in 

the Chichali paw near Kalabagh, Punjab. 
Ammonites, sp. 
Pal. Niti, P1. 19  fig. 3 a, 6 and c. 
The figure in the Pal~ontology of Niti in exactly like our shell ; 

it i~ not described in the text and not named. It resembles a little 
the A. SFriatulua (Sow.).-Found in the same bed as the preceding. 

Belemnites, sp. 
A coarse speciea when full-grown, with a well marked front sulcus, 

and often a back one also. The section is oval. 
From the same bed as above in Chichali and from some brown 

slrndstones under the Oolite at  the foot of Sheikh Bodeen near Tom 
Obo. 

POST-SORIPTUX. I find this species described and figured by Mr. 
Stoliczka, (Sections across Himal., Mem. Qeol. Surv. of India, Vol. V. 
Part  1, fig. 78, PI. VIII. fig. 1-4,) under the name of B. Bisulcatus 
(Stol.) from the lower Lias of Spiti. 

L AMELLIBBANOHIATA. 

ffryphlea d r c w t a  (Lam.) 
Some ~pecimens, from the Chichnli pass and the same bed as the 

Ammonites, belong certainly to this well-known species. 
dstarte, q. 
A very circular Astarte from the same bed, Chichali. 

OOLITE (OUOBDIAN). 
CXPHALOPODA. 
Ammonites B+lex, SGIR. 
Journal Asiat. Soc. No. 2, 1863, p. 129, PI. II., fig. 5 and P1. III. 

figs. 4 and 5. 
Ammonitoe St'lrigilds, Blanfmd. 
Op. Cit. p. 126, P1. III figs. 1 and la .  
Five frsgmenta showing well the eingle ribs bending forwards. 
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~n,nwnitei  Triplieatw, Sow. 
Pal.of Niti,p. 80,PI. 13fig. 1. 
Anmonites So.+tw (Straehey). 
Pal. of Niti, p. 81, P1. 16, fig. 2. 
Ainmortita Qrttdus (Sttlachh.) 

Op. Cit. p. 79, PI. 18, fig. 4. 
Ammoniter WalWi i ,  (Gray.) 
Op. Cit. p. 81, Y1. 15, fig. 1 and PI. 19, figs. 1 and 2. 
All these Ammonites are from the Inferior limestone bed of Bhrilih 

Bodeen in the Punjab. 
Belemnitsa Sirlcstw, Bs7kt. 
J o u r ~ d  Asiat. SOC. p. 125, P1. 1, fig. 1. 
Very abundant in the Ammonite bed at Shaikh Bodeen. Rarer in 

the beds above. 
Belemnites Canaliculduo, Sd. 
This is perhaps a variety or a younger shell of the above. Poud 

in the same beds. 
Remark. One or two mow species of Belemnitiea were found wirb 

the preceding at Shaikh Bodeen. 
OAST~~~OPODA. 

Acteonina, sp. 
In all beds, Shaikh Bodeen. 
Turbo, sp. and Scolioelonua, q. 
Both in Ammonite-bed, Sheikh Bodeen. 
Nutica, q. 
Same locality. 

LAHELLIBBMcHIATA. 

Pecten Arcwrtzur, &w. ? 
Not unlike P. Comutw, Munster, (Pal. Niti, P1. '22, fig. 9). 11 b 

more strongly ribbed than Salter'e figure of the P. Conuzlus and it 
flatter, thus answering perfcctly the description of the P. Anudu. 

Ammonite-bed, Shaikh Bodeen. 
Hinnites Tubulipora, Verch., n. sp. 
Like Spondyltce Tuberculosue, Qoldf., but the ribs of our 4 s  

arc much coarser, fewer, and more foliated and the tubular spineefl 
larger, more in number, and rather lamellar. 

It is not rare in the Ammouite-bed, Shaikh Bodeen. 
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Homomya (Pholadomya) rp. 
We have three epeoiee of PboZadomyr, without nys from Shaikh 

Bodeen. 
Pholadomya (Ph. L%iveticulalo, V d .  nov. q.) P1. IX. fig. 2. 
!I'hia prettp shell ia mostly fonnd M a cast. I t  is not rare in the 

Oxfordian bed and extends to the Cordlinn above. 
Phdadomya (Ph. Quinpue-costata, Pd., mu. bp.) P1. IX. figs. 

3 and 38. 
Ammonite bed, Shaikh Bodeen. 
Piagiodoma q. wnf. P. Cmobrina (D'&b.) 
Ammonibbed, W k h  Bodeen. 
Out71~a Gregarea, (h.) 
Several specimens fonnd near the Ammonite-bed, Shaikh Bodeen. 
Odroea Yarshii, (h.) ? 
Same bed aa above. 
ostlma F1&lloiaea, ( D d . )  ? 
Fragments similar to Pal. of Niti, P1. 22, 6g. 1, fonnd in the Am- 

monite-bed, tlhnikh Bodeen. . 

Oatma cqf. 0. Deltaidea, ? 
The only difference between our specimens and the figaree of this 

p i e s  is that oar Odma have the muscular impremion very strongly 
marked, forming a regular pit with a ridge round it.-Brom the same 
bed ru, the above. 

O&ma like 0. Nana, (Sozo.) 
I n  nearly all the beds, Shaikh Bodeen. 
08tm q. 
A large flat circular oyster, very common in some of the loweet 

oolitic beda at Shaikh Bodeen. 
BRAC~IOPODA. 

Terebratula Gbbata, Sotu., P1. IX.. fig. 4. 
Extremely abundant in the Ammonite-bed and in all the beds near 

ib, crt Shaikh Bodeen. I t  varies considercrbly. 
Pos~-SasLPmr. The T. Qregaria, Suess, (Memoirs of Gteol. Surv. 

of Indie, VoL V. Part I. pnge 68, and 'T. Tibet&, David, (Journ. 
61eol. SOC. Vol..Xx.U. p. 37, P1. I. fig. 11-14, appear to be the same 
npwiee. 

Terebratuk Bodeenensie, Ve~ch., mu. sp. or var. ; P1. IX. figa. band&. 
29 
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I t  is very perfectly oval and varies but little in shape. It has, in 
most specimens, neither sinus or folds, and the line of junction of the 
valves forms a nearly perfect curve in front. In a few specimens there 
is a very trifling undulation of this line. The absence of sinus and 
fold distinguishes from the T. I12obda ; i t  is also a smaller shell, but 
yet may be only a variety of it. h n d  with the above. 

Terebratula Carinota, Lam. 
Pal. of Niti, p. 99, PI. 21. fig 6. 
Our specimens are much more like the T. Carinda than the figure 

in PaL of Niti. I t  varies considerably, but the shallow aim is always 
well marked. Our specimens are larger than the Niti ones. 

Shaikh Bodeen, with the other Terebratulre. 
Terebrdula Numbmalie, Lam. 
Op. Cit. p. 99, P1. 21, fig. 4. 
Several specimens showing well the depressed asp& of the  front of 

the greater valve, and the well-marked concentric lines of growth. 
Ammonite-bed, Shaikh Bodeen. 
Remark. Two or three specimens not yet identified were found in 

the same beds, together with a WaMkimia rather globnlar and of the 
type of W. Impressa, Bach, of the Oxford clay. 

Rhynchonella, ttp. (R. Coneinnu, &w. 1) P1. IX. f i e .  5, Sa. and 5b. 
See also Pal. of Niti, P1. 21, fig. 8. 
I t  has generally, but not always, the s i m  better marked than in 

the Niti figure. Very common at Shaikh Bodeen in nearly all the 
beds. 

Remark. Six other species of Rhynchonella have been found at 
Shaikh Bodeen, but are not yet satisfactorily determined. 

Eschara Asiatics, Verch. n. sp. ? 
A fenestella-like Eschara, appearing in large flat and undulated 

plates on the surface of the rocks. In the Ammonite-bed, Shaikh 
Bodeen. 

Among the corals, a Fungia somewhat l i e  the Fungia Cmukr, 
Goldf., but too much worn to be identified, and a Meandrim like dl. ud 
ComosecM Permieularie (Edw and Haime), were found in the dm- 
luonite bed at  Shaikh Bodeen. 
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OOLITB (COBALLIAN.) 
C~PEALOPODA. 

Betemniten Camaliculatus, (8dJ 
Upper Bed, Shaikh Bodeen and Mari-on-Induu, Salt Range. 

QA~TEROPODA. 

Nerincea conf. N. Goodhallii., (Fitton.) 
Fragments and sections of this shell are very common in the upper 

beds at Shaikh Bodeen. The section of the whorls is precisely similar 

to the figure in Lyell's Elements, p. 304. 

LAMJELLIBBANC~ATA. 

dstarte Scalaria, (Roemer.) ? ? oel A. Lamello8a, (Roem.)- 
An A s t k e  with lamelloue concentric lines, referred to the speciee 

above from description only, 88 I have never seen a specimen or a 
figure of these species. 

Upper beds, Shaikh Bodeen. 
~ T E O Z O A .  

l7wmnastrcea sp. 
Upper bed, Shaikh Bodeen and near Palnsseen, Wnziristan. 
Thamnast~cea q. 
A minute species found with the preceding at Shaikh Bodeen. 
Tscrstma ep. 
Much like the T. Oblongata (Edw. and Haime.) 
Upper beds, Shaikh Bodeen. 
Taastrcea q. 
Another species from Mari-on-the-Indns. 
!Ch.emmilia Annulami (Edw. and Haime.) 
Upper bed, Bhaikh Bodeen and Mari-on-Indua. 
&and~ina ep. 
Mari-on-Indue. 
Ihnomia ep. 
Msri-on-Indns. 
Rhtkangia q. 
Mari-on-Inane. 
A m i r  q. 
Wuziristen. 

q. 
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A very pretty, spreading specimen from Wnziristan. 
Turbinolia up. ? 
From Paluseen, Wuziristan. - 

ROCK SPPCIHERB. 
P1. X. figs. 1 and la. 

Amygdaloidal greenstone with gas-vents branching through the 
mws. Abundant in the Zebanwan in Ksshmir. Pound also amongst 
the rolled atones of the torrenta which drain the Afghan mountains. 

P1. X. figs. 2 and 2a. 
Trachyte with starry crystals of dull white albite for which 1 have 

proposed the name of h'001imnnit.s. Prom the Tnkht-i-Sulaiman in 

Keahmir. - 
EXPLANATION OF PLATES. 

P1. I. 
Spir i fr  Vrcheri, (de Verneuil), n. s. Natural size. 
Spirferina Octoplieata (Sow.)Var. T r m e r e o ,  (Verch.), natural a&. 

P1. 11. 
Atfryria up. (A. fldtilita, Hall,)--natural size. 
Athyris Btccadhiata, (Verch.), nov. sp.-natural size. 
dtibyriu, probably A. Royssii, (L'Eveill6)-natural size. 
Strophmena Ambga, (Phill.) ?-hdf nn~tural size. 

PI. 111. . 
t9pirifer up. P p a r .  of 19. Keilhavii, (Bnch.) ?-natural size. 
Strophomema up. ?-natural size. 
Orthiu up.-natural size. 

PI. IV. 
Strqhalouia? drachnoidea, (Verch.), n. up.-natural size. 
Pmestella Sykecrii (DeKon). 
limstel2a Megastomu (DeKon). 
Vinrmlario Mdtangulari, (Portlock). 

PI. V. 
EkDeetella 9.-natural size. 
Dieteichia ? ? up.-natural size. 
Acanthocladia q.-natural size. 

. E w ~ t e m s  w l  Limulw ? up.-natural size. 



PI. VI. 
Solenopeis up.-natural nizc. 
Cardink Himalayam, (Verch.), n. sp -natural size. 
Cardinia Oualis, Martin), ?-natural size. 
Cucullea ? q.- natural size. 
Pecten sp.-natural size. 
Aaicubqeden sp. (A. pecten Ovnt~re Vorch.)-natural sizo. 

daklo;pecten q. (Apecten Plnnua, Verch.)-natural uize. 
PI. VII. 

doiculo-pecten Circ1cZaris, (Verch.)-natural size. 
Aviculo-pecten up.--natural size. 
Aoiculo-pecten T~studo, (Verch.)-naturnl size. 
duictllo-pectcn Cfibbom, (Vorch.)-natural size. 

P1. VIII. 
Penlawhite ? sp.-natural size. 
~athophyllurn q.-natural size. 
Qathuphylkm sp.-natural size. 
Qathophyllwm sp.-natural ~ize.  
Sphceronitea q.-natural size. 
rSpheronit~a Ryallii, (Verch.). nov. ~p.-natural size. 

PI. IX. 
Sphmlvmites sp.-natural size. 
P h o l u h y a  8eapuiretimlata, (Verch.), nov. sp.-nntnral size. 
PItolacEomya @+ue-coatata (Verch.), nov. sp. natural size. 
Terebratulu BZobata, (Sow.)-natnral size. 
Rhylzchonella Conc.m, (Sow.) ?-natural size. 
Terebratuk Bodeenemis, (Verch.), ~ p .  vel var. nov.-natural size. 
dmygdnloid with gas-vents-natural size. 
rSooZahmite. 
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ERRATA in Dr. Yerchcre's PRPCI' on the Quology of Kashmir and 
the Tl'estern Hinialnyas. 

(Only those errors which change the miming of a sentence, or 
reuder the name of a locality or fossil impossible to recognize, liavc 
been noticed here.) 

PART 11. 1866. 

Paye Lire F o r  Read 
92 9 fossil theories. 

100 8 quartz like rock crystab quartz and rock cystale. 
101 1 uiap 111ass. 
103 20 (Sect a). The scction is not given. 
103 last intriciitcd imbricated. b 
120 2 1l iser . t  after igneous 

rocks and sedilnentary rocks. 
133 1 0  ~ p .  nora sp. nova. 
162 12 PI. VIII. P1. VI. 
169 23 Pig. 3. Fig. 2. 
174 2 very similar to vix. the. 
185 33 & 37 Arkbnl Archibal. 
186,1,9,12Lc. A r k b ~ l  ArehibaL 

PART 11. 1867. 

Page Lint7 For Reid 
10 3 Aksai chain Alrsni chin. 
10 31 Crossing Cropping. 
11 last See PI. IX. Plate not given. 
1 2  11 Boliricutes Boliviensis. 
17  4 ' a  Ncimns a N6rinees. 
1 7  4 Zena Jura. 
19  23 dirty cherty. 
2 1 20 The No 
21 22 ... o~rrit round. 
23 11 ealpetre, of soda, snlpl~ete of soda. 
23 14  Rnseinn Yrussinn. 
23 29 dis~~oiition d~1io~itiu11. 
23 31 Charpentin Chmpcntier. 
24 note Sketches Yclections. 
24 25 elastic volcanic. 
49 7 Tummoo Junimoo. 
33 17 of to. 
4 5 29 vales 0a.e~.  

9 9 Verziristan Waziristan. 



Page Line 
91 26 
93 5 
93 25 
95 10 
101 34 
105 2 5 
106 29 
114 1 
114 3 
114 18 
201 2 
203 15 
203 25 
203 29 
204 43 
204 20 
205 17 
206 last 

Fm 
the other N. 1V.-S. E. 
lignite 
N. W.-N. W. 
long 
anticlinal dip, which 
salt 
COWS, of 
Munee Range 
averted 
(not vertical) 
Faire 

(sp. hova) 
P1. VIIL fig. 62 & 63 

Venienil 
Teneatella 

At-icrclo Pect Banttr 
b 
b 

Read 
the other N. E.-S. W. 
sienite. 
N. W.-N. E. 
large. 
anticlinal dips which 
silt. 
bones of 
Murree Range. 
arrested. 
(nok vertical). 
Fame. 
add P1. If. fig. 2,2a & 2b. 
add P1.11. fig. 1 & la. 
add P1.11. fig. 3 & 38. 
add P1 L fig. 1,13 & 16. 
add P1. VI. fig. 3. - 
(sp. nova). 
P1.VIII.fig. 5&6&PL 
IX. fin. 1 

7erneuSli. 
Fenestella. 
Omit PI. IT. bis fig. 1, 

a,.b, C l  dJ 
Omit P1. IV. bis fig. 2, 
a, b, c, d, 

Omit PI. N. bis fig. 3, 
a, b, c, d,  

Avieulo Pecten Pianma. 
(la). 
(24. 
add P1. VIE .  fig. 2. 
add P1. VIII. fig. 3. 
add P1. VIII. fig. 4, d: 

4% 
Isastrmn. 
Onlit Fenestella Sykesii. 
, , Fenestella megastoma. 
,, Vincularia blnltangu- 

laris 
d d  PI. X. 
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rooms and renewing glasses to 
the Almirah and Saah door, &c., . 159 10 0 

Printing 600 Copies of Circulnr, . 16 0 0 
Engraving 3 sets of Fignrea on 

Brass with Handle for branding 
the specimene of the Museum, 13 8 0 --- 6,272 11 3 6,468 3 6 

SPCRPTARI'E. 
General Establishment, ... 403 8 0 
Sucretary's O5ce Establishment, 1,068 0 0 
Purcha~e of Poetage Stamps, ... 128 7 0 
Stationery, ... 139 5 6 
Pnrch- of Blenk BobkB, ... 7 4 0 
Insu5cient Postage, ... 6 '3 3 
Printing Charges, ... ... 13 0 0 
Repairing a Tin Almirah, ... 8 0 0 
Petty Chergea, ... ... 11 6 6 -- 1,784 a 3 2 , ~  13 s 

V E ~ E D  BUHD. 
Pnrohase of 5+ per cent. Cfovern- 

ment Seonritiea, ... ... 8,000 0 0 ' 
Intereat on ditto, ... ... la 12 0 
Premium on ditto, ... ... 232 8 0 
Commission on ditto, ... 22 8 0 
Brokerage on ditto, ... ... 9 6 0 
Commission to the Bank of Bengal 

for drawing Interest on the 
Government Securities, ... 0 7 10 

Fee for renewing Government 
Securities, ... ... 6 0 0 -- 3,284 9 10 0 13 6 

COIN FUND. 
Purchase of Coine. ... ... 340 0 8 
Ditto of a fire-proof Trenm~re 0h-t 

with Cooly-hire, ... ... 133 0 0 
Prepairing an under Caee of ditto 

with ditto, . ... ... 50 0 0 
Cocauut Oil for oleaning Coine, . 0 8 0 -- 603 8 8 38611 9 -- 

Carried over, Re. 19,895 6 2 



Proeeeclirlgs of the Asiatic Sbcidy. 

BECEIPTS, 
Brought over, Bs. 24,478 7 6 

Mar~ooa MOHVN KUB. 
Refund of the amount paid him 

an advance for preparing two 
book cases, ... ... 200 0 0  -- m o o  
E. T. ATKINEON, ESQ. 

Refund of Banghy Expenaae and 
Postago S t a m p  for sending 
Library Boob, ... ... 8 0 0 -- 8 0 0  3 8 0  

-- 
Canicd over, Bs. 24,686 7 6 



1867.1 Proceedi~~gs of the Asiatic Society. vii 

DISBUBSEMENTS. 
Brought orer, Rs.19,895 6 2 

B ~ I L D I N ~ .  
Aseeesment, ... ... 480 0 0 
Ditto for Lighting, ... ... 96 0 0 
Bepeiring, . .. 1,858 15 0 
An Iron ehed e&' in the com- 

pound of the Society, ... 200 0 0 -- 2,634 15 0 2,350 7 6 
~ I B C E L L A N E O ~ ~  

LJalarg of the Mally, ... ... 57 0 0 
Advertising Chargee, ... 6 0 0 
Meoting Charges, ... ... 179 3 6 
Purchase of Eeceipt Stamps, ... 12 0 0 
Pnid 26 per cent. incroaae of 

Salariea for 6 month, ... 65 14 0 
Dilto W. H. Johnson, Esq., for a 

Tea pot Khokan, ... ... 8 0 0 
Fee to the Bank of Bengal for 

Stamping cheques, ... 3 2 0 
Petty Charges, .., ... 41 1 3  - 362 4 9 265 12 3 

Mnwuar T u s a r r a  Accoum. 
Printing 26 Copias of Act of the 

British Parliament, ... 20 0 0 -- 2 0 0 0  6 8 0 0  
ETHNOLOOY COMMITTEIP. 

Paid Banghy Expenses for send- 
ing a parcel of Woial  Papers, . 0 12 0 

Copying Report forwarded by the 
Government of Bengal on vari- 
ous Human Baoee, ... 10 0 0 

A Blnnk Book for P-ding, ... 2 8 0 -- 13 4 0 
BABU POOBNO CHUNDEB BYBACK. 

Paid advanoe on the Contingent 
Expensea for the Museum, ... 1,445 0 0 -- 1,446 0 0 1,045 0 0 

JAYEE BE AYE^, EsQ,. 
Paid Postage Stamps for -ding 

Library Books, ... ... 4 1 0  -- 4 1 0  
CAPTAIN MACGBEOOB. 

Paid Banghy Expenses and Pos- 
tage Stamps for sending Library 
Bookh.. . ... ... 6 3 0 -- 6 . 8  0 

GOVEBNMENT NORTH WEBTEEN PBOVIRCEB. 
Paid Railway Freight for sending 

Journal and Proceedinge, ... 14 8 0 -- 14  8 0 16 6 0 
CAFTAIN H. H. 0. Avsma. 

Paid Banghy Expensoe for send- 
ing Library Books, ... 1% 0 0 -- 1 2 0 0  8 4 0  

MEESRS. WILLIAMS AND NOROATP. 
Paid freight for Sending their Books, 8 0 0 -- 8 0 0 886 12 0 -- 

Carried over, Bs. 2q414 8 11 



Proceedings of the Asiatic Society. 

RECEIPTS. 
Brought over* Ba 24,686 7 6 

-- 
Camed over, Ba. 24,686 7 6 



LIST OF Ml3MBER8 

01 TRR 

ASIATIC SOCIETY OF BENGAL, 



LIST OF ORDINARY MEMBERS. 

The distingaiehee Non-Subscribing and the t Nan-Resident Members 

Brigdr.-Oenl. J., Royal 
Artillery. 

Luteef,Khan Bahadur, Man- 
Calcutta 
Calcutta 
Allyghnr 
Lahore 
Umritsar 
China 
Allahabd 
Enrope 
Purneah 
Calcutta 
Calcutta 
Calcutta 

1865 June 7. 
1860 J u l ~  4. 
1862 April 2. 
1862 April 4. 
1859 Feb. 2. 
1866 Jan. 0. 
1852 July 7. 
1864 Mny 4. 
1860 Oct. 3. 
1861 Mny 1. 
1865 Jan. 11. 
1843 Sept. 4. 

1866 July 4. 
1864 Dec. 7. 
1860 Nov. 7. 
1861 Sept. 4. 
1861 July 3. 

Enrope 
Fyzabad 
Cnlcutta 
Snmn 
Calcutta 
Europe 
Jaunpore 
Calcutta 

lavi . 
Agnbeg, J. Esq. 

+Ahmad Khan, Saicd, Bahadur. 
tAitchison, C. U. Esq., C. S. 
tAitchison, J. E. T. Esq., M. D. 
*Alabaster, C. Esq. 
fAllnn, Blajor A. 8. 
*Allen, C. Esq., B. C. 9. 
tAlexander, N. S. Esq., C. 8. 
Amir Ali Khan, BliIinshf. 
Anderson, Dr. T., F. L. S. 
Anderson, Dr. J., F.  L. 9. 

*Ancterson, Lieut.-Col. W., Bengal 
Artillery. 

?Anderson, A. Esq. 
Anderson, W. Esq. 

tAnley, W. A. D., Esq. 
Asghur Ali Khan Bahadur, Nawab. 

*Aaphar, J. J. T. H. Esq. 

I Dehra Dhoon 
Calcutta 

Enrope 
Calcutta 

1864 Dec. 7. tatkinson, E.  F. T. Esq. 
1855 July 4. Atlrinson, W. 9. E q . ,  M. A., P. L. 8. 
1861 Peb. 6. 

1826 Sept. 6. 

1835 Oct. 7. 
1865 Nov. 1. 

tduaten, Capt. H. H. G., H. M.'s 
24th Foot, Sum. Genl.'s Dept. 

Avdall, J. Esq. 

*Baker, Col. W. E., Bengal Engineers. 
Ball, V. Esq. Gteol. Survey. 



1 8 6 6  Sept. 5. 
1 8 6 0  Nov. 7. 
1864  May 4. 
1 8 6 6  Jan.  17. 
1 8 6 2  Ang. 6. 
1 x 6 0  July 4. 
1888  Jan.  3. 
1 8 5 9  May 4. 
1 8 6 1  Feb. 6. 
1849  June  6. 
18- Sept. 7. 
1841  April 7. 
1861  Sept. 4. 

1847 Aug. 4. 
1830 Sept. 1. 
186'2 Dec. 3. 
1862 Aug. 6. 
1862 June 4. 
1862 July 2. 
1864 Nov. 2. 
1810 July 16. 

1864 May 4. 
1846 Mar. 4. 

1859 Sept. 7. 
1857 Mar. 4. 

1859 Ang. 3. 

1861 April 6. 
1857 Aug. 2. 
1859 Aug. 3. 
1866 Jnne 6. 
1859 Oct. 12. 
18.54 Nov. 1. 
1865 May 3. 
1860 Mar. 7. 
1860 Oct. 3. 
1864 Dec. 7. 
1862 Jan. 15. 
1866 April 4. 

1847 Jnne  2. 

Ballard, bieut.-Col. H., C. B. 
Banerjea, Rev. h. 31. 
Barry, 111.. J. B. 
Barton, Rev. J. 

tBnsevi, Capt. J. P., Royal Engineers. 
*Batten, G. H. M. Esq., B. C. 5. 
*Batten, J. El. Esq., B.  C. 5 .  
Rayley, E. C. Esq., B. C. 5. 
Bayley, S. C. Esq., B. C. 5. 
Beadon, Hon'ble Sir Cecil, B. 0. 8. 

tBeames, J. Esq., B. C. 8. 
Beaufort, F. L. Esq., B. C. 8. 

*Beavan, Lieut. R. C., late 62nd 
B. N. I. 

Beckwith, J. Esq., 
*Benson, Lient.-Col. R. 
+Bernard, C. E. Esq., B. C. 8. 
Beverley, H. Esq., C. 8. 

tBhau Daji, Dr. 
Bhola Nath Mullick, Bbbu. 
Bhoodob Hookerjee, Bbbu. 

*Birch, Major-General Sir R. J. H., 
K. C. B. 

Bird, Dr. R., Civil Surgeon. 
*Blagrave, Major T. C., 26th Regt., 

B. N. I. 
Blane, Lieut.-Col. 9. J. 
Blanford, H. F. Etiq., A. R. 9. M ,  

F. Q. S. 
tBlanford, W. T. Esq., A. R. 8. M.: 

F. Q. S. Geol. Surv. 
Blochmnnn, H. Esq., M. A. 

*Bogley Lieut.-Col. Sir A., Kt. 
Bolie Chanrl Singh, Bbbu. 
Bonrke, W. M.  EN^. 

*Bornring, L. B. Esq., B. C. 9. 
*Boycott, Dr. T., B. M. 9. 
tBradford, C. W. V. Esq. 
*Brandin, Dr. D. 
Braurlreth, Hon'ble J E. L. 
Branson, J. H. A. Esq. 

*Briggs, Blnjor D. 
tBroderick, H. C. Esq., M. D. 

*Brodie, Capt. T., 5th Regt., B. N. I. 

Calcutta 
Cnlcutta 
Cnlcutta 
Calcutta 
Drhra Dhoon 
Europe 
Europe 
Calcutta 
Calcutta 
Calcutta 

I Motehary 
Chumparun 

Calcutta 

Europe 
Allipore 
Europe 
Nagpore 
Calcutta 
Bombay 
Calcutta 
Chinsurah 

Europe 
Howrah 

Europe 
Calcutta 

Calcutta 

Bonlbay 
Calcutta 
Europn 
Calcutta 
Calcutta 
Europe 
Europe 
Hooghly 
Europe 
Calcl~tta 
C~lclltt8 
Europu 
Augur W. 
3111lwa Central 

India Horse 
Europe 



Date of Election. 

1866 G. 17. 
1860 Nov. 7. 
1866 Peb. 7. 
1866 Jnne 6. 
1866 Jnne 6# 
1863 Ang. 5. 

1856 Sept. 8. 

1860 Jnne 6. 
1859 Sept. 7. 
1863 Jnne 3. 
1860 Jan. 3. 
1865 Nov. 1. 
1860 Oct. 8, 
1863 Bug. 5, 
1863 April 1. 
1863 June 3. 
1864 May 4. 
1861 Sept. 4. 

1862 April 2. 
1851 Mar. 5, 
1860 Dec. 6 ,  
1857 Mar. 4. 
1866 May 2, 
1866 Jan. 17. 
1861 Jnly 8, 

1866 Feb. 7, 

1862 April 2. 
1847 June 2, 

1861 Mar. 8. 
1865 May 3. 
1861 Nov. 6. 
1864 Jnly 6. 
1856 June 4, 
1861 June 5. 

1863 fib. 4. 
1863 Jnne 8. 

1861 Mar. 6. 
1862 May 7. 

+Brown, Lient.-Col. D. 
tBrowne, Capt. Horace A. 
Browne, Rev. J. Cave 

tBrownfield, C. Esq. 
Buckle, Dr. H.  B., C. B. 
Bunkim Chunder Chatterjee, B. A. 

Bbbu. 
Busheerooddin, Sultan Mohsmmad. 

tC&pbell, C. J. Esq., C. E. 
*Campbell, Dr. A. 

Campbell, Hon'ble a. 
tcarnac, J .  H. Rivett, Esq., B. C. 8. 
tcarnegy, P. Esq. 
tchristian, J .  Esq. 
tChunder Nath Roy, Cowar. 

Cleghorn, Dr. H. 
?Clementson, E.  W. Esq. 
tcline, 0.  W. Esq. L.LD. P. GI. S. 
tcockbnrn, J. F. Esq., 0. E. 

Colles, J. A. P. Esq., M. D. 
*Calvin, J .  H.  B. Esq., B. C. 8. 
+Cooper, F. H. Esq., B. C. 8. 
*Cowell, E .  B. Esq., M. A. 
*Cox, W. H. Esq. 

Cramford, J .  A. Esq., C. 8. 
*Crockett, Oliver, R. Esq. 

tDaly, N. Esq. 

*Dalrymple, P. A. E.  Esq., C. 8. 
tDalton, Lieut.-Col. E. T., 9th Regt. 

B. N. I. 
tDavey, N. T. Esq., Revenue Survey. 
Davies, C. Esq. 

tDavies, R. H. Esq., B. C. 8. 
tDebendra Efullick, Bbbu. 
tDeBourbe1, Major R., Bengal Engrs. 
*Denison, His Excellency Slr W. 

K. C. B. 
tDeo Narain Singh, Hon'ble Rajah. 
tDepree, Capt. G. C., Royal Artillery. 

*Devereux, Hon'ble H.  B., B. C. S. 
tDliunpati Sinhe Dooghnr, Roy 

Bahadur. 

... 

Amherst 
Rangoon 
Calcutt. 
Gowhatty 
Calcutta 

Barripore 
Chinwrah 

Delhi 
Europe 
Calcutta 
Nagpore 
Fyzebsd 
Monghyr 
Na tore 
Calcutta 
Moulmein 
Nagpore 
K urhurbari 

Colliery 
Calcutta 
Europe 
Lahore 
Europe 
Europe 
Calcutta 
China 

Mranoung 
Burma 

Enrope 
Chota Nag- 

pore 
Dacca 
Rot asghur 
Oudh 
Calcutta 
h e m  

Europe 
Benares 
Chots Nag- 
Po* 

Europe 

Azimgunga 



-YU- 

Date of Election. 

1853 zpt. 7. 
1860 Nov. 7. 
1859 Sept. 7. 
1854 July 6. 
1864 Dec. 7. 
1860 Jan. 4. 

1861 Hay 1. 
1857 May 6. 
1840 Oct. 7. 
1863 May 6.  
1865 Feb. 1. 
1846 Jan. 7. 
1859 Nov. 2 
1863 April 1 
1856 Mar. 5 

1854 Nov. 1 

1861 Jan. 9 
1856 Aug. 6 
1863 Ock. 7 
1862 Aug. 6 

1865 June 7 
1851 May 7 
1803 Jan. 1 5  
1865 Aug. 2 
1859 Oct. 12  
1860 Mar. 7 
1865 April 5 
1861 Feb. 6 
1863 Dec. 2 
1863 Jnue 3 
1860 Xar. 7 

1861 Sept. 4 
1859 Oct. 11 
1859 Dec. 7 
1849 Sept. E 

1866 Jan. 17 
1864 Bug. 11 
1859 Bug. 3 

Dickens, Lieut.-Uol. 0. H. 
Digumber Mitra, Btlbu. 
Douglas, Lieat.-Col. C. 
Dnimmond, Hon'ble E., B. C. 8. 
:Dunlop, H. G. E q .  
,Duka, Dr. T. 

'Earle, Capt. E. L., Bengal Artillery. 
'Eatwell, Dr. W. C. B. 
'Edgeworth, N. P. Esq., B. C. 8. 
.Edgar, J. W. Esq., B. C. 8.  
.Egerton, P. H. Esq., B. C. S. 
'Elliott, Walter, Esq., M. C. 5. 
-Elliott, C. A. Esq., B. C. 5. 
rE:lliu, Hon'ble R. S., C. S., C. B. 
b$llis, Lieut.-Col. R. R. W., 23rd 

Regt. B. N. I. 
tElphinstone, Capt M. W. 4th Regt. 

B. N. I. 
tErskine, Eon'ble C. J., Bombay C. 8. 
IErskii~e, Major W. C. B. 
Ewart, Dr. J. 

'Eyre, Col. Vincent, C. B. 

Fawcus, Dr. J. 
Fayrer, Dr. J . ,  B. M. 8. 

IFedden, Francis, Esq., Geol. Survey 
Fenn, S. Esq. 

fFisher, A. Esq. 
tFitzwilliam, Hon'ble W. 8. 
*Fleming, Dr. J. M. 29th P. N. I. 
tForrest, R .  Esq., Civil Engineer. 
tForsyth, Lieut. J .  
tForsyth, T. D. Esq., C. B. 
tFrere, His Excellency Sir H. Bartle, 

K . C . B . , B . C . S .  
tFuller, Capt. A. R .  
tFurlong, Major J. G. R. 
Futteh Ali, Maulavi. 

tPytche, Lieut.-Col. A. 70th Regt. 
B. N. I. 

G. M. Tagore, Efiq. 
taarret t ,  C. B. Enq., C. 9. 

Qastrell, Lient.-Col. J. E., 13th 
Regt. N. I., Rev. Survey. 

Calcutta 
Calcutta 
Europe 
Allahabad 
Europe 
Simla 

Europe 
Europe 
Europe 
C ac har 
U m r i b r  
Europe 
Pu ttehghur 
Madrae 

Europe 

Lahore 
Bombay 
Europe 
Calcutts 
Europe 

Calcutta 
Calcutta 
Calcutta 
Calc~itta 
Cliinn 
Ellrope 
Ellrope 
Et wah 
Negpore 
Laliore 

Bombay 
Lahore 
Agrn 
Calcutta 

Rangoon 

Cnlcutta 
Cllaprnh 



Dntr of Election. 

1859 zpt. 7. 
1865 June 7. 
I X42 Sept. 2. 
1859 Sept. 7. 
18ti2 July 2. 
1864 Dec. 5. 
lH(i2 Feb. 5. 
1863 Nov. 4. 

1859 Dec. 7. 
18ti0 Jan. 4. 
1860 July 4. 
1866 June 6. 
1861 Sept. 4. 
1860 Nov. 7. 
1849 Aug. 1. 
IF61 Feb. 6. 
1862 Feb. 5. 

*Geoghegan, J. Esq., B. C. 5. 
tGiles, A. H. E q .  
*Gladstone, FV. Esq. 
*Goodeve, E .  Esq., M. D. 

Gordon, J. D. Esq., C. 8. 
tGooroochurn D b s  Hbbu. 
t Gourdoss Bysack, Bbbu. 
f Gowan, Major J G. 

*Grant, Sir J. P., K. C. B. 
Grant, T. R. Esq. 
Grey, Hon'ble FV., B. C. 5. 

TGribble, T. TV. Esq., B.  C. 5. 
+Griffin, L. Esq., B. C. 8. 
tGriffith, R. T. H. Esq. 

Grote, A. Esq., B.  C 8., F. L. 9. 
tQrowse, F. S. Esq., B. C. S. 
*Guthrie, Col. C. S., Bengal Engm. 

1847 Jnne 2. 
IS66 Jan. 17. 
1883 June 3. 
IX5.i Mar. 7. 
1S28 Nov. 12. 
1847 May 5. 

1859 Oct. 12. 
1 H t i G  Nov. 7. 
1Ni3 filar. 4. 
1X62 Oct. 8. 
1860 Oct. 3. 

Europe 
Dinaj pore 
Europe 
Europe 
Calcutta 
Jungi pore 
J a h a n a b d  
Sirhind Divi- 
 ion, Uillbdr 

Europe 
Calcutta 
Calcutta 
Sasseeram 
Lahore 
Benares 
Calcutta 
DLynpoorie 
Europe 

*Hall, F. E.  Esq., M. A., D. C. L. 
tHamilton, Capt. T. C. 
*Hamilton, Col. G. W. 

' tHamilton, R. Esq. 
*Hnmilton, SirR. N. E.,BArt.,B. C.S. 
*Hannyngton, Col. J. C., 63rd Regt. 

N. I. 
*Hnrdie, Dr. G. K. 

Hnrendra Krishna Kumar. 
IIdri DBsfi Dutt, Bdbn. 

*Harington, Hon'ble H. B. 
tIIarris, E. B. Esq., C. S. 

1861 Peb. 6. 
1861 Nov. 2. 

Europe 
Mo~ilmein 
Europe 
Boln bay 
Europe 

tHarrison, A. 8. Esq., B. A. 
Hatton, C. W, Esq. 

Europe 
Europe 
Calcutta 
C11lcuttn 
Europe 
E I. R.ail\vay 

Rohnec W. 
Deoghur 

Behsr. 
Calcntta 
Julpigorie 
Europe 
Berham pore 
Culcutta 
Cnlcntta 
nlidnapore 
Enrope 
Calcutta 
Calcutta 
A m m  
My n p r i e  

1859 Oct. 12. 1 tHnughton, Lieut.-Col. J .  C., C. S. I. 
1848 May *Hcarsay,i+lnj.-Gl. Sir J. B , K. C. B. I 1862 Bug. 6. tHeeley, W. L. Hsq., C. S. 
1866 Aplll 4. Henry, N. A. Esq. 
1859 Aug. 3. Henessey, J. B. N. Rsq. 
lS58 July 6. ?Herschel, W. J. I1:xq., B. C. 8. 
1854 Mar. 1. I *IIichens, Lieut. W., Bengal Engm. 
IV(iti Jan. 17. Hicks, J .  G. Exq. 
1860 Nny 2. Hol,house, C. P. Hon'ble 13. C. S. 
1 S t .  i. tHopkinxon, H. Licnt.-Col. H. 
1863 July 1. tHorne, C. Eaq., C. S. 



1839 Mar. 6. 
1861 Mar. 6. 
1863 Sept. 2. 
1851Dec. 3. 
1864 Feb. 3. 
1852 April 7. 
1859 Dec. 7. 
1865 Jnne 7. 
1856 Feb. 6. 
1860 Jan. 4. 
1861 Nov. 6. 
1862 Dec. 3, 
1835 Oct. 7. 
1864 Nov. 2. 
1866 May 2. 
1828 July 2, 

+Laidlay, J. W. Esq. 
*Laing, Hon'ble S. 

Lane, T. B. Esq., B. C. 8. 
tLayard, Major F. P. 
tLeeds,H.Esq ,Conservator of Forests. 

Lees, Major W. N., LL. D. 
Leonard, H. Esq., C. E.  

f lewin,  Capt. T. H. 
*Liebig, Dr. G .  Von., B. M. 8. 

Lindsny, E. J .  Esq, 
t ~ i ~ ) ~ d ,  capt. af. 

Lobb, S. Esq., M. A. 
Loch, Hon'Lle Q., B. C. 8. 
Locke, H H. Esq. 

t lovet t ,  Lieut. B.. 
+Low, Major-General Sir J., K. C. B. 

I .  

Calcutta 
Shajellanpore 
Martuban 
Calcutta 

Mumfernagar 
Lahore 
Nurnil, Jcssore 
Benares 

Europo 
Calcutta 
Europe 
Culcutta 
Calcutta 
Europe 
M~~ssoorie 
Dcl~ra 
Europe 

Europe 
Europe 
Allyghur 

Bhowanipore 
Calcutta 
Europe 
Europe 
Bareilly 
Madras 

-.. . 

Date of Election. 

1860 Mar. 7. 
1863 Jan. 15. 
1866 Jan. 17. 
1866 Feb. 7. 

1866 Mar. 7. 
18tiO Jan. 4. 
1862 Oct. 8. 
1853 Dec. 7. 

1864 Sept. 7. 
1861 Jan. 9. 
1841 April 7 .  
1851 April 2. 
1861 Dec. 4.  
1864 Sept. 7. 
1845 Dec. 3. 
1866 Feb. 7. 
1847 June 2. 
1862 Mar. 5. 

1859 Sept. 7. 
1865 June 7. 

1866 Mar. 7. 
1858 Feb. 3. 
1863 July 1. 
1850 April 3. 
1861 Dec. 15. 
1862 Jan. 15. 

Europe 
Knrope 
Culcutta 
Bllagulpore 
Burlrlsh 
Calcutta 
Calcutta 
Chittagong 
Europe 
Calcutta 
Toullghoo 
Calcutta 
Calcutta 
Calcutta 
Punjab 
Europe 

Hovenden, MajorJ. J.,BengalEngrs. 
tHowell, M. S. Esq., C. 8. 
+Hughes, Lieut. W. G .  

Hoyle, G. W. Esq. 

TIrvine, TV. Esq., C. S. 
tInnes, Majnr J .  J. Mhl. 
tIrwin, Valentine, Esq., C. 5. 
tIshureepras8dSinha,13ahadur,Rajah. 

*Jackson, Hon'ble E. 
Jackson, Hon'ble L .  S., B.  C. 8. 

*Jackson, W.  B. Esq., B.  C. 8. 
Jadava Krishna Singha, BBbu. 
James, Major H. R., C. B. 

*Jydine, R. Esq., C. 5. 
tJerdon, Dr. T. C., M. M. S. 
tJohnso~i, W H. Esq. 

Johnstone, J. Esq. 
+Johnstone, Capt. J., Assistant Com- 

missioner. 
*Jones, R. Esq. 
tJoykissen D b s  Bahadur, Rajah. 

Kadar Nath Mookerjee. 
Kaliprosonno Singha, BBbu. 

+Kane, H. S. Esq., M. D. 
*Kay, Hev. W., D. D. 
tKempson, 11. Esq., M. A. 
tKing,  W. Esq., Jr . ,  Qeol. Survey. 



Ihtr of Election. 

1866 Jan. 17 
1861 April 3 
185.1 Nov. 1 

1866 Mar. 7 
1866 June 6 

1848 April 5 
1866 Jan. 17 
1865 Nov. 1 
18ti3 Jan. 15 
1860 Jan. 4 
1865 Mar. 1 
18VL Sept. 3 
1860 July 4 
1852 Nov. 3 
1861 June 5 
1864 Aug. 11 
1850 Jan. 2 
1866 July 4. 
1863 Oct. 7, 
1863 Nov. 4 
1837 Oct. 4, 
1860 Mar. 7, 
1861 Feb. 6 

1855 Nov. 7. 
1855 April 3, 
1847 April 7. 
1856 Feb. 6. 
1865 July 5. 
1854 Dec. 6. 
1864 June 1. 

1837 July 5. 
1854 Oct. 31. 
1859 Aug. 3. 

1862 July 2. 

1860 Nov. 7. 
1865 Feb. 1. 
1852 Sept. 1. 

1863 Scpt. 2. 
1863 Jan. 15. 

tLow, James, Eq., Q. T. 8. 
+Lumsden, Major P. 8. 
+Lushiugton, F. A. Esq., B. C. 5. 

tMacdonal1, A. P. Enq. 
tMacdonald, Capt. J. Staff Corps. 

tMaclagan, Lieut.-Col. R., F. B. S. E 
t Macgregor, Lieut. C. 

DXackenzie, A. Esq., C. 8. 
Maine, Hon'ble H. S. 
Mair, D. K. Esq., M. A. 
Malleson, Major Q. B. 
Mallet, F. R. Esq. 

tMan, E.  G. Esq. 
Manickjee Rustomjee, Esq. . 

fMBn Sinha Bahadur, Mahkajah. 
*Marks, Rev. J. Ebenezer. 
*Marshman, J. C. Esq. 
Mathews, J. H. Esq. 

?Martin, T. Esq., C. E. 
*McClelland, Dr. J. 
tMcLeod, Hon'ble D. P., C. B., B. C. S, 
tMedlicott, a. B. Esq., F. G. 8. 
tMelville, Capt. A. B., late 67th N. I. 

Surv. Genl.'s Dept. 
tMiddleton, J. Esq. 
WMills, A. J. M. Esq., B. C. 8. 
'Money, D. J. Esq., B. C. 9. 
Mqney, J. W. B. E q .  

IMorland, Major J. 
tMol-ris, GI. G. Esq., B. C. 8. 
tMoula Bukhsh, Khan Bahadur, 

Maulvi 
'Mnir, J. Esq. 
Muir, Hon'ble W., B.  C. S. 

tRlurray, Lient. W. Q., 68th N. I. 

INapier, His Excellency Major-Genl. 
Sir R., K. C. B. 

Wewmarch, Major C. D. 
tNewul Kishwar, Moonshee. 
'Nicholls, Capt. W. T., 24th Regi- 

ment, M. N. I. 
Nortuan, Major F. B. 
Norman, Hon'ble J. P. 

Dehra Dhoon 
Europe 
Europe 

Monghpr 
Chandu Divi- 
sion, Nagpore 

Lahore 
Buxa 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Bnrdwan 
Calcutta 
Oudh 
Europe 
Europe 
Calcutta 
Qowhstty 
Europe 
Lahore 
Gwalior 

Gwalior 
Europe 
Europe 
Europe 
Calcutta 
Umballa 
Jessore 

Patna 
Europe 
Calcutta 
Mumooria 

Bombay 
Europe 
Lncknow 



-- - 

Date of Eledlon. 

1860 June  4. 
1851 June 4. 
1864 Dec. 7. 
1866 July 4. 
1837 Jnne 7. 
1847 Feb. 10. 

1864 Mar. 2. 
1862 May 7. 
1860 Feb. 1. 
1864 Mar. 2. 
1865 Sept. 6. 
1835 Jnly 1 
1864 Nov. 2. 
1862 Oct. 8. 
1839 Mar. 6. 
1860 Jan. 4. 
1825 Mar. 9. 
1837 Feb. 1. 
1864 Feb. 3. 

1862 April 2. 
1853 April 6. 
1819 Sept. 5. 
1856 Mar. 5. 
1864 May 4. 
1837 Feb. 1. 
1865 Jnly 6. 
1866 Jan. 17. 

1860 Mar. 7. 
1864 Dec. 7. 
1855 June 7. 
1857 Aug. 6. 
1863 April 1. 
1864 Dec. 7. 
1863 May 6. 
1865 Feb. 1. 
1847 Dee. 1. 
1866 Dm. 5. 
1859 Sept. 7. 

1865 Jnne 7. 
1859 Feb. 2. 
1856 Ang. 6. 

Oldham, C. Esq., GTeological Survey. 
Oldham, T. Esq., LL. D., F. R. 8. 
Onslow, D. B. Esq. 
Omsby, M. E. Esq. 
O'Shaughnessy, Sir W. B. 
Oueely, Major W. R. 

Palmer, Dr. W. J. 
Partridge, 9. B. Esq., M. D. 
Pearse, Major G .  G. 
Pellew, F. H. Esq., 0. 8. 
Peppe, J. H. E B ~ .  
Phayre, Lt.-Col. A P., C B. 
Phear, Hon'ble J. B. 
Poolin Behary Sen,  bib^. 
Prntt,Ven'bleArchdeaconJ.H.,N.A. 
Preonath Sett, Bibu. 
Prinsep, 0. R. Esq. 
Prosonno Coomar Tagore, Biibn. 
Pullen, Lient. A,, G. T. Survey. 

Raban, Kent.-Col. H. 
Radha Nath Sikdar, Bbbu. 
Rajendm Dutt , Bibu. 
Rajendalila Mitra, Bbbu. 
Ramhat11 Bose, Bhbu. 
Raminath Tagore, Bbbn. 
Ramsden, Lieut. W. C. 
Rattray, A. Esq. 

Reid, H. 8. Esq. 
Richardson, R. J. Esq., C. 8. 
Riddell, Hon'ble H. B., B. C. 8. 
Roberts, Hon'ble A. A., B. C. 8. 
Robertson, C. Esq., C. 8. 
Robertson, E. S. Esq. 
Robertson, H. D. Esq., C. 8. 
Robinson, 5. H. Esq. 
Rogere, Capt. T. E 
Ross, J. M. Es  li Russell, A. E. sq., B. C. 8. 

8irodbpros8d Moolzerjee, Bbbu. : 
Satiechunder Roy Mahirajah. 
Satyosharana Qhosal, Rnjuh. 

Haandere, C. B. Eoq., B. C. 8. 

Madras 
Calcutta 
Barrackpore 
Calcutta 
Europe 
Europe 

Calcutta 
Calcutta 
Madras 
B u r r h l  
Q Y ~  
Rangoon 
Calcutta 
Berhampore 
Calcutta 
Calcntta 
Europe 
Calcutta 
Dehra Dhoon 

Calcntta 
Calcutta 
Calcntta 
Calcutta 
Calcutta 
Calcntta 
Cawnpore 
Bidgelee Kan- 

tee 
Oudh 
Q Y ~  
Calcutta 
Panjab 
Nyne Tal 
Azimghnr 
Saharunpore 
Calcntta 
Europe 
Calcutta- 
Hwgly 

Baraset 
Krishnagnr 
Bhookylas, 

Calcutta 
Myaore 



1854 May 2. 
1860 Feb. 1. 
1859 Ang. 3. 
1866 Jan. 17. 
1863 Sept. 3. 
1860 July 4. 
1866 Sept. 5. 
1845 Jan. 14. 

1863 April 1. 
1864 Feb. 3. 
1866 June 6. 
186-1 Sept. 7. 
1866 June 6. 
1865 Jnly 5. 
1856 Feb. 6. 
1866 May 2 
1854 Sept. 6. 
1864 Jlar. 2. 

1860 May 2. 
1843 Sept. 4 
1863 Jan. 15. 
1863 May 6. 
1863 Sept. 2. 
1864 April 6. 
1861 Sept. 4. 
1863 Nov. 4. 
1843 May 8. 

1859 Mar. 2. 

1861 Od. 2. 
1858 Jnly 7. 
1864 Bug. 11, 

1865 Sept. 6, 
l86b April 5. 
1860 May 2. 
1859 Mar. 2, 

@gaudere, J. O'B. Esq. 
fSaxton, Lt.-Col. 8. H., F. G. S., 

38th M. N. L 
Schiller, F. Esq. 

#Scott, CoL E. W. 8. 
tScott, W. H. Esq. 
)Seaton, Lieut. Q. 
Sama Chum Sirkar, Bbbu. 

tShelverton, Q. Esq. 
Sherer, Capt. F. 9. 

bSherwil1, Lt.-Col. W. S., 66th Regi- 
mentB.N.I.,F. Q. 9.,F.R.G. 8. 

Showers, Slajor C. L. 
Shumbhoonath Pundit, Hon'ble. 
Sime: J. Esq., B. A. 

tSladen, Capt. E. B. 
fSmart, R. B. Esq. 
Smith, D. Boyes, Esq., M. D. 

@Smith, Col. J. F. 
t Soornt Nauth Mnllick, Baboo. 
Spankie, R. Esq., B. C. S. 

tspearman, Lieut. H. 8. 

tstannton, Major F. S., Beng. Engs. 
'Stephen, Major J. Q., 8th N. I. 

Sterndale, R. A. Esq. 
t Stevens, W. H. Esq. 
Stewart, R. D. E q .  

?Stewart, J. L. Esq. M. D. 
Stokes, Whitley, Eeq. 
Stoliczkn, Dr. F. 

tstrachey, Lt.-Col. R., F. R. 8. 
F . L . S . , F . Q . S .  

tstubbs, Capt.F. W.,Beng. Artillery. 

tsuddernddin, Moonshi. 
tsutherland, H. C. Esq., B. C. 8. 
Swinhoe, W. Esq. 

Tawney, C. H. Esq. 
+Taylor, R .  Esq. 
tTemple, R.  Esq., B. C. 8. 
t Theobald, W. Esq., Jr., Geological 

Survey. 

EWPB 

Gtao jam 
Calcutta 
Europe 
Dhera Dhoon 
Europe 
Calcutta 
Dbera Dhoon 
Qowhatty 

Europe 
Calcutta 
Calcutta 
Calcutta 
Uandalay 
Assam 
Calcntta 
Europe 
Kowrah 
*&Fa 
Yangzsleen 

British Bnr- 
mah 

Darjiling 
Europe 
Cnlcutta 
Futtgghnr 
Calcutta 
Lnhore 
Calcutta 
Calcutta 

Bombay 
Qovinghur 

Umritsur 
Pnndooah 
Backergunje 
Calcutta 

Calcutta 
Madrae 
Nagpore 

Thayet Myo 



D.LeofEleetbe 

1860 z n e  6. 
1863 Mar. 4. 

1855 June 6. 

1853 Nov. 21. 
1863 June 4 
1847 June 2. 

1863 May 6. 
1862 Jnly 2. 
1865 Jnly 6. 
1865 July 6. 
1862 Pcb. 5. 
1861 June 5. 

1863 Mar. 4. 

1841 Feb. 3, 
1863 Feb. 4. 
1864 Mar. 2, 
1464 Jnly 6, 
1864 Sept. 4 
1863 May 6, 

1860 May 2 

1864 Web. 8 
1864 April 6 

1865 Nov. 1 
1861 May 1 
1863 Dec. 2 

1863 May 6 
1863 Oct. 7 
1863 Dec. 2 
1862 Jan. 15 
1852 July 7 
1359 July 6 
1865 May 8 

1854 July 6 
1847 Nov. 8 

1862 Oct. 8 

Thompson, J. a. Esq. 
tThompson, Major Q. H., Bengal 

Staff corps. 
Thompson, Dr. T., M. D., F. R. S., 

F .L .S . ,P .R .Q.S .  
IThornhill, C. B. Esq., B. C. 8. 
IThornton, T. H. Esq. 
Thuillier, Lt.-Col.H.L., F.R. G. 8., 

Bengal Artillery. 
Thuillier, Lt. H. R. 

CThurlow, Hon'ble T. J. H. 
fTolbort, T. W. H. Esq., C. 8. 
Tonuerre, Dr. C. F. 

tTorrens, Col. H. D. 
tTrernlett, J. D. Esq., C. 8. 

*Trevelvan. Right Hon'ble Sir C., - 
K. C. B. 

Trevor, Hon'ble C. B., B. C. 8. 
"Trevor, E. T. Esq., B. C. 8. 
*Trevor, Lt. E. A. Royal Eng. 
+Trotter, Lieut. H. Bengal Eng. 

Tween, A. Esq., Geological Survey. - .  
t Tyler, b r .  J. 

- 

tvanrenen. Capt. 'A. D., late 71d 
' B. N. I. - 
tverchere, A. M., Esq., M. D. 
t v i j n y a h a  Gajapati Raj Munnie 

SnltanBahadur, Maharajah Mirza. 

Waldie, D. Esq. 
tWalker, Lt.-Col. J. T.,Bom. Engrs 
tWalker, A. Q. Esq. 

*Wall, P. W. Esq., C. 8. 
Wnller, Dr. W. K. 
Waltera, Rev. M. D. C. 

+Ward, Q. E. Esq., B. C. 8. 
*Ward, J. J. Esq., B. C. 8. 
*Warrand, R H. M. E R ~ . ,  B. C. 9. 

Waterhouse, Lieut. J., Royal Ar 
tillery. 

*Wntson, J. Esq., B. C. 8. 
*Waugh, Major-General Sir A. 8. 

C.B. ,F.R.S. ,F.R.G.S.  
Wheeler, J. T. Esq. 

Calcutta 

Kazareebaug 

Europe 
Allnhabad 
Murree,Ponjab 

Calcutta 
Calcutta 
Europe 
Panjab 
Calcutta 
3augor 
Goorrannalla, 

Lahore 

Europe 
Calcutta 
Europe 
Europe 
Meernt 
Calcntt. 
Etah 

Lahore 
Kohat 

v- 
Calcntta 
Dehra Dhoon 
Shahapur,Pan- 

jab 
Europe 
Calcntta 
Calcntta 
Dehra Dhoon 
Europe 
Europe 

Calcntta 
Europe 

Europe 
Calcutta 



Data d Elbetioe 

1864 Mar. 2. 
1861 Sept. 4. 
1%9 Sept. 7. 
1859 Aug. 3. 
1365 Peb. I.  
1x66 Mar. 7. 
1861 May 7. 
1859 Mar. 2. 
1862 bug. 6. 

1855 April 4. 
1856 July 2. 

Wilkineon, C. J. Esq. 
twilliams, Dr. C., H. M.'s 68th Regt. 
tWilson, W. L. Esq. 
tWilmot, C. W. Eaq. 
tWilmot, E. Esq. 
+Wise, Dr. J. F. N. 

Woodrow, H. Esq., M. A. 
*Wortley, Major A. 18. P. 

Wylie, J. W. Esq., Bambay C. S. 

Calcutta 
Rangoon 
Beerbhoom 
Deoghur 
Delhi 
Dacca 
Calcutta 
Europe 
Calcutta 

Europe 
Europe 
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LIST O F  HONORARY MEMBERS. 

D.teolEleetlaa 

1825 Mar. 9. 
1826 1. 
1829 1. 
1831 Sept. 7. 

1831 7. 
1831 6 v .  5. 
1834 5. 
1835~:~ 6. 
1840 Mar. 4. 

1842 Feb. 4. 
1842 ,, 4. 
1843 Mar. 30. 
1847 May 6. 
1847 Sept. 1. 
1847 Nov. 3. 

1848 Peb. 2. 
1848 Mar. 8. 
1853 April 6. 

18% Aug. 2. 

1855 Mar. 7. 
1858 Jnly 6. 
1859 Mar. 2. 
1860 ,, 7. 
1860 Nov. 7. 
1860 ,, 7. 
1860 ,, 7. 
1860 ,, 7. 
1860 ,, 7. 
1860 ,, 7. 
1865 Sept. 6. 

M. Garcin de Tasay,Membre dell Inst. 
Sir John Phillippart. 
Count De Noe. 
Prof. Francis Bopp, Memb. de 1' Aca- 

d6mie. 
Prof. C. Lassen. 
Sir J. P. W. Herschel, F. R. 8. 
CoL W. H. Sykes, P. R. 8. 
Prof.Lea. 
M. Reinand, Memb. de 1' Inatit., Prof. 

de 1' Arabe. 
Dr. Ewald. 
Right Hon'ble Sir Edward Ryan, Kt. 
Prof. Jules Molil, Memb. de 1' Instit. 
His Highness Hekekyan Bey. 
Col. W. Mnnro. 
His Highneas the Nawab Nazim of 

Bengal. 
Dr. J. D. Hooker, R. N., F. R. 8. 
Prof. Henry Princeton. 
Major-Gen. Sir B. C. Rawlinson, K. C. 

B.,F.R.S. ,D.C.L. 
Col. Sir Proby T. Cautley, & C. B., 

P. R. 5. 
RBjQ RgdhBkBnta Deva, BBhBdnr. 
B. H. Hodgaon, Esq. 
Hon'ble Sir J, W. Colvile, Kt. 
Prof. Max Miiller. 
Mons. Stanislas Julien. 
Col. Sir George Everest, Kt., F. R. S. 
Dr. Robert Wight. 
Edward Thomas, Esquire. 
Dr. Aloys Sprenger. 
Dr. Albrecht Weber. 
Edward Blyth, Esquire. - 

Paris 
London 
Paris 

Berlin 
Bonn 
London 
London 
Philadelphia 

Paris 
Gottingen 
London 
Paris 
%Y ~t 
London 

Moorshedabad 
London 
United States 

London - 
London 
Brindabnn 
Europe 
Europe 
Oxford 
Paris 
London 
London 
London 
Germany 
Berlin 
Europe 

LIST OP CORRESPONDING MEMBERS. 
Europe 
Alexandria 
Damascus 
Berlin 
Beyront 
Bussorah 
Bombay 
Ceylon 

1844 Oct. 2. 
1856 June 4. 
1856 ,, 4. 
1856 ,, 4. 
1856 ,, 4. 
1856 ,, 4. 
1856 ,, 4. 
1857 Mar. 4. 

MacGowan, Dr. J. 
Kremer, Mons. A. Von. 
Porter, Rev. J. 
von Schlagintweit, Herr H. 
Smith, Dr. E. 
Tailor,J.,E~qnire. 
Wilson, Dr. 
Neitner, J., Esquire. * 



LIBT OP ASSOCIATE MEXBERS. 
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Date of Eleelion. 

Berlin 
Batavia 
Batavia 
E. Malabar 
Amoy 
Poonah 
Berlin 
London 
London 
Ceylon 
P& 
Europe 

- 
1858 3. 
1859 N ~ V .  2. 
1859 May 4. 
1860 Feb. 1. 
1860 1. 
1860 ~ i r i l  4. 
1861 July 8. 
1862 Mar. 5. 
1863 Jan. 15. 
1863 J d y  4. 
1866 May 7. 
1866 ,, 7. 

1835 Oct. 7. Stephenson, J., Esqnire. 

von Schlegintweit, Herr H. B. 
Brederick, Dr. H. 
Bleeker, Dr. H. 
Baker, Rev. H. 
Swinhoe, R., Eq., H. M.'s Condote. 
Haug, Dr. M. 
Gosche, Dr. R. 
Murray, A., Esquire. 
Qoldstiicker, Dr. T. 
Barnes, R. H. Esquire. 
Von. Schlagintweit, Prof. E. 
Sherring, Rev. M. A. 

1838 Feb. 7. 
1843 Dec. 6. 
1865 Hay 8. 

Keramut Ali, Saiiid. 
Long, Rev. J. 
Dail, Rev. C. H. A. 



ELECTIONS IN 1866. 
Comeuponding Hentbera. 

Schlagintweit, Prof. E. Von. Russia 
Sherring, Rev. id. A. Europe 

Ordinay Members. 
Major A. 8. Allan. Allahabed 
Ber. J. Barton. Calcutta 
Lient-Col. D. Brown. Amhemt 
J. A. Crawford, Esq., C. 8. Calcutta 
*Gt. M. Tagore, Esq. Calcutta 
Capt T. C. Hamilton. Moulmein 
J. G. Hicks, Esq. Calcutte 
Lieut. W.B. Hughes. Martaban 
James Low, Esq. Dehra Dhoon. 
1L Rattray, Esq. Hedgellee Kantai 
A. Mackenzie, Esq., C. 8. Calcutta 
Lieut. Q. Seaton. Tenllsserim 
N. Daly, Esq. Myanoung Burma 
*Rev. J. Cave Browne. Calcutta 
G. W. Hoyle, Esq. Calcutta 
W. H. Johneon, Esq. Dehra 
Baboo Kadar Nath Mooke joe. Calcutta 
Dr. J. F. N. Wise. Dacca 
W. Irvine, Esq., C. S. Moznfnrnugger 
A. P. Macdenall, Esq., (1. 8. Calcutta 
N. A. Henry, Esq. Calcutta 
H. C. Broderick, Esq., M. D. Augur West Malwa 

Cent. Malwr Horse 
W. H. COX, Esq., Krishnagur 
Lieut. B. Lovelt. Kohat, Punjab 
Baboo Sloornt Nath Mullick. Howrah 
W. M. Bourke, Esq. Calcutta 
C. Brounfield, Eaq. Bowhatty 
Dr. H. B. Buckle, C. B. Calcutta 
T. W. Gribble, Esq., B. C. 8. Sassereem 
Capt. J. Macdonald Chanda Division, Nag- 

J. Sime, Esq., B. A. 
pOr 

Calcntta 
R. B. Smart, E q .  Dacca 
A. Anderson, Esq. Fyzsbad 
J. H. Mathewe, Esq. Calcutta 
M. H. Ormeby, Esq. Calcutta 
Capt. F. 8. Sherer. Gowhatty 
Lieut.-Col. H. Ballard, C. B. Calcutta 
Kumar Harendra Krishna Bahadoor. Calcutta 
J. M. Ross, E q .  Calcutta 

Be-elected. 



LOSS O F  MEMBER8 DURING T H E  YEAR 1866. 

By Retimnent. 

Ordinary Members. 

R. B. Chapman, Esq. Calcutta 
Hon'ble A. Eden. Calcutta 
H. Duhau, Esq. Dehra Dhoon 
Baboo Kasinauth Chowdry. Calcutta 
.R. L. Martin, Esq. Dacca 
C. C. Stevens, Esq. - Barmat. 
Dr. A: C. Macrae. Calcutta 
Lieut.-Col. D. G. Robinson. Calcutta 
J. C. Wilson, Esq. Fyzabad 
Capt. G. M. Bowie. Bhugulpore 
Baboo Jadoo Nath Mookerjee. Raj~haye 
J. Strrrchey, Esq., C. 5. Oudh 
J. M. Scott, Esq. Calcutta 
J. C. Sarkies, Eeq. Calcutta 
Baboo Kaliprasunno Dutt. Calcutta 
Raja Apurva Krishne Bahadoor. Calcutta 
9. Jenniugs, Esq. Calcutta 
W. T. Dodsworth, Eq. Dehra Dhoon 
A. Money, Esq. Bhugulpore 

By Death. 
Dr. E. Roer. Brunewick, Germany 
J. G. Medlicott, Esq. Midnapore 
Raja Pratnb Ch~mder Sing. Pakpara 
Calcutta, Right Rev. Lord Bishop of, Calcutta 
J. Obbard, Esq. Europe. 



Abslracl of t h  i?eaulfd of Ile HoourZy Meteorological Obeervatwnos 
iaken at fk Surveyur General'e O@e, CIzCbleutta, 

in tAc month of March 1866. 

Latitude 22' 23' 1" North. Longitude 88' 20' 34" East. 

Height of the Ciatern of the Standard Barometer abovc the sea level, 18-11 feet. 

Daily Means, &c. of the Observations and of the Hygrometrical elements 
dependent thereon. 

Date. 

Range of the Barometer $ i 
during the day. 

Range of the Tem ra- 
ture during the $. 

Max. Min. DS.  I I 
Inches. 

a9.780 
.831 
.821 
.756 
.788 
.816 
.7W2 
.79d 
.m 
.784 
.858 
.977 
.967 
.a46 
.8%8 
.871 
.806 
.wo 
.I98 
.a42 
.798 
.717 
.715 
.761 
.748 
-700 
.730 
.812 
.as9 
.as5 
.806 

Inches. 

29.866 
.898 
827 
.818 
.865 
.892 
.a60 
.876 
.a72 
.869 
.931 

30.080 
.fX6 

29.9% 
224 
.9b2 
.WO 
.a99 
.a69 
.921 
.U78 
.803 
.790 
.838 
.a27 
.769 
.811 
.914 
.960 
3'27 
.8d7 

Inches. 

29.740 
.7Ja 
.7% 
.678 
.732 
.767 
-724 
.719 
.132 
.719 
.775 
.900 
.873 
.764 
.761 
.812 
.8%2 
.760 
.729 
.779 
.703 
819 
.M3 
.6W 
,678 
.626 
.868 
.743 
.I71 
.775 
.139 

Inches. 

0.1% 
.I50 
-182 
.I40 
.I33 
.I35 
.136 
.I67 
-140 
.I40 
' .I62 

.160 

.184 

.181 

.163 

.14Q 

.14a 

. 1 a  
-140 
-142 
.I75 
,lM 
.I27 
.154 
.149 
.I43 
.143 
.171 
.189 
.162 
-148 

8 

The Mean Height of the Bnromekr, as likcwiac thr Dry and Wet Bulb 
Tllen~~omet+.r Means are derivcd, from the hourly obscwatio~~a, made during 
the day. - 



D* 66-, &o. of the O M m s  and of the Hygmmetricd elements 
dependent thereon.-(Cdurrad.) 

1 
2 
3 

- 4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
aa 
89 
24 
26 
20 
27 
28 
29 
90 
31 

All the 

o 

72.9 
78.8 
70.3 
69.4 
7o.a 
69.4 
76.9 
74.6 
77.a 
77.3 
12.8 
76.3 
76.7 
77.1 
76.0 
73.6 
743 
74.8 
76.6 
73.6 
76.4 
76.3 
76.6 
78.6 
79.6 
80.8 
76.3 
79.1 
76.1 
76.1 
77.3 

Hygrometrical 

o 

8.6 
9.6 

11.1 
12.4 
ia.2 
18.4 
6.7 
8.9 
6.6 
6.1 

10.8 
8.1 
6.6 
9.3 
9.3 

11.0 
9.8 
8.6 
8.9 

10.7 
10.1 
10.4 
10.8 
6.3 
6.8 
6.6 
9.8 
6.8 
6.8 
6.9 
6.4 

o 

66.9 
66.1 
6 
60.7 
1 . 7  
60.7 
78.9 
68.3 
ra.6 
73.0 
66.2 
69.6 
72.1 
70.6 
68.6 
66.8 
67.3 
68.8 
69.4 
66.1 
68.3 
0 . 1  
68.0 
74.8 
74.8 
76.8 
69.4 
76.0 
70.3 
71.0 
72.8 

elements 

o 

14.6 
16.a 
18.9 
21.1 
20.7 
21.1 
9.7 

16.1 

Inches. 

0.667 
.w 
-568 
636 
.554 
.636 
.797 
.688 

T. gr. 

7.06 
6-87 
. l l  

6.76 
.93 
.76 

8.66 
7.37 

1i.a 
10.4 
18.4 
13.8 
11.8 
16.8 
16.8 
18.7 
16.7 
14.6 
16.1 
18.2 
17.2 
16.6 
18.4 
10.7 
11.6 
10.6 
16.7 
9.9 

11.6 @ 

10.0 
10.9 

8.47 
.68 

6.66 
7.68 
8.34 
7.89 
.41 

6.77 
7.12 
.48 
-62 

6.84 
7.34 
.76 
.26 

8.89 
9.04 
.61 

7.69 
9.18 
7.89 
8.09 
.6% 

the 

.790 

.801 

. a 1  

.717 

.778 

.741 

.6!W 

.634 

.866 

.699 

.713 

.840 

.680 

.729 

.681 

.832 

.849 

.W)6 

.713 

.864 

.734 

.761 

.796 

T. gr. 

kZ1 
.71 

6.16 
.66 
.6a 
.66 

3.12 
4.69 

are computed by 

0.63 
.69 
-64 
-60 
.61 
.M) 
.73 
.6% 

3 . a  
.38 

6.37 
4.28 
3.69 
6.17 
4.87 
6.68 
.aS 

4.48 
.73 

6.44 
.3(3 
.a 
.80 

3.80 
4.02 
3.84 
6.38 
3.37 
.66 
.06 
.65 

Greenwich 

.m 
-72 
-66 
-64 
-70 
-60 
.60 
-66 
.59 
.63 
.69 
-66 
-68 
-69 
.M 
-71 
.(E9 
.71 
-69 
.'IS 
.W 
.73 
-71 

Collstanto. 



Abstract of tke Redh oft& Emr& Meteorolagkal Obremationr 

tcr)nr ad tAe 8nrvqor Cfwal'r  O f i e ,  Calcsrttu, 

in the mouth of March 1866. 

Hourly Meane, &c. of the Observetiom and of the Hygrometricd elementa 
dependent thereon. 

The Mean Height of the Barometer, ae likewise the Dry and Wet Bulb 
Thermometer Means are derived from the observations made at the several 
hours during the month. 

L 

Mid- 
night. 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

Incher. 

0 .821  
.807 
.794 
.784 
.781 
.796 
-816 
.839 
.869 
.886 
.889 
.878 

.851 

.818 

.784 

.761 

.748 

.746 

.762 

.769 

.793 

.819 

.830 

.831 

Inches. 

30.007 
.001 

29.986 
.978 
.982 
.996 

50.009 
.026 
.043 
.066 
.OW 
6 

.031 

.003 
29.976 

.967 
333 
.939 
.960 
.964 
.Us0 

30.009 
.021 
.019 

Incher. 

29.708 
.696 
.682 
.67l 
.668 
.687 
.7W 
.730 
.748 
.761 
.761 
.769 

.740 

.711 

. a 6  

.642 

.626 

.619 

.624 
633 
.6M 
.693 
7 
.706 

Inches. 

0.301 
.306 
.303 
.307 
314 
.308 
.302 
.296 
.295 
.294 
.309 
.287 

.291 

.293 

.310 

.315 

.so8 

.320 
326 
.331 
-3% 
.316 
.314 
.303 

o 

10.3 
9.6 
8.8 
8.7 
8.8 
9.8 
9.6 

10.0 
9.0 

10.0 
9.8 
8.6 

7.0 
6.8 
6.4 
7.8 
8.8 
9.8 
9.0 
8.0 
6.4 

11.0 
7.6 
8.8 

o 

. 
72.4 
72.8 
72.8 
72.8 
71.6 
71.6 
71.4 
73.8 
76.6 
80.0 
83.8 

87.6 
89.8 
91.0 
90.6 
89.8 
87.6 
84.6 
82.6 
81.6 
73.8 
76.2 
7 4 2  

o 

79.1 
78.6 
78.1 
77.6 
77.2 
76.8 
76.4 
76.7 
78.8 
81.9 
86.1 
87.9 

90.3 
92.0 
93.4 
94.1 
94.0 
92.6 
88.9 
86.0 
84.0 
82.1 
80.9 
79.8 

o 

82.8 
82.0 
81.6 
81.6 
81.6 
81.4 
81.1 
81.4 
82.8 
86.6 
89.8 
92.4 

U.6  
M.0 
97.4 
98.4 
98.6 
97.4 
93.6 
90.6 
87.0 
84.8 
83.8 
83.0 



A!!tract of the Beatills of  tAe M e h ~ ~ Z ~ g i c a l  Oherdiolw 

tsrkew at the Gtrrve~or General's O&, Wcntlo, 

in the mouth of H a r d  1866. 

Hourly Means, &. of the Obeewations and of the Hygmme!trierrl el-ta 
dependent thereon.-(Coniinuad.).) 

rr 0 

U 
Honr. 

Mid- 
i .  75.8 3.3 6.6 . 8.79 . 0.M 

1 75.6 3.0 73.6 5.1 314 .81 -67 .%; 
2 75.4 2.7 75.5 4.6 .nl ,l .t4 1 .41 -81; 
: . i . 7xY 4.3 .Wwi -d a 2:  .ST 
b 
5 
4; 
7 
H 
!I 

III 
11 

Form. 
1 
2 
3 
4 
6 
f i  
7 
N 
j 

Ir! 
11 

All tllc Hpgromctrical c.lcmmts arc eomputcd by the Greenwich Comlants. 
D ~ p l ~ z e d  tbv ,7/>r\" - 

C 

7 , t . i  
7.1.6 
74.8 
1 .  
76.2 
75.8 
75.7 
75.0 

74.0 
7.t.t; 
L .  
f . i . 3 .  
f l..n 
75.1 
75.1 
78.5 
73.1 
7S.3 
73.R 
i 5 . D  

r - 
8.5 
Y.:i 
2.2 
1 
. 

2 .  
??.\I 
72.7 
1 
72.7 

4 . 9  
3.9 
8.7 
3.h 
/;.l 

1 7 .  
I.. t i .  

111.4 
1 . 1  
20.0 

84s 
2i.R 
I .  
1 
:io.(; 
27.8 
22.1 
17.9 
15.1 
11.6 

R . 7  
5.6 

---- 

1 

16.4 
17.4 
I .  
1.8 
I!D,~ 
37.4 
13.H 
I .  
4.9 
0.H 
6.1 
3.9 

--- 

.7!G 
-797 
.7XJ 
.SIC+ 
.T!M 

1 . 3  

65.7 
6 .  
3 . 2  
2 .  
i ; : ~ . &  
fi-1.7 
I .  

1 
(340 
7 
72.'3. 
3  

- 

.7G3 
,N; 

::;,I!; 

-632 
.@I1 
.5W . ." . 
.fist; 
.(;I A 
.G+j+5 
.W.b 
I 

.fa; 

.Kdi 

.1;1 
5 3  

! , . X i  
.li . h ~  
-11 .%!I 
.OM 1 .s:~ 
.St; / .S'3 

.41 
7 .  
. 

8.68 
.33 
.1L 

5 .  
(;.I:] 
4 
.!I4 

7 . 3  
I .51 

I . 
. 7 X 1 '  8.111 

-NK; I 
7 

3.23 -72 
s.or .o) 
6.5s ..YJ 

7.95 I -46 
9.0i 1 ..ti 
-8'4 .:3 * 

10.39 .:I!; 
1 4  I I  

9.lfi .51 
7-10 -4:) 
5.fi:j 
4.f;l; 
3 J K  

.66 

.I??. 

.I;!I 
2.70 1 -71; 
2.0,: .Sl 

I 
I 



HefeoroZogical Olsertationa. xxi 

Abstract of ik Aedts of tAr! Hour4 illehrobgical Observtatdona 

hktn a t  the Surueyw Gent~al's Oflee, Calcrtta, 

iu bAe m071fh Of iVar~h 1866. 

Solar Radiation, Weather, Bc. 

Inches 
... 
... 
. . . 
... 
... 
... 
... 
... 
. . . 
. . . 
. . . 
. . . 
. . . 
... 
. . . ... 
... 
... ... 
... 
... 
. . . 

I G  Q & d  ItJb 
1 ~2 a Prevailing 
a 2 direction of the 

Wind. 

N . W . & W . & S .  
w.. 
W. & s. W. 

General Aspect of the Sky. 

Clear. 
Clear. 
Clear. 
Clear. 
Clear. 
Clear. 
Clear. Scuds from S.between 4 &7A.Y. 
Clear to 4 A. m., scatd. ~i to 0 A. x., 
clear afterwards. 

Clear, slightly foggy from 4 to 6 A. Y. 
Clear, slightly foggy from 3 to 8 A. Y. 
Clear, slightly foggy at 4 A. la. 
Clenr. 
Clear to 2 A. m., ov~rcast to 8 A. Y., 
clear afterwards. 

Clear, slightly foggy at 1 A. x. 
Clear, slightly foggy from 3 to 6 A. la. 
Scat,. clouds to 8 A. la., clear after- 
wards. 

Clear to 7 A. x. \ i to 7 P. x., clear 
afterwards. 

\i to 8 P. M., clear afterwards. 
\i to 8 A. m., clear afterwards. 
Clear, foggy from 4 to 7 A. Y. 
Clear to 1 P. m., scatd. \i to 6 P. x., 
clear ahrwards. 

Clear. 
23 
24 
26 
26 
27 
-28 

29 

- ~ -- . .- .. 

\ i  Cirri, - i  Strati,"i Curodi,'-i Cirro-strati, A i Cumulo strati,ki Bimbi, 
' h i  Cirro cumuli. 

146.0 
140.6 
141.0 
146.0 
142.6 
137.0 

132.0 

... 

... 

... 

... 

... 

... 

... 

S . & W .  
S. 
8. & S. W. 
8. 
8. 
S. 

6. 

clear. 
Clear. 
Scatd."i to 9 A. r., clear afterwards. 
Clouds of different kinds. 
Clear. 
Clear to 6 A. m., scatd.^i to 6 P. x., 
overcast afterwards. Thin rain Light- 
ning. and Thunder at 10 & 11 P. X. 

Overcat to 6 A. m., scatd.^i to 8 P. X. 
over cast afterwards Thin rain at  
11 P. m. 



u i i  Meteorological Obaerwalim. 

Abslract of I& Rearlh of the Honrly Xeteorological Obaermlimr 

i d e s  at the Sulrreyor General's O&e, CaCerstta, 

iu l k  tnonlrh of %arch 1866. 

Solar Rudiation, Weather, &c. 

General Asp& of the 8ky. 

'3 to 10 A. x. tO 4 P. x., Cldg 
afterwards. 

~ l e c u t o 4 ~ .  ~ . ~ i t o l ~ . ~ . S c s t d  
\i afterwade. 

4 
d 
80 

a1 

8 8 

$1 a 
135.0 

137.0 

0 8 
.gsa ' ' 
d m  

... 

... 

I 

direction of the 
wind. 

t 
8. 

E . & S . & 8 . W .  



Abstract of t k  fiwlls of t h  HacrZy Meteorological 06sebatiom 

takm at t k  stirbeyor Generafa OO$ce, Calcuttu, in the 

numM of M a d  1866. 

Inches. 

Mean hei ht of the Barometer for the month,. .. ... 29.811 
Max. hei %t of the Barometer occurred at 10 A. M. on tde 12th, ... 30.060 
Min. hei&t of the Bunmeter occurred at 6 P. r. on the Bend, ... 29.619 
Ertrem range of the Baronleter during themonth, ... ... 0.4.41 
Mean of the daily Max. Pressures, ... ... .... ... 29.893 
Ditto ditto M .  ditto ... ... 29.740 

Man daily range of the Barometer d G n g  the 'month, ... ... 0.163 

... Mean Dry Bulb Thermometer for the month, ... ... 83.9 
... MIU. Tempereture oocnrred at 4 P. M. on the 22nd, ... 98.6 

Min. Temperature oeourred at 7 A. M. on the 6th, ... ... 71.4 
... Eztrem I - ~ B  of the Temperature during the month, ... 27.2 

... Mean of the daily Max. Tem rature ... ... ... 94.3 
Ditto ditto Yin. Eta, ... 76.1 

Man aZZy r a w  of the ~emperature'dnrin~ tg month; : 1. ... 18.2 

M a  Wet Bulb Thermometer for the month, ... 76.1 
Mean D Bulb Thermometer above Mean Wet Bulb TdemomeG, 8.8 
~ o m p u a  Man Der-point for the month. ... 689 

... Mean Dry Bulb Thermometer above computed ~ e k ~ o i n t .  16.0 

Inches. 
Mean Elastic force of Vapour for the month, ... ... ... 0.701 

'Roy grains. 

... Mean Weinht of Vawur for the month ... ... 7.61 - - -  - 

ddditional m e i  ht k a  ur required for complete saturation, ... 4.62 
Mean degree of%umidity the month, complete utoration being unity 0.62 

Inches. 

Drizzled 2 dayn,-Max. fall of rain during 24 holirs ... ... Nil 
Total amount of rain during the montli, ... ... R'il 
Prcvailir~g direction of the Wind, ... ... S. & w:'& S. W. 



Abatract of the ReeuZh of tAe Hourly Melcwologierzl O b a m n r l h  

laken at Ue Surveyor Geae7aZ's O&e, ~ k n t t a ,  

in tke moqrth of MarcA 1866. 

Tsbles shewing the number of days on which at a given hour any particular 
wind blew, together with the number of days on which at the same hour, 

when any particular wind wan blowing, it rained. 

Hour. 

Midnight. 
1 
2 
3 
4 
6  
6  
7 
8 
9 

10 
11 

Noon. 
1 
2 
3  
4 
6  
6  
7 
8  
9  

10 
11 

1 
3  
1 
2 
6 

'2 
4 
3 
3 
2  

2  
1 
1 

1 1  

1 

2 2 2  

2 1 2  

1 1  
1 2  

1 

1 

1 2 . 1  
2  

1 
1 

1 
1 

.1 

6 2 1 1 6 4 7 6  

1 2  

1 2 1 8 7 3  
1 2 1 8 8 2  

20 
1 1 7 8 4  
1 1 6 9 5  

131 
14 
12 
11 
9  
6  

3  
3 

8  

10 
9  

11 
11 

10 
1 3 6 9 6  

2  
1 

6  
6  
5 
6  

9 1 0 2  
10 

6 1 1 5  
3 1 6 4  
6 1 6 1  

4 

1 
1 
1 
1 



Heteorological Obaeraations. xxv 

Abelraet of the Reeulh of tiEe Hourly Neleorohgkad 08servaliorca 
Lkex at the Surveyor GeneraZ'8 Oflee, Calmtta, 

the month of  April 1866. 

Latitude 2 2 O  33' 1" North. Longitude 88' 20' 34" East. 

Height of the Cistern of the Standard Barometer above the aes level, 113-11 feet. 

Daily Means, dlC. of the Observations and of the Hygrometrica(e1ements 
dependent thereon. 

during the day. 

( Inches. / Inches. I Inches. I Inches. 1 0 1 ? I o I o 

I I 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived, from the hourly observations, made during 
the day. 



xxvi Xeieuru/ullicuT Oiiac.~.ruCionr, 

Abetmcr! o f  the Reer~lta qf tAe Hourly 3feieorologicaZ O l s e r r u l i o ~  

tuken at the Si~r~-eyor Ge~teral's O$ic.e, Cukntlu, 

in the aonlh of , ipri~ 18~k 

Daily Means, &c. of the Observations and of the Hygrometical elements 
dependent thereon.-(Con f inned.).) 

1 Inches. i T. gr. 

I 
L 

p-- 
I . .- -- 

All the Hygromctrical eiemeda are computed by the Greenwich Constant~~. 



xxvii 

Ahtract  of IAe Results uf the Hourly Meteorological 08serr!atio~la 

tokten at the Sumqor GeplernPs Oflee, CalclLfh, 

ioc 8Ae ? m t k  ef iiprll 1866. 

Hourly Means, kc. of the Observations and of the Hygrometrical elements 
dependent thereon. 

+ += c a Range of the Barometer Range of the Tempera- 
* + 
3 3 ;  for each hour during ture for each hour 
@C 0 a .- the month. 2 during the month. 
o E P  

Hour. x g 2 

Mid- 
night. 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

--- 

The Mean Height of the Baromrter. aa likewiur the Dry and Wet  Bulb 
Thennomrtvr  mean^ are dcrivrd from thc observations niede a t  tlrc acvcrnl 
hours drlriug the month. . 

Inchce. 

29.783 
.771 
.761 
.752 
.766 
.770 
.790 
.811 
.8'53 
.849 
.US1 
.841 

.A82 

.791 

.757 

.599 

.709 

.i05 

.727 

.7L1 

.768 

.783 

.7!% 

.7US 

Inches. 

30.042 
29.963 

.9R% 

.959 

.960 

.982 
30.0Y6 

.038 

.WH 

.Oi4 

.070 

.014 

.007 
29.971 

9 4  
.91H 
.899 
.9O3 
.917 
.I)&# 
.9s3 
.98Y 

30.016 
.06Y 

o 

. 
79.0 
78.8 
78.5 
78.2 
78.0 
77.8 
78.8 
1 
84.3 
86.9 
89.1 

90.6 
91.9 
92.7 
93.0 
92.4 
90.6 
87.7 
84.7 
8'2.6 
81.6 
80.6 
80.0 

Inches. 

29.623 
$08 
.693 
.6?W 
.587 
.&MI 
.@LO 
.640 
.666 
.684 
.6Xi 
583 

.6B2 

. a 7  
,685 
6 
.555 
545 
.657 
.677 
.605 
.ti39 
.64l 
.639 

Inches. 

0.419 
.365 
.389 
.379 
.373 
.3RB 
385 
.398 
. a 3  
.3W 
.383 
331 

.345 
3 
.362 
.3t53 
.3U 
.360 
, 3 6 0  
.371 
.358 
.367 
.375 
3 

o 

83.4 
83.0 
82.6 
8'2.2 
82.0 
82.2 
8'1.3 
83.4 
8 
88.8 
92.2 
95.6 

98.0 
100.2 
101.8 
102.3 
102.6 
100.8 
96.4 
91.6 
89.8 
87.0 
85.0 
84.4 

o 

68.8 
68.4 
68.8 
68.4 
69.0 
69.0 
68.6 
70.4 
70.7 
73.3 
75.0 
76.3 

77.6 
78.0 
82.0 
H1.8 
81.0 
79.0 
77.2 
72.8 
73.6 
75.4 
72.2 
73.3 

o 

14.6 
14.6 
13.8 
13.8 
13.0 
13.8 
13.6 
13.0 
16.1 
15.5 
17.2 
18.3 

21.3 
22.2 
19.8 
19.6 
21.6 
41.8 
19.4 
18.8 
16.2 
13.6 
11.8 
11.1 



Ahtracl of t ie  Results of t ie Hoar$ MetemodogicaZ 06smotims 

taken at tke Swrvcyor General's Om, Gblmtta, 
in the aiwnth of April 1866. 

Hourly Me-, &c. of the Observations and of the Hygrometrid elmats 
dependent thereon.-(Continued.) 

o o o 1nr11e~. T. gr. T. gr. 
Mid- 

8.RB 1.RI 0.m 
.iis .r5 
..LL .*I; 

3 76.1 / 2.4 7-C.4 4.1 .XI.< -27 ' 3 . 4  
.I. 7 .  2 74.5 3.7 .S 1.1) -14 1 .S!4 
6 5 . i . H  I 2 2  74.3 3.7 .8:;5 .C 1.5 .I& .R4 
i 
Y 
8 
! 

11) 
11 

Rmn. 
1 
% 
3 
4 
I 
t i  
t 
H 
11 

Irr 
11 

All the H~grometricd elements cuc computed by the Greenwich Co~tpnb.  . ,- 
g1111zec~ I>>! - - - . 

IC 

7 .  2.0 
I 2.5 ,--., ' , , , , I .  
C7.H 1 li.5 

7.1-..& 
74.a 
7L.t 
i;12 
2 .  
71.6 

70.0 
5 
t i .  
GH.4 
liX.4 
4 .  
71.4 
1 
M.6 
72.9 
73.3 
T3..L 

- 

iH.1 
TH.1 

77.7 
, 7 .  

77.7 
7 7 .  
i 7 . 4  
77.3 
77.5 
7 ,  
7.7 
71.5 
71i.:3 
r6.l 

H.H 
11.0 

12.9 
1 . 1  
15.1) 
15:1. 
1 . 1  
1 
1Ij.Y 

7 . H  
6 . 1  
5.1 
1 1 . : )  

3 .  

;i.*i 
4.3 
~ . s  

11.1 
14,.1 
1i.t; 

20.6 
" . a t  
4 . 0  
2 i..ti 
Z,i,.O 
I1.I 
1 .  
I 
11r.c) 
H.7 
7 . 3  
ti.(; 

- - 

.b::q -10 i .Y I 

.S u )  

.ti:+q 

.HI )ti 

.;!)A 
, i t 3  

.11 

.wj 
8.(;:3 

t i  
.OR 

3 3  8 . V i  
2.1:r .SL 
:{.l;.j i .TO 
4 .r;t 
4 I -57 

I 

I 
-7% ' 
.i 15 .%I 
.CUi 1 .:PA 
.Ii!10 ! 2.i 
.G!N) 2 . 5  
.i i 1 1 
I 1 8 . 0  
7 1 .I:{ 
I ..I.!, 
-217 5 i 

7-10 .62 
. .#+ 

8.:36 1 -47 
.6G : ..$G 
.?9 I -47 

7.21; , .a1 
6:1-V1 1 .tab 
. I  , . f i i ;  

I i .;:! - - *. - . r  I ., t3 

.*El  .T2 

. ~ 1 1  

I 
-. - -- -. -- 



Ab8tract crf t h  Besulk uf tAe Hw.l?/ Jfeleol.ohgbal Obsemationrs 

taken a t  t i e  Surveyor General's Oflcr, Culcut/a, 

in the vtionih of April 1866. 

Solar Radiation, Weather, &c. 

L. 0 
CC C = ~4 s s  " 9 
E ~ L  .5 3 3 
Klo I 

Inches 

... 

... 

... 

... 

... 

General Aspect of the Sky. 
Prevailing 

direction of the 
Wind. 

-d A a 

E G o 

5 5 

Clear to 7 A. M., scatd. "i tO 7 
. P. M. clear aftorwards, light- 

ningto theS.E.at 10&11~.x .  
Clear scuds, from S. W. from 4 

to 7 A. m, Fog at 6 A. M. 
Clear to 10 A. x.%catd. "i to 5 

P. M ., clear afterwards. 
Scuds from S . t o N . t o 9 r . x .  

clear afterwards. 
Scuds ?ram S. W. to N. E. to 

8 A. M. clear afterwards. 
Clear. 
Clear. Foggy at 6 & 7 A. M. 
Clear. Foggy from 6 to 7 A. ur. 
Clear. 
Clear to 3 A. M. Bcatd. clouds to 

8 A. M., clear afterwards. 
Clear to 9 A. M. Scuds from 9. 

toN.to 3~.x.clcar afterwards. 
Clear to 4 A. M. Scuds from S. 

to N. to 3 P. Y. Overcast to 7 
P. M. clear afterwards, light- 
ning to the S. at 7 & 8 A. M., 
thin rain between 4 & 6 A. x. 

Clouds of different kinds. 
Clouds of different kinds to 6 P. 

M., clear afterwards. Light- 
nin'g to the S. E. at 4 A, M. 

Clouda of different kinds.L@t- 
ning to the E. 

2.25 

0.60 

0.25 

... 

... 

0.60 
0.60 
0.75 
... 

2.00 

4.60 

3.25 
2.00 

1.80 

... IS. S. W. & S. W. 

i ... IS. W. & W. N. W. 

... , S . & W . S . W .  

OvercasttoNoon,l?ito5~.~. ,  
clear afterwards. 

~i to 7 A. ~ . , s ca td . " i  t o 4  
P. M., overcast to 8 P. u.\i 
afterwards. 

d.i to 3 E M., overcast after- 
wards. Thin rain between 6 
& 7 a . ~ . & a t 8 & 1 0 ~ . ~ .  

L i  to 6 A. M., ^i to Noon, 
clear afterwards. 

Clear to 11 A. M., scatd. "i to 
6 P. M., clear afterwards. 

W.S .W.&E.S .E .  

.. . 

... 

... 

S.S .E .&W.S .W.  

N. & N. N. W.  

w. 9. W. 

S. by E.  & S. 

S . & S . S . W .  

S. & N. W. 

1.25 

2.25 

0.26 

... S.&variable 

. . . IS. & mriable 

... S. Ss W. 

... IS. S W. & S. by E.  

W. S. W.  &. S. S.W 

... 
. .. . 

... 

. . . 

'.. 

... 

S. & S, 5. W. (high) 

8. (high) 

S.S.TO.Rr.9. 
S.&S.S.W.&S.by W. 

S. & S. S. W. 



xxx dieteor.o&gical Olaer~*ations. 

Ahtract of 1k Rearlls of t.& liourly Metkorologied OLaerwtionr 

taken a1 the Surveyw Gc?iernZ's Oflee, Blcutta, 

i n  the nwnM of April 1866. 

Solar Radiation, Weather, &c. 

x i  Cirri, - i Strcti,"i Cumuli,'-i Cirro-strati, h i  Cumulo strati,hi IVimbi, 
h i  Cirrt) C I I I I I U ~ ~ .  

Fcll fro111 10 P. M. of the 21nt to 6 A. u. of the a n d  

&d h p d  d the Sky. 

-- - 

21 ...... 10.60 Overcast Lightning Thunder & 

10 P. x. 

24 

26 

2 6 ,  

27 

29 

30 

136.8 

132.0 

128.6 

131.6 

. 

128.0 

131.0 

-- -- 

... 

... 

... 

... 

... 

... 

E. 9. E. & variable. 

E . & S . S . W .  

'S. 8. W . &  S. 

S .S .E .&S.  

l.lG,S.E.&E. 

W. & variable. 

S .W.&N.N.E.  

~- 

I wards.Lip;htning toS.at 9 p . r  
I h i n a t 4 & 6 ~ .  Y. 

1.00 Overcast to 3 A. Y. clear to 9 
A. x. Scetd."i to 6 P. Y. el- 
afterwards, Lightning to S.W 
at 1 A. x. 

1.00 ;clear to 6 A. x. Scatd. î to 4 
I P. x. clear aftorwarde. 

1.26 Clear to 1 P. x. -i a f t e r d s  
1 Lightning to the W. & S. at 

7 & 8 P. 4. Thunder at 7 P. a. / light rain between 7 k 8 P. r. 
^i to A. X. Scuds from S. to 10 / A. r. bi to 4 P.M. ckm- a h r -  

wards. 
2.76 Clear to 7 A. X. Scuds h m  5. 

2.00 

to 101. Y. Ovcrcastaftemrds 
Lightning to the E. from 6 to 
9 P.M. Thunder at 6 & 6 P. r. 
rain at Noon, 6,6 & 8 P. 

Scatd. ni to 6 A. Y. .A 6: "1 to 
1 P. Y. overcast a f t e m &  
Lightning to the E. at 8 & 9 
P. x. Thin rain at 6 P. X. 

6 . 0 0 S c a t d . \ i & u t o l p . ~ . S c d d  
^i to 6 P. x. overcsst after- 
wards Lightning to the S. W. 
at 9 P. Y. Thin rain at 10 & 
11 P. Y. 



ALuIract o f  the Bedulls of t h  Hourly Meleorological Obueraatwna 

trrken at tilt. Slcrueyor GeneraPs Ofice, Calcrctk, i the 

~novfh of A p i l  1866. 

Inches. 
Mean height of the Barometer for the month,. .. ... 29.779 
Uax. height of the Barometer occurred at 9 a. M. on the'22nd, ... 30.074 
3lin. height of the Barometer occurred at 6 P. M. on the 11th. ... 29.646 
E r t r e m e  rurage of the Barometer during the month, ... ... 0.629 
M ran of the daily Max. Pressures, ... ... ... ... 29.863 
Ditto ditto Min. ditto ... ... ... ... 29.700 

Mmn daily range of the Barometer during the month, ... ... 0.163 

Mean Dry Bulb Themlometer for the month, ... . . . . . .  84.1 
Max. Temperature occurred at 4 P. m. on the 10th & 15th . . . . . .  102.6 
Min. Temperature occurred at 1 & 3 A. M. on the 22nd . . . . . .  68.4 
Estreme range of the Temperature during the month, . . . . . .  34.2 
Mean of the daily Max. Ten1 erature ... ... . . . . . .  94.0 

... Ditto ditto Min. &to, ... . . . . . .  76.7 
Mean daily runye of the Temperature during the month,. .. ... 17.3 

Mean Wet Bulb Thermometer for the month, ... ... 76.9 
Mean Dr Bulb Tller~nometer above Mean Wet Bulb Tdcknometer, 7.2 
~ o m ~ u t . $  Mean Dew-point for the month. ... ... 71.9 
Mean Dry Bulb Thermometer above computed mean ~ e k - p i n t .  ... 12.2 

Inches. 

Mean Elastic force of Vapour for the month, .., ... ... 0.773 

Troy grains. 

Mean Wei ht of Va our for the month ... ... ... 8.28 
~ d d i  t ionalkei  ht o! Va ur required for complete sa tu t ion ,  ... 3.83 
Mean degree of %umidity g t h e  month, complete saturation being unity 0.68 

Rained 9 days,-Max. fall of rain during 24 hours ... ... 1.16 
Total amount of rain during the month, ... 1.81 
Total amount of rhin indicated by the Gauge akkhed &the  anemo- 

... meter daring the month. ... 1.37 ... Prevailing direction of the wind, 8. & 8. s:'w. & W. 8. W. 





Abrtrmt of Ue Reblclh of  tAe EowrZy Meteorological Obaervatimu 
takem at  trle Socrveyw GeneraPa Oflee, Ctzhtlo, 

in the month f May 1866. 

Latitude 22' 33' 1" North. Longitude 88' 20' 34" East. 

Height of the Cistern of the Standard Barometer above the sea level, 18-11 feet. 

Daily Means, kc.  of the Observations and of the Hygrometrical elements 
dependent thereon. 

Inches. Inches. Inches. Inches. o o 

2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

l7 18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
P 
90 
31 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived, from the hourly observations, made during 
the b y .  

.769 

.705 

.669 

.679 

.663 

.683 

.611 

.674 

.672 

.622 

.643 

.681 

.680 

.662 

.666 

.666 

.661 

.681 

.670 

.V21 

.677 

.699 

.696 

.614 
386 
663  
547 
310  
,633 

.866 

.768 
7 
.630 
.607 
,634 
.701 
.733 
.139 
376 
.694 
.740 
.751 
.693 
.736 
.T20 
.720 
.740 
.134 
-672 
.642 
.647 
.657 
.680 
.660 
.617 
.623 
.677 
.690 

.686 

.628 
569 
.NY 
514  
.642 
,664 
.606 
.664 
.643 
.588 
.612 
.596 
.661 
.go0 
.686 
.604 
.624 
576 
.63'2 
4 . 9 6  
.497 
523  
.653 
.605 
.479 
A76 
5 
.Ed7 

.I69 

.I30 

.167 

. l a  

.093 
-092 
.I49 
.127 
.I76 
,132 
.lo6 
.I28 
.I66 
,132 
.I36 
1 
,116 
.116 
.I68 
.140 
.I47 
.160 
.134 
.127 
.I65 
.I38 
.I47 
.135, 
.163 

78.9 
79.5 
82.2 
2 
84.4 
87.2 
88.3 
88.8 
86.9 
87.7 
88.5 
87.4 
84.8 
85.8 
85.9 
87.0 
87.9 
89.3 
89.3 
89.2 
89.3 
88.3 
90.0 
90.7 
9'1.0 
91.8 
90.3 
90.2 
90.6 

88.9 
89.8 
91.2 
93.2 
93.0 
94.9 
98.6 
99.2 
97.8 
96.7 
96.6 
96.4 
95.0 
96.3 
94.3 
96.8 
97.9 
97.8 
97.2 
96.8 
96.4 
96.8 
97.8 

102.6 
105.8 
101.0 
98.2 
98.4 
98.0 

71.7 
74.6 
7'1.7 
76.6 
76.0 
84.0 
82.4 
81.8 
78.4 
80.8 
W2.0 
76.0 
76.4 
74.2 
78.2 
77.0 
79.2 
83.0 
83.8 
83.8 
83.8 
80.4 
84.0 
83.0 
83.0 
84.4 
84.6 
83.0 
86.0 

17.2 
16.2 
18.5 
16.6 
17.0 
12.9 
16.8 
17.4 
19.4 
16.9 
14.6 
20.4 
18.6 
22.1 
16.1 
18.8 
18.1 
14.8 
13.4 
12.0 
12.6 
16.4 
13.8 
19.6 
22.8 
16.6 
13.6 
16.4 
13.0 



ddalract of lrtG Resulls of t&e RotrrCy MetcmZqicd Obsmrrtw~u 

'lakerr at the krveyor &neralJa m e ,  Cudclrib, 

in  t k  nwnth of May 1886. 

Daily Means, kc. of the Observations and of the Hygrometrid elementr 
dependent thereon.-(Continued.) 

. / o I o I o ( o I Inche*. 1 T. gr. 1 T. gr. ( 

Date. 

A 

8 
% 
5 
SB 
9' s 

---- 

13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 

25 
26 
27 
28 
29 
30 
81 
- - 

- A  i . 
89.9 
g2g 
~7i.V kgP 

-.%g g,g 
sa. 

BJ] the Hygrometrieal olemente are computed by the Greenwich Conatants. 

81.7 
79.6 
78.6 
80.6 
80.9 
81.5 
82.3 
83.3 
7 
88.1 
83.2 
80.4 
83.2 
83.6 
83.8 
86.0 
81.2 
82.7 
83.3 

: 

$4 
a.s 

@ 

$ 2  

z 
8 

h 8 d 
"3 

g.au 
81 

3: :  

. g ' g ~  + . a  
4 z + s  

* o 
E 
8 
0 .- 
3 !j 
w &  
4: 

4 * ! i  
4 a . 1 1  

3 
g 
j 

6.8 
7.8 
6.3 
6.3 
6.0 
6.5 
6.6 
6.0 
6.6 
6.1 
6.1 
0.9 
8.8 
7.1 
8.8 
6.2 
6.1 
7.6 
7.3 

. 
C" *+ 
0 

18 
.Y.2 

53 1. 
5 .2  

77.6 
74.9 
74.1 
76.8 
77.4 
78.2 
78.9 
79.7 
78.7 
79.4 
79.6 
76.7 
79.1 
79.3 
78.9 
81.3 
80.6 
78.2 
78.9 

10.9 
12.6 
10.7 
9.0 
8.6 
8.8 
9.0 
9.6 

10.6 
9.8 
9.8 

12.6 
10.9 
11.4 
13.1 

9-9 
9.8 

12.0 
11.7 

- 

,928 
.86I 
.830 
.906 
.9P2 
.946 
.967 
.99% 
.961 
.983 
.988 
.873 
.973 
.%'9 
.967 

1.043 
.017 

0.946 
AH7 

-. 

.85 

.04 
8.87 
9.06 

-83 
10.07 

.28 
5 1  
-18 
.41 
.bb 

9.26 
10-30 

.36 

.%O 
11.02 
U.76 
.00 
.%I 

403 
.41 

3.69 
.18 
-04 
222 
.38 
-70 

4.03 
9.75 

-76 
4.64 
.20 
.44 

6.16 
4.00 
3.87 
469  

.64 

.71 

.67 
-71 
.75 
-76 
.76 
-76 
-74 
.72 
.74 
-74 
.61 
.71 
-70 
.66 
.73 
-74 
-69 
.69 



dktract of tAe Result3 of& Eourly Meteorological 06uervationrr 

hken al the Swrveyo~ Gefieral'u O&e, &htta,  
in tAe m t h  Of Nay 1866. 

Eonrly Means, kc. of the Observations and of the Hygrometrieal elemenk 
dependent thereon. 

The Mean Height of the Barometer, ae likewise the Dry and Wet Bulb 
Thermometer Means are derived from the obaerrations made at the eeveral 
how during the month. 

during the month. 

Mid- 
Pight. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Inches. 

29.660 
.660 
.639 
.630 
.636 
.646 
.660 
.677 
.693 
.TOO 
-701 
.690 

-679 
.660 
.a6 
. 
6 
.676 
.689 
.613 
.636 
.663 
.661 
.663 

Inches. 

29.868 
.868 
.839 
.8%6 
.W23 
.830 
.846 
.868 
.896 
.WO 
.896 
.874 

1 
$27 
.820 
.818 
-811 
.812 
.813 
.822 
.838 
.843 
.842 
.866 

Inches. 

29.646 
.634 
.6fM 
511 
.631 
.640 
571 
573 
582 
.682 
.682 
.68 

.W 

.6% 
2 1  
.612 
.481 
.476 
.488 
.496 
616 
.649 
.661 
-673 

Inches. 

0.323 
.324 
.314 
.316 
.292 
.290 
.276 
.296 
.313 
.318 
.314 
.308 

.303 

.292 

.299 

.308 

.330 

.336 

.326 

.326 

.322 

.294 

.281 
-283 

o 

82.2 
81.9 
81.7 
81.4 
81.1 
81.0 
81.1 
82.6 
86.2 
88.1 
90.5 
92.6 

94.1 
95.1 
96.9 
95.4 
94.3 
92.7 
89.8 
86.8 
84.6 
83.7 
83.3 
82.7 

o 

86.8 
86.2 
86.6 
86.8 
86.8 
86.6 
86.6 
88.2 
89.8 
93.6 
96.5 
97.4 

101.4 
103.0 
104.4 
106.8 
106.0 
101.6 
96.6 
91.6 
90.0 
88.2 
88.0 
87.6 

o 

73.2 
73.2 
72.9 
72.6 
72.2 
71.7 
1'2.0 
73.4 
77.0 
80.7 
83.6 
86.2 

86.6 
86.8 
74.3 
76.7 
76.6 
76.7 
74.8 
74.2 
74.2 
73.6 
74.2 
73.8 

o 

13.6 
13.0 
12.7 
13.2 
13.6 
13.9 
14.6 
14.8 
12.8 
12.9 
12.9 
12.2 

16.8 
163 
30.1 
29.1 
29.4 
26.8 
21.7 
17.4 
16.8 
14.6 
13.8 
13.8 



Abstract of  fde Remlls of  tde Honrly diehmlogiead Obsmations 

taken at t ie  Supeyor G ~ a l ' s  O$Ece, Gdmtia, 

in t k  month of Ma3 1866. 

Hourly Mesne; &c. of the Obeervatiuns and of the Hygrometrieal elemento 
dependent thereon.-(Continusd.) 

All the Hypometrical elements lue computed by the ~ m ~ w i ~ C a t a u t r  

en 

Hour. 

Mid- 
night. 

L 
2 
:+ 
4 
6 
i 
7 
8 
9 

11) 
11 

Noon. 
1 
2 
H 
4 
6 
6 
7 
R 
S 

i n  
11 

0 

78.6 
'iH.7 
7s.7 
7s.7 
78.7 
7H.7 
79.0 
79.9 
H1.0 
H1.H 
R2.J 
w9.o 

83.2 
8R.Ii 
P:XY 
m.1 
HJ.9 
H'2.S 
81.8 
80.5 
79.4 
7:l.l 
'is.14 
78.8 

* 

3 !3 
ra 

g $ -  
2 
8 

3 j  
82 



Adstract of t b  Results of the HOW& MelcwologicaE Observations 
token at the Sumgw GenrraPs O f i e ,  Galeutlrr, . 

irr the m u l l  of May 1868. 
&c. 

General Aspect of the Sky. 

Overcast to % A. Y., mtd. \i to 
3 P. Y., scatd. \i & ~i after- 
wards. Thin rain at Midni ht. 

~cl td . \ i to6~ .r . \ . i toNSmn 
Li & ~i afterwards. Light- 
ning to 8. Ea t1  p.n.Thunder 
at 2 P. Y. Thin rain at2 & 8 P.M. 

L i  to 6 A. x. scatd. \i to 11 
A. x. Li & mi afterwards. 
Lightning to W. at 8 & 8 
P. Y. 

h i  to 9 A. x. Scatd. "i to 1 P. x. 
& afterwards. Thunder at 
9 & 4 P. m. Lightnin at 4 & 8 
P. Y. Hail s t  4 P. x. dun from 
3 to 6 P. Y. 

Scatd. "i to 7 P. x., clear after- 
wards. 

Clear to 1 A. Y. Scuda from 8. 
to 11 A. M., scatd. ̂ i to 3 P. Y. 
Overcast afterwards. Thunder 
at 7 & 8 P. X. Lightning from 
7 t o l l p .  ~ . B e i n f r o m 6 t o 8  
P. x. 

Scatd. hi to 4 P. Y., clear after- 
wards. 

Clear to 4 A. Y. Scuds from S to 
A.M., 8 4 .  "i to 4 P. Y., clear 
aftem&. 

Clearto 3 A. x. Scuda from 8. to 
10 A. Y., clear afterwar&. 

Oleru to 2 P. x. Scatd. "i to 7 
P. Y., clear afterwards. Light- 
ning to N. at 8 P. I. 

Clearto6~.~.8catd."ito8P.Y., 
clear afterwards. Lightning to 
N . E . a t 7 & 8 ~ . n . R a i n a t 7  
P. x. 

Clear. 
Scatd. "i to 6 A. Y. Scuds from 

8. to 10 A. X. hatd. "i after- 
wards. Lightning to N. W. at 
8, 9 & 11 P. Y. 

Clear to 6 A. X. "i to7 P. x. Over- 
out afterwards. Li htning 
k m 7  toll P. x. ~ h u n & r  from 

. 8 tolop.  Y.RDinat 8 ~ .  m. 

Weather, 

!i: 
a !! 
fb 
3.60 

3.00 

1.76 

3.W 

0.60 

2.70 

1.00 

1.00 

1.60 

0.60 

3.80 

0.60 
0.60 

10.60 

Solar Radiation, 

Premailing 
direction of the 

1 

I 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 
M 

14 

8. & variable. 

s . ~ ~ w . & N . x .  

N. W. & 8. by E. 

8. by E. &E. 

E , & S .  

8. 8. E. & 8. 

8. & 8. S. E. & E. 

8. by E. & 8. 

S.&rariable 

8. 

8. & variable. 

0. 
8. & 8. 8. E. 

8. E. & 8. by E. 

o 
130.5 

1~ 

126.0 

m.6 

190.2 

U7.O 

129.0 

136.0 

136.0 

140.0 

197.0 

136.0 
128.2 

130.0 

Inches ... 

... 

... 

0.88 

... 
a31 

... 

... 

... 

... 
0.1% 

... ... 

0.66 



Abstract of tAe Resrrlts gf tke Hourly i K e ~ o r o ~  Oherwlimr 
taken at tke Snrveym General's O&e, Cblcutta, 

in  the niunth of Hay 1866. 
0olar Radiition, Weathor, &c. 

&nedupectof the  Sky. 
f 
Q 

Prevailing 
&ti inofthe 

Wind. 

16 

16 

17 

18 

19 

20 
21 

22 
23 

24 

26 
26 
27 
28 

29 

SO 

81 

\i 
h i  

4 d 
?% 

.a 
E.9 

b;t 
6 a 

$J 4 i l d g  
,a% E .He* A M  

Variable. 

S. & 8. by E. 

S.byE.&S.byW. 

5. & 8. 8. W. 

S.S.W.&S.W.&S. 

S.S.W.&S. 
S.&S.S.W. 

S.&S.S.W. 
S.&S.S.W. 

8. & 8. S.E. 

S.&S.S.W. 
S. & S. 9. W. 
S. & S. W. 

8. 

S.&S.S.W. 

5. & 8. 8. W. 

8. & 8. S. W. 

Cum&,% 

-- 
o 

Izs.2 

134.9 

130.2 

128.0 

132.0 

130.0 
130.2 

134.0 
129.0 

132.0 

130.0 
141.6 
143.0 
132.0 

128.0 

133.0 

130.0 

Cim. - 
Cirm 

IJIC~&S ... 

0.68 

... 
0.12 

... 

... ... 

... 

... 

... 

... 

... ... ... 

... 

... 

... 
i Stfati,ni 

CMUL. 

% i 
a 

12.00 

0.26 

3.00 

0.70 

0.50 
0.30 

0.70 
3.60 

1.26 

1.00 
1.00 
0.60 
0.25 

1.60 

1.30 

0.80 

Cirro-etmti, 

Overcast to4a.r. Clear toNoon. 
Scatd ^i to 6 P. Y. &&d \i 
afterwsrds. 

Scatd \i to 6 A. Y., e d  4 to 
8 P. Y. Overmt aferwardr. 
Lightning from 7 to 10 P. n. 
Thunder at 7 & 8 P. Y. Rain 
beta-een 8 & 7 P. Y. 

Clem to 7 A.x., scstdr\ i to6 
P. Y., clear aftammuds. 

Clearto6 A. Y., scatdni to6p.x 
overcast E L R m W d .  Rain be- 
tween 7 & 8 P. I. 

C l e a r t o l l ~ . I . , s a t d ~ i t o S  
P. Y., clear afterwards. 

Clear. 
Sc~td.\i trJ 4 A. I., ~ h r  .ftn- 

wards. 
Clear. 
Clear to 6 A. Y., emds from S 

to 11 A. Y., clear afterwade. 
Shock of an eart d e ,  felt 
at 3-41 from N. 3 . to S. E., 
the shock, or shocks, ]anted 
several minutes and there wan 
a parently a cross ware from J. to 8. 

Scatd. ni to 11 A. r., clear a h  
wesds. Lighting to N. W. a$ 
8 & 9 P. x. 

Clear. 
Clear. 
Clear. 
Clear to 3 A. x., scuds from 9. to 

7 A. I., clear to 6 P. I.,, scudr 
from 8. afterwards. 

Scuds from S. to 9 A. I. Cloudr 
of different kinds atlmwmb. 

Clear to 4 A. Y., scatd. "i to 6 
P. Y. O v e m t  a f t a d  
Lightning to N. W. at 8 
& 9 P. x. Thin rsin betweem 
1&9p .Y .  

Scatd. 

6 i C ~ u l o  atrati,hi Nimbi, 



Abrtract of Rcsrrltb of tke Eonrly MelcmoGogical Odaervatwns 

taken at  the Surveyor General'u OJce, GaEcutlo, in the 

mnth of May 1866. 

Inches. 
Mean hei ht  of the Bammeter for the month,. .. ... 29.648 
Mar. hei $_lt of the Barometer occurred at 9 A. I. on the"lat, ... 2B.900 
Min. heist of the Barometer o m m d  at I P. r. on the 29th, ... 29.476 
E z t m  vange of the Barometer during the month, ... ... 0.424 
Mean of the daily Max. Pressures, ... ... ... ... 29.708 
Ditto ditto Min. ditto ... ... ... 29.671 

Mkas dailgc mange of the Barometer during the'ionth, ... ... 0.137 

... Mean Dry Bulb Thermometer for the month, . . . . . .  87.0 
Mar. Temperature occurred at 3 P. r. on the 27th . . . . . .  105.8 
Min. Temperature occurred at 6 A. H. on the 3rd ... . . . . . .  71.7 
E t f r e w  range of the Temperature during the month, . . . . . .  34.1 
Mean of the daily Max. Tem ... . . . . . .  
Dim ditto Min. GGture''' Q6.l 

. . . . . .  79.6 
Maas daily range of the ~em~erature'dnring the month,. .. ... 16.6 

X e r n  Wet Bulb Thermometer for the month. ... 80.7 
Mean 9 Bulb Thermometer above Mean Wet Bulb ~~brmomet.&, 6.3 
Compute Mean Dew-point for the month, ... ... ... 76.9 
Mean Dry Bulb Thermometer above computed mean Dew-point. ... 10.1 

Inches. 

Mean Elastic force of Vaponr for the month, .,. ... ... 0.fW 

!thy grains. 

Mean Wei h t  of T a  oar for the month ... ... ... 9.66 
~ d d i t i o n d k e i  ht OF Va UT required for complete sat~mration, ... 3.63 
M- degree of fumiditj the month, complete saturation being unity 0.73 

Inches. 
Rained 9 days,-Max. fall of rain during e4 h m e  ... ... 0.88 
Total amonnt of rain during the month, ... 2.66 
Total amount of rain indicated by the Gauge attached the anemo- 
meter during tlie month. ... ... I .% 

Prevailing direction of the Wind, ... S. & 8:'s. W. &s. 9. E. 



-no mi!:! ; - ... I - - - - -A 

.no U!%q 

z!cE C1 I 

.no n !q  d 

3 'N 'q H r ( -  

'KO Up3H 4- 

& -4-  4 4  4 

*no npa 
3 'N .h;l r(4 

-- 
'no U!pX 4 

r ( r ( * r (  CV 



illeteorok(qica.4 Okerrutimsa. xli 

Abstract of U e  Reaulta of tAe Hourly Meteorological O6semationr 
klkea at tAe S~meyor  General'# O$ice, Calcutta, 

in tAc numtd of Jaw 1866. 

Latitude 2%' 3% 1" North. Longitude 88' 20' 34" East. 

Eeight of the Cistern of the Standsrd Bennneter above the aea level, 18-11 feet. 

Daily Means, &c. of the Observations and of the Hygrometrical elementa 
dependent thereon. 

Range of the Barometer 
during the day. 

1 
e 
3 
4 
6 
6 
7 
8 
9 
10 
11 
18 
19 
14 
16 
16 
17 
18 
19 
20 
21 
eS 
23 
24 
26 
26 
27 
88 
29 
SO 

The 
Thermometer Means cue derived, from the hoilrlp ob~ervationr. mede during 
no b y .  

Inches. 

29.610 
.@29 
.625 
.693 
.671 
.609 
.49$ 
.661 
.670 
.646 
. 
.499 
.632' 
.W 
.49'2 
.W 
.615 
.&dl 
.603 

. .4& 
.376 
.&B 
.602- 
.483 
1 
1 
.466 
614 
7 3  
.go1 

Mers Height of the Barometer, ss likewise the Dry and Wet Bulb 

Inches. 

29.662 
.6@2 
.678 
.647 
-628 
.667 
.681 
.612 
.622 
.621 
.673 
560 
.604 
.696 
.644 
.6d3 
.671 
576 
.6&3 
.485 
.416 
.619 
.667 
5% 
.488 
.477 
.&%I 
.679 
.637 
.667 

Inches. 

29.648 
.667 
.666 
.480 
.499 
.404 
1 
.479 
.497 
.&7 
. 
.WQ 
.&a 
.W 
.410 
4 
.%l 
.476 
.436 
,360 
.319 
.366 
.4M 
.408 
.380 
.376 
.416 
.452 
6 
660 

Inches. o o 

0.114 
.126 
1 
.167 
.1H 
.161 
.l'@ 
.139 
.I28 
1 
.I60 
.PL 
.1& 
.146 
1 
.OW 
.120 
.099 
.la7 
.136 
.097 
.164 
.I11 
.I37 
.1M) 
.lo1 
.I05 
.I27 
.134 
.lo7 

87.8 
88.9 
90.2 
90.4 
91.1 
91.4 
90.6 
89.6 
88.3 
89.1 
89.4 
89.9 
83.4 
83.3 
82.2 
89.9 
7 
84.3 
80.9 
8'A.l 
83.3 
81.9 
88.7 
86.3 
83.3 
8L1 
87.2 

. 83.9 

98.4 
98.8 
98.4 
98.6 
99.8 
101.6 
97.8 
98.6 
96.9 
96.6 
98.4 
98.8 
86.6 
87.3 
8j.O 
87.2 
86.8 
89.0 
82.4 
89.2 
90.8 
87.8 
91.2 
89.6 
1 
88.6 
93.4 
87.4 

79.2 
81.4 
83.4 
84.0 
84.2 
83.6 
83.0 
76.2 
80.2 
85.4 
83.0 
81.6 
80.8 
79.6 
79.6 
78.4 
$0.0 
81.8 
79.0 
79.0 
79.4 
79.6 
81.8 
81.8 
80.6 
82.0 
83.4 
81.8 

19.2 
16.8 
16.0 
14.6 
16.6 
18.0 
16.8 
22.4 
16.6 
10.2 
16.4 
19.6 
5.7 
7.7 
5.4 
8.8 
6.8 
7.2 
3.4 
10.B 
11.4 
8.B 
9.4 
8.3, 
A6 
6.6 
10.0 
6.6 



nlii 2 1 1 ~ t ~ ~ r ~ l o y i c ~ u l  Olserri~liorr. 

Abstract of  dhe Reaulk o/ the Hourly Jfeteorological OIservatimr 

taken at  the Surceyor General's O f i e ,  Gzhtta, 

in U e  month of  Jaue 1866. 

Daily Meane, &c. of the Obaewations and of the Hygrametrical elements 
dependent thereon.-conf find.) 

j J c. 0 

E 
G 8 8 " 

0 5 ;  4 Q 4 .- 
Y 

1 
2 
4 
4 
h 

: 
I 

--- 
o l o  o 

77.6 
76.7 

U2.3 
HO.7 
H1.0 
N2.7 
~3.7 

8 , 3 .  7.8 
n I x1.a 7.7 

I 

7.7 
C1.7 
6.8 
1 .  
fi.3 

10 
I1 
19 
I:+ 
1 i  

o 

12.3 
10.7 

;:;:I . 4 . 4  

4 7.1 
8L.I; 8.7 
8.i.Y I 6.9 
3 . 0  f i . 4  
h2.9 7.rl 

78.9 12.6 
78.2 I 12.3 
78.1 11.4 
77.61 10.7 
79.7 9.4 
79.2 I 10.2 

elulnente are coulputed by the Greenwich,Cons$.nk. 

76.9 10.9 
79.01 9.9 

10.4 i : : l  11.7 
79.9 11.2 

.967 

.sa 

.943 

.928 

.992 

.976 

.931 

.968 
937 
.937 
.913 
.970 
.9iO 
319 
.95'2 
.962 
.934 
.896 
310 
.092 

1.001 
0.!)19 
.908 

_ 

77.7 
78.0 
77.9 
77.9 
77.1 
19.0 
fH.O 
17.3 
78.4 
7s. 1, 
71.3 
76.5 
77.1) 
79.7 
80.0 
77.3 
76.9 

Inches. 

0.928 
.W2 

12.2 
4.8 
6.4 
4.3 
6.8 
3.1 
6.3 
3.6 
3.7 
4.9 
6.1 
9.2 
8.3 
3.6 
4.1 
9.9 
7.0 

16 0 .  2.H 
1,; 1f) .1  1 I.2 
1 7!1.7 2.5 

7 . .  4 .  !; Y1.i 2.2 
211 ~ 1 1 . 4 ;  ] :I.; 

I 
2.2 
2 .  
I 
6.L 
~ . ! r  

.908 

.91O 
395 
-961 
.998 

.20 

.oo 

.00 
9.85 

10.53 
.36 

9.86 
10.28 

.06 

.08 
9.89 

10..D 
7 

9 .  
10.23 

.21 

.03 
9.57 
.73 

10.03 
.7!! 

9.78 
.72 

I _ 

7 S l . 2  
2s I .  

81.0 
7 . 8  

T. g. 

9.83 
.68 

2.1 
2.4 
11.4 
1 

.64 
10.29 

6 
.16 
.64 

.90 

.72 
. .29 
3.95 
.79 
.90 

4.60 
1.68 
.87 
.48 
.99 
.W 

2.21 
1.20 

-28 
.72 
.76 

3.23 
2.91 
1.30 
.49 

3.59 
2.41 

--- - -- 
the Hypometrical 

.68 

.68 
-70 
.71 
.75 
.fS 
.68 
.86 
.85 
.87 
.83 
.SY 
.8Y 
-89 
.89 
.86 
-85 
.76 
.77 
.tW 
.W 
.73 
.80 

T. g. 

4.63 
3.87 

I 
0.88 
-71 

4.04 
3.75 
4.06 
.61 
.43 

-71 
.r3 
.72 
.69 
.70 



Hourly Meane, dbc of the Obrervationa and of the Hygrometrical elements 

dependeat thereon. 

Mid- 
night. 

1 
fl 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Noon. 
1 

12 
. 3  
4 

.6 
6 
7 
:8 
9 

10 
11 

Inches. 

29.532 
.618 
.&C 
.600 
. a 7  
.507 
.&A 
.639 
.553 
.W1 
.661 
.553 

.639 

.520 

.199 

.481 
,4433 
.Mi9 
-47x5 
.600 
.620 
.638 
.6@ 
,647 

Range of the Barometer 
for each hour during 

the month. 

*ax. I Mi.. D i b  
How. 

Cr CI 
o a 
* s.4 a22 .i .z ;d 
$I 2: 
m9 

Inches. 

0.239 
.433 
.238 
.266 
-276 
-279 
.272 
267 
.281 
.ew, 
288  
.m7 

..289 
.28O 
279 
.260 
.Z46 
.Ti9 
.16 
.239 
2x2 
.255 
.240 
.240 

Inches. 

29.646 
.em 
.681 
.633 
.641 
.644 
.65l 
.664 
.678 
.676 
.68'! 
.676 

Range of the Tempera- 
ture for each hour 
during the month. 

Inches. 

39.407 
397 
.383 
367 
.3M 
.365 
3 7 9  
.397 
.397 
.396 
.394 
379 

g$ I MU. I Min. / DifF. 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived from the observations made at the several 
hours during the month. 



h t r a c t  of the RuwCts of t h  EmrZy dieteowlqical  Obs& 

tokm d 1Ae &mqor GeneraPb O$Ece, Cbkdta, 

k the nwmtk of J~ue 1866. 

H d y  Mernr, &. of the Obsewatianr and of the Hygrenratrid demmtr 
dependent thereon.-(Conthud.) 

P A  

0 0 0 

M i d -  
n~gllt. fW.3 3.1 78.1 

.HH 
2 80.5 2.5 78.7 4.3 I .!Wl 
3 5 2.3 iR.9 3 .  .!)ti7 
4 
5 
8 
7 
A 
!I 

l o  
11 

Soon. 
1 
2 
3 
4 
6 
t i  
7 
R 
9 

A1.6 
Ko.0 
W).B 
H1.l 
H1.4 
81 .B 
H2.n 
82.3 

82.8 
WZ.9 
H3.1 
HA9 
H2.9 
84.5 
n"% 
I .  
fill. L 
H h . 0  

11 

2 .  
2.1 
2.1 
2.6 
3.8 
5.1 
ti.6 
7.5 

8.1 
H.7 
N.R 
9.0 
H.1 
5.5 
6.0 
6.0 
4.7 

, 44 
10 Hll.1 :3.8 1 77.-i 

a1 the Hypmetrical elementa u e  computed by the Greenwich Consbatr 
r I ecl - 

80.2 3.3 7i.8 

I 

i!I.0 
73.1 
1 
59.3 
3.7 
78.7 
5H.I 
i7.8 

77.0 
77.5 
77.H 
77.6 
78.0 
58.0 
TH.6 
Ti.4 
7 i . l  
7G.8 

6.5 
6.6 

3.7 
3.6 
3.6 
4.4 
6.S 
8.2 
10. b 
12.0 

15.0 
13.0 
14.1 
1 t.4 
13.1) 
1 
6 
H.5 
8.0 
7.5 

.tp22 

. ! + : j i  1 , 1 1 .M 

I 

.!+TO 

.!+7:3 

.!G:3 

.!);!a 

.!ltiL 

.!M;l 

.!I 13 

.!l:1L 

-937 
.9:31 
.P:il  
.:I25 
.!) Ut 
.910 
8 
.!+22 
.Vl:t 
.!MI* 

.H7 2 1 5  .81 

.M 
.&j .- "7 . W 
5 1 2i .w 
.GI ' ..56 .Si 
3; 1 2.:\5 .4 1 -- . I 3 . 1  , . r r  

9 3 3  

.67 

.it; 

. i4:3 

.I15 
10.17 

D.U:l 
7 
.TI) 

.6H .GL 

.IN) .67 
4.65 .f 9 
3.59 .7J 
.I rb -76 

2.81 .7S 
.(; 1 .7O 



,Ahtract of t k  Red la  of  t k  Emly iWeimlogical O h e r a a t k  
&aka at  the Survqw General's Oflce, &&utta, 

iu ihe of  June 1866. 
Solar Radiation, Weather, &c. 

# 5 

Wind. 

1 

2 

9 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

o 
136.0 

132.0 

137.0 

136.0 

130.0 

... 
130.0 

132.0 

136.0 

138.0 

128.0 

1B.0 

136.0 

131.0 

8. & 8. 8. E. 

8. 8. E. & 8. 

8. & 8. E. 

8. by E. & 8. 

S.db8.8.W. 

S .S .W.&S.  

S.S.E.&S.  

8 .byE.  &variable 

8. W. & 8. 

8. & 8. 8. E. 

E. & 9. 8. E. 

E. 8. E. & variable. 

E. R. E. & 8. & E .  

E. 8. E. & 8. E. 

Inches 
... 

0.32 

... 

... 

... 

... 

... 

... 

0.16 

0.24 

... 

... 

... 

... 

BJ 
0.80 

2.00 

L26 

6.00 

1.26 

4.26 

2.00 

3.00 

3.00 

23.00 

0.26 

0.30 

0.60 

0.60 

Clear to 6 A. m. 8cat.d. \i to 0 
A. Y. Scatd. L i  to 4 p. I. 
Clear afterwards. 

Clear to 6 A. Y. Scatd m i  to 4 
P. X. Overcast afterwardr. 
Thunder & Li htning at 6.7 
&9P.x.~aintkrn6to9P.r .  

Overcast to 6 A. Y. \i to 6 P. I. 
Clear afterwards. 

\i to 10 A. X. clear to 3 P. I. 
Overcaet afterwards. L ih t -  
ning to the E. at 9 P. Y. 

Scatd. \i to 11 A. Y. Scatd. ^i 
to 6 P. x.  Overcast afterwards. 
Lightning to the N at 7 & 8 
P. Y. 

Clouds of various kinds. Thin 
rain at 9. P. Y. 

Clear to 3 A. Y. Scatd. 
P. x. Li & k i  atlerw X" dS 

Lito6~.m.ThincloudstolO 
A. r. Clear to 6 P. x. Over- 
csst aftarwerds. Lightning 
to N. E. at 8 & 9 P. x. Thnn- 
der at 8 P. x. Light rain at 
10 & 11 P. Y. 

Overcast to 9 A. I. Scatd. "i 
& L i  to 6 P. Y. Overcast 
afterwards. Li htnin at 8 & 
10 P. x. ~ h u n f e r  at fO P. r. 
Rain at 9 P. Y. 

Overcast to 4 A. Y. Scatd. ^i & 
Li to 6 P. x. Overcast aRerv 
wards. Rain from 7 to 9 P. m. 

Scatd. \i to Li to 10 A. x. m i  
to 7 P. x. Overcaet afterwards. 
Lightning to the N. at 8 P. m. 

Overcast to 8 A. x. L i  to 7 P. M. 
Clear aftemards. Thunder at 
9 P. I. Thin rain from 7 to 9 
A. Y. & a t  9 P. Y. 

Clear to 4 A. m. \ i  to 8 A. I. 
Scatd. * i  afterwards' Light- 
ning to the N. E.at 9& 10 P.M. 

Overeast to 3 A. Y. Scatd. ^i to 
7p.x. Clear afterwardsLigbt- 
ning to the N. at 1 A. u. 



Abrtmt of tAe &i~& t b  Iimrrlg M e t e o r o ~ a l  O b r d  
taken at the Sumeyw General's O m ,  CdcrrUa, 

in  the mmfh qf June 1866. 
Solar Radiation. Weather, &c. 

Generalaspectof the Sky. 

Clear to 4 A. M. L i  to 11 A. M. 
Overcast afterwards. Thun- 
der at 1 P. M. Rain at 6 & 9 
A. Y. & fmm 1 to 5 P. Y. 

Clear to 3 A. x. Overcsllt after- 
wards. Thunder at 7 A. Y. Rain 
a t 5 , 6 & 7 ~ . ~ .  &at L ~ P -  M. 

Overcast.Lightrainfrom2to9 
A. Y. & at 1 and 2 P. Y. Light- 
ning at, 2, 3, & 4 A. Y. Thm- 
deratP & 11 A. Y. 

\i & L i  to 7 P. x. Overcast 
a&rwards.Lightrninat11~.~. 

0vercast.Light rain aRer inter- 
val~. 

Overcast. Thin rain at 3 A. r. 
& fmln 7to 11 P. Y. 

Overcast. Light rain after inter- 
vals. 

Q . 8 0 O v e r r a s t t o 6 ~ . ~ . l ? i & ~ i t o  
1 P.M. Overcast to 7 ~ .  Y. Clem 
afkrwards.Bsinat3,4&7~. u. 

"i to 3 A. x.Overcast to 11 A. x. 
^i to 4 P. Y. Overcast after- 
wards. Rain at 6 & from 8 to 
11 P. M. Thunder & Lightning 
at 8 & 9 P. M. 

Overcast nearly the whole by. 
Light rain from 6 to 1 1 A. u. 

C l c a r t o 6 ~ . x . \ i t o 9 ~ . ~ . ~ i t o  
3 P. I. Overcast afterwards. 
Slight rain between 2 & 3 P.IL 

'i & L i  to 6 P. Y. Overcast af- 
terwards. Slight rain at 3.10, 
& 1 1 P. M. 

Overcast rain at 1, 4 6 & from 
7 to  9 A. w. &, at 8 P. Y. 

Overcmt. Slight rain at 6, 10b 
11 A. w. 

Lito3~.~.Overea&to.l~.~. 
L i  & -1 to 6 P. Y. Overcut 
afterwards. 

Overcast to Noon.Li, to 6 P. r. 
Thin clouds aftemards.Rain 
at 6 & 7 A. M. 

h i  Cumdo strati,'-i Kimbi, 

, .j 
h n i l i n g  I 8.2 

kt 
Wind. 

'Fell from 7 P. m. of the 20th to 10 P. M. of the 21st. 

16 

16 

17 

18 

19 

. 

o 
... 

... 

... 

... 

... 

E.S.E.&E. 

5. E. & E. by 8. 

SE&SBE&SbyE 

S.S.E.&S.S.W.&W. 

W.&S.W. 

Inrlles 
0.38 

0.18 

0.63 

... 

0.23 

.20 ... . 

Cirro rumuli. 

tb 
0.80 

0.80 

0.90 

0.60 

0.40 

W. S. W. 

W. by 8. &W.N.W. 

0.68W.N.W.&S. 

S. S. W. & w. 

,W. by 9. & W.S.W. 

W.S.W.&W.byS. 

8. W. & W. N. W. 

W. S.W. & N.N.W. 

W. 8. W. & 8. W. 

W.byS.&N.N.W. 

W. by N. & variable 

Cumuli,& 

.2? 

.23 

'24 

2 6  

26 

27 

28 

.29 

SO 

0.40 

0.60 

0.80 

0.80 

0.40 

0.40 

1.26 

0.60 

0.60 

0.60 

Cirro-strati, \i Cim, - i Strati,^i 

... 

121.0 

... 
117.0 

117.8 

.. . 

... 
126.0 

... 

0.96 

2.41 

0.28 

... 

... 

0.64 

... 

... 

0.12 



Abstract of  the Results of  the Hour5  Heteorological Obsenrationa 

taken a t  the Surveyor General'# O$ice, Calcutta, in the 

month of June 1866. 

Inches. 

Mean hei ht of the Barometer for the month,. . .  ... 29.618 
Max. hei$lt of the Barometer occurred at  10 A. u. on t b i  2nd. . , 29.6s) 
Min. height of t,he Baromrter occurred at  4 P. M. on the 21at, ... 29.319 
E i t r m e  IBunge of the Barometer during the month, ... ... 0.363 
Mean of the daily Max. Presnurcs, ... ... ... ... 29.676 

Ditto ditto Min. ditto ... ... ... 29.449 
Mean &ily r a w  of the Barometer during the'ionth, ... ... 0.126 

Mean Dry Bulb Thermometer for the month, ... . . . . . .  86.4 
Max. Temperature occurred at  1 P. x. on the 8th . . . . . .  101.6 
Min. Temperature occurred at 7 P. m. on the 10th . . . . . . . . .  76.2 . 
Xztreme vange of the Temperature during the month, . . . . . .  26.4 . 

... Mean of the daily Max. Tem erature ... . . . . . .  92.8 
Ditto ditto Min. J t t o  . . . . . .  81.3 

Meur &ily mugs of the ~em~er;ture'&ing the month,. .. ... 11.6 

Mean Wet  Bulb Thermometer for the month. ... ... 81.4 
Mean Dr Bulb Tllermometer above Mean Wet  Bulb Tdekometer, 6.0 
~ o m ~ u t e i  Mean Dax-point for the month, ... 77.9 

... Mean Dry Bulb Thermometer above computed mean ~ e w - p i n t .  8.6 
Inches. 

... Mean Elastic force of Vapour for the month, ... ... 0.937 

Troy grains. 

Mean Weight of Va o11r for the month ... ... ... 9.98 
Additional Wei ht o? Va ur  required for complete saturation, . . 3.08 
Mean degree of %umidity g t h e  month, complete antuntion being unity 0.76 

Inches. 
Rained 21 dnys,-Max. fall of rain during 24 hours ... ... 2.41 
Total amount of rain during the month, ... 7.02 
Total amount of rain indicated by the Gauge atcched &'the anemo- 

meter during the month. ... 8.86 
Prevailing direction of the wid, ... 8. 9. E.' & 8. &'w. 8. W. 
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Meteorological O k a t i o n s .  xlix 

d88tract of the Resldlls of tAe Eor~- l y  Meteorological 0 8 s e r v a t k  
taken at  the Syveyw GeaeraPs Ofice, CWmttiz, 

in the month c.f JUZJ 1866. 

Latitude 2 2 O  33' 1" North. Longitude 88' 20' 34" East. 

Height of the Cistern of the Standard Barometer above the sea level, 18.11 feet. 

D d y  Means. &c. of the Observations and of the Hygrometrical elements 
dependent thereon. 

- 

cr 
O 3 Range of the Barometer Range of the Tem ra- 

during the day. 9 ture during the $. 

Inches. Inches. Inches. Inches. o o 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 

I7 18 
19 
20 
21 
2'2 
28 
e4 
26 
26 

27 28 
29 
30 
31 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer M w s  are derived, from the hourly obsonations, made durlng 
the day. 

.669 

.638 

.629 

.&)4 

.g36 

.572 

.620 

.494 

.606 

.655 

.646 

.660 

.675 

.621 

.656 

.Mi3 

.680 

.604 

.615 
587 
.614 
.638 
.634 
.697 
.697 
.ell 
.651 
.@A9 
.BJl 

.61Y 
576 
-680 
.W6 
.698 
.634 
.676 
547 
.668 
316 
.697 
.714 
.651 
.6W 
.697 
.&XI 
6 
.664, 
.682 
.ti34 
.664 
6 8  
370 
.64 
.@39 
.668 
.691 
.673 
.668 

7 
.476 
.$84 
564 
.570 
.483 
.43J 
.436 
.441 
.SO6 
.693 
.602 
.489 
.469 
.6P4 
.6LR 
.609 
647 
.666 
.634 
.545 
.6d4 
573 
7 
.633 
.665 
.660 
573 
.676 

.096 

.1(M 
,096 
.I01 
.128 
.152 
1 
.111 
.117 
.I10 
.lo4 
.I14 
.16P 
1 
.076 
0 
.UP 
.lo7 
.lo7 
.lo0 
.lls 
.W7 
.097 
.128 
.lo6 
.113 
.I31 
.lo0 
.093 

79.1 
81.2 
81.3 
81.6 
83.2 
86.1 
866 
86.2 
86.1 
84.5 
84.6 
86.0 
03.4 
83.2 
83.2 
9 
83.3 
8'2.3 
83.7 
83.4 

84.6 
84.0 
82.2 
83.7 
83.2 
84.3 
84.8 
83.0 

85.6 
86.4 
86.6 
87.6 
99.0 
93.0 
W3.2 
91.6 
90.6 
90.0 
89.8 
90.4 
86.0 
86.7 
91.0 
862 
88.6 
86.0 
86.8 
87.0 
89.4 
87.8 
90.4 
85.0 
88.6 
87.6 
90.2 
90.8 
87.8 

74.4 
78.0 
77.4 
78.4 
79.8 
80.0 
80.6 
85.2 
81.0 
81.0 
81.2 
80.2 
81.2 
W2.0 
78.6 
80.4 
79.0 
80.2 
79.2 
79.8 
80.0 
81.8 
81.6 
81.2 
79.2 
80.4 
79.8 
80.3 
80.6, 

11.2 
T.4 
9.2 
9.2 
9.2 
13.0 
12.6 
8.4 
9.6 
9.0 
8.6 
10.2 
4.8 
4.7 
12.4 
6.8 
9.6 
6.8 
7.6 
7.2 
9.4 
6.0 
8.8 
3.8 
9.4 
7.1 
10.4 
10.6 
7.2 



Abakact of W6 &mlk Of the Hour4 MetcoroZqid Obrmrdioru 

takes at tAe Buracgot Qeneral's Om, GkCklcwtto, 
in t&e month Of Judy 1866. 

Daily Means, &c. of the Obeewationa and of the Hygrometrical elemanta 
dependent thereon.-(Continued.) 

E 
8 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 

23 
24 
86 
26 
% 
88 
aB 
80 
81 

the 

o 

76.3 
76.0 
77.0 
78.9 
78.1 
79.3 
80.4 
81.0 
81.6 
1 
80.8 
80.1 
80.6 
80.7 
81.2 
81.4 
80.4 
80.1 
80.8 
80.6 
80.4 
80.2 
81.4 
81.5 
81.1 
80.3 
80.3 
80.0 
80.7 
80.6 
79.9 

Hygrometrid 

o 

2.4 
1.2 
2.1 
2.3 
3.2 
2.3 
2.8 
4.1 
4.2 
4.1 
4.3 
4.4 
4.0 
4.3 
2.2 
2.8 
2.8 
2.0 
2.6 
1.7 
2.3 
3.2 
3.1 
3.1 
2.9 
1.9 
3.4 
3.2 
3.6 
4.3 
3.1 

o 

73.6 
74.2 
75.6 
77.3 
76.9 
77.7 
78.4 
78.1 
78.7 
79.2 
77.8 
77.0 
77.8 
77.7 
79.7 
79.4 
78.4 
7 a i  
79.0 
79.4 
78.8 
78.0 
79.2 
79.3 
79.1 
79.0 
77.9 
77.8 
78.2 
77.6 
77.7 

elementa 

o 

4.1 
2.0 
3.6 
3.9 
6.4 
3.9 
4.8 
7.0 
7.1 
7.0 
7.3 
7.6 
6.8 
7.3 
3.7 
4.8 
4.8 
4.8 
4.3 
2.9 
3.9 
6.4 
6.3 
6.3 
4.9 
3.2 
6.8 
6.4 
6.1 
7.3 
6.3 

are 

Inches. 

0.817 
332 
.868 
319 
.879 
.931 
352 
.943 
.961 
.976 
,934 
.910 
.934 
331 
.99a 
.989 
.9W 
.943 
.970 
.983 
.964 
.940 
976 
.979 
973 
.970 
.937 
.934 
.946 
.9% 
331  

wmpntad by 

T. gr. 

8.86 
9.06 
.38 
.90 
.47 

10.02 
.21 
.08 
.26 
.41 

9.99 
.73 
.99 
.96 

10.63 
.61 
.a1 
.I% 
.42 
.58 
.96 
.09 
.% 
.48 
.48 
-44 
.04 
.03 
-13 

9.90 
10.00 

the 

T. gr. 

1.24 
0.61 
1.16 
.31 
.77 
.33 
.68 

2.49 
.67 
.68 
.68 
-6% 
.40 
.67 

1.33 
.73 
.68 
.67 
.61 
.061 
.96 
.87 
.90 
.91 
.76 
.10 

8.03 
1.86 
8.16 
.MI 

1.82 

Oreenwich 

0.85 
.94 
-89 
-88 
.&L 
-88 
.8R 
.&3 
.W 
.W 
-80 
.79 
-81 
.80 
.m 
.86 
.86 
.m 
.81 
-91 
.88 
-84 
-86 
.86 
.86 
.91 
.8S 
.84 
.85 
.a0 
.86 

Coprturtr, 



Ahtract of tAe R.emlt2 of tk Hmdy Metamologkal Obmrationc 

take at tAe Szrveym General's Om, Gdentta, 

iff tAe month of  July 1866. 

Honrly Meurs, &c. of the Obsmtions and of the Hygrometrid elementr 
dependent thereon. 

The Xesn Height of the Barometer, MI likewine the Dry and Wet Bulb 
Thermometer Meene me derived from the obeervatione made at the several 

. harul during the month. 

Hour. 

Mid- 
night. 

1 
B 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Q.- 
o s 

21; 
-:8% 
w f! 5 
!" 
x 4  

Inches. 

29.606 
.693 
.683 
.673 
-670 
677 
.691 
.600 
.618 
.626 
.629 
.620 

.608 

.691 

.669 

.648 

.636 

.634 

.642 

.660 

.681 

.602 
,616 
.616 

h g e  of the Barometer 
for each hour during 

the month. 

". I Ian. j DS. 

9 L; * 6 

Fgl a 

o 

81.2 
81.0 
80.7 
80.4 
80.2 
80.4 
80.6 
81.2 
82.6 
84.1 
84.9 
86.7 

86.1 
86.6 
86.3 
86.9 
86.6 
86.3 
84.6 
83.3 
82.7 
82.3 
81.8 
81.4 

Iwhes. 

29.674 
.663 
.666 
.660 
.669 
.664 
.680 
.700 
.706 
.712 
314 
.702 

.688 
376 
367 
.63% 
.616 
.608 
.616 
.637 
.660 
.684 
897 
.689 

Range of the Tempera- 
ture for each hour 
dwbg tbe month. 

M u  Mh. DS. 

o 

I 1  
0 0 

84.6 76.0 8.6 
83.8 76.8 8.0 
83.5 76.4 8.1 
83.3 74.8 8.6 
83.8 74.6 8.6 
83.4 71.4 9.0 
83.4 74.6 8.9 
84.0 74.6 9.4 
86.3 76.8 9.6 
87.4 76.6 10.8 
88.8 77.0 11.8 
90.2 76.8 18.4 

91.8 772 14.0 
92.2 76.4 16.8 
93.0 76.6 16.4 
93.2 76.2 18.0 
91.0 76.6 16.4 
89.6 76.5 14.1 
88.0 76.6 12.6 
86.0 76.4 10.6 
86.8 76.6 9.6 
84.7 76.6 9.1 
86.2 76.6 9.6 
86.0 76.6 9.4 

Inches. 

29.515 
.491 
.466 
.466 
A76 
.kBO 
.493 
.604 
.616 
.630 
.636 
.629 

.SO9 

.491 

.460 

.433 

.439 

.443 
466 
.480 
.606 
.627 
640 
.642 

Inches. 

0.169 
.I72 
.190 
.I94 
.I83 
.l84 
.187 
.196 
.189 
.18% 
.179 
.l73 

.177 
1 
.I97 
.I99 
.I77 
1 
.I60 
.I67 
.I66 
.I67 
,167 
.I47 



Aktract of  the Redtcltd of  the Hoirr5 Meiebrotogical Obaerwatima 

laken at  tlle Surveyor Gmeral'u Oflee, Calcutta, 

in the month of JuZy 1866. 

Hourly Meanr, &c. of the Obsekvations and of the Hygrametrical elements 
dependent thereon.-(Continued.) 

bll the Hypmetrical elements are computed by the Greenwioh Constants. 
)I, 

1 
0 0 0 

Mid- 
night. 19.4 1.8 7 1  

i 
2 
3 
4 
6 
6 
7 
H 
0 
10 
11 

Nonn. 
1 
2 
3 
4 
6 
fi 
7 
8 
9 

~n 
11 

7!t.3 1.7 7H.l 
1 
79.1 
7 . 9  
I .  
Z1.3 
79.6 
HI.:! 
H0.7 

I.({ 74.0 
1 1 7 . 2  
1.3 
1.4 
1 
1.7 
2.3 
3.4 

.I3 .:I1 .!I2 
2 1  1 .i:3 .!l:% 

.7:3 I .!l.< 

.%1 ,811 .-- 

.:to I.:% i .*!3 

.If; 3.05 I .b4 

73.0 
7 . 1  
7 
73.3 
7S.G 
7 . :  
77.:) 
iH.0 

77.8 
7rc.c) 

f i . Z , i i . 5  
I 77.7 

77.4 
ii.(i 
i7.4 
7i.3 
i7.H 
f ?.!I 
78.1 
78.3 

2.7 1 .fl4Ij 
2.2 .!I$* 
2.2 .$I LO 

H4I.H 4.1 .CU .IT ' .hO 
.i J 

9.97 -77 
10 .~1  3 . 1  1 .:R 

H.HII 

.H 1 -7'3 

.Hr) 
10.03 1-69 

.P7 
.ll 

2.4 
2. b 
2.0 
3.9 
6.8 
7.0 
7.'7 

8.3 

1.2 

81.2 
131.4 
H1.1 
81.1 
8h.H 
H0.H 
811.3 
7 .  
7 
7V.7 
79.6 
70.6 

.fl 1 4 )  

.9 ill 

.9 I! )  
-939 
.!+I!) 
.\4:37 
.!+I41 

.PR6 

4.6 

4.g 
5.3 

4.H 
4.8 
4.5 
4.2 
3 .  
2.!)1 
2.6 
2.2 
1.n 

x.5 . ~ I I I  
H.H .!I25 
H.2 I .fl:{l 
H.2 .922 
7.7 1 .fP2q 
7.1 
6.0 
4.9 
4.4 
3.; 
3.1 

. W 2  
, ! ) I ! )  
I :  
.?:I7 
.!*I:< 
.:,su 



- dleteorological OBimatiims. liii 

AAttract o f  tbe Rebults of Ibe Hourly ~fefeorological Odseruations 
tuken at the Surveyor General's Oflce,  Calcutla, 

in tbe month of July 1866. 
Solar Radiation. Weather, kc. 

; 
1 
Z 
3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

eFeU 
t Do. 

General aspect of the Sky. 

Overcast. Rain day & night. 
Overcast. Rain day & night. 
Overcast to 11 A. m. Scatd. Li 

& \i afterwards. Rain from 
6 to 10 A. m. 

Scatd. \i to 4 A. K. Overcast to 
6 P. m.clear afterwards. Li ht 
rainat 6 &  ~ O A .  Y. & a t  f &  
3 P. m. 

Overcast to 8 A. m. ^i aft,er- 
wards.Light rain at 2 ,7  & 10 
A. M. and at 4 & 10 P. M .  

Overcast to 2 P. m. Sratd. -i to 
6 P. m. clrar afkmerds. Rain 
at 2, 5, 8 & 11 A. K. & at 2 & 
6 P. M. 

Clear to 4 A. m. "i to 7 P. M. 
clear afterwards. Rain be- 
tween10&11 A.m. &a t  2 P.M. 

Overcast to6 ~.x.\ci to 11 A.M. 

'i afterwards. Light rain at 
4 A. m. 

L i  to 4 P. m. overcast after- 
wards Thunder at 6  P. m. 
Lightning to the A'. W. at 8 
P. M. 

Sratd. ^i to 7 P. m. clear after- 
wards. 

Clear to 3 A. II. Scatd. to 8 
P. m. clear after~ards.  Hain 
between 10 & 11 A. m. & be- 
tween 2 & 3 P. M. 

Clear to 3 A. m. L i  to 11 A. m. 
Scatd. -i & Li to 5 P. M.  \i 
afterwards. Rain at 6 A. M. & 
between 9 & 10 A. Y. 

Scatd. Oi & L i  to 7 P. m. clear 
afterwards. Light rain at 64 
& 114 A. m. 

Clear to 4 A. m. Scatd. -i & Li 
to 7 P. m. clrar afterwards. 
Li ht rain at 6 P. I[. 

scatdf \i to 4 A. m. L i  & -i to 
8 P. m. clear afterwards. 
Light rain from 9 to 11 A. M. 

2nd. 

~ n n i l i n g  
direction of the 

Wind. 

W. & 5. W. 
5. W. & W. N. W. 
W. 5. W. & 5. S. E. 

8. E. & E. 8. E. 

8. 8. E. & 8. by E. 

5. by E. & 5. by W. 

S.S.E.&S.& 8.byW. 

8. by W. & 8. 

8. 8. W. & 8. 

8. 9. E. & 8. E. 

8. E. & E. by 8. 

8. E. & E. 8. E. 

8. E. & 8. S. E. 

S. & 8. 8. E. 

8. by E. & 9. 

of the lnt to 4 P. M. 

2nd. to 10 A. M. of 

a W Q  - $2 
.2 d e 

,a E ." 
e e 
M o 

fb 
4.20 
2.60 
2.26 

2.00 

1.60 

1.00 

0.25 

0.30 

0.60 

0.60 

1.20 

2.10 

0.70 

0.60 

0.60 

of the 
the :ir(l. 

o 

118.4 

... 

... 

119.0 

134.0 

125.4 

128.0 

1D.0 

129.8 

121.0 

from 

-sea 
# l a  

Inches 
0.80 

*4.'20 
t 1.32 

0.13 

0.87 

0.61 

... 

... 

0.10 

0.09 

... 

... 

0.16 

1 P. X: 

6 P. m. of the 



b d e t c m o ~  O w .  lir 

Ahtract of & Remlt~ of tAe Hovrly H e I c m ~  O b ~ ~  
taken at tke S ~ m q o r  G w d ' u  Om, Gdkmtta, 

i s  tke -1A Of Jsly 1866. 
solar Radiation, weather, &o. 

, a  
Prevailing k . 1  

AC Glemd ~~ of , sk,. 

- 
i e  

17 

18 

19 

20 

21 

e2 

23 
24 

!46 

26 

27 

28 

!d9 

30 

31 

'i 
ki Cirm md. 

o 
... 

118.0 

... 

. .. 

... 

... 

... 
113.7 
... 
... 
... 

1'20.0 

114.0 

1340 

127.0 

... 

Ci*, - 

Incl~es 
0.18 

0.78 

... 
0.88 

0.86 

... 

... 

... 
0.60 

1.94 

... 

... 

... 

... 

i Strati,-i 

s. 

S.S.W.&S.byW 

9. W. 

5. & 8. W. & W. 

S.byE.&S.&S.S.E. 

S.&.S.S-E. 

O.18S.&.S.S.E. 

S.&.S.S.W. 
S.S.W.&.S. 

8. by W. &S. 

S.&S.S.E. 

S.byW.&E. S.E. 

8.8.E.&8. 

S.E.&S.S.E. 

0.10E.S.E.&S.E. 

E.N.E.&N.E. 

Cumpli,G 

fb 
1 .00 vLi f~ Q A. Y. l.ri t~ 10 A. M. 

ow& to 7 P. Y. cleer 
aftmwardu. Elrin h m  9~ 
x. to Noon. 

4.30 Clear to 3 ~ . x . L i t o B p . r .  - 
overcast afterwards. Rah  
f m m 3 t o 6 p . ~ .  

1.00 Overcast, nlight A n  at q, 7) 
& 10 A. x. 

1.00 Overeat nearly the whob &r- 
Rain f rom2to6~ .  r. & at8 8. x. 

0.90 Overcast t o 4 ~ .  Y. ?rftrr- 
war&. Xain at 10 & ll, A. r. 
& at 1. 3. 4 &  7 P. M. 

0.60 ' & L i  neuly the whole dry. 
Slight nin st 7 A. M. & at 8 

0.60 L i  &"i. Bsin .t 6 & lo+ A. Y. 1 L~w- Nmn & 1 P. M. 
0.60 & Li. 
0.60 

0.60 

0.40 

0 . a  

0.70 

0.70 

O.% 

Smtd. U to 6 A. M. overcut 
afterwsrds. 

Overcast nearly the whole day. 
Rain at 3,10 & 11 A.M. & 6um 
2 to 4 P. M. 

Overcast neul the whale day. 
h i i . t 6 & h o m 8 t o l l ~ ~ . ~ .  

Scatd. L i  to 10 A. M. 4 to6 
p. Y. f3cstd.U &\i dk- 
wards. 

3 to 4 P. x.&atd. db- 
wards. Light nin .f 6 & 7 L 
Y. & a t  3 P. x. 

Scrtd. î to 4 P. x. 0catd. \i 
&mar&. Bsln betwem 
miQleht & 1 ~ .  ~ . & . t 4 ? .  
Y. 

0 . 4 0 h t d . \ i t o 8 ~ . ~ . ^ i t o 4 p . r .  
Beatd. u dtamardn. Bain st 
11A. x. &at 1P. Y. 

Clearto 6 A.M. \ i&&to10 
A. M. Overcaet ntternardr. 
Thunder at 2 P. X. Light rain 
from 1 to 3 P. M. 

Cirro-strati, h i  Cumdo ntmti,hi Nimki, 



dktract of t k  h l l s  of the flour& Hetcorologkl 06servations 

hkem at the Sumeyw GeneraPs O f i e ,  Cblcwtla, in the 

rrncmtri of JuZy 1866. 

Inches. 
Mean hei ht of the Barometer for the month,. .. ... 29.687 
Mas. hei&t of the Barometer occurred at 10 A. r. on tc; l4& ... 29.714 
Min. height of the Barometer occurred at 3 P. x. on the Qth, ... 29.433 
Eztmeme mgn of the h m e t e r  during the month, ... ... 0.281 
Mean of the daily Max. Preseures, ... ... ... ... 29.637 
Ditto ditto Min. ditto ... ... ... 29.627 

Mean daizy range of the Barometer dnring the';lhonth, ... ... 0.110 

... Mean Dry Bulb Thermometer for the month, . . . . . .  83.1 
Max. Temperature occurred at 3 P. M. on the 9th . . . . . .  93.2 

... Min. Temperature occurred at 6 A. x. on the 3rd . . . . . .  74.4 
Extreme range of the Temperature during the month, . . . . . .  18.8 

... Mean of the daily Max. Tem ratare ... . . . . . .  88.0 
Ditto ditto Min. d%o, . . . . . .  79.7 

Mean daily rungs of the ~em~era tn re 'dn r in~  the month,. .. ... 8.3 

... Mean Wet Bulb Thermometer for the month. 80.1 
Mean D Bulb Thermometer above Mean Wet Bulb Tde'mome&, 3.0 
c o m p u d  Mean Der-point for the month.. ... 78.0 
Mean Dry Bulb Thermometer above computed Lean ~ e & o i n t .  ... 6.1 

Inches. 

Mean Elastic foroe of Vaponr for the month, ... ,.. ... 0.940 

Troy grain. 

Mean Wei ht of Va ur for the month ... ... ... 10.09 
~dditional%ei ht o r ~ a  or required for complete eatantion, ... 1.77 
Mean dam of fmidaty %the month, complete uturation being unity 0.86 

Inches. 
Rained 86 days,-Max. fall of lrin during 24 h o r n  ... ... 3.43 
Total amount of rain during the month, ... 13.48 
Total amount of rain indicated by the Gauge a& &the anemo- 

meter during the month. ... ... 1R08 
Prevailing direction of the W i i  ... S. & s.' 8. E. 66"s. 3. 



lvi Metmological Olaemalionr. 
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d b t ~ a c i ?  of the Remlta of t i e  Hourly dIe/corological Odserwalionr 
takeg a t  the Surveyor GejleraPs Ofice, Culcutla, 

in the nlontlc of Augtisl 1866. 

The Mean Height of the Barometer, as likewise the Dry a11(1 \T(.t Bulb 
Thermometer Means are derived, from the hourly observations, made during 
the b y .  

Latitude $2' 33' 1" North. Longitude 88' 20' 36" East. 

Height of the Cistern of the Standard Barometer above the sea level, 18.11 feet. 

D d y  Means, &c. of the Obscrvations and of the Hygrometrical elements 
dependent thereon. 

Rangc of T m p n -  
ture during the day. 

1 .  Pin. Dif. 

$ i 

@ 
E 
:i. s+ 

Banp of ;he Barometer 
during the day. 

I I 
Mu. Min. i D S .  

Date. 

Q.4 

2 % ~  .Fg% 
I.& 

X &  
%l$ 
a * *  

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 

o ( o 

I I 
Inches. 

29.586 
.614 
.730 
.739 
.680 
.64U 
.390 
.414 
6 
593 
.567 
.501 
.6W 
.597 
.617 
.589 
.563 
.61.5 
$05 
6 
.5&3 
.678 
.662 
.668 
.586 
.606 
.W 
.68P 
.670 
.754 
.723 

83.2 

Inches. 

0.105 
. l5l  
.I26 
,100 
.la6 
213 
.117 
.130 
.165 
.lo7 
.139 
1 2  
.I06 
.098 
.W1 
.100 
.139 
.la) 
.105 
.OY6 
.112 
. l l9  
.11) 
.128 
.130 
.I10 
.Oil!) 
.la5 
.I24 
.I31 
.I.& 

Inches. 

29.625 
.695 
.8W 
.777 
-742 
.665 
. a 9  
.499 
.630 
.631 
.613 
.551 
.695 
.639 
.66l 
.tBl 
.@33 
572 
.517 
.661 
.607 
.634 
.616 
.613 
.6Sj 
.657 
.6&9 
.63i 
.739 
.8'21 
.787 

Inches. 

29.520 
.6kh 
.6H3 
.677 
.el6 
4 
.333 
.369 
.475 
624 
.4i1 
.416 
9 
.561 
.660 
.531 
.WL 
.4$1 
.4L1 
.4ti5 
.496 
.515 
.476 
.4H6 
.616 
.547 
.560 
.511 
.615 
.69l 
.639 

89.6 80.4 g.2 
80.7 
80.4 
80.0 
81.5 
88.2 
81.2 , 
80.9 
8J.6 
8 . 3  
84.8 
83.6 
83.0 
83.3 
83.4 
81.4 
83.5 
81.6 
83.8 
83.2 
86.0 
83.7 
81.6 
85.0 
8k.3 
83.6 
82.3 
82.0 
81.9 
81.1 
86.2 

8.3.2 
83.6 
81.7 
8i.8 
86.0 
85.4 
NS.2 
89.7 
90.8 
89.2 
89.4 
87.6 
87.4 
89.6 
86.0 
87.8 
86.7 
88.3 
85.6 
8 . 2  
89.4 
91) 4 
I 

8!).8 
88.4 
88.4 
N(i.0 
85.8 
A1.0 
91.8 

78.2 0 1  5.0 0 
79.21 4.4 
79.0 
79.4 
79.8 
79.2 
78.2 
78.8 
80.7 
81.8 
80.4 
79.8 
80.0 
80.2 
78.8 
80.2 
80.5 
80.2 
81.6 
79.6 
79.4 
80.4 
81.0 
81.8 
80.6 
80.3 
77.4 
78.6 
79.0 
81.4 

3.7 
6.4 
6.2 
6.2 
7.0 

10.9 
10.1 
7.4 
9.0 
7.8 
7.4 
9.4 
7.2 
7.6 
6.2 
8.1 
4.1 
6.6 

10.0 
10.0 
9.4 
8.0 
7.8 
8.1 
8.6 
7.8 

11.0 
10.4 

I 



Ah.vCr.act of tAe Resulk of tAe HonrZy M e t c o r o ~  Obamocrtiorr, 

taken at tAe Surveyor General's m e ,  &hCiu, 

in dAe month of A.ngwt 1866. 

Daily Means, &c. of the Observations and of the Hypmetr id  e h n t n  
dependent thereon.-(Continuad.) 

- -- 

I O 
1 79.R 

o 

3.4 
l.6 
1.4 
1.4 
1.7 
2.2 
2.0 
1.9 
3.4 
3.b 
3.3 
3.6 
1 
3.0 

I 
:1 
a 
6 
r ;  
7 
H 
ir 

l o  
11 
1P 
1 
14 

7 .  
7rr.n 
7 . 5  
7a.H 
H O . ~  
7 . 2  
79.0 
w.1 
I .  

H1.S 
80.0 
7 . 9  
811.3 

o 

77.4 
78.0 
78.0 
77.4 
78.6 
78.6 
77.8 
77.7 
77.6 
78.5 
79.0 
77.6 
77.7 
78.2 

1.5 3.0 
2.6 
3.2 
2.9 

78.3 
78.0 

. 78.1 
77.7 
79.0 
80.3 
78.9 
78.8 
78.8 
78.7 
78.2 
78.2 
78.2 
77.6 
78.3 
78.1 
79.2 

elemente 

1:) 
20 
2 l  
2 
23 
2 b  
2.: 
21; 
27 
28 
29 
30 
31 

o 1 Inobea. 

6.8 0.922 
2.7 / 94Q 
2.4 .940 

the Hygrometrical 

81.0 
81.6 
10.2 
U1r.H 
1 .  
I 
H11.7 
80.4 
79.9 
79.4 
79.8 
80.6 
82.1 

T. p. 

9.89 
10.13 

.16 
9.96 

10.32 
.27 

2.6 
2.9 
3.7 
3.4 
3.2 
6.0 
5.8 
5.6 
6.1 
6.3 
6.1 
5.1 
4.4 
6.4 
4.9 
4.S 
2.9 
3.1 
4.9 
6.8 
6.3 
6.1 
6.4 
4.1 
4.4 
3.6 
6.0 
7.0 

2.8 
1.7 
1.3 
2 
:b,l 

, 3.7 
3.0 
3.2 
52.4 
2.6 
2.1 
3.5 
4.1 

. g n  

.968 

.965 

.934 

.931 
S%I 
.966 
.970 
.926 
.9Sl 
.946 
.949 
.94Q 
.943 
.931 
.970 

1.011 
0.967 

.964 

.964 

.961 

.946 

.986 

.948 

.9B 

.949 

.943 
$76 

.18 

. l l  

.ie 

.00 

.40 

.84 

.41 

.34 
3 1  
.29 
.13 
.16 
.17 

9.99 
10.20 

.10 
-41 

T. gr. 

2.00 

are computed by 

0-R3 

theFGreend&hbfs .  

-78 
.60 
.st3 
.68 
.70 
.06 
.06 
.73 

2.08 
.%rl 
.I6 

1.88 
.41 
.88 
-24 

2.11 

.!O 

.!I1 

.83 

.h:% 

. 

.04 
9.95 

10.23 

.w5 

. X i  

.n L 

.h6 

.Sf3 
9 1  
2 4  1 
-86 
.fG 
.H3 
.h:3 
.H L 
.W 
.P7 
.89 
.F:3 

0.91 -92 
.79 -93 
86 -93 
.99 .91 

.14 

.Of3 
9.08 
.05 

-68 I 

1.27 

.37 
9.83 

10.00 
.I6 

.*:> 

.02 ' .v & 

. l l  .Y? 
1.8'2 .h5 
.78 . ~ . 5  



Abstract of tke Remits of the Hourly dl~teoro?o~ical Okervations 

tab at tire Sarweyor General'8 Ofice, Calcutta, 

in tke nwrt.4 of A7~gu.st 1866. 

Hourly Means, &.a. of the Observations and of the Hypnnetrical elements 
dependent thereon. 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Mean8 are derived from the observations made at the several 
hmrn drning the month. 

the month. during the month. 

Mid- 
night. 

1 
3 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Noon. 
1 
9 
9 
4 
6 
6 
7 
8 
9 
10 
11 

o 

81.3 
80.9 
80.7 
80.6 
80.2 
80.1 
80.3 
81.0 
8'2.0 
83.6 
84.7 
86.1 

86.7 
86.1 
86.8 
86.8 
86.7 
86.0 
83.8 
83.1 
82.6 
82.2 
81.9 
81.6 

Inches. 

29.601 
.689 
580 
570 
.666 
.574 
,688 
.W5 
.616 
.626 
.629 
.618 

.03 
,683 
.660 
.640 
.626 
.637 
.640 
568 
.683 
.go4 
.617 
.613 

Inches. 

29.760 
.761 
.744 
.738 
.741 
.760 
7 7  
.801 
.809 
.816 
.WL2 
312 

.796 

.766 

.733 

.713 

.694 

.693 

.713 

.733 
7 
.768 
.809 
.767 

Inches. 

29.399 
.389 
.379 
.372 
.368 
-378 
.378 
.398 
.411 
4 
AT2 
.408 

,384 
.378 
.353 
.339 
.33'2 
.343 
.366 
.307 
.388 
.rlM) 
.411 
.416 

Inches. 

0.361 
.362 
.3(i5 
.366 
.373 
.372 
.393 
.M8 
.398 
.392 
.390 
.404 

.412 

.388 

.380 

.374 

.362 
0 
.358 
.366 
.360 
.368 
.398 
.362 

o 

4.7 
4.6 
3.8 
3.7 
4.0 
4.4 
4.6 
4.4 
6.8 
7.4 
9.2 
9.1 

9.0 
9.8 
12.0 
11.4 
11.4 
11.8 
10.1 
8.6 
6.8 
6.0 
6.2 
6.2 

o 

83.7 
83.8 
83.0 
82.6 
8'1.2 
81.8 
82.4 
83.2 
84.8 
87.0 
88.4 
89.6 

90.4 
91.0 
91.2 
90.8 
91.0 
91.8 
89.7 
87.7 
86.4 
86.6 
84.8 
84.4 

o 

79.0 
79.2 
79.8 
78.9 
78.2 
77.4 
77.8 
78.8 
79.0 
79.6 
79.8 
80.6 

81.4 
81.2 
79.8 
79.4 
79.6 
80.0 
79.6 
79.2 
79.6 
79.6 
79.6 
79.2 



Alutract of the Remlfu of fhe Bo~ir ly  dletewological O b u m a t i m  

faken nl i j e  Si~rctyor Beneral's O$fce, Calcutta, 

in the n1011lh of B~igttut 1866. 

Hourly Means, &c. of the Obsenations and of the Hygnnnetried elements 
dependent thereon.-(Continued.) 

j c; rr 0 

0 
% Q %  . #. Hoar. I 

a 

Mid- 
nigl~t 

I 
2 
3 
4 
6 

7 
8 
$4 

I 0  
11 

I I ---- -- I 

All the H~grornetrical elements are conlyuted by the Greenwich,Coatmte. 



Metcorologicat? Observations. Ixi 

dbrtracl of Ib RearZta of the Hmr& Meleorological 06umationr 
t a k a  a t  the Surveyor Gencral'a Ofice, G k u t l a ,  

zi~ the month of Augwt 1866. 
Solar Radiation, Weather, &c. 

I I rain at 6 P. Y. 
- 

8. 5. W. & variable Clear to 2 A. m. l?i to 7 P. I[. 

& S. by E. clear afterwards. Light rain 
between Noon & 1 P. m. & at  

General aspect of the Sky. 

Ci Q ' @ g j a  
i: direction bf the 

Wind. 

6 P. m. 
Clear to 4 A. x. Scuds from E 

to 11 A. m. Scatd. ^i to 8 P. 
m. clear afterwards. Rain at 
7, 11 & Noon. 

Soatd.\i & ~i to 6 A. m. clouds 
of differcnt kinds afterwards. 
Rain at 9 & between 11 & 
Noon & between 10 & 11 P.M. 

Overcast to 10 A. Y. Li & 
to 6 P. Y. clear afterwards. 
Slight rain s t  3 & 4 A. m. 

Clear to 3 A. M. Li afterwards. 
Rain k tween6&6~m&at2~x .  

,a 

&g 
$ 

i 8 
L i  nearly the whole day. Rain 

between 11 & Noon & be- 
tween 6 & 6 P. m. 

Overcast. Rain constantly. 
Overcast. Rain at 2, 5, 7, 9, & 

10 A. M. & from 1 to 3 P. x. 
Thunder at 8 A. m. 

Overcast. Rain from 4 A. x. to 
6 P. m. Thunder & Lightning 
at 4 ~ .  m. 

Clear to 2 A. M. Overcast to 10 
A. m. L i  to 8 P. m. Overcast 
afterwards. Rain at 1 0  A. m. 
at 2 & 3 P.M. Thunder at 2 & 
3 P. m. Lightning at 9 P. m. 

Overcast to 11 A. M. L i  to 8 P. 
M .  Overcast afterwards. Rain 
a t  8 & 11 A. M. & at 2, 6 & 9 
P. m. Li htning at midnight. 

Overcast. bain constantly. 
Overcast to 3 P. Y. -i to 6 P. 
M., clear afterwards. Rain 
from midnight to 4 A. M. at 
8 A. M. & at 3 P. II. 

Scatd. ^i to 6 P. M. clear af- 
terwards. Rain at 4. 6 & 11 
A. m. & between 4 & 6 P. x. 

Clear to 7 A. Y Scatd. ^i to 8 
P. m. clear afterwards. Light 

I 9  

EJ 
0.60 

0.80 
0.76 

0.76 

0.40 

0.60 

2.12 

1 

2 
3 

4 

6 

6 

7 
8 

9 

10 

E. N. E. & E. 

E.S. E . & E .  
E. S. E. &S. by E. 

8. 8. E. & 8. by E.  

W.N.W. & 8. 8. E. 

N .N.E .  

N. N. E. & E.  S.E. 
0 . 1 8 E . S . E . & S . S . E .  

S . S . E . & S . E .  

S.S.E.&S.E.&SSW. 

126.0 

... 

... 

... 

... 

... 

... 

... 

130.0 

126.0 

0.94 

0.43 
0.67 

1.66 

0.21 

0.44 

0.68 

0.12 

... 



lxii Meteorological Obreraatitw. 

Abrtraet ?f tAe ReaJts o f -  tAe Hourly Xetcwologud Observatiorrr 
haken at the Surveyor General's Ofice, GaleuCha, 

in  the month of Augr~t  1866. 
Solar Radiation, Weather, &c. 

&nerd aspect of the Sky. 

Wind. 

Inches 
... I 8. 8. W. Overcast to 3 P. X. Li to 7 P- 

M. \i afterwards. Lieht rain 
at 2 & 9pl A. K. & at r* r- w- 

5. 9. W. & 9. S. E. ... L i  nearly the whole da . 
i.36 5. S. W. & S. W. -i to 3 A. Y. ~i to TO A. Y. 

Overcast afterwards, Rain a t  
11 A. Y. 124 P. K. & from 6 b 

0.44 W. & variable 

- 
11 P. Y. 

Overcast nearly the whole da . 
L, Lightnin & Thunder at mib 
2 night. S&ht rain from mid- 
I, night to 2 A. Y. & at 6 P. X. 
OD Overcast to 4 P. Y. ^I & l\i + afterwards. Rain at 2 & 3 L 

M. & at Noon. 
Overcast nearly the whole day. 

Rain from midnight to 8 & 
at6&frOrn7t09A.Y. 

Scatd. \i to 8 A. Y. "i to 1 P.M. 
Overcast to 6 P. Y. Thin 
clouds atbrwuds. 

L i  to 9 A. Y. ni afterwards. 
L i  & m i  nearly the whole *. 

Light, rain at 3 P. K. 
"i & L i  nearly thc whole h y .  
&in at 3 & 4 P. K. 

Scstd. clouds to 7 A. Y. î to 
Noon. Overcast at  6 P. Y. 
Scatd.cloudsafterwuda, Ihin 
at 1 & 41 P. Y. 

Scatd. clouds to 11 A. K. Over- 
cast to 3 P. Y. Thin clouds d- 
terwards, %in at  119 A. Y. 

Overcast to 6 A. Y. Li & buds 
from E to 11  thin c l o d  
to 4 P. I. Scstd. 3 dkrwrrds. 
Rain from 2 to 6 A. Y. at 10 A. 
Y. Noon 34 P. Y. & a t  104~. r. 

Overcast to 1 P. Y. ^f to 6 P. r. 
clear &ma&, rain from S 
to6 A.M. at  8 A.M. & at  3f P.X. 

133.0 ... ' 8. & 5.8. W. "i to 7 P. Y. clear s f t e ~ ~ & ~ .  
Light rain at  Noon. 

134.6 . I s . s  W. ,% S. b y w  1 Clear P. Y. to clear 2 A. afterwards. Y. Scatd. to 6 

\i Cirri. - i Strnti,^i CumuIi,\-i Cko-strati, r\- i Cumulo strati,hi Nimbi, 
hi Cirro cumuli. 



Abstract of t h  Rebillta of  t h  HorrZy Meteorological 08aervatwns 

tcrken at  tAe Surveyor GeneraPs O&e, CiElcutta, in the 

month of Auguat 1866. 

... Mean hei ht  of the Barometer for the month, 
M u .  heist of the Barometer occurred at 10 A. r. on thl3Oth, 
Min. height of the Barometer occurred at 4 P. la. on the 7th, 
Eztremu range of the Barometer during the month, ... 

... Mean of the dsiy Max. Pressures, ... ... 
Ditto ditto Min. ditto ... 

Meus daily range of the Barometer Lg the'konth, ... 

Inches. 
... 29.684 

29.822 ... 
... 29.332 
... 0.490 
... 29.64!2 ... 29.619 ... 0.123 

... Mean Dry Bulb Thermometer for the month, ... 
Max. Temperature occurred at 6 P. la. on the 31st, ... 
Min. Temperature occurred at 6 A. la. on the 28th, ... 
Extreme range of the Temperature during the month, ... 

... Mean of the daily Max. Tern erature ... ... 
... Ditto ditto Min. J t to ,  ... ... 

Muan daily range of the Temperature during the month,. .. 

Mean Wet Bulb Thermometer for the month, ... ... 80.8 
Mean Dr Bulb Thermometer above Mean Wet Bulb ~ e m o m e t e r ,  2.7 
~ o m ~ u t e i  Mean Dew-point for the month, ... 78.3 
Mean Dry Bulb Thermometer above computed kean ~ e i - p o i n t .  ... 4.6 

Inches. 

Mean Elaetio force of Vaponr for the month, ... ... ... 0.94s 

Troy grain. 

... Mean Wei ht of Va our for the month ... ... 10.18 
~ddi t ional fvei  ht o! Va ur required for completa saturation, ... 1.61 
Mean degree of fumiditj the month, mmplets saturation being unity 0.86 

Inches. 
Rained 27 days,-Max. fall of rain during 24 h o r n  ... ... 3.14 
Total amount of rain during the month, ... 11.48 
Total amount of rain indicated by the Gauge akAhed &'the anemo- 

meter during the month. ... ... 10.67 
Prevailing direction of the w i d ,  ... S. s:'E. E. 8 : ' ~ .  & S. by E. 



lriv Meteorological O k a t i o n u .  



~eieoroZogical Okerva iiutrr. I n  

dbslraet ~ the Rearclla of the Hour& dleteorological Obae~rraliorrr 
taken at  the Surveyor Generafa Oflee, Calcutta, 

in the month of Sejfentber 1Y66. 

Latitude 22' 33' 1" North. Loi~gitude 88' 20' 34" East. 

Height  of the Cistern of the Standard Barometer abovo the sea level, 18.11 feet. 

Daily Means, &c. of the Observations and of the Hygrometrical elements 
dependent thereon. 

P 
Range of the Barometer Rangc of Tempera- 

during the day. ture during the day. 

Max. 1 Min. 
Date. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
!?4 
26 
26 
27 
28 
29 
b 

The 

& * 
s$& 
.? E % a E k  

g 
2 w m  g s r  

!I'hermometer Means sre derivod, from the hourly observations, made during 
the day. 

Inches. 

29.869 
.646 
.698 
.670 
6 2  
.666 
.ti67 
.671 
.498 
.548 
.tib& 
.a16 
.638 
.642 
.679 
.679 
599 
.643 
.730 
741 
.712 
.763 
.£UY2 
.773 
729 
.731 
.767 
.762 
.761 
,760 

Inches. 

29.730 
.716 
.669 
.647 
.683 
.7M 
.TA6 
.652 
.656 
.as7 
.687 
.672 
.691 
.694 
.618 
.622 
.646 
.724 
.786 
797 
.I62 
.812 
.866 
.834 
776 
.782 
.842 
311 
.803 
.831 

Inches. Inches. o o 

29.582 0.148 87.0 93.2 
.67S .I39 86.8 93.0 
.617 I 86.6 9'2.0 

Mean Height of 

.494 

.6.W 

.616 

.bH4 

.473 

.4bL 

.61J4 

.6tiY 

.6:34 

.bH6 

.bib 

.bib 
5 1 1  
.623 
.bid 
.674 
681 
.655 
.i13 
.746 
.6!)8 
657 
6 
.688 
.676 
.676 
.677 

the Barometer, as likewise the Dry and Wet  Bulb 

1 
.I33 
.I11 
1 
.l79 
.111 
.103 
.I18 
.138 
.lo5 
.119 
.IVY 
.111 
.121 
.148 
.11P 
I 1 6  
.117 
.O99 
1 
.136 
119 
.130 
1 
.I36 
.1P7 
.I64 

83.3 
83.9 

8 1  87.2 
89.4 
88.4 

80.0 7.2 
79.9 
80.6 

85.7 ' 90.2 
83.5 / 89.0 
80.8 , 8'2.8 
83.3 87.3 
83.2 87.0 
8t.P 90.1 
84.9 91.8 
84.8 1 88.0 
85.8 91.6 
61.6 
83.9 : 
82.9 86.8 

89.0 ii 1 87.6 87.6 
84.1 89.8 
85.1 90.8 
84.1 I 89.0 

9.6 
7.8 

81.6 
79.6 
79.0 
80.2 
80.6 
80.6 
81.8 
81.8 
81.8 
H0.2 
811.2 
79.8 
80.6 
80.4 
79.0 
79.6 

82.2 
83.9 
85.4 
86.2 
86.6 

8.6 
9.4 
3.8 
7.1 
6.4 
9.6 

10.0 
6.2 
9.8 

12.6 
6.0 
7.0 
8.4 
7.2 
8.6 

10.2 
80 .2 '10 .6  

84.0 
90.0 
91.2 
91.4 
93.2 

86.6 / 9'3.6 

9 . 0  10.0 
79.2 i 4.8 
78.0 12.0 
80.8 10.4 
82.2 
81.4 
81.8 

9.2 
11.8 
11.8 



Abstract fl tAe 12esulh of tAe Houri) Meteorological O l s e t a a l h  

taken at the Surveyor General's O$ce, Cakul'ta, 

in tlie morrth of Septe~nber 1866. 

Daily Means, $c. of the Observations and of the Hygrometrical elementr 
dependent thereon.-(Continaim!.) 

o Inches. T. gr. i I T. gr. r 

Date. 

I \ I I I I I I 

All the Hygrometrical elements are coinputed by the Greenwich Constmtu. 

i, 

8 
5 
5 
if 
a 

"A 2 
$9.- & 
5 3 s  
:%.? 
5 s  
4' .  &2 
3-2 
S"' 

'5 " 
2 %  + .2 
3 . 5 -  s 2  
kg: 
Z h S  
. zE-, - t b g  
4 "- 

% 
0 

E a 
.- .la 'a 

a :  
zl 

: 

$ 4  

p 

$ 2  

2 
8 

g.1 

._ a{ ._ 

1. 
J.! 

4 * k  
t l a 4  
a 

I 
QB 



Abstract of fAe Resulk of the Hourly Meteorological Obseraatim 

taken at  the Sulaeyw GeneraPs Ofice, Calcutta, 

in tAe month of S e y t d e r  1866. 

Hourly Means, &c. of the Observations and of the H y p m e t r i d  elements 
dependent thereon. 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived from the observations made at the r e r e d  
houn during the month. 

Hour. 

Mid- 
night. 

1 
2 
3 
4 
6 
6 
7 
8 - 9 
10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

*- o la 
+a &, G; G 
.; a d  
x E! 

%d 

Inches. 

29.681 
.672 
.663 
.665 
.W 
.666 
.67l 
.687 
7 
.716 
.718 
.7M 

.688 

.M1 

.a33 

.6ll 

.go3 

.604 . 

.642 

.W 

.686 
696 
.690 

Range of the Barometer 
for each hour during 

the month. 

Max. I Xi. Diff. 

2 

& 8 
A 

0 

82.2 
82.0 
81.7 
81.4 
81.2 
81.1 
81.0 
8'1.0 
83.8 
86.3 
86.3 
87.2 

87.8 
88.2 
88.1 
88.2 
87.7 
86.8 
86.2 
8i.4 
83.6 
83.0 
88.7 
8'1.4 

Inches. 

29.807 
.806 
.800 
.791 
.781 
.798 
.811 
.824 
. 
.851 
.866 
,846 

.836 

.808 

.782 

.769 

.758 
7 
.760 
.774 
.786 
.801 
312 
.809 

Inches. 

29.637 
.619 
.603 
.488 
.469 
.464 
.479 
.499 
.606 
.519 
.&a3 
616 

.602 

.dl 

.461 

.4J4 

.U 
,456 
.480 
.490 
6 1  
551 
,566 
.660 

Range of the Tempera- 
ture for each hour 
during the month. 

Max. Min. Diff. I 1  
Inches. 

0.270 
.286 
.297 
.303 
.312 
.334 
.331 
.325 
.349 
.33'2 
.332 
.330 

334 
327 
.321 
325 
.310 
.290 
.280 
.284 
.267 
.260 
.267 
.269 

0 

84.6 
84.2 
83.8 
83.2 
83.0 
82.8 
83.0 
84.8 
87.0 
88.2 
90.2 
91.0 

91.2 
92.8 
92.8 
93.6 
93.0 
92.6 
90.7 
89.0 
88.4 
86.8 
86.6 
86.0 

0 

79.0 
79.2 
78.8 
78.4 
78.2 
78.0 
78.2 
79.6 
81.3 
81.8 
82.2 
82.2 

80.4 
81.2 
80.0 
80.7 
81.4 
80.2 
80.6 
80.6 
80.4 
80.0 
79.6 
78.2 

0 

6.6 
6.0 
6.0 
4.8 
4.8 
4.8 
4.8 
5.2 
6.7 
6.4 
8.0 
8.8 

10.8 
11.6 
12.8 
12.9 
11.6 
12.4 
10.2 
8.6 
8.0 
6.8 
6.0 
6.8 



lxviii die/eo!~okyic~ul OLserralionr. 

dbrtraci of fire Remrl/s of iAe IIulrrly Mcteoroloy icol OLrercatim 

taken at tire S1r1-ccyor GeneraPs O$ice, Culmtta, 

in  ilie month of Sr#mler 1566. 

Hourly Means, &c. of the Obsermtions and of the Hygrometrical elementa 
dependent thereon.-(Continued.) 

k 

Hour. 

Mid- 
night. 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

Noon. 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 

All the Hygromctrical rlcmcnts arc coml)uted by the Greenwich Constantr. 

----- 

o 

1.8 
1.8 
1.6 
1.4 
1.4 
1.3 
1.2 
1.6 
2.8 
3.8 
4.7 
5.4 

6.8 
6.9 
6.2 
6.0 
6.8 
6.4 
4.0 
3.2 
2.7 
2.6 
2.2 
1.9 

o 

80.4 
80.2 
80.2 
80.0 
79.8 
79.8 
79.8 
80.4 
81.0 
81.6 
81.6 
81.8 

R2.0 
82.3 
81.9 
P2.P 
81.9 
81.4 
81.2 
81.2 
80.9 
80.6 
80.5 
80.6 

o 

. 
78.9 
79.1 
79.0 
78.8 
78.9 
79.0 
79.3 
79.0 
78.8 
78.3 
78.6 

78.5 
78.8 
782 
78.6 
78.4 
78.2 
78.4 
79.0 
7 .  
78.7 
79.0 
79.2 

o 

3.1 
3.1 
2.6 
2.4 
2.4 
2.2 
2.0 
2.7 
4.8 
6.6 
8.0 
8.6 

9.3 
9.4 
9.9 
9.6 
9.3 
8.6 
6.8 
6.4 
4.6 
4.3 
3.7 
3.2 

T. gr. 

10.47 
.41 
.47 
.46 
-40 
.43 
-46 
.63 
.40 
.29 
.12 
.19 

.16 

.26 

.07 
-17 

. .12 
.07 
.I7 
.40 
.40 
.33 
-42 
.bO 

Inches. 

0.973 
.967 
.973 
.970 
.964 
.967 
,970 
.979 
.970 
.974 
.949 
.968 

$66 
.964 
.9&6 
.968 
.962 
.946 
,962 
.970 
.970 
.961 
.970 
.976 

T. gr. 

1.01 
.06 

0.90 
.81 
.81 
.74 
.68 
.94 

1.70 
2.36 
.90 

3.18 

.44 

.61 

.66 

.69 

.44 

.14 
2.44 
1.91 
.63 
.a 
.30 
.ll 

0.91 
-91 
.a 
.93 
.93 
.93 
-94 
.92 
.86 
.81 
.78 
.76 

.75 

.75 

.73 

.74 

.76 

.76 

.81 

.06 

.87 

.W 

.89 

.90 



MeteoroktgicaZ OLserratit nr. kix 

dbstracl of f i e  Remlls of f i e  Hourly illefeoroEogical Otrert'ations 
taken at fAe Sur.cw-.yrn Genrral'a O$t.e, Calcutta, 

in the mo?~th of Septem6er 1886. 
&c. 

General aspect of the Sky. 

Clcar to 7 A. la. Scatd. "i to 1 
P. x. L i  & - i  afterwards. 
Li lltning to E at 7 & 11 P.X. 

~catdR. \i to 6 A. x. Scatd. ni  
to 6 P. la. Overca~t after- 
~ a r d e .  Thunder at 9 & 10 P. 
x. Lightning at 9, 10 & 11 P. 
x. Rain fm~n  7 to 11 P. la. 

L i  & "i. Lightning at 10 P. la. 

Light rain nt midnight & 8 
A. la. 

Overcast nearly the whole clay. 
Thunder & Lightnin from 
midnight to 3 A. la. knin at 
1, '2 & 4 & from 8 to 10 A. x. 

L i  to Noon.-i to 6 P. I. Over- 
cast afterwards. Rain at 7 A. 
la.& at 3 & 8 P. x. 

Clear to 3 A. x. ^i to 8 P. x. 
Clear afterwards. Slight rain 
at 9 A. x. & 6 P. la. 

Clear to 6 A. x. L i  to 3 P. la. ^i 
afterwards. Lightning to N 
W from8 to 11 P. r. 

^i to 4 P. r. Overcnst dfter- 
wards. Thunder at 11 P. u. 
Lightning from 9 to 11 P. Y 
Rain at 1. 2 & 11 A. x. & at 
6 & 11 P. x. 

Overcast. Rain constantly from 
midnight to 4 P. x. 

Scatd. \i to 6 A. x. Scatd. ^i 
to 1 P. la. Overcast to 8 P. M. 
Clcar afterwarde. 

"i nearly the whole day. Slight 
rain at 11 P. la. 

Scatd. ^i to 6 P. la. Clear after- 
wards. Rain at midnight, 1 & 
6 A. la. & between 3 & 4 P. x. 

Clear to 6 A. Y. Scatd. -i to 7 
P. la. Clear aftcmarde. 

Clear to 4 A. la. ScaM.^i to 6 P. 
la. Scatd.\i to 9 P.M. Clearaf- 
terwnrds. Rain at Noon & 1 4  
P. la. 

Clear to 7 A. la. ^i afterwards. 
Light rain at 8 P. r. 

Weather, 
.a 

(g 
M o 

It, 

Solar Radiation, 
#., a . 0  

+ g  w p .  

$ Prevailing 
direction of the 6 .2 2 Wind. 2 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

o 
139.0 

141.0 

130.6 

... 

128.0 

... 

129.2 

... 

... 

... 

140.2 

149.2 

142.7 

133.8 

143.2 

~ - 0  
l l ~chev  

... 

3.08 

... 

0.20 

. . . 

... 

0.73 

3.84 

... 

... 
0.18 

... 
0.27 

... 

S. by W .  & S. 

S. & S. W. 

W . S . W . & N .  W. 

o . ~ ~ s . s . w . & s . w .  

Variable. 

E. S. E. & variable 

S . & S . W .  

Variable. 

Variable. 

S . S . E . & E . S . E .  

S.S.E,S.,&S. by E.  

S . S . E . & S . b y E .  

S. 8. E. & S. E. 

S. 8. E.  & S. 

S. S. W. & S. 



lxx Meleorohgical Otrerraft'ons. 

Abstract of tAc Reawlla of the Hourly ~Wefeorologieal Otacruatwnr 
taken at lAe Surveyor General's O&e, Cakulta, 

in the m t h  f ofeptemder 1866. 
Solar Radiation, Weather, &c. 

aspect of , sb. 

Clear to 6 A. r. Scatd. to 1 
P. la. Overcast afterwards. 
Thunder at 4 6 & 7 P. x. 
Lightning at 7 P. M. Rain at 
3, 4, 7 & 8 P. M. 

Overcast near1 the whole &y. 
Bsi from 16 A. la. to 2 P.Y. 
& a t  6 P . M .  

Clear to 3 A. M. Scatd. \i to 7 
A. x. ^i aftamards. Bsin 
from 94 A. M. to 12i A. r. 

Clear to 6 A. M. fii to 11 A. x. 
Overcast afterwards. Light- 
ning & Thunder at 6 P. M. 
Rain at 7 A.M. Noon, 1 & from 
6 to 7 P la. 

-i & Li .  Raii at 1 & 3 P. M. 
Clouds of different kids .  Bsin 

at 143 & at 6b P. la. 
Clear to 4 A. M. ni  to 6 P. Y. 
- Clear afterwards. 
Clear to 7 A. la. hi to 4 P. X. 

afterwards. 
,i to 9 A. M. Clouds of different 

kinds afterwards. Light rain 
at 7 P. M. 

Scatd. \i to 2 A. la. Overc~lt to 
4 P. Y.  Scatd. ~i aff8rwarda 
Sli ht rain at 4 & 6 A. r. 

s c a d  \i to 6 A. x. Scatd. "ito 
1 P. Y. Scatd. Li afterwt~ds. 
Rain at 8 & 9 P. Y. 

Clear to 7 A. Y. Scatd. L i  to 10 
A. X. Scatd. n i  to 6 P. x. Li 
afterwards. Thunder at  6 P.H 
Rain at 6 & 7 P. x- 

Clear to 7 A. Y. Scatd. mi tO 6 
P. Y. Clear afterwards. Light 
rain at 6 P. x. 

S c d  \i to 7 A. Y. Scatd. ni to 
6 p. x. Overcast afterwards. 
Lightning & Thunder fmm 7 
to 9 p . l a . R a i u  between 8 &9m 

Clear to 8 A. Y. Scatd. ni &r- 
wards. 

i Cumulo s tmti ,ki  Nimbi, 

Rain Gallge 1 I?oot 2 Inchen above ground. 

a 
B sr 

kg 
d %  ' I 
B 
. .. 

... 

' 

Cirro-strati, 

directionof the 

a" 
16 

17 

18 

19 

!&I 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

t i  
h i  C i m  mmuli. 

# 
o ' 

148.2 

... 

... 

142.4 

1 4 . 7  
136.2 

147.8 

140.2 

140.0 

... 

140.2 

8462 

147.4 

138.2 

146.2 

Cirri, - 

In 
-- 
Inches 
2.62 

0.39 

0.78 

1.00 
0.09 

... 

... 

... 

0.03 

0.14 

0.84 

0.05 

0.12 

.. . 

i Strati.5 

Wind. 

5. & variable. 

N. E. & N. N. E. 

1 .29E.N.E .LS.E .  

E. S. E. & variable 

S. S. E. & S. E. 
S. 8. E. 

S.E.&.s .byE.  

S.byE.&S.S.W. 

N. W. & W. 

W. & variable. 

E .S .E .&S.E .  

S. by E., S.s.E.&s. 

8. & 8. E. 

S. & variable. 

S. 8. W. & variable 

Cumuli,~i 



Abstract of the Rmults of  the Hozrrij Meteorological ~bs.&ationr 

taken at the Suroeyor GeneraPs Ofice, Calcutta, in the 

month of  Seplemper 1866. 

. Mean hei ht of the Barometer for the month.. ... 
Max. hei$t of the Barometer occurred at 10 A. X. on the 23rd 
Min. height of the Barometer occurred at 3 P. M. on the 9th 
Erhm range of the Barometer during the month ... 

... Mean of the daily Max. Pressurea ... ... 
... Ditto ditto Min. ditto ... 

Meas daily range of the Barometer during the 'month ... 

Inches. 
... 29.666 
... 29.866 
... 29.444 
... 0.411 
... 29.724 
... 29.697 ... 0.127 

Mean Dry Bulb Thermometer for the month ... . . . . . .  83.4 
Max. Temperature occurred at 3 P. M. on the 30th . . . . . .  93.6 
Min. Temperature occurred at 6 A. X. on the 26th . . . . . .  78.0 
Extrmre range of the Temperature during the month . . . . . .  16.6 
Mean of the daily Mnx. Tern ... . . . . . .  

Ditto ditto Min. gctors "' 

89.6 
... . . . . . .  80.6 

diean daily range of the ~ e m ~ e r a t u r e ' d u r i n ~  the month.. . ... 9.0 

... Mean Wet Bulb Thermometer for the month 81.0 
Mean Dr Bulb Thermometer above Mean Wet Bulb Ti&nometk;: 3.3 
~ o r n ~ n d  ~ e a n  Dew-point for the month ... 78.7 

... Mean Dry Bulb Thermometer above computed mean ~ew-point  6.6 

Inches. 

... Mean Elastic force of Vapow for the month ... ... 0.961 

Troy grain. 

Mean Wei ht of Va our for the month ... ... ... 10.29 
~dditional%ei ht d Va ur required for complete saturation ... 1.99 
Mean degree of %umidity the month, mrnplete uturation being unity 0.84 

Inches. 
... Rained 23 days,--Max. fall of rain during 24 hours ... 3.84 

Total amount of rain during the month ... ... 16.97 
Total amount of rain indicated by the Gauge attached to the anemo- 

meter during the month ... ... ... ... 16.07 
Prevailing direction of the W i i  ... ... 5. 8. E. & 8. 



h i i  die leorological Otseruationr. 
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Abstract @ tAc Besulls of the Hmrty dlekorol0S;cal Obuer@atim 
kktm s t  tAe Suwqw GentraE'a O m ,  Cblcutla, 

in tAe nrontR of 0&6m 1866. 

Latitude %a0 3s' 1" North. Longitude 88' %?0' 34" Ed. 

Height of the Cisternof the Standard Barometer above the sea level, 18.11 feet. 

M y  Means, &a. of the Observations and of the Hypometrical elements 
dependent thereon. 

Inches. Inches. Inches. Inches. i i i i 

Range of Tempera- 
$ ture during the day. 

Bange of the Barometer 
during the day. 

Max. 1 YY. I DY1 
. 

- - 

The Mean Height of the Barometer, as likewise the Dry .nd Wet BuIb 
Thermometer Merpr ue derived, frag the burly ohmatitnu, nude during 
tho day. 

91 
O * 
2% .Fgd 

a *  



Alalract of U e  Reaulta of the Hour& Met~orological O h a t i o n s  

taken at  tAe Sumyor Qeneral'a Om, &lcuCta, 

irt the numtk of Ochber 1866. 

Daily Means, &c. of the Obsewations and of the Hygrometricsl elementr 
dependent thereon.-(Continued.) 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
83 
24 
26 
% 
27 
08 
29 
30 
31 

All 

T. gr. 

10.26 
.13 
.00 
.19 
.02 
.28 

9.69 
.88 
.62 
.65 

Inches. 

0.961 
.9M 
.937 
.962 
.937 
.968 
.W6 
.919 
393 
.886 
.922 
.896 
.893 
.896 
.879 
.867 
.792 
.751 
.763 
.809 
.879 
.87l 
.867 
.806 
.811 
.736 
.761 
.729 
.741 
.761 
.697 

computed 

o 

81.4 
80.7 
81.1 
80.7 
80.6 
80.7 
79.8 
79.6 
78.6 
77.8 
79.6 
19.2 
79.6 
80.0 
79.4 
77.9 
77.0 
76.7 
76.1 
77.6 
78.2 
77.6 
77.2 
74.3 
75.8 
72.6 
74.2 
73.7 
74.3 
74.4 
73.2 

the 

T. g. 

2.36 
.16 
.76 

1.98 
2.29 
1.79 
2.62 
1.84 
.69 
.33 

0.81 
.83 
.78 
.84 
-81 
.86 
.79 
.84 
.86 
.88 

~-~p~ 

o 

6.5 
6.1 
7.7 
6.6 
6.6 
6.1 
7.3 
6.4 
6.1 
4.1 
6.1 
6.6 
7.7 
8.6 
8.6 
6.8 

10.6 
11.4 
11.1 
10.4 
6.6 
4.9 
6.1 
2.7 
6.8 
6.4 
6.8 
8.8 
9.0 
8.3 

10.9 
-- 

are 

o 

3.8 
3.6 
4.6 
3.3 
3.8 
3.0 
4.3 
3.2 
3.0 
2.4 
3.0 
3.9 
4.6 
6.0 
6.0 
4.0 
6.2 
6.7 
6.5 
6.1 
3.3 
2.9 
3.0 
1.6 
3.4 
3.2 
4.0 
6.2 
6.3 
4.9 
6.4 

H~grometrical 

-8.5 
.81 
.78 
.76 
.76 
.81 
.71 
.70 
-70 
.72 
.84 
.86 
.85 
.98 
.83 
.84 
.80 
.76 
.76 
.77 
.70 

. - v -  

C,m,@& 

o 

78.7 
70.2 
77.9 
78.4 
77.9 
78.6 
76.8 
77.3 
76.4 
56.1 
77.4 
76.6 
76.4 
76.6 
75.9 
75.1 
72.7 
71.0 
71.6 
73.3 
76.9 
75.6 
76.1 
73.2 
73.4 
70.4 
71.4 
70.1 
70.6 
71.0 
68.7 

element8 

.91 .73 

.61 2.25 

.66 / .66 

.67 .96 

.40 .91 

.21 .23 
8.49 1 3.40 

: :z 
.t?6 .41 

9.48 ' 1.86 
.39 
.26 

8.77 
.76 
.02 
.23 

7.89 
8.00 
.12 

7.62 

.69 

.63 
0.80 
1.80 
.62 

2.02 
.68 
.69 
.47 

3.17 
r _ 

by the Chenkich 



Meteorological Obaervationr. lxxv 

dbatmct of the Reslclh of tAe Hourly Meteorological Odsmationr 

take% a t  tAe Surveyor GeneraPs OJee, Calcutta, 

in tAe month of October 1866. 

Hourly Means, $c. of the Observations and of the Hygrometrical elements 
dependent thereon. 

Mid- 
night. 

1 
S 
3 

Noon 
1 

2 
3 
4 
6 
6 
7 
8 
9 

10 
.11 

o la Range of the Barometer 
for each hour during 

the month. 

M .  I U n .  

I I I 
Inches. Inches. Inches. Inches. I l l  

Range of the Tempera- 
ture for each hour 
during the month. 

Max. Ildin. DifE I I 

1 

I The Yean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Meass are derived from the observations made at the scved  
boorr during the month. 

? 



Hourly Memu, h. of the Obeenationr and of the Hygrome4aicrl ehwnb 
dependent &ereon.-(Cmlid.) 

.$ t d s , ,  
P Q) 

3 t 
Hoar. * q P 4 

E i $ B P  m g, 82 " 8 3 g s 

Kid- 
night. 

1 
3 
Y 
4 
6 
6 
7 
8 
9 

10 
11 

Inches. 

0.m7 
.Wii 
.XVJ 
. V i ( ;  
. R i l  
a 7 1  
.871 
.HfiH 
. P M  
.&I{) 
.A:!?) 
,819 

1 I 

the Hygro~qetrical elements ue eomputtrd by the Gre-ich-Cdmtmtr, 



lddraet 4 tha Rem& of tkd  Mctcotoodogicat Ob8etvatisu 
& a h  at the 8urvqw Ghual's O m ,  Cadmtto, 

is Ue rrronth of October 1866. 
sqt.r Bdiation, Weather, &c. 

Wind. 

Inches & 
8catd. ni  to 2 P. Y .  Overc~t  to 

6 P.M. Clear afterwards. Rain 
at Noon & 6 P. n. Thunder 
from 1 to 6 P. Y. Lightning 
at 4 P. Y .  

~ e 8 r  to 6 A. Y. 8catd. "i to 6 
P.  n. Clear afterwards. asin 
h r n 3 t o 6 p . ~ .  

aear to 7 A. Y. S e a t d .  "i to 6 
P.  Y. Clear afterwards. 

C l e a r t o 7 ~ . n . n i & L i t o S ~ .  
M. Overcant afterwardr. Rain 
f t o r n 4 t o 6 ~ . ~ .  

Clear to 5 A. Y. S o a t d .  4 to 7 
P. M. Clear afterwards. 

Clear to 6 A. M. S c e t d .  ni to 
Noon. bi & 4 afterwards. 

&aM. ni to 6 P. Y .  L i  after- 
w a d .  Light rain between 

I 
~ ~ 

Noon & I G. n. 
Clear to 7 r . n . B a s t d . " i t o 7  
I P. n. Clear afterwards. Light 

to 9 A. n. S c a t d .  hi 3 P.X. 
Overcast to 7 P. n. Clear ff- 
terwarde. Rain from 3 to 7 
P.  M. 

to 6 A. Y. Overcast to 6 
P. Y. 4 a w .  Ibtn 
between 3 & 4 P. M. 
vercsrt to 3 A. n. hi to 6 P. 
Y .  Clear afterwards. 

to 6 A. n. Scatd. n i  to 6 
P. M. Clear afterwar&. 

Clear to 7 A. n .  S c a t d .  ni to 4 
P.  M. B c a t d .  ~ , i  crfterruds. 

8catd. ̂ i to 6 P. n. Clear after- 
w d a .  

Cloudu of different kinds till 10 
A. H. Scntd. hi to 9 P. Y. 
Cbnr aftorwardn. 



dktract of the Beanlts of the Hmrly Metcorologiwl Obsmabibu 
taken at the Surneyor General's Ogiiee, Cadclrtta, 

in the month g' Oclober 1866. 
Solar Radiation. Weather. kc. 

4.2 

. 16 

17 

18 

19 

:20 

21 

22 

23 

' 2 4  

r 2 6  

%0 

27 

28 

29 

90 

31 

'i 
hi 

Prevailing 
direction of the 

Wind. 

s . b y E . & N .  W. 

E . N . E . & S . b y E .  

N . E . & N .  by E. 

N.byE.&.N.E. 

NE.&ENE.&NNE. 

S.&N.E.&S.S.E. 

N.NE.&SSE&ESE. 

N . N . E . & N . E .  

E.N.E. 

W.S .W.&S.  W. 

N.N.W.&N.W. 

N.N.W. 

N . N . W . & N . W .  

N.N.W. 

N. N. W. 

N.W.&N.byW.&N. 

Cumuli,G 

jd 
42 

3 
--PI&- 

o 
146.2 

144.6 

140.2 

144.8 

142.2 

... 

... 

146.8 

... 

... 

116.0 

190.0 

... 

146.6 

147.0 

146.0 

c.6, - 
Cirro 

I:: 

$43 
.j .;isa 

Inches 
... 

... 

... 

... 

... 
0.77 

0.16 

0.67 

2.00 

0.08 

... 
,., 
... 

... 

.., 

... 

i Strsti,mi 
cumuli. 

,a " 

ib 
... 

Cirr~.~&ti, 

C k t o 6 ~ . X . 8 c s t d . u t o  9 
A. Y. to 3 P. X. b . t d .  L\i 
afterw&lde. 

Clear nearly the whole day. 
Foggy from 9 to 11 P. x .  

Clearto 11 A. x. L i t o  3 P. x. 
Clear to 8 P. Y. Scatd. u d- 
terwarde. Fog at 11 P. X. 

clear to 10 A. x%ostd. T to 4 
P. Y. Clear afterwards. 

Clearto6~ .  x .  L i &  hiafter- 
wards. 

Overcast to 11 A. X. Scatd. "i 
to 6 P. Y. Thin clou& & 
wards. 

Thin olouds to 3 A. U. OV~TCM~ 
to 10 A. H. Li afterwdn. 
h h f r o m 6 b 8 A . Y .  

Ovemaat & Li. Rain from 7 to 
9 A. H. & between 3 & 4 P. Y. 

Overeast. Low scnda from E 
from Noon to 6 P. U. Bain 
nearly the whole b y .  

Li & ^i Low scuds fmm S 
from 7 A. x. to 2 P. X. Light 
rain at midnight, 4 & 6 A. X. 
& a t  8 P. H. 

Cloude of different kinds to 6 
P. H. Clear afterwards. 

Scatd. \i to Noon. Scatd. Li to 
6 P. x. clear afterwards. 

Clear to 10 A. x .  Scatd- Li b 
7 P. Y. Clear a f t e r n d .  , 
Foggy at midni ht. I 

Clear to 9 A. H. Baa. ̂ i to 4 
P. Y. Clear afterwards. 

Clear to 7 A. Y. Scatd. ^i to 4 
P. LI. \ & &i afterwards. 

L i  & ^i to 6 P. Y. Clear after- 
wards. 

f i  i Curnulo s tmt i ,h i  Nimbi, 



Meleorological Observationt. 

dbslract o f  2iIe Rdwlta of  the Hourly Meteorological Obsmationr 

taken at  tAe Szrmeyor General's Ofice, Cttlcutla, in the 

month of Octo13er 1866. 

Inches. 
. Mean hei ht of the Barometer for the month.. ... 29.838 

. Mu. h e i h t  of the Barometer occurred at 9 b 10 A. Y. o i k e  28th.. 3O.W 
Min. height of the Barometer occurred at 4 A. M. on the 26th ... 29.614 

... Ertreme range of the Barometer during the month ... 0.490 
... Mean of the daily Max. Pressures .,. ... ... 29.906 
... Ditto ditto Min. ditto ... ... ... 29.773 

Mean daily range of the Barometer during the month ... ... 0.132 

... Mean Dry Bulb Thermometer for the month . . . . . .  81.9 
Max. Temperature occurred at 2 P. M. on the 2nd . . . . . .  92.2 
Min. Tempemture occurred at 6 A. M. on the 26th . . . . . .  71.9 
Eztrems range of the Temperature during the month . . . . . .  20.3 

... Mean of the daily Max. Tem rature ... . . . . . .  87.6 
Ditto ditto M i .  &, ... . . . . . .  77.8 

M a n  daily rump of the Temperature during the month.. . ... 9.7 

Hean Wet Bulb Thermometer for the month ... ... 77.7 
Mean D Bulb Thermometer above Mean Wet Bulb ba no meter 4.2 - 
~ o m ~ n k ?  Mean Dew-point for the month ... 74.8 
Mean Dry Bulb Thermometer above computed &em ~e;-point ... 7.1 

Inches. 

Mean Elastic force of Vapour for the month ... ... ... 0.849 

Troy p i n .  
... Hean Wei ht of Va our for the month ... ... 9.13 

~dditional%ei ht OF Ira ur required for complete iaturation ... 2.31 
~ e a n  degr s  of %umidity g the month, complete saturation being unity 0.80 

Inches. 
Rained 12 days,-Max. fall of rain during 24 hours ... ... 2.00 
Total amount of rain during the month ... 7.83 
Total amount of rain indicated by the Gauge attached &the  memo- 

meter during the month ... ... 7.26 
Prevailing direction of the wind ... ... N.N:'w. &N.'E. 
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Abalraet t i e  Reaulta of t i e  Hourly Meteorologicat Ohmalions 
taken at the Surveyor GeneraPa Ofice, Calcutta, 

in  the month of NoveritNlber 1866.  

Latitude 22' 33' 1" North. L o n w d e  88' 20' 31" East. 

Height of the Cisternof the Standard Barometer above the sea level, 18.11 feet. 

Daily Means, t c .  of the Observations and of the Hygrometrical elements 
dependent thereon. 

Date. 

Inches. 

29.907 
.954 
.Y89 

30.002 
29.972 

.046 

.9'36 

.910 

.900 

.859 

.as5 

.9Y3 
30.031 

.011 

.05 L 

.084 

.097 

.063 

.060 

.032 

.OJG 

.021 

.OoO 
29.990 

.986 

.Q36 

.9'G 
30.000 

.029 

.W38 

Inches. 

29.963 
80.013 

.059 

.074 

.0& 

.001 

.009 
29.979 

.961 

.915 

. o a  
30.047 

.0Y6 

.Of 4 

.I44 

.I43 

.I63 
-142 
.I21 
.lo6 
.03'1 
.083 
.058 
.064 
.059 

29.999 
.991 

30.060 
,096 
.lo7 

Inches. 

29.861 
.911 
.943 
. 9 a  
.941 
,888 
872 
.847 
.846 
.786 
.829 
.PA5 
.905 
.953 

30.003 
.037 
.@29 

29.991 
30.007 
29.971 

.959 

.964 

.939 

.9Sl 

.919 

.8i6 

.a90 

.955 

.983 

.974 

Inches. o 

I I I I 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived, from the hourly observations, made during 
the day. 



Abrtract fl tAe Rerulh of f& Iionrly Melcorologicclt Oh& 

taken at  the Surveyw GeneralJa O&e, Gakntta, . 

in  the month of NovGlpsber 1866. 

D d  y Msrsr, &c. of the Observation8 snd of the Hygmmetrical e k b  
dependent thereon.-(Contid.) 

Date. 

1 
B 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
23 
23 
24 
26 
26 
27 
28 
ID 
30 

the 

L 

f 

0 

73.3 
73.H 
76.4 
76.3 
7 
73.3 
72.2 
72.4 
71.H 
68.1 
67.8 
69.6 
70.3 
70.G 
70.5 
0 
68-9 
69.t; 
70.3 
69.4 
68.11 
67.1 
66.3 
94.3 
64.H 
63.4 
64.2 

0 

6.7 
6.1 
6.3 
6.9 
6.9 
6.2 
6.7 
6.2 
6.5 
8.6 
7.9 
7.0 
7.0 
6.8 
6.6 
6.6 
7.3 
6.4 
6.8 
6.1 
6.6 
7.0 
6.9 
7.1 
6.6 
7.0 
6.9 

9 1 6.1 
66.7 6.1 
65.4 6.8 

~ ~ G m e t r i e d  

0 

68.6 
69.6 
72.7 
72.1 
69.9 
69.0 
67.6 
68.1 
67.2 
62.1 
62.3 
64.7 
66.3 
65.8 
66.9 
65.9 
63.8 
65.1 
66.1 
66.1 
64.2 
62.2 
60.7 
68.6 
69.6 
67.8 
69.6 
61.0 
60.8 
60.4 

element8 

0 

11.4 
10.4 
9.0 

10.0 
10.0 
10.6 
11.4 
10.6 
11.1 
14.6 
13.4 
11.9 
11.9 
11.6 
11.2 
11.1 
12.4 
10.9 
9.9 

10.4 
11.2 
11.9 
12.4 
12.8 
11.7 
12.6 
10.6 
11.0 
11.0 
11.3 

are 

T. gr. 

5.31 
.08 

2.85 
3.16 
2.96 
3.07 
.21 
.00 
.09 
.72 
.36 
.13 
.19 
.I4 
.08 

2.99 
3.21 
2.86 
.64 
.71 
.89 
.93 
.93 
.88 
.67 
.76 
.38 

Imhe*. I T. gr. 

0.696 / 7.60 
.716 .72 
392 1 8.62 
378 .36 

.67 

.66 

.61 

.726 

.704 
370 
.684 
.664 
.661 
.686 
.6ll 
823 
334 
336 
.636 
.693 

.641 
637 
.630 

7.82 
.69 
.26 
-38 
.19 

6.08 
.15 
.64 
.76 
.87 
.90 
.90 
.46 

.93 

.89 

.82 

computed by fhe 

.619 .74 

.640 .96 
819 
.ti01 
563 
.636 
.499 

.76 

.64 

.14 
6.86 
.47 

.616 .66 

.486 1 .a4 
316 .66 



Ahtract of tAe Results of  Me Hourly Meteorological Obsmatiorrr 

taken at the Surveyor GencralJs O m J  Calcuth, 

in the nuntth of Nweaaber 1866. 

Hourly M m ,  &c. of the Observations and of the Hypmetrical elements 
dependent thereon. 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Me- lue derived h m  the obrervrtiona mrde st the n r e d  
bun during the month. 

during the month. 

Max. Min. Dif. 

Inches. Inches. 

I I 
Mid- 
night. 

1 
8 
3 
4 
6 
6 
7 
8 
9 

10 
11 

Noon. 
1 
2 
8 
4 
6 
6 
7 
8 
B 

10 
11 

Inches. 

29.990 
.984 
.977 
.971 
.969 
.978 
.994 

30.016 
-037 
.a2 
.050 
.028 

. 
29.971 

.949 

.936 
332 
.941 
.963 
.971 
.989 

90.001 
.007 
.002 

Inches. o o 

90.104 
.lo2 
:I90 
.lo0 
.I06 
.I11 
.I32 
.I44 
1 
.I63 
.I67 
.132 

1 
.072 
.049 
,037 
.043 
.069 
.072 
.087 
.096 
.I12 
.111 
.lo8 

29.861 
.862 
,846 
.833 
.829 
-660 
872 
.894 
.90a 
910 
916 
.893 

.a60 

.825 

.801 

.786 

.789 

.798 

.806 

.&U) 

.863 

.866 
,867 
.868 

0 . W  
.2M) 
.266 
.287 
. a 6  
.281 
.260 
.260 
.%a 
.263 
.W 
.239 

.246 

.247 

.W 

.251 

.254 
1 
.267 
. a 7  
,242 
246 
244 
.W 

73.8 
72.6 
72.0 
71.6 
71.0 
70.4 
69.9 
70.3 
78.0 
76.6 
78.7 
80.7 

82.0 
62.6 
83.1 
83.0 
81.6 
80.3 
78.2 
76.8 
76.9 
76.1 
74.3 
73.6 

0 

67.4 
66.6 
66.6 
848 
84.0 
84.0 
63.2 
62.0 
04.4 
67.0 
69.9 
73.2 

76.0 
76.7 
77.4 
78.0 
76.4 
76.8 
73.3 
71.6 
69.6 
69.4 
68.6 
68.2 

80.8 
80.2 
79.4 
79.0 
78.0 
77.4 
77.0 
77.4 
79.8 
81.8 
86.2 
87.0 

87.4 
87.8 
87.4 
88.8 
87.0 
86.8 
84.2 
83.0 
82.3 
81.6 
81.2 
80.8 

0 

13.4 
13.6 
13.8 
14.2 
14.0 
13.4 
13.8 
16.4 
16.4 
14.8 
16.3 
13.8 

12.4 
11.1 
10.0 
10.6 
10.6 
10.0 
10.9 
11.4 
12.7 
12.8 
12.6 
12.6 



Abrtract o f  the Resttlts of the Bottrlgr Mefeorological Obsematiou 

taken at lAe Surveyor General's Ofice, Calnrtta, 

in tAe month of Aovember 1866. 

Hourly Means, &o. of the Obsercations and of the Hygrometrical elementr 
dependent thereon.-(Continued.) 

rr 0 

0 

0 
Hour. 

0 0 

9 t i ! r . d t  ti.2 fi3.t ll,.fi .,;I9 I - 7 4  .i r 
10 711.7 . H . 0  I fi.i.1 

9.4 ' G1.7 
1R.t; 

. 16.0 .I319 .To 
. t i l l  .69 

I 

the H~arometrid elements are compntsd by the Greenwich Conatanb. 

3 . i l  .CIA 
.L.+L(5 +Oj 

.5PS .37 

.576 . 1 i  

.ilix .OY 

.xi 1 .I)(: 

.;YO .I 3 
7 1 . I  
.ti14 
.ti55 F.11 
5 .I0 
,I; If; 
. t i  1'4 
.614 .nJ 

, , 

63.8 ' 18.2 
I!).: : 1 2 .  

(12.4 20.43 
t:j.l; 1.4.9 
1 .  I I 

Noon. 
1 
2 
3 
4 
5 

6.10 .56 
-51 .53 , 
. i J  .5 I f 
-76 .5 1 
.Id .A 
4.fi .59 
3.27 .SY 
2.72 -72 
.:K4 .;I 

*- 3 '  I :;; 
.CLi 

1.b9 -79 

I 
r c a n c i  v(> 

6 
7 
8 
9 

10 
11 

71.3 
71.0 
ri.11 
70.9 
710.6 
70.7 

10.7 
11.4; 
12.1 
12. I 
11.1 
9.0 

71.2 
70.9 
70.5 
70.0 
GD.7 
69.3 

1 .  
10.0 
9.2 
H . 7  
7.13 
7.3 

- 

i.0 I .  
6 . 9 / ( i l i . H  
6.4 
Fi.1 
d.6 
4.3 

-- 

1 . 7  
61;. 1 
4 . 5  
fi6.3 



Ahtract of tAe Remits of  the HourZy Meieorohgical Observatimr 
taken at the Surveyor GeneraPs Oflice, CaZcrftaJ, 

in tAe nronii of Nove7nllber 1866. 
Solar Radiation. weather. &c. 

General aspect of the ~ b .  

L i t o 6 a .  x . ~ i t o l  P. Y. mi 
& Li to 5 P. Y.. clear after- 
wards. 

Clear to 3 A. Y. Li to 6 P. Y., 
clear afterwards. 

Clear to 6 P. X. Li to 10 A. M. 
\i & mi to 7 P. Y., char aftcr- 
wards. 

Clear to 7 A. Y. L i  to 6 P. Y. 
^i afterwards. 

n i t o 7 ~ . x . l . r i t o 3 ~ . x . O ~ e r -  
cast efterwnrds, Thin Rain at  
6, 6 & 11 P. LI. 

Overcast to 6 A. Y., Li to 2 P. 
Y ., clear afterwards, Slight 
Rain at 4 A. X. 

Clear to 9 A. Y. Scatd. Li to 1 
P. Y., clear afterwards. 

Clear 
Clear to 7 A. Y. Scatd. \i to 6 

P. x., clear afterwards. 
Clear. 
Clear. 
Li to 8 A. x. clear to 11 A. M. 

mi to 6 P. m. Li afterwnrds. 
Clear to 10 A. Y. Scat.. Li to 

7 P. Y ., clear ahrwards. 
Clear, slightly fog at 10 P. X. 
Clear to 10 A. ~.%catd. "i to 

4 P. x. Scatd. \i afterwarde. 
Clear to 4 A. x. Scattered ~i 

to 7 A. r. Scatd. "i & W 
afterwards. 

Clear to Q A. m. SCBM. ~i to 6 
P. Y. Scatd. \i afterwards. 
Slightly foggy at 7 & 8 P. Y. 

Clear to 11 A. LI. Scattered ^i 
afterwards. 

F3oat.d. "i & \i to 2 P. x., ole- 
afterwards. 

Clear to 10 A. Y. Scatd. ^i to 8 
P. x. Li afterwards. 

Clear to 10 A. x Scatd.-i to 4 
P. Y., clear afterwards. 

Clear to Noon. Scatd. \i after- 
wards. Slightly Foggy from 8 
to 11 P. Y. 

.a 
E .El '' 
$% 
a 
EJ 

, Wind. 

1 

2 

3 

4 

6 

6 

7 

8 
9 

10 
11 
12 

18 

14 
16 

16 

17 

18 

19 

90 

1 

22 

o 
160.8 

l a . 0  

1a .0  

147.0 

141.0 

l a . 6  

l a . 0  

146.0 
148.0 

145.0 
188.0 
140.0 

140.0 

148.8 
147.0 

14.0 

138.0 

148.0 

144.4 

148.0 

1 6  

141.4 

Inches 
... 

... 

... 

... 

... 

... 

... 

... ... 

... ... ... 

... 

... 

N.byW.&N.W.  

N.&N.E.&N.byW. 

N .&N.N.W.  

N.N.W.  

N.&N.N.W.&N.W. 

N.byW. 

N. by W. & N. 

N. N. W. & N. 
N . N . E . & N .  

N. N. W. 
N. W. & .N N. W. 
N. W. & W. 

W. 

.&N.&N.b W. ... by E. & N. b. 
... 

... 

... 
"' 

... 

... 

... 

N.&N.N.W.&NNE. 

NW&N~~E&EN.E. 

N. 

N. E. 

N. N. W.&N.by W. 

N .N .E .&B.NW.  

N.W. & N .  



lxuvi Mctevrokyieot Obrerva tw~ .  

Aktract of ttb Reswlh of R'rly ~ ~ ~ a C  Obrervatione 
taken at the Survsyor G ~ a Z ' ~  O&, Cbkuth, 

in  tke month of November 1866. 
Solar Radiation, 

Pre* 

Westher, &a. 

m 

ib ... 

. 

C-rb& 

89 

2-4 

36 

%t? 

a7 
28. 

29 
30 

Clouds of different Linda to 6 
P. Y.. clear attelwlude, Peg- 
gy at 11 P. x .  

SUM. d to 9 A. Y., \i dim- 
wads. Foggy & 8 P. x .  

Clear to 10 A. Y. Scat.. "i to6 
P. At., clear afterwaran. 

Clesrtol l~.x.9mM.hitot  
P. M., clear atterwards. 

Chiefly clear. 
~leartoll~.n.iScstd.nito6 

P. Y., clew sfterwards. 
Clear. 
C7t.ar. 

rr i C d o  r&&,k-i ri& 

Inches ... 

... 

... 

... 

... ... 

... ... 

o 
148.0 

140.8 

137.0 

139.8 

l s . 0  
146.0 

140.0 
143.0 

1 

N. N. E. & N.by W. 

N. 

N.byW.&B.W. 

N.W.&N.N.W. 

N.N.w.&N.w.  
N.byW.&N.byE. 

N . 9 E . L N . W .  
N.%.&XbyE. 

Comali14 
- 
'i 

-hi C i i  m ~ .  

I 

Cirri, - i 8htiI*i 



Llekmological Observations. 

Ahtract of t i e  Rmulta of tAe Hourly Meteorological Observations 

takm at tk SlKoqor General's O f i e ,  Ctzlmtta, in the 

m m t A  of N w d e r  1866. 

. M m  hei h t  of the Barometer for the month.. 
Max. hei Bht of the Barometer occnrred at 9 A.M. on the i%h 
Xi. hei&t of the BuometQ occurred at 3 P. u. on tb 10th ... &&ens range of the Barometer during the month 

... Mean of the daily M u .  Preerures ... ... 
... Ditto ditto Min. ditto ... ... M a s  daily rave  of the Barnmeter during the'bhonth 

Inches. 
... 29.988 ... 30.163 
... 29.786 

... Memi Dry Bulb Thermometer for the month ... 
Max. Temperature occurred at 3 P. M. on the 3rd ... 
Min. Temperature oocurred at 7 A. M. on the 27th ... 
Eztreme r a w  of the Temperature during the month ... 
Mean of the daily Max. Tem ... ... 
Ditto ditto Min. "' ... . iU' &ily range of the ~em~erature'during the month.. 

... Mean Wet Bulb Thermometer for the month ... 69.6 
Mean 9 Bulb Thermometer above Mean Wet Bulb Th'tkwmeter 6.6 

... Compute Mean Dew-point for the month ... 84.9 ... Meon Dry Bulb Thermometer above computed m m  D~G-point 11.2 

Inches. 

... ... Mean E b t i o  foroe of Vapour for the month ... 0.616 

Mean Wei ht  of Va m for the month ... 6.70 
~ d d i i i d f V e i  h t  o r -  ur required for co~&lete m&tiOn ... 2.98 
M- &pee of %amidiq C tbo month, mmplete uturason bemg unity 0.70 

Inoher. 
W e d  B dsys,-Max. fall of rain during 24 horn  ... ... Nil 
Total amount of rain dnring the month ... Nil 
~ o t a l  m o m t  of indicsbd by the h u g e  a&hed Glhe memo- 

meter during the month ... ... Nil ... R w d h g  direstion of the wid ... N.W:N.N.'W.&PV. 





d6ulract the Resulfa of f i e  Ilourly Efefeorological OLserratiorrr 
.taken at the Sunleyor General's OJce, Calcutta, 

in  tAe mmtA of Decem6er 1866. 

Latitude 22' 33' 1" North. Longitude 88' 20' 34" Ed. 

Height of the Cistern of the Standard Barometer above the aea level, 18.11 feet. 

Daily Means, &c. of the Obaenations and of the Hygrometrical elements 
dependent thereon. 

r, 
O 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 

l7 18 
19 
20 
21 
22 
23 
24 
26 
26 

27 28 
29 
30 
31 

Range of the Barometer $ L Range of the Tempera- 
during the day. 2 ture during the day. 

I Iocbes. I Inches. 1 Inches. / Ineba. / o / o I 0 I o 

The Mean Height of the Barometer, as likewise the Dry and Wet Bulb 
Thermometer Means are derived, from the l~oarly observations, made during 
the dry. 

30.m3 1 30.072 29.962 
.936 
.947 
.94l 
.911 
.904 
.944 

30.000 
.029 
.054 
.085 
.046 

29.966 
.959 

30.V22 
.087 
.076 
.01 
.ll9 
.I21 
.lo8 
.I17 
.097 
.124 
.096 
.060 
.012 
.036 

29.962 
.890 
.934 

.017 

.014 

.Oil 
29.985 
.961 

30.006 
.071 
.071 
.lo4 
.I30 
.113 
. 
.014 
.065 
.136 
.I46 
. 
.I71 
.l95 
.164 
.I64 
.I58 
.170 
.I63 
.119 
.076 
.088 
.023 

29.960 
379 

.088 

.lo0 

.066 
-Of32 
.044 
.071 
.159 
.I31 
.173 
1 6  
.195 
.096 
.078 
.1%2 
.W 
282 
217 
.266 
.273 
.226 
.232 
.231 
.%4 
.a9 
.I86 
.I38 
.168 
.113 
.033 
.W 

0.110 
.153 
.16Y 
.I24 
.I61 
1 
1 2  
.169 
.lo8 
.119 
.lo0 
.160 
.141 
.119 
.lo0 
.I21 
.146 
.I29 
.I37 
.I62 
.118 
,116 
.134 
.I30 
.163 
.I36 
.126 
I 
.I61 
.143 
.I16 

71.7 / 82.0 
71.8 
69.8 
68.4 
68.2 
67.0 
66.9 
66.8 
66.4 
67.1 
67.9 
67.0 
67.6 
68.0 
67.2 
67.9 
66.7 
68.0 

1 67.6 
66.0 
67.1 
67.1 
66.6 
66.0 
66.3 
66.4 
66.4 
66.1 
64.8 
66.4 

(11.0 ( 180 
80.6 
80.6 
78.0 
78.0 
76.6 
77.0 
76.0 
76.0 
76.4 
78.0 
76.8 
77.0 
77.2 
77.2 
77.6 
76.6 
77.2 
77.3 
76.6 
76.0 
76.0 
76.0 
76.6 
74.2 . 
76.8 
76.4 
71.4 
76.8 
77.4 

64.6 
61.4 
60.2 
60.0 
60.6 
67.6 
67.0 
66.8 
69.0 
60.0 
59.0 
69.6 
60.6 
68.7 
69.8 
68.8 
61.0 
68.4 
68.6 
68.8 
68.8 
68.2 
68.0 
67.4 
66.6 
66.0 
66.4 
66.8 
66.6 
68.0 67.1 1 77.0 

16.0 
19.2 
17.8 
18.0 
16.0 
10.4 
10.0 
19.2 
17.4 
18.0 
17.8 
17.4 
16.6 
18.6 
17.7 
17.8 
16.2 
18.9 
18.0 
17.2 
17.2 
17.8 
17.6 
1&8 
19.2 
19.4 
18.0 
19.0 
21.8 
N.0 



Alsfracf  of the Resulfa of the Euul.ly dfe leo~~olo~ica l  Otoemationr 

taken at /Re SIII'I.FTOI' G ~ I ~ E I . ( I Z ' ~  Oflre, CuZcuffa, 

~ I L  fAe ?~ro~frTl oJ Bero/dter 1 S66. 

Daily lfcans, &e. of t11c O b r r r a t i o ! ~ ~  nnd of ilrc Hygrometricsl elemenk 

d t y ) < ~ ~ ~ ~ l i ~ ~ i t  l L c r r n n . - ( C ~ , ~ ~ i i ~ ~ t ~ e ~ ~ . )  

c L ,  

2q.S S d + a  
; - 0  x Z . z  
L &a .-. 
o', -5' 

C 

- -- - - - ~  - - - - - - - - 

.O1 

.43 
28  .69 

.69 
.06 .18 -70 

.43 
.67 
.67 

.96 .36 .68 
.69 

-35 .67 
.65 

.65 .38 .06 
26 58.1 .49 .46 .66 

.70 .25 .68 

.87 M2 .71 
.73 
-72 
.78 

- _ 
All the Hy~rometrical elements are computed by the Greenwich Conr-k. 



Meteorological Observationr. rci 

AQsCracl o f  the Resalts of lAe ETozo./y i7fe~eoroZngiccaZ Obervationr 

taken a t  (lie 81~1.6eyor Get1er.a l's oflice, Calcu tta, 

itc the ~ltojrth oJ' DecettzLer 1866.  

Hourly Means, &c. of the Observntions and of the Hyjiromet~ieal elementa 
dependent thereon. 

- 

Ccl' 
o cr Range of the Unronirtrr 
* I .  <$i for each hour tluriug 
. - c Cd 

t l ~ u  mouth. 

Hour. 5 ;  $2- Max. W n .  D i e  
23  

I 
Inches. Inches. Inches. 1 Inches. 

I 
Mid- 
night. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

Noon. .097 
1 .M.h 
a .04r) 
3 .wti 
4 .CTL 1 

Ilange of the Tempera- 
ture for each l~our 
during the mouth. 

I 
Max. &fin. I Diff. 

.- ! I 

The Mcan Height of the Barometer, 8 s  likcwise the Dry and Wet Bulb 
Thermometer Means are derived from the observations made st the rered 
brm during the month. 

1 



dlrlruet of the Rc?suZlr of the Hotrrly Meteorologicad Olrertationr 

krken at /he Surveyor Gerreral'u O$ice, Cakrlto, 

in fAe month of December 1866. 

Hourly Memo, &e. of the Observations and of the Hygrometrid elem- 
dependent thereon.-(Continued.) 

Mid- 
night, 

1 
2 
4 
4 
5 
6 
C 

H 
U 

11, 
11 

62.3 
ti:3.4 
fi:{.kl 
m . 7  
c;s.2 
f;:l.* 
fi:l,f; 
f?.!I) 
i i f .  1 
f i  I .(; 
1;I .O 
w.3 

I 1 1 1  -- i 
-- 

All the Hygrometrical elements are computed by the Greenwich C y b ~ t r .  



Abdtrael of the Resrclta of tAe ITmrly Me/eorulryiral Okeroationa 
taken at  Me Su~weyw Gencral'u O&e, Culcutk, 

in the month cf December 1866. 
Solar Radiation, Weather, &c. 

General aspect of the Sky. 

Clear to 4 P. Y. Scatd. Li to 
8 P. Y., clear afterwards. 

Clear to 7 A. M. \i  & ~i to 3 
P. M., clear al2ermrards. 

Clear to 11 A. M.U to 3 P. x., 
clear afterwards. 

Clear. Slightly foggy at  9 & 10 
P. Y. 

Clear. 
C'lear 
Clear. Foggy from 7 to 11 P. r. 
Clear. 
Clear. 
Clear. 
Clear. Slightly f o g 0  at  7 P. r. 
Clear. Sligl~tly foggy at 10 & 

11 P. Y. 
Clear. Foggy at 6 & 7 A. X. & 

from 7 to 11 P. r. 
Clear. 
Clear. Slightly foggy from 7 

to 10 P. Y. 
Chiefly clear. Foggy from 7 to 

10 P. Y. 
Clear. Foggy at  6 A. X. & from 

7 to 11 P. Y. 
Clear to 6 A. r. L i  to 1 P. M., 

clear afterwards. Foggy from 
Midnight to 1, A. x. 9: at 9 & 
10 P. x. 

Clear. 
Clear. 
Clear. 
Clear to 9 A. M. Scatd. \i to 6 

P. M., clear afterwarde. 
Clcnr to 6 A. x. Scntd. \i to 6 
P.M., clear afterwards. Foggy 
at  8 C 9 r. u. 

Clear. 
Clear. 
Clear. 
Clear. Slightly foggy from 8 to 

11 P. Y. 
Clear. Foggy from Midnight to 

2 A. r. 9: from?  toll^. Y. 

2 
1 

2 

3 

4 

6 
6 
7 
8 
9 

10 
11 
12 

13 

14 
16 

16 

17 

19 
20 
21 
22 

23 

24 
25 
26 
27 

28 

Prevailing 
direction of the 

Wind. 

s .byW.&N.K.W.  

S. & N. by W.  

X.&R'. by E. 

W.N.W.&N.N.W. 

W . b y N . & N . W .  
W. & W. N. BT. 
S . W . C X . 3 . W .  
9 .N .E .CK.N.W.  
N. W. 
X. W. & W .  & N. 
N. & .N N. R7. 
S. & N. W. 

W.N.W.&W.S.\V. 

W.  S. W.& variable. 
K. by E. C JV. by A'. 

N. & variable. 

S . b y E & N . W .  

N . & K . S . E .  

N. by w. & N. 
N.by\\'.CN.X.\V. 
X.h.\iT. & S \ J r .  
N.byW.&S&SNW. 

x. by w. 

3 . W .  
x . K . m . & N . b y w .  
N. 
X. by W.  

N.byW.bil'.iY.V. 
& S .  IT. 

3 - 
32 

g 
o 

141.0 

141.2 

143.4 

138.4, 

138.0 
138.8 
139.0 
138.0 
136.0 
134.2 
136.0 
138.0 

137.0 

140.0 
131.2 

138.0 

136.6 

18'134.0 

139.0 
136.0 
133.0 

' 135.0 

136.0 

138.8 
133.0 
137.6 
136.0 

135.2 

,a 
g .g 
? 
M o 

5i - g 
fb 

c 0 
Q b  

" < j  0 

0 .* 
x .;el& ei, 
lxlcbes 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

.., 

... 

... 

... 

... 

... 

... 

... 

... 

... 



rciv Hetearohgkal 06rerocltionr. 

\i Cirri, - i Strati,^i Cam&,- Cirro-rtrmti, n-i Cum& N@k 
Cirro 011111Pli. 

Abalr.act ?f the Rexulia of the IT01yrlgr dfeteorological Ob . smath  
taken at the Surveyor Generats Oflee, Ci~dcntLa, 

in  tAe month d' December 1866. 
Solar Radiation, Wenther, kc .  * 

General aspect of the 8b. 

- - .  2 - 
I o I n c l ~ e ~ l  

S. W.&N. .Ib 'Clear. Foggy from lidnigbt to 
4 A. r. & from 8 to 11 P. Y. 

Clear. Slightly foggy from Mid- 

- -~ -- 

night to6 ~ . x . & a t 8 & 9 ~ . ~ .  
Chiefly clear. 



Aklracl 4 the Reaulls of the H o t ~ r ( ~  Meleoroloyictrk OL.sc~.ro/iorrs 

token at the Saraeyor GeueraPa Oflee, Wculla, ilt t.& 

month of December 1886, 

Inches. 
Mean hei h t  of the Barometer for the month.. . ... ... 30.079 
M u .  heist of the Barometer occurred at  10 A.M. on the 20th . .  30.173 
Min. height of the Barometer occurred at  4 P. x. on the 30th ... 29.8W 
Ertreme range of the Bnrometer during the month ... ... 0.383 
Mean of the daily Max. Pressures ... ... ... ... 30.161 

Ditto ditto Min. dilto ... ... ... ... 30.019 
... Mean daily range of the Barometer during the month ... 0.139 

... Mean Dry Bulb Thermometer for the month . . . . . .  67.1 
Max. Temperature occurred a t  3 P. M. on the 1st . . . . . .  82.0 
Min. Temperature ocmrred at 7 A. u. on the 30th . . . . . .  55.6 
Eztreme range of the T~mperature during the month . . . . . .  26.4 

... Mean of the daily Max. Ten] r a k e  ... . . . . . .  77.0 
. . . . . .  Ditto ditto Min. E t o ,  . . . . . .  68.9 

M a n  daily range of the Temperature during the month.. . ... 18.1 

Mean W e t  Bulb Thermometer for the month ... ... 60.7 
Mean Dr  Bulb Therrnorneter above Mean Wet  Bulb ~ ih imometer  6.4 
Computei Mean Dew-point fm the month , . . ... ... 66.6 
Mean Dry Bulb Thermometer above computed mean Dew-point ... 11.6 

Inches. 

... Yean Elsstic force of Vaponr for the month ... ... 0.452 

Troy grain. 

Mean Wei h t  of Va our for the month ... ... ... 5.00 
~ d d i t i o n a l k e i  ht o f  Ira 'aur required for complete sntnration . .  2.32 
Mean degree of humidity the month, complete saturation being unity 0.68 

Inches. 
Rained No. days,-Max. fill of rain during 24 hours ... ... Nil 
Total amount of rain during the month ... Nil  
Total amount of rain indicated by the Gauge attbched td'the anemo- 

meter during the month ... Nil 
Prevailing direction of the ~i nd... ... N.' N. N.'w. & N."w. 



xcvi dIe/eorologir.ul Ohrerralknr. 














