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RECORDS
OF

THE GEOLOGICAL SURVEY OF INDIA.

Part I.] 1894. [February.

Annual Report of the Geological Survey of India and of

THE Geological Museum, Calcutta, for the year 1893.

I. During the year, connected surveying was carried out in Baluchistan by

Mr. Grieshach, assisted for a short time near the end of the field season by Mr.

W. B. Edwards. Mr. LaTouche was occupied for the full season at the Bhaganwalla

coal-field in the Salt Range, Punjab. In Hazara, Mr. Middlemiss, accompanied

by Sub-Assistant Hira Lai, completed the survey in that part of the Punjab. Mr.

Bose and Mr. Datta were engaged in Tenassarim on coal exploration ;
while Dr.

Noetling, more directly in communication with the Local Government, was engaged

on several enquiries in Upper Burma, Dr. Noetling was also engaged, jiust towards

the end of the year, in reporting on the condition of the Dandot and Warora Collieries

(in the Punjab and the Central Provinces) in view of a rather large percentage of

accidents; a deputation which was of immediate necessity, the awaited Inspector of

Mines not having at the time arrived in India. Mr. F. H. Smith and Sub-Assistant

Kishen Singh were at work in the Rewa State, where surveying was done in connec-

tion with the mineral exploitation left by Mr. Hughes in the hands of the State Mining

Assistant, Mr, Sewell. In the Madras Presidency, field petrology and mineral survey

were carried out by Mr. Plolland at such times as he could be spared frorn the

Laboratory and Museum at Calcutta, and his Professorial work at the Presidency

College. Mr. Oldham remained at head-quarters for the greater part of the year,

engaged on the preparation of the new edition of the Manual of the Geology of India*

which was published in August. He was, however, able to pay a short visit to Burma'

in March when he enquired into and reported on the prospects of an artesian water-

supply for Rangoon; and also inspected the oil region of Yenangyoung and that

neighbourhood regarding an apparent tendency to a decrease in the well supplies»

which was happily not confirmed. I myself was on tour in March and April at

Sukkur and Karachi in connection with the proposed experimental oil-boring at the

former place, and at the Salt Range coal-fields: in April and May, 1 had an oppor-

tunity of conferring with the Financial Commissioner at Rangoon on the gold enquiry

in the Kathd district and inspected the coal exploitation on the Tenassarim river
;

and after return to Calcutta proceeded to Warora Colliery in the Central Provinces

to advise the Manager on some deep borings which were being carried out in a new
part of the field. In September and October, 1 visited parts of Madras, examining
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certain areas of hypersthenic igneous rocks, lately brought to notice by Mr. Holland ;

and arranged with the Government for a more connected mineral survey of the

Salem district: and at the end of the year a further visit was made to Burma to

examine the conditions of the Kathd gold occurrences, and the capabilities of the

Tingadaw coal-field.

24 The operations of the Suiurey have thus been mainly confined to extra-

Peninsular India ; that is, in the Punjab, the North-West Frontier, and Burma
;
while

a small, though at the same time^very important, advance has been made in

Peninsular geology.

EXTRA-PENINSULAR GEOLOGY.
3. Baluchistan.—I'eriiary and Cretaceous .—A large tract of country in the

Harnai valley has been added on to that already surveyed and reported on by
Mr. R. D. Oldhan^ in 1892, in his Geology of Thai Chotiali and part of the Mari
country /. and Mr. Griesbach has given a portion of the results of this later work in

his paper on the Geology of the country between the Chuppar Tift and Harnai,
We have thus a completely mapped and reported record of the area extending from
the neighbourhood of Sibi to Mangi, along the line of the Sind-Pishin Railway. His
survey, however, covered a far larger area than this, as it extended on to and
around Quetta, dealing especially with the completer examination of the coal out-

crops in the latter region ; and over the Kojak-Zhob line of country, where he came
across a very interesting zone of volcanic instrusions among the lower eocene
rocks.

'

4. Mr. Griesbach was the first member of the Survey who entered on the

Bolan-Quetta ground so far back as 1880, though then only by traverse work
alongsidie of

,
the military occupation of the country, so that his interpretations,

which sometimes extended on either side well beyond his line of march, were
necessarily sketchy and ?o far open to a certain amount of criticism by his then
senior officer, Mr. W. T. Bianford, who, armed already with his wide experience
of the Sind cretaceo-tertiaries, followed pretty much on the same track to Quetta
and out again by the Harnai route in 1881-82. Blanford's march was also

a traverse, and he was harassed by illness over the latter part of his journey.

The subsequently settled and railway-opened-up condition of the country eventually
permitted of a more detailed survey being made, though this was interrupted at

times by excursions after coal and oil ; and Mr. Oldham was deputed for the work
the results of which he gave in the report referred to above, the principal
one being that there is an absence of definite break between the eocene and creta-
ceous formations ; that there is, in. fact, considerable indication of a series of
passage beds. With the evidence of his two colleagues before him, the later
observer is therefore fortunate in having the opportunity of settling the geology of this
interesting region—interesting not only in its structural relations, but as being a
connecting area between the Europe-Persia tract and the Indian e.xtension of the
ancient Mediterranean area of cretaceo-tertiary life and deposition. The question
of the relations between our Indian tertiaries and the cretaceous formation is

indeed of the greatest interest to geological science, because, whereas in England
and Western Europe the distinction between the two is absolute stratigraphicallv
and palseontologically, the evidences in Eastern Europe and thence eastward are
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niuch loss pronouncGci iu that connection. In Peninsular India, it has long been

known that the ^?/!<2yz-cretaceous facies of certain fossiliferous beds associated with

the Deccan Trap Series, as well as other characteristics, point very decidedly to a

period of passage life and volcanic activity ;
and our later progress in the Punjab

and in Baluchistan appears to be more and more confirmatory of this.

5. So far, however, Mr. Griesbach is not able, on the stratigraphical and fossil

evidence obtained by him, to follow J\Ir. Oldham, in his exposition of a passage

series characterised by an anomalous fauna, in the Harnai valley, preferring to

consider that Mr. Oldham’s ‘‘ Dungan Beds” are really of lower eocene age
;
an

examination of the fossils (^Crtocsrasy Baculitss and Ammomtos, with an abundance

of N'ummTilites) by Dr. Noetling showing rocks yielding them to be of true

cretaceous—rather lower than upper-age, with Orhitolites

,

no nummulite being

recognizable in the collection sent down to Calcutta. The cj^uestion, therefore, still

remains an open one for Mr, Griesbach to woi'lc out during his further progress on

the Baluchistan survey : although the balance of evidence, outside of this fossil

case, as displayed generally over the Harnai-Thal Chotiali tract and in the 'Westein

Punjab hills, is still considerably in favor of a passage series. Indeed, only lately, in

December, a note has come in from Dr. Noetling, who has been engaged on a

mining inspection of the Dandot colliery in the Salt Range, wherein he mentions

that on examining the coal shale basin underlying the nummulitic limestone,

he had found the fossils having a decided tertiary facies, but that there were

among them others with an upper Senonian (White Chalk) aspect ; so that here

again is a further item in the evidence for a
'
passage series. A presumed correla-

tion of the dark shales of the Kojak range with the Simla slates (attributed to

carboniferous age by IVIr. Oldham) has been corrected so far by Griesbach s finding

within them a true nummulitic bed, thus adding confirmatory evidence to his original

view of the tertiary age of the Kojak series.

6, Punjab: Salt Range.—The nature"of Mr. LaTouche’s duties in connection

with the boring exploitation in the Bhaganwalla coal-field prevented his devoting

much time and attention to geology except in the immediate vicinity of his work ;

he was therefore unable to add much to the discussions of the numerous interest-

ing problems which have arisen since the time of Mr. Wynne’s splendid work in

that area.

7. Palaeozoic.—The strange occurrence of the comparatively soft series of the

Salt-marl group, generally underneath a very thick and massive series of older

palteozoic age ;
and again in apparent natural position under yet newer formations

has, within the last few years, aroused under Mr. Middlemiss’ and my own study,

much discussion not only as to its position but as to its origin. This series is,

however, only very slightly exposed in the gorge at Bhaganwalla, and its relations

with the overlying purple sandstone are only clearly seen at one point, on the

right bank of the stream immediately above the village. Mr. LaTouche observed

that the appearance of injection into the overlying sandstones is certainly notice-

able, but it does not seem impossible that this appearance may have been caused

by a squeezing out of the soft marl along the line of a fold.

8. The “ Silurian shales ” of Wynne, which, however, ultimately

yielded remains of trilobites at Khusak, thus determining their Cambrian age, are

exposed on the right bank of the more westerly of the two streams which issue



4
[VOL. XXVIIRecords of the Geological Survey of India.

from the range at Bhaganwalla, and Mr. LaTouche was fortunate enough t(

discover specimens of trilobites in an identically similar position to that in whicl

they occur at Khusak, in a band of dark shale, a few feet below the bas<

of the Magnesian Sandstone. The specimens were in the same state of preserva

tion as at Khusak, only heads being found
;
and no additional species wen

discovered. They occurred here in only this single zone, the lower “ galleries
’

of Khusak being apparently unrepresented.

9. JPermo-caj'honiferous .—The “Boulder Bed,” so conspicuous in the middl

portion of the southern escarpment of the Salt Range, is not well-developed nes

Bhaganwalla ;
occurring oniy in lenticular patches, never more than a few fe<

in thickness, between the white sandstones at the base of the coal-bearing grou

(tertiary) and the “ SaltPseudomorph ” zone of Triassic age. No unconformity coul

be detected between it and the beds above and below
;
indeed it appears to pass u

into the white sandstones, the base of which sometimes contains strings and thi

beds of pebbles and small boulders, similar to those in the boulder bed proper.

10. Cretaceous-eocene .—In describing the existence of fossil resin in the coa

.flP’hich is considered so far to be of tertiary age, Mr. LaTouche recalls the fa

that in Assam, where coal seams occur in beds of both cretaceous and nummulit
age, an exactly similar fossil resin is found, but only in the coal of cretaceous ag
which it serves to distinguish from the newer nummulitic coal. If, as seems likel

this resinous substance points to some peculiarity in the vegetation from which tl

coal was formed, its occurrence in beds of different ages in the two areas wou!

seem to indicate either that the coal-producing vegetation of cretaceous age

Assam persisted to nummulitic times in the Punjab, while it was replaced by
different vegetation in the former province, or that the nummulitic coal of tl

Punjab is really homotaxial with the cretaceous coal of Assam—a suppositi(

which its position, at the base of the nummulitic limestone (instead of overlyii

it as the nummulitic coal of Assam does), and the absence of any break in depoi

tion between the beds of the two ages in both areas, renders not unlikely.

11. Upper Tertiary .—Regarding the questions of the relations of the Nur
mulitics to the Nahans, no signs were observed of unconformity. The tran:

tion is always abrupt, and pebble beds are of frequent occurrence at and near t

base of the sandstones, but the rolled pebbles are always of crystalline rocks, ai

do not include any from the underlying limestone. Nodules of the latter are of occ
sional occurrence iri the lowermost beds of the Nahans, but, so far as was seen, ih

are not rolled, and do not form anything like a pebble bed. Their occurrenc
however, imbedded in the sandstones, shows that before the deposition of t

latter, the limestone had assumed its present highly nodular structure and therefc

would appear to indicate the lapse of a considerable period of time between t

laying down of the two formations.

12. Hazara.—The cold weather of 1893 brought to a close Mr. Middlemiss’ thr

seasons’ work in Hazara. During that time the chief objects of the re-?urv

were to fill in the gaps in the maps left unfinished by Mr. Wynne, dated 1877-;
and to link together the scattered information on the subject to be found in t

Records and Memoirs of the Geological Survey, by supplying an organised accor
of the whole district. These objects have in the main been attained, and as

nearly all important points the work harmonizes with that of Dr. Waagen a:
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Mr. Wynne, their classification of the historical rocks has been adopted. The
following is a list of the Geological formations represented in Hazara, in descend-

ing order :

—

(1) Alluvium and Recent gravels.

(2) Murree beds, MioCene.

(3) Kuldana beds (= passage beds).

(4) NummuHtic, Eocene,

(5) Middle Cretaceous ^

(6) Jurassic,

(7) Triassic,

(8) Infra-Trias,

(9) Slate Series.

13. In the northern parts of Hazara certain rocks are invaded by lenticular

beds of gneissose-granite, the result being a complex of crystalline and metamorphic

rocks, which occupy large areas among the secluded mountains and glens of

Agror, Khagan and the Black Mountain. One of the points to which Mr.

Middlemiss’ attention was chiefly directed was to settle if possible how many of the

formations enumerated above had been affected by metamorphism during this

irruptive period. The results show that the Infra-Trias and the Slate Series have

been so affected to the exclusion of the rest. The various stages of metamorphism

and the complicated mode of intrusion of the gneissose-granite offer many points

of great interest which will be fully described in the forthcoming memoir on

Hazara. The identity of character of these rocks with those of a great part of the

Himalayan range is important as implying a unity of age and structure.

14. As regards the distribution of the formations over the surface of the

country, there is a natural scheme into which they fall, viz., a set of zones or

elongated strike areas, each of which is characterised by the prevalence at the

surface of a particular formation. There are many other peculiarities defining

these zones which will be given in detail in the memoir, but one particularly

striking feature is that each of these zones is divided from its neighbour-zone by a

long fold-fault extending generally the whole breadth of Hazara. The following is

a list of the zones from N.W. to S.E :

—

I.—Younger Tertiary Zone.

II.—Nummulitic ZotJe.

III.— Slate Zone.

IV.— Crystalline and Metamorphic.

As to what these formation-zones, which are also disturbance-zones, means
;

it is

believed that they have important bearings on the history and development of the

great mountain ranges, portions of which lie within the boundaries of Hazara.

15. The district has not yielded any fine collections of fossils comparable to

those of the Salt Range or the Central Idimalaya, but from the cretaceous band a

good number of forms have been gathered which without much difficulty can be

matched by those from the cretaceous of Southern India at about the horizon of the

Utatur group. The geological mapping of the area has been done on the sheets

of the Revenue Survey (i inch=i mile), and a map is being prepared for publica-

tion on half the above scale. Horizontal sections will accompany the map, and

panoramic views of the country, drawn with the camera lucida, and colored

geologically, will be added, so as to present the rock structure and physical

features of the country together at a glance.
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16. Lower Palaeozoic and Tertiary .—While engaged at the exploitation

for coal on the Great Tenassarim river, Messrs. Bose and Datta had necessarily to

devote a considerable part of their time to working out the geology of that part of

Tenassarim ; and mainly because the mineral itself appeared to be of different quality

in separate places, while it is at the same time associated with two different series

of rocks. As a matter of fact, the coal is of two ages, the older but poorer coal

being of carboniferous age, while the latter of the two is of tertiary age. In this

enquiry, we have now obtained a fairly connected knowledge of the geology of

Tenassarim from Victoria Point, the southern limit of the country, up to the

parallel of Mergui.

17. Dr. Oldham’s original conclusion as to the carboniferous age has been
further established through Mr. Bose’s find of a series of true carboniferous fossils

in one of the strangely picturesque and cavernous isolated ridges of limestone so

frequ-ently met with in Moulmein, Tavoy, and Mergui j though until now, never in

such close association with the strata carrying the poorer coal referred to above.

He was also able to determine the much later (tertiary) age of the series

(Tendaw) containing the proper workable coal; this particular development of

which forms a shallow synclinal basin lying along the bottom of the main river

valley, which has been excavated in one of the great anticlinal folds into which
the palaeozoic series of Tenassarim has been thrown, and which extends—marked
by bands of cavernous limestome—with a fairly north and south strike through the

districts of Tavoy and Amherst and thence northwards into Upper Burma.
18. Upper Burma.—Pal(zozoic and Tertiary .—The same carboniferous series

was met with by Dr. Noetling far to the north in Mogaung and Bhamaw, whence he
has been able to connect it past Majndalay, Yamethin, Toungoo, and Shwegyin,
with the cavernous limestones of Moulmein, which country he was able to visit early

in the season. He also examined the Moulmein caves for remains of bone-bearing
gravels, traces of which he had already found in the Irrawaddi valley, but so far

without success. His work during the season was. however principally in connection
with the oil and mineral developments of the country

, particularly around Wuntho in

the KathdL district, which he examined for gold, lead and coal. This is a large area
of about 2,000 square miles in extent and mainly covered with jungle, so nothing but
traverse observations could be made and the general position and lie of the rocks
ascertained. The formations met with were palaeozoic limestones (already men-
tioned as extending northwards in this district) on the extreme east of the present
area; lower and upper mesozoics, and the alluvium in a wide bay on which lies

the town of Wuntho, and in the Mu river valley. The latter valley is bordered on its

eastern side by north-north-east—south-south-west striking belts of two miocene
groups, in the lower of which good coal seams are found in blue shales. They
resemble so closely the coal measures in the Chindwin district that there can be
little doubt as to their being of the same geological period. Several small out-
liers of the same series, though without indications of coal, are scattered over the
Wuntho alluvial plain, and a wider and* fuller development constitutes the low hill

tract to the eastward. The middle region—-that is, the lofty hilly tract of Mankaw
^3,91 1 ft.)—is made up of a wide expanse of schists and trappoid rocks in which are
frequent traces of poorly auriferous occurrences in the d'iorites themselves, and in
some of the quartz veins distributed through this series, the age of which has not
yet been ascertained with any degree of certainty.
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Peninsular Geology.

19. Madras.— Crystalline series ,—As was the case last year, investigation of

the crystalline series has only been carried out as opportunity offered when Mr.
Hcdland could be freed from his proper duties. In this way, he was able to pay visits

during the months of May and June, and again in part of September and October,

during the first of which he was at last able to carry his experiences of Salem
into the Coimbatore and Nilgiri districts. The Nilgiria had been surveyed so far

back as 1857, at which time the study of the metamorphic crystalline rocks

was still, owing to their presenting a certain laminated and even, in cases,

a decidedly bedded structure, biassed with a tendency to consider them as a highly

altered form of sedimentary deposits
;
while investigation as to their composition and

the aggregation or mode of occurrence of their mineral constituents was as yet only

open to but an initial stage of the splendid microscopical research which has since

developed into, the specialized science of petrology. Thus, though somewhat against

the views of the then Director (Dr. Oldham) of the Survey, these mountains, and later

on, the Shevaroys and other hill masses in the Salem district, were finally considered

to be made up of very highly altered massive gneisses of original sedimentary accu-

mulation.

20. Step by step, however, new points of evidence have been brought together

confirming Mr. Holland’s original conclusion, referred to in my last annual report,

that whatever may have been the origin of the materials now forming the principal

part of the greater mountain masses of Southern India, their mineral composition

and microscopic structures which are so strikingly the same in widely separated and
apparently isolated localities can only be the result of having been formed under
conditions identical with those ordinarily regarded as belonging to igneous rocks.

Rocks, indistinguishable in hand-specimens, occur at St. Thomas’ Mount, in the

hills near Pallavaram railway station, at Mailam, on the Shevaroy hills, the Nilgiris,

the Pulnis, the Anaimalais and the Western Ghats which, in each district, contribute

a complete pyroxenic series ranging from acid granites to very basic pyroxenites.

21. The occurrence of these rocks in India will doubtless yield suggestive evi-

dence towards the solution of some of the lai-ger questions which have of recent years

occupied the attention of workers in the so-called archsean gneisses and schists with
which in other parts of the world similar rocks have been found always associated

j

as in the cases of the trap-granulites of Waldviertel in Saxony, in the Hebridean
gneissic system of Sutherlandshire and Aberdeen in Scotland; the norites of

the “Cortlandt Series” and the gabbros of Baltimore in America. With re-

gard to the Cortlandt Series of the latter country, the microscopic characters

of which were described by Professor G, IT. Williams, in a series of well-known
papers published in 1886-87 ;

almost every type described by that author has been
matched in our recent survey by specimens from the Madras Presidency

;
in addi-

tion to which I may also announce the discovery of a distinctly acid pyroxene-

bearing rock, which seems to be a type of igneous rock hitherto undescribed,

the pyroxene being generally of the rhombic type, and approaching proto-hyper-

sthene in composition, P’rom this fact and because the rock, bqth in hand speci-

mens and in field characters, presents an unmistakable individuality ; Mr. ITolland

feels justified in describing it under the new name Charnockiie, one of the first spe-

cimens of the rock (which is largely used for stmctural and ornamental purposes)
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brought to Calcutta and the first examined under the microscope, being a splinter

from the tombstone of Job Charnock (1693).
22. To complete the parallel with the American rocks : spinelloid hercynite^ a

constant associate of corundum, has been found among the other rather rare minerals

in the Madras pyroxene series ; and it is thus possible that the obscurity in which

the origin of corundum still lies may be dissipated by the researches now being pur-

sued in the field and laboratory.

23, That the petrological variety for which the Norwegian and Ural rocks have

long been famed may be paralleled in India, as pointed out by Mr. Holland last year

when announcing his discovery in India of the rare mineral rieheckife, appears to

be well sustained by the evidence afforded by these rocks
;

yet we have even
a later determination of what was supposed (by the sender) to be a piece of iron ore

found in Bengal, as the rare mineral columbiie^ one of the characteristic niobatesand
tantalates of Scandinavia and the Urals. In this connection, too, is the very interest-

ing discovery by an independent observer (Dr. J. W. Evans, State Geologist of

Jonagadh in Kattiwar) of the remarkable rock, eloeolite-syenite, known more
especially from its occurrence in South Norway

;
where, as in India, it is associated

.also with angite-syenite.

ECONOMIC SURVEY.
24. Coal investigation has gone on in Baluchistan, the Salt Range in the Pun-

jab, and in Tenassarim : while coal, oil, gold, and lead ores have been explored in

Upper Burma. Lead enquiry has been carried out to some extent in Rewa; and the

extended occurrence of corundum and the iron ores has received a certain amount

Quetta CoaL

of attention in the Madras Presidency.

25. The coal enquiry in Baluchistan ’had reference to the coal outcrops near
Quetta, or more strictly speaking in the high valleys of Les
and As Tangi to the eastward of that town, which have been

under desultory working by native contractors, but which it was hoped might

on closer survey be found worth working in a more systematic way. The detailed

survey was undertaken by Mr. Assistant Superintendent Edwards under the orders

of Mr. Griesbach, but the survey was not completed owing to the illness of the

former officer which culminated in a severe attack of typhoid fever. The survey was
again resumed by Mr. F. H. Smith in October last. In the meantime, Mr. Gries-

bach completed the survey on the Kh6st side of the country when he was able to

offer a much more sanguine opinion as to the future of the

coal in that direction, and he has given details of the various

sections exposed in the Harnai valley in his report of the country between the

Chuppar Rift and Harnai which was published in the last part of the Records of

the Survey, and from which I take his concluding remarks :

—

Harnai Coal.

“ It only remains to add a few words on the economic value of the area. This, of course,

consists in the large amount of coal which is available in the more or less constant horizon of

the middle nummulitic subdivision. Most of the outcrops have either been worked or are

sufficiently tested to prove the usefulness of the coal as regards quality and the limited thick-

ness of the seams, and it is certain that even after the complete exhaustion of the Khdst
collieries there will be a very large amount of coal left in other sections of the field. I will not
enter here into the composition of the coal; this has been done already by other observers.

Mr, Jones has also attempted to compute the quantity of coal available, but he has certainly
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much under-estimated the latter. The fact is, no estimate, even approximately correct, can
possibly be arrived at, which would be of the least practical use. The whole basin of the
‘ trou|:h,’ including the entire hill-range which bounds it along the southern rim, with
probably a large area south of it, is part of the field and contains seantiis of coal. If only
the Khdst seams are taken as examples and the amount of coal calculated on the thick-

ness of these seams and the area of the basin, no doubt a fairly accurate idea of the
arftount of coal present in these strata would result

;
but that is not the amount actually

available. The greater portion of the basin is broken up by faults, folds, and some of it

has been carried away by denudation, so that only a sjnall proportion of the total coal is

/available for mining purposes, and of these portions the exact limits are not known. In
the above paper 1 have given a description of the distribution of the seams, and also indi-

cated in outlines which I consider the most promising localities for opening works, after

Khdst is exhausted or nearing that stage.

“Amongst the best of these localities is the cliff, 'Si miles south-east of Shdhrdg Station,
with the area immediately adjoining it. This will undoubtedly offer as good chances as
did the Khdst workings, and the locality is near enough to the line of railway to be worked
cheaply. Next to Shdhrdg in importance, I consider the cliff between Punga Ghdt and
Harnai; there the seams are good, but the outcrops are too low down the hill-side to
allow the same process of mining to be adopted as at Khdst and Shdhrdg. The workings
would be soon below the level of the ground-water, and therefore pumping would have
to be resorted to, which would increase the cost of the output considerably.

“ Still more difficult to work, on account of the underground water, would be mines
established on the Pdnga Ghdt, or north of the river near Ali Khan, were it decided to bore
in these localities for coal, which most probably would be met with not far below the pre-

sent surface.”

26. The coal enquiry at Bhaganwalla in the Salt Range was instituted on

Salt Range Coal
account of a proposal by tbe North-Western Railway ad-

ministration to work the Bhaganwalla area, the supply from
the Dandot colliery to the westward being inadequate to meet the demand.
Mr. Luckstedt, the Executive Engineer in charge of the coal operations, having made
a report on what he considered to be the probable available amount of coal
under the Ara plateau and in the eastward end of the Salt Range, which certainly

appeared to me to be over-exaggerated
; it was decided to test this by borings and

detailed survey, for which duty Mr. LaTouche was deputed from the Survey. A
detailed plane-table survey on a scale of 6 inches to the mile was made by Mr. Ed-
wards

; and, although the large area of the Ara plateau must be left out of consider-
ation, as all the evidence goes to show that no continuous seam of coal can be expect-
ed to lie under it, it was found that at the eastern end of the range, where the coal
suddenly becomes high-dipping, there is probably an available output of over a
million tons, provided w'orking can be carried on to a sufficient depth along the dip.
Mr. LaTouche’s report is given in full in the current part of the Records.

27. In Tenassarim, it was decided to test the Tendaw-Kamapying coal-fields,

Tenasserira Coal.
Great Tenassarim river, by a series of borings and

pits, which were carried out by Mr. Bose assisted by Mr,
Datta. The old interest in this field was revived by Mr. Hughes during his ex-
ploitation of the Tenassarim tin areas, a preliminary report having been
published by him in the Records for 1892. Mr. Bose's report confirms the estimate
of Mr. Hughes as regards the presumable quantity of available coal under not difficult

working, viz., about a million tons
; and this is what may be called a safe estimate.

Extended and somewhat more troublesome mining would probably disclose a larger
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amount of coal. Mr. Hughes relied on this further exploration as likely to show
soihe* extension of the toal-field considerably further southwards down this long reach

of the Tenassarim river, but this has not been proved
; indeed, the evidence obtained

is decidedly against it. From my own inspection of this river’s wonderfully zig-zag-

course through the frequently high-ridged tract of country between Merguiand the

coal valley, 1 should say that there is little chance of finding an easily workable road

or tram-track between the coal and the seaboard, while a route partly by land and

partly by rivet would only involve a ruinous break of bulk in carriage of the fuel-

Getting the coal to the Coast solely by the river route seems inevitable ;and this can

only be done by barges and stern-wheel steamers of the shallowest draught.

28. In Upper Burma, Dr. NoeUing reported on the occurrence of coal in the

Kath^ old t

, Pinlebu subdivision, Katbd district; on the lead-mines
‘

t in the ’Same' sufedivison ; and on the auriferous tracts in

Wnntfto'. Wifh' tefdfd "fd the latter, he found on arriving at the place that very little

was known aS 'to the actual situation of the localities where gold was said to have
been extracted from the ground by the natives. The chief importance of the meagre
information that could be obtained consisted in the fact that everything tended to

prove that the gold was not extracted from the alluvial formation, but that there

actually exteted veritable" reefs.” But* nothing could be ascertained as to their

whereabouts, the natives apparently being very reluctant to give any information.

The only information supplied was that Mr. Bidoulac had applied for, and been
granted, a concession of square mile of land supposed to be gold-producing, near
a village called Kokkotta, north of Wuntho. At least seven different localities were
ultimately discovered where the natives used to dig for gold. However, the exami-
nation of the places was sufficient to form an opinion as to the occurrence of gold,

so far as this cbUld^bd done Wiihout Extensive digging. Just at the end of the year,

however, I have myself had an opportunity of inspecting this region, which is one
of a schistose series, which may answer to our Dharwar series of Peninsular India.

It is very extensively traversed by a complex of basic igneous rocks, and in certain

belts, particularly where the schists are very talcose, there is a decided development
of quartz infiltrations in the form of generally small reefs, ledges, and strings which
are more or less auriferous. The Whole area, covered as it is by fairly thick and
lofty forest and subject to a moderately moist climate, is wonderfully decomposed
as to its rocks, which are now, for considerable depths, little else but red and brown
ferruginous, sometimes lateritic, clays, which however still show their original bed-
ded or laminated structure in the deeper gullies and in some of the artificial excava-

tions; and in this decomposed rock, or scattered over its slopes, maybe seen the out-

crops of strings and ledges, of the debris of these. As a consequeuce, there are

several localities which have been extensively and cleverly washed for gold by the

natives^—more steadily in old times because tribute was then forcibly demanded in

gold in this part of the country ; but much less often now. I did not see, or hear the

least evidence of, any quartz having been pounded up for gold-washing; the old

washers simply sluiced the weathered rock in a primitive but effective fashion and
then washed out the coarse gold. The present people think nothing of the fine gold

which is obtainable more ox less from almost every hand lump of the pyritous quartz

debris when pounded in. a mortar. The present development, of nearly eight

months’ standing, is as yet scarcely beyond the initial stage; no very decided well-
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Pmlebu Coal.

defined or continuous reef having been met with, though there are outcrops of

biggish ledges the quartz of which is, however, not so rich as in the smaller strings.

The poor show of quartz occurrences now reported may indeed be more frequent

in thickness as they are followed in depth, or they may not : there is no evidence in

either one or the other direction.

29. For the Pinlebu coal, which occurs exclusively in the low hills skirting

the western side of the Maingthong hill tract
;
the summary

of Dr. Noetling’s report is, that there is only a small number
of seams, which are generally of very inferior quality, consisting chiefly of shaly

coal : only in two cases is it probable that the thickness of workable coal comes
up to five feet. Although the coal is of good quality, it may safely be said that the

quantity is insufficient. Even if there were a considerable quantity of coal available,

it is doubtful whether the distance of at least 32 miles from the nearest railway station

would not prevent a successful exploitation, the cost of transport being too high.

Under these circumstances, the coal seams in the Pinlebu subdivision may be
considered as relatively of little value, except for local use.

30. The lead-mines in the Pinlebu subdivision occur at two localities where
the Shan settlers in the Maingthong hill tract have been extracting lead-ore for a

considerable time past,

—

viz., (a) Kaydwin, and ih') Mawkwin. At the former place
several large and deep holes may be seen which have been driven from the river

P' 1 b Lead
bank into the hill-side

;
work has, however, been stopped

for some time. So far as can be noticed, the ore occurs

in the cracks of a dyke of an igneous rock belonging to the aphanite group, of

considerable thickness ;
at one place its thickness is not less than 20 feet. The ore

being cerunle, is found in strings up to J inch of thickness filling the cracks of the
rocks all throughout. On assay it yielded 69*1 per cent, of lead and 33 oz. 16 dwtSi

4 grs, of silver to the ton of lead. At Mawkwin, the dyke is considerably thinner^

and the old workings are less extensive ; the occurrence of the ore being, however,
exactly the same as at Kaydwin.

31. So far as can be judged from the examination of these two localities without
extensive diggings being undertaken, the diggings at Kaydwin and Mawkwin are
situated on one and the same dyke, running approximately south-west—north-east.

If the dyke should contain an equal quantity of ore strings at intermediate places,

such an occurrence of this lead-ore would certainly have a considerable value.

This, however, can only be settled by extensive diggings.

Museum and Laboratory.

32.

Mr. Plolland, the Officer in charge of the Museum, has made considerable

progress in the classification and microscopic description of the large series of

rocks collected during former years by officers of the department and private

individuals, and results obtained add greatly to our knowledge of the eruptive and
crystalline rocks, which have recently proved to be of great petrological interest.

Amongst features of noteworthy interest which have resulted from this work, may be
mentioned the curious inclusions of heulandite, celadonite and glauconite in hand-
some green crystals of calcite, and a new variety of magnetite. The so-called “mica-
traps,” intrusive in the coal-bearing rocks of Raniganj, Karharbari, and Darjeeling,

are found to be interesting types of an ultra-basic rock, mica-peridotite.
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33. A large number of assays of ores and coals, and the determinations of

minerals, have been published from time to lime in the Records
;
and in this work

of the Laboratory as well as in the Museum, Mr. Holland reports most favourably

of the carefulness and accuracy of the work done by the Museum Assistant, Mr,

T. R.Blyth.

34. Mr, Holland has especially for the sake of students, written an Introduction

to the Study of Indian Minerals, with a descriptive list of the species represented

and an Index to the Museum collection.

3 5. SumypuhUcaitom.^k. new edition of the Manual of the Geology of India has

been revised and largely rewritten by Mr. R. D. Oldham and published during the

year, which has been very favourably received. The progress of survey since the first

edition w'as issued, has been so marked that an entire change has been made

in the arrangement of the book, the rocks being described, in chronological order

instead of being treated under a series of descriptions of separate districts. Still,

many districts have had to remain untouched, so that as regards these, and where

no serious modifications were necessary, the original text has been allowed to stand.

The number of plates, maps, aud page illustrations has been considerably increased,

and the volume itself is in handier form. The year’s volume of the Records con-

tains 15 papers and appendices, of which six deal with industrial and allied subjects.

In the Palseontologia Indica, Dr. G. W. Gregory’s volume on the Jurassic Echin-

oidea of Cutch has been issued.

36. Library.—The additions to the Library amounted to 1,938 volumes or parts

of volumes, of which 1,209 were acquired by presentation and 729 by purchase.

37. Personnel—lAi. T. W. H. Hughes, through a most regrettable accident, was

compelled to take leave from the 26th January 1893. Mr. R. D. Oldham has

taken iurlough drom the rSth July 1893. Mr. W. B. B. Edwards has also,

throngh illness, been granted leave from the 4th November 1893.
i

WILL KING,

Director, Geological Surveys 0) Indian

Calcutta :

January i8gf.
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jList of Societies and other Institutions from zvhtch publications haz^e

been received in donation or exchange for the Library of the Geolo-

gical Survey of India during the year iSgs.

Adelaide.—Royal Society of South Australia.

Algiers.—Geological Survey of Algiers.

Ballarat.—School of Mines.

Baltimore.—Johns Hopkins University.

Batavia.—Batavian Society of Arts and Sciences.

Belfast.—Natural History and Philosophical Society-

Berlin.—German Geological Society.

,, Royal Prussian Academy of Science.

„ Royal Prussian Geological Institute.

Bombay.

—

Bombay Branch of the Royal Asiatic Society.

,, Marine Survey of India.

„ Meteorological Department, Government of Bom buy.

„ Natural History Society.

Boston.—American Academy of Arts and Sciences.

„ Society of Natural History.

Breslau.—Silesian Society.

Brisbane.—Royal Geographical Society of Australia-.

„ Royal Society of Queensland.

Bristol.—Bristol Naturalists' Society.

Brussels.—Royal Malacological Society of Belgium.

Budapest.—Hungarian Geological Institute.

,, Hungarian National Museum.
Buenos Ayres.—National Academy of Sciences, Cordoba.

Caen.—Linnaean Society of Normandy.
Calcutta.—Agricultural and Horticultural Society of India.

„ Asiatic Society of Bengal.

„ Editor, 'The Indian JSnqineer.

,, Indian Engineeriiig.

„ Meteorological Department, Government of India.

„ Reporter on Economic Products, Government of India.

,, Survey of India.

Cambridge.—Philosophical Society.

„ University of Cambridge.

Cambridge, Mass.—Museum of Comparative Zoology.

Cassel.—Vereins fiir Naturkunde.

Cincinnati.— Society of Natural History.

Copenhagen.

—

Royal Danish Academy.

Dehra Dun.—Great Trigonometrical Survey.

Dijon.—Academy of Sciences.

Dresden.—Isis Society.
,

„ Royal Mineralogical, Geological, and Pre-Historic Museum.
Dublin.— Royal Irish Academy.

,, Science and Art Museum.
Edinburgh.— Geological Society,
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Edinburgh-—^!

Freiburg.-

GENEVA.-
Glasgow.-

» >

Gotha.-
Gottingen.-

Halle.-
Hamiuton.-

KOI^IGSBERGv-

Lausanne.-

Leipzig.-

L,ii:GE,-

Lille.-

Lisbon.-

Ljverpool.-

London.-

>>

Lyons.-

Madrid.-

Manchester.

5J

M ELBOURNE.

Milano.-

Montreal.-
Moscow.-
Naples.-

N ewcastle-on-Tyne.

New Haven,
New York

Oxford
Ottawa.

Paris.

>>

Royal Scottish Society of Arts.

Royal Society.

Scottish Geographical Society.

Natural History Society.

Physical and Natural History Society.

Glasgow University-

Philosophical Society.

-Editor, Petermann's Geographische Mittheilungen

,

-Royal Society.

•Natural History Society.

Hamilton Association.

Physikalisch-Okonomische Gesellschaft,

‘Vaudois Society of Natural Sciences.

-Verein 'fur Erdkunde (Geological Society),

Geological Society of Belgium.

-Socidt6 Gdologique du Nord.
-Geological Commission, Portugal.

Geological Survey, Portugal.

-Geological Society.

-Geological Society.

Iron and Steel Institute.

Linnaean Society of London.
Royal Geographical Society.

Royal Institute of Great Britain,

Royal Society.

Society of Arts.

Zoological Society,

-Museum of Natural Plistory.

-Geographical Society.

-Geological Society.

Literary and Philosophical Society.

Department of Mines and Water-Supply, Victoria.

Royal Society of Victoria.

—Italian Society of Natural Sciences.

—Royal Society of Canada.

—Imperial Society of Naturalists.

—Royal Academy of Science.

—North of England Institute of Mining and Mechanical

Engineers.

—Connecticut Academy of Arts and Sciences.

,—Academy of Sciences.

,—University Museum.
—Geological and Natural History Survey of Canada.

Editor, Annuaire Giologique Universel.

Geographical Society.

Geological Society of France.

Geological Survey of France,

Mining Department.
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Philadelphia.—Academy of Natural Sciences.
American Philosophical Society,

j, Franklin Institute.

j> Wagner Free Institute of Science.
Pisa.

—

Society of Natural Sciences, Tuscany.
Quebec.—Literary and Historical Society.

Richmond.-

—

Virginia University.

Rio-dk-Janeiro.—Imperial Observatory.

Rochester.-—Geological Society of America.
Rome.—Geological Survey of Italy.

,, Royal Academy.
Saint Petersburg,—'Geological Commission of the Russian Epipire.

5j Imperial Academy of Sciences.

ji Konig. Russische Mineralogische Gesellschaft.
Salem.—American Association for the Advancement of Science,

,, Essex Institute.

San Francisco.—California Academy of Sciences.
Shanghai.—China Branch of the Royal Asiatic Society.

Sydney.—-Australian Museum.
,, Department of Mines and Agriculture, New South Wales.
,, Geological Survey of New South Wa.les.

„ Linn man Society of New South Wajes.
,, Royal Society of New Soutjb Wa.le?.

Tokio.-—

A

siatic Society of Japan.
„ Deutsche Gesellschaft fur IsTatur und Vplkerkunde.

^'ORONTO.—Canadian Institute.

Turin.— Royal Academy of Sciences.

,, Royal University.

Venice.—Royal Institute of Science.
Vienna.—Imperial Geological Institute.

,, Imperial Natural History Museum.
,, Royal Academy of Science.

Washington.—National Academy of Sciences.

,, Smithsonian Institution.

United States Department of Agriculture.
United States Geological Survey.
United States Mint.

„ United States National Museum.,
Wei.lington. Colonial Museum and Geological Survey of New Zealand.

j» New Zealand Institute.

„ The Minister of Mines, New Zealand.
Yokohama.—Asiatic Society of Japan.

„ Seismological Society of Japan.
York.—Yorkshire Philosophical Society.

Zurich.—Natural History Society.
The Governments of Bengal, Bombay, India, Madras, Perak, and Punjab.
The Chief Commissioners of Assam, Burma, and Central Provinces.
The Resident at Hyderabad.
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Report on the Bhaganwala Coal Field, Salt Range, Punjab, /;// 'lom. D.

LaTouCHE, B.A., Deputy Superintendent, Geological Survey of

Indict- (Jiictth wcip ctfid 2 plcttssS)

This coal-field is situated near the eastern end of the Salt-Range, on the plateau

overlooking" th.6 village of BhagciiiwElE, which lies Et the

Situation of the field. range at about lo miles to the north-east oi

Haranpur station, on the Sind-Sagar Railway, on the right bank of the Jhehin^. It

occupies a roughly triangular area, as shown in the accompanying plan, of about 7

square miles in extent, of which only the western portion, for the most
^

part covered

with alluvium, and highly cultivated, can be described as a plateau, while the eastern

portion is hilly and cut up by deep ravines. Several small villages are situated on

the plateau, the largest being Ara, which might have given its name to the coal-field,

lying as it does in the centre of it, with more propriety than Bhaganwala.

The area now to he described is only a small portion of the larger plateau, called

by Mr.lWynne in hisMemoir on the Salt-Range, ^ the “ Ea.steni
Boundaries.

Plateau,” which extends along the top of the range for a great

distance towards the west, and it is quite possible that large deposits of coal may
exist in that direction, besides those already worked at Pidh and Dandot; but so

little has yet been done in searching the intervening ground, though indications of

coal have been met with in several places, that this larger area may be left out of

account at present. A zone of broken and hilly ground, due to sharp folding and

faulting of the rocks, rising abruptly from the western edge of the alluvial fiat on

which Ara is situated, conveniently divides the coal-field from the larger plateau on

the west, while on the north it is bounded by abroad and deep ravine, which cuts

down into beds underlying the coal-bearing rocks. On the south it is boimtied by

the long line of scarp overlooking the plains of the Jhelum valley, and e.xtcnding

for about 5 miles from east to west ; and to the north-east by a tract of very hilly

country, occupied by highly inclined beds of sandstone and clays, higher in the

series than the nummulitic limestone overlying the coal-bearing beds, so that the

latter in this direction quickly become buried to an unworkable depth.

Although it is only quite recently that a serious attempt has been made lo open

_ . , out the coal seams in this field, the fact of the existence cf
Previous notices. , , , , , r t-

coal here has been known for many years. It appears to

have been first brought to notice by Dr. Fleming in 1853 and was reported on liy

Dr. Oldham in 1864. Dr. Oldham estimated the total quantity of coal available at

16,20,000 maunds, or between 50,000 and 60,000 tons ; but there is little doubt
that a considerable quantity of coal, which was not included by Dr. Oldham in his

estimate, as he considered that it lay at too high an angle to be profitably worked
at any rate below the level at which it could be reached by horizontal adits, can be
extracted, if proper precautions are taken in opening out the mines.

The coal of this locality is mentioned by Mr. Wynne in his Memoir on the
Salt-Range above cited. He quotes from the report of Dr. Oldham, and gives a
section of the coal seam and associated rocks at the point referred to above, viz.^

^ Memoire, G. S. I., Vol. XlV.
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where the beds lie at a considerable angle.' He does not seem to have been
acquainted with the coal at the other point where it is now being worked, at mine
No, 7, where the beds are almost horizontal, though both he and Dr, Oldham state

that the outcrop may be traced for 2 miles. Probably the outcrop of this good coal

at No. 7 was at that time concealed by talus.

Since the publication of Mr. Wynne^s Memoir in 1878, nothing appears to have
been done lo prove the capabilities of the field for many years, except that a

number of holes were dug into the outcrop by native contractors, who of course

took the coal wherever it was most easily to be got, wi|hput^a^^^ the

future, and if they had been allowed to continue in that fashion, might in time have
done irreparable damage. Some 2,000 tons is said to have been removed in this

way. But in 1892 Mr. Luckstedt, Executive Engineer, Manager of the Dandot
Colliery, submitted a report, in which the total quantity of coal was estimated at

10 million tons, and of this 6 millions were said to be available. This estimate

was so largely in excess of that made by Dr. Oldham, and, as pointed out by Dr.

King, Director, Greological Survey, rested upon such slender evidence, that it was

felt advisable, before sanctioning the expense necessary to provide better communica-
tion with the railway than the present system of pack animals, that some further

evidence should be collected, if possible, supplemented by borings, to prove the

existence of coal or otherwise at points where it could not be reached by drifts from

the outcrop. Accordingly, the present detailed survey of the field was undertaken.

While it was in progress Mr. Luckstedt furnished another report, in which the total

amount of coal is estimated at 20 millions of tons. This report will be discussed

further on.

The best available map of the district, on the scale of 1 inch =: i mile, not being

suificiently detailed to allow of geological boundaries,

outcrops, etc., being laid down upon it with accuracy, a

large-scale plan of the field was prepared by Mr. Dallas Edwards, Assistant Super-

intendent, Geological Survey, during the past working season. A reduced copy of

the plan, which was surveyed on a scale of 6 inches to this

report. The advantages of making such a plan as this at the same time that the

geological survey is being carried on are obvious. The boundaries of the differ-

ent formations and other geological features can be inserted on the plane table, as

the survey proceeds, with an accuracy not obtainable when an enlargement from a

small-scale map, made without any reference to geological details, is the only one

available.

The geological structure of the rocks is not very easy to describe, as the

Geological structure, forces which have determined it appear to have acted from
(Soe Sections I and 2, two Of more directions, whether simultaneously or at differ-

erit periods, and the result is somewhat complicated. At

the eastern end of the field the rocks are tilted up at a high angle, apparently form-

ing the northern limb of a great andclinal, the southern limb and crown of which

have been removed by denudation. As we proceed westwards the anticlinal becomes

broader and flattened, as it were, spreading out into a series of gently undulatings,

anticlinals and synclinals, which occupy the space between the highly inclined rocks

at the southern edge of the range and the northern edge„ of the coal-field. Great

Plan of the coal-field.

' Memoirs, G. S. 1
,
Vol viy, PI. XIV, p. 13s.
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Faults.

denudation has taken place, so that a deep gap has been formed between what is

now the southern edge of the coal-field and the edge of the hills, a large area ofwhat

may have been productive coal-bearing beds having been removed. Although the

rocks are seldom quite horizontal over that part of the field which has escaped

denudation, yet they dip either to the north or south at very low angles, having

generally sufficient inclination to render drainage of the mines, when it shall be

necessary, a matter of little difficulty.

Faults are neither numerous nor of great extent in this field. Such as do

occur are marked on the plan, and it will be seen that

they nearly all run in a northerly direction, starting from

the southern scarp, and soon die out, so far as can be seen, on the surface of the

plateau. The longest can be traced for about 1,500 yards from the edge of the

scarp, near and tp the east of the Railway bungalow, and appears to have a throw

of about 50 l^t some of the others appear rather to be very

sharp folds accompanied by faulting, than ordinary faults, but the result is the

same, so far as the relative position of the beds on either side of them is con-

cerned.

The formations which we have to deal with are very few in number, since the

Formations represented.
Well-defined horizon, and the rocks

below that horizon need not be noticed. A general

vertical section through the beds shown on the plan is given below

In descending order,

Maximum thickness.

Feet. Inches.

Nahan sandstones and clays, thickness variable, sometimes
ahsent . • . . . v . . . • ...

yei:lbw^4h^ 4airk • . . . •

COGit m • . . . • • • • «

White sandstone with pebble bands . •

Olive shales and clays with boulders of crystalline rocks , ,

Salt pseudomorph zone, red and grey shales . . , .

Only the lowest beds of this formation are represented in the coal-field. They

Nahan sandstones.
consist of soft grey sandstones interstratified with red or

purple shales and clays, and with irregular pebbly bands
from I to 8 feet or so in thickness. The composition of the beds varies

horizontally a good deal, so that the section passed through in a boring at one
point may be very different from that at another. The lowest beds contain pieces

of silicified wood, also fragmentary bones and teeth, mixed with pebbles of

quartzite and other crystalline rocks. They also contain what appear to be pebbles
of the underlying limestone, but the latter is very nodular, and these apparent
pebbles may be merely nodules mixed with the sandstone while it was still soft

and not really rolled pebbles. No sign of unconformity can be detected between
the sandstones and underlying rock. The sandstones have been greatly denuded
within the limits of the field, and often removed entirely, patches remaining here
and there as outliers, but to the north-east of the Ara plain these patches coalesce,
increasing to a thickness of several hundred feet, so that the underlying rocks are
only exposed where deep ravines have cut through the whole series.

160

14

7

so
20

o
o

o
o

o



PART I.] 'LaTouChe : BhaganiVala Go'aKFieMj Salt-Range^ Punjab,

The scarped outcrops Of limestone which forrft 3such a conspicuous feature in

Nurnmulitic limestone, the Salt-Range are of considerable importance as a guide
to the position in which indications of coal should be

looked for, because the limestone everywhere overlies the coal-bearing bed, and it

is, indeed, to the softness of the latter, coming immediately beneath the hard lime-

stone bands, that the aforesaid scarps are due. As represented in this coal-field

the limestone has lost much of the thickness and solidity which it displays further

to the west, Us at Dandot, and even within the limits of the field its thickness

diminishes from about i6o feet on the west to less than 50 feet on the east, while

beyond the limits of the plan it thins out entirely within no great distance* if traced

along the outcrop. ,

A section of the limestbne at mine No. I2 gives, in descending order

Feet, Inches.
' Nodular limestone • . , . . . . about 20 o
Solid and very hard limestone .... 91X5 0
Nodular limestone with partings of shale and clay , „ 25 o
Solid hard limestone . . . . , . „ 6 o
Nodular limestone with partings of clay . . • ,, lO o
Nodular limestone with bands of shale and clay . . „ 36 d
Solid and very hard limestone , „ 7 ^
Nodular limestone ,, 26 o
Nodular limestone with partings of clay and shale • • ,, 14 O
Shaly limestone • • ... ... »i 5 ^

Total . 164 o

The wd,nt of homogeneity in the limestone h'&.s been found to sfertous

drawback in the attempts made to bore through it, at any rate With the steam

boring machine, for though the tool cuts through the hard bands readily enough

on reaching the soft clays and shales it becomes clogged, and even if any progress

is made, fragments of the shale frequently fall from, the sides of the hole, and

cause the tools to become jammed, a difficulty that it has not yet been found

possible to surmount.

Immediately underlying the nmestohe'’are found the coahbiitiipbid&, consist

Coal-bearing beds.
ing of dark-bluish grey shales passing down into carbona-

ceous shales or sandstones and coal. The maximum

thickness of the shales is not more than 14 feet, and it is often less, a circumstance

which is greatly in favour of mining operations here as compared With Dandot,

where the shales above the coal reach a thickness of 40 feet. Another advantage

here is that a band of hard sandstone is frequently found between the coal seam

and the shales, affording a good roof to the workings. Beneath the coal-bearing

beds is a strong band of white sandstone, often stained yellow or brown by oxide

of iron. This also frequently contains strings of carbonaceous matter, and some-^

times pebbles and boulders of crystalline rocks. Its thickness varies a good deal

in different parts of the field.

The rocks which succeed Ibis band need not be described here in detaiL as

though they afford some interesting points for discussion they have no connection

with the subject of this report.

Distribution of the coaL

The evidence so far, obtained as to the distribution of the coal in this field is of
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two kinds; ist, that afforded by natural outcrops; and 2nd, that afforded by the
drifts and mines which have been put in at numerous points along the outcrop.

Beginning at the western end of the long southern scarp, which stretches in an
. .

unbroken line for a distance of about 5 miles from mine
1. Outcrop indica- to the east of mine Np. i, the following sections

may be observed
Section No. I. (see Plan), Mine No. —

Limestone (see page 18) • . , . ,

Yellow” shales ••••••.
Dark grey shales . • , , . .

Carbonaceous sandstone * , . . .

Sandstone band . . , , . • .

• " ^ • • • fc. •

White sandstone ,
•••

Proceeding from this point along the left bank of the ravine, the outcrop of the
beds beneath the limestone is much concealed by talus, but where visible, the rock
is a coarse yellow and white sandstone, the shales apparently being absent

; nor is
there any trace of carbonaceous matter. Where the outcrop bends' sharply to the
east, the following section is seen :

—

Section No, II—
Limestone * . .

du T
. » ...

_
® • • • • • • • • • about 3 feet seen.

White sandstone much stained with iron • • * • ,,40 „
No g*ood section of the rocks between the limestone and sandstone is exposed

along this part of the scarp up to drift No. 9, but where the shales are visible they
are not carbonaceous. ^

Feet. Inches,
about 164 o

2 o

5 o

1 9
0 6
1 o

Section N^i III Drift* No*
Limestone.

, , .

Carbonaceous shale ,

White sandstone •

Pink sandstone •

Grey shales

Feet, Inches.

«

s

54
18

o
o
o

Feet, Inches.

Again, between this and drift No. there is much talus, but a clear section is
exposed at the mouth of the latter drift beneath the bungalow, and close to the
road from Ara to Bhaganwala.

Drift No. S'*—

Limestone » . . .

Shales . .• • • • • • • •

Carbonaceous shale . , , . , .
“

,

White sandstone very much stained at top • • • • ,,,

To the east of the road a little carbonaceous shale shows at intervals, but no
exposed till near drift No. 7 A. In a gully about 500 feet west

of this drift the section is—

about 4
1

• mm

o

Section No. IV

—

Limestone • , ,

Shales
,

. .

Ferruginous sandstone
SlighUy carbonaceous sandstone and shale
VV hi to sandstone ^ ^ ^

Feet, Inches.

XO

0

1

o
6

O
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At about 75 feet to the west of the drift tKe coaly stuff has increased to 2 feet
4 inches, and at the mouth of the drift the section is

—

Dtiffc No, 7 A

—

Limestone . , , ,

Sandy marl with many bivalves .

Yellow shale • . , »

Dark grey shale , , ,

Sandstone • . . .

Carbonaceous shale and coal

White sandstone , • ,

Feet . Inches,

• • • • •

- • • * j ^
• • * • • 3 o
• • • « • 7 0
« • • about o ^
• • • • * 20

Beyond the drift the carbonaceous band dies out again, being about r foot 6
inches thick at 100 yards from it. The ground is then again covered by talus,

and no good sections are seen until the spur overlooking mine No. 7 is reached.
From this point to mine No. 6, a distance of about a mile and a quarter, clear sec-
tions are freely exposed. A photograph of this portion of the scarp is attached,
(Plate II) which gives a good idea of its general aspect. No coal or indications of
it are seen, however, until a point is reached about 300 yards west of mine No. 7,
where about 2 feet of carbonaceous sandstone appears at the base of the shales be-
neath the limestone (Section No. V). This band of carbonaceous sandstone gradu-
ally increases in thickness, and the proportion of coal it contains becomes more con-
siderable up to mine No. 7, where the section is

—

Mine No. 7 Feet, Inch ei,

Lirtiestoue • « • • . abotiit xoo o
Shftle > . . a • . a a a a XI O
Sandstone band , , a « • • a a • 0 7

QCV I ....%a a.^aa
White sandstone

To the east of the mine the coal thins out again, until at about 200 yards distance
the seam is represented by a band of grey sandstone with strings and nests of coal.

Beyond this there are no signs of coal, or only very slight indications, for a con-
siderable distance, to near drift No. 6 B. Here there is another lenticular band of

coaly shales and sandstone. Where first seen, the coaly layer is 1 foot 3 inches
thick, increasing to 2 feet 9 inches at about 12 yards further on, and continues with

about the same thickness, but very irregular, to some 50 yards beyond the drift.

Talus then covers the outcrop to near mine No. 6.'*

At the mouth of mine No. 6 the section is

—

Limestone ....
Shale and clay , . •

Coarse sandstone with nests of coal

Sandy coal • • • .

White sandstone . , •

Feet. Iiiehes

e « ft e

8 0
• I 0

• 4 0

• •1* * *«

* Mr. Luckstedt in his second reportspeaks of a "line of erosion*’ about 1,200 feet

wide as occurring in the scarp between mines Nos. 7 and 6, but I could not detect anything

of the kind, nor could I see the " false bedding ” he mentions in the lowest portion of the

nummulitic limestone, though I looked for it carefully, as such a structure in the limestone,

considering the mode of origin of the latter, would be worth studying.
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- Beyond this again the rocks are hidden by talus, but at 450 yards from the

mine a section is exposed*—

Section No. VI—
Limestone .

Browii clay . . . . ,

Soft sandstone with strings of coal
Hard Sandstone , . • *

Soft sandstone, slightly carbonaceous
White sandstone

Feet, Inc be*.

• « '

ft
-

ft • ( •

t ft 3 0
• % ft , ft ,ft

.

I 0
• • * ft ft 1 2
»

•>

ft ft • ft 0 10
' • '

ft ft ft ^ • •ft

A little further on the whole of the rocks are concealed beneath a great slip,

which, has covered the hill-side with a confused mass of blocks of the Nahan sand-

intone from above. Where they appear again to the east of the slip no indications of

coal are seen up to and upon the col dividing the drainage towards Bhaganwala
from that into the Bunhar river; but they appear again near the head of the ravine

qn the east. At first there are two bands of coaly stuff from 10 inches to i foot

thick, separated by sandstone. The shales above the coaly band are of a bright red

coloui:, as though they had been burnt. Continuing along the side of the ravine the

rocks are somewhat concealed by talus. Occasional indications of coal are seen

as at section No. VII, where there are 15 inches of sandy carbonaceous clay, but
sometimes the place of the seam is taken, by a pebbly band of sandstone- It then
begins to thicken gradually to about 3, feet at mine No. 5. Here the rocks begin
to bend over with a dip of about 30° to the north. The seam may be traced

continuously, and at the same time improving in quality, beyond mipe No. 4,. where
the thickness is 3 feet 2 inches, down to the bottom of the ravine. At this point the
section Ib—

• ’ / Soft grey sandstones, weathering red
Base of Nahans

^
Light green and brown marly clay,

' ;
. (. with nodules of limestone

Limestone, very nodular, with partings of clay ,

Limestone with small nodules .

Shelly bed ......
Sandy limestone . , , . ,.v

YeUow marly selenite in cracks ,

Coat; .

Sandstone ....
Clays, light green
Green shales with much selenite
Red shales . , . ^

Dip N. to® E. at about 50°,

A.

Feet. Inches.

• ftftft

3 0
50 0

9 0
4 6

0 I 0
i 0
7 0

0
10 0
*3 0

ft««

The coal seam continues up the hilUside to the south with an average thickness
of about 4 feet and down to the ravine iit which mine No. i is situated^ At the
bottom of this ravine the section is

—

Mine No, i

—

Nahan sandstone . ,

Limestone . , ,

Purple shale . . .

Dark-coloured sandstone
. . . .

Sandstone
Green clays and shales ,

Red shales , , ^

• » » * «

• • • e •

* ^ * • •

« • • « •

Feet, Infbet.

20 O
2 O
6 Q
4 6
16 o
10. o
tt*
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Half-way up the hill on the south bank of this ravine a trial drift has been put
in, but without finding coal. The section at the mouth of the drift is

Section No. VIII—

Limestone . * .

Pnrple clay . .

Dark-grey and white sandstone
Slightly carbonaceous sandstone
Carbonaceous sandstone ,

White sandstone . , ,

Greenish clays and shales ,

Red shales . . . .

Feet.

18
2
8
2
3
8
*3

Ipchet,

O
O
O
o

3
o
o

- - • rnmm

At the top of the hill, tho furthest easterly point plan, all traces of
coal have disappeared. It will be noticed that the limestone is very much attenu^
ated in these latter sections, as compared with its thickness at the western end of
the field, and at a short distance further east it thins out entirely.

Section No. IX— Inches.

Grey Nahan sandstone ...
White nodular limestone , , \ ]

' * **2*0
Yellow limestone, very fossiliferous

’ *
*

la. o
Purple shale with a band of clay at top • • • , 20White sandstone ..... * * «
Red shales . .

* • >0 o
• • • • f

Besides this long line of outcrop along the southern edge of the field, the
drainage from the plateau has in more than one place cut through the formations
above the coal-beanng beds, and we are thus enabled to form an opinion as to how
far the coal seam extends to the nortli and east. The ravines in which the beds
are thus exposed are the Rai ravine, to the east of Ara village, the Gahi ravine
running east from the village of Dhamiala, and the Sikki ravine, which extends
along the northern edge of the field.

In the Rai ravine the rocks beneath the Nahan sandstones are exposed over a
Rai ravine.

considerable area as an inlier, the outcrop of the coal-

bearing beds forming a narrow, continuous band on both
sides of the ravine. Several good sections are exposed, especially on the north
bank, but on that side there are no indications of coal whatever^ the place of the
coal seam being taken by shales. On the south bank a section at the month of
Drift No. 10 gives :

—

Limestone .....
Grey shales , . • 4 q
Ferruginous conglomerate mixed with clay, containing Quartz
pebbles . . . , , ^ .... 2

White sandstone with strings of coal and coaly stuff lining cracks 8
Fine yellow sandstone with pebbles , , • • • 3

At the mouth of the drift some distance further to the east, marked Geological
Survey Drift on the plan, which I had put in at this point because it was opposite
to mine No. 7 on the southern outcrop, and it was important to discover how far
the good coal in that mine ejetends in a northerly direction, the section is-—

«

o
o
o

Limestone • . .

Shales . . ,

Yellow sandstone. .

Carbonaceous sandy shale
White sandstone ,

Feet. Inches.
«

«

«

about 10
. 1

• t

*

a
6
o

There is no ** seam of weathered coal, 18 inches thick,*' here, as stated by Mr.
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Gahi ravine*

Luckstedt, but, as is so often' the case in this field, the sandstone which occupies th

place of the coal is irregularly carbonaceous.

In the bottom of the ravinCj where the rocks dip below the level of the strear

bed, at drift No, ir, there is no good section to be seen, both banks being mor
or less covered by talus, but Just within the mouth of the drift there are about 3 fee

of shale at the base of the limestone, overlying sandstone, in which there are m
traces of coal.

In the Gahi ravine also a small closed area of the rocks beneath the limestom

is exposed, but wjth the same disappointing results, ai

regards indications of coal, as in the Rai ravine. At' onl)

one point could I find any traces of carbonaceous matter, and I had a cutting

made here as the outcrop was obscured by talus. At a distance of 30 feet in, this

gives the following section :

—

Section No. XI—^ Feet, Inches.
1*1 in e®tonG • • • • • # • • • • ... ...

Yellow shale . . , . . . . • 2 0
Slightly carbonaceous sandy band, very irregular . , .06
Soft white sandstone and clay . . . ... 1 6
Dark’grey shales , • , » , . . , . ... ...

Wherever at other places in this ravine the rocks between the limestone and the

greenish-grey shales of the boulder bed are exposed, they consist of yellow and pink

sandstones, even the shales which usually occur at this horizon being absent.

Along the southern bank of the Sikki ravine the outcrop is exposed for more
than a mile, but that of the coal-bearing beds is generally

concealed by talus from the limestone above. At one
point there are some indications of coal, and here a drift (No. 14) has been put in

The section at its mouth is

—

I3ri|t No, 1
.4”“ Feet. Inches,

• • • • ^

M £irl # • * # • « « • '• , » 2 o

Carbonaceous sandstone » • • « • * * • 4 6

White sandstone ••••.••60
Bonider bed. *##•••••*

Further to the west, near the village of Sikki, the following section was mea-

Sikki ravine.

Section No, X

—

Limestone • • •

Shales • * • •
% ’

Ferruginous sandstone •

Concealed hy talus

Soft purple sandstone .

Pebbly band . •* ,

Yellow sandstone . ,

Boulder bed • • .

Feet. Inches,

k

• •

* « «

# k m

4
2

6

.3

4
8

o
6

o
o
6
o

In considering the evidence afforded by the natural outcrops of the beds, as

Conclusions to be detailed above, it must be borne in mind that, although the

outcrop is to a great extent concealed by talus, and the

evidence is therefore to a similar extent imperfect, yet it

is seldom that an interval of more than a few hundred feet of talus-covered ground

separates points at which the beds are more or less well exposed, in the numerous

to

drawn from evidence
afforded by outcrops.
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small gullies which furrow the sides of the scarps. Therefore the cumulative

evidence derived from such a large uumber of sections becomes more worthy of

acceptance. Moreover, in those cases where good coal does occur, as at mines
Nos, 7 and i to 3 W, it shows distinctly at the outcrop, and the seam may be
traced almost continuously on either side of the. points of greatest development,
gradually thinning out as we recede from those points, until at last it disappears

entirely, or is replaced by coaly stuff imbedded in sandstones or shales* Thus we
are justified in drawing this conclusion from a study of the outcrops alone, that the

distribution of coal is extremely irregular, and that it would be very unsafe to form
an estimate of the quantity of cpal that m^y esdst within the area^^^^ considera-

tion, from such evidence, taken by itself.

The drifts that have been put in at various points along the outcrops may be

conveniently divided into two groups, those situated

_

Evidence afforded by narrow neck of coal-bearing rocks at the eastern end
the drifts,. .

of the field, from No. i to No. 7, including the drifts in

the Rai ravine, and those situated in the western portion of the plateau, Nos. 7 A to

12 on the southern outcrop, and No. 14 in the Sikki ravine on the north.

Taking first those in the eastern portion of the field, it should be noted that

'these are the only places from which coal of good quality
Drifts in eastern por- ^ ^ been procured* Drifts Nos. i to 5 are all on a

continuous band or seam of coal* which may be traced, as

above described in treating of the outcrops, for a distance of nearly a mile along

the strike of the beds, and having an average thickness of about 4 feet. Nos. i and

3E are driven from either side of a ridge, and meet in tbe midd having a

total length of 1,380 feet. The centre pit No. 2, driven from the highest point of

the same ridge down the dip of the beds, meets the other two about half-way

through the ridge, and continues beyond them to a distance of over 300 feet from

the outcrop. Thus the continuity of the seam in this area has been fairly well,

proved. The thickness varies from 3 feet 9 inches to 7 feet, and 5 feet may be

taken as a fair average.

No. 3 W is driven along the strike of the beds on the bank of the ravine

opposite No. 3 E, to a distance of about 300 feet from the outcrop, and shows the

seam reduced in thickness from 3 feet 6 inches at the outcrop to 2 feet 9 inches

at the farthest point reached. A branch drift is also being put in at right angles

to this in the direction of the dip, but it has not proceeded far, having been
stopped for the present by water. Three feet may be taken as an average thickness

for the coal affected by this drift.

Nos. 4 and 5 were driven to a distance of only 100 feet from the outcrop, and
I have no information regarding them.

Drift No. 6 starts in about 4 feet of coaly sandstone, in which the coal and
sandstone are disposed in thin, alternate layers. Further in the seam becomes
thinner, but of better quality, and at 240 feet from the outcrop there are 2 feet

4 inches of good coal.

Between this and drift No. 7 one or two drifts have been put in at points where

there are indications of coal, but they are now blocked up, and I have no informa-

tion regarding them.

Drift No. 7 was started in good coal, about 5 feet thick at the outcrop, and
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extends in a northerly difection for about 500 £eet> stiir in good coal of the same
thickness. It has been opened out as a mine, and a considerable amount of coal

has been worked out from either side of the main drift. The seam varies in

thickness from 2 feet 9 inches on the west side of the main drift to between 4 and

5 feet, on the east, and a thickness of 4 feet 6 inches may be taken as an average

throughout the area proved by it.

In the Rai ravine three drifts have been put in, all on the southern bank. Gf
these No. 10 extends to a distance of 180 feet from the outcrop, in the shales

below the limestone, but without finding any traces of coal. No. ii is driven at

the lower end of the ravine, where the rocks are brought down by a dip of about
20° to the level of the bottom of the valley. It extends to about 170 feet' from the

outcrop, and shows about 3 feet of shale underlaid by sandstone, in which there

are occasional strings of coal^ but no coal is found in the shales.

In the drift between these, which I had put in at this point as being opposite

to mine No
i 7* and which extends to about 200 feet from the outcrop, a similar

section is shown, there being some 10 feet of shales beneath the limestone, without

a trace of coal, underlaid by sandstone in which strings of bright coal, up to an
inch or so thick, are occasionally found. And it is evident that the seam of good
coal 5 feet thick, in mine No, 7, must die out in this direction, as it does along the

outcrops on either side of that mine. Mr. Luckstedt, it is true, asserts that there

is no prospect of reaching the coal of mine No, 7 within a distance of 400 or 500
feet from the outcrop in the Rai ravine, as, according to him, the whole of the

southern side of the ravine is a slipped mass. But, apart from the fact that there is

no evidence of such a general slip at that distance from the outcrop, eveh if it

had occurred, it is inconceivable that it should have utterly destroyed the coal, and
left the soft shales, in which the coal should be found, intact. In this drift there

is a small fault or hitch at 1 10 feet from the mouth, bringing down the limestone,

but the section is not affected by it; and the drift has been continued far beyond

it, without meeting with any improvement. At drift No. n there is certainly

no question of a slip, as the beds dip below the level at which denudation can

have affected them, and are in an exactly similar position to that which they occupy

further along the strike, ^ mine No. 3 W ; and there is no reason whatever why
the cbalV iW br^inally existed at both these points, should have disappeared at one

of them and remain at the other. These drifts, in my opinion, prove conclusively

that the coal does not extend continuously from the southern outcrop to the Rai

ravine, but thins out somewhere in the interval
;
and so far from agreeing with Mr.

Luckstedt, I say that we have as yet no evidence, and there is no reason for

thinking that the seam extends eyen to within 500 feet of the mouths of drifts in

that ravine.

Drift No. 7 A shows near the outcrop a thickness of 2 feet 7 inches of sandy

^ .. . coal, a band consisting of thin alternating layers of
n s m e p ateau.

^oal and sandstone. At 70 feet in this dwindles to

about a foot of the same stuff, then thickens again to 3 feet at the end of the drift;,

200 feet from the outcrop.

Drift-No. 8 is npw closed, but Mr, Luckstedt states that it extends for 120 feet

from the outcrop, ahd that the i foot of carbonaceous sandstone exposed at the.

mouth, does not improve further in. He accounts for this by saying that a fault
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runs about 300 feet to the east of the drift in a northerly direction. The fault is

certainly there, but I do not see how it could have affected the thickness of the

coal, supposing that it was originally greater at this point. Faults are of common
occurrence in most coal-fields, but beyond altering the relative positions of the

seam on either side of them, they have little or no effect on the thickness of the

coal, except along the actual plane of dislocation, where the rocks are sometimes
crushed, and I know of no instance where a seam has been affected in such a man-^

ner, at so great a distance as 300 feet from the fault, as to reduce its thickness to

such an extent as Mr. Luckstedt imagines.

Drift No. 9 is also now stopped up, but was apparently tio imire promising than

No. 8.

Considerable importance must be attached to the indications afforded by mine
No. 12, for assuming for a moment that Mr. Luckstedt is correct in attributing the

general absence of signs of a thick seam of coal along the outcrop to slipping and
other dislocations of the strata, this is just the place where we ought to find that

thick seam in full force. For at this spot, not only is the scarp of recent formation
lying as it does close to the head of a small ravine in which there is a perennially
flowing stream of water, but there are no slips or faults anywhere in the vicinity, by
uhich on his hypothesis the seam, supposing it had originally existed, could have
been destroyed. Yet, on the one hand, in spite of the freshness of the outcrop, no
thick seam of good coal shows in it, and on the other, although the drift has been
pushed to a distance of over 250 feet from the outcrop, nothing like a continuous
seam of good coal has been met* with. The place of the seam is occupied by a
band of carbonaceous sandstone and shale, varying in fchiGknesa from i foot 7
inches to about 4 feet. The sandstones usally contain thin strings of coal of good
quality, sometimes thickening to a band about a foot thick, but useless as fuel,

from the amount of foreign matter inseparable from it. Some of the so-called

coal from this mine was tried in the engine of the stearn boring machine, but it

would not keep alight in the furnace.

The same remarks apply to. the* only thM ha^ heeii put in qp
side of the field, No. 14. Here also the scarp above the outerop is not very high,
and there are no signs of slipping or other dislocations anywhere near the drift.

It extends to a distance of about 200 feet from the outcrop, always in carbonaceous
sandstone with the strings of bright coal which are siich a common feature in

the sandstones that so frequently occupy the place of the coal seam in this field.

It may be objected that the non-occurrence of good coal in these two drifts

may be a mere accident, owing to an unfortunate choice of position, but seeing that

both of them were put in where they are solely because of the comparatively pro-
mising indications of coal at the outcrop, that argument can hardly be considered
as valid.

If these two drifts, in conjunction with No. 7 A, 8, and 9, prove anything at alb
they prove that a continuous seam of coal, 3 or 4 feet in thickness, does not
underlie the whole of the plateau,—that is, over by far the greater part of the area
coloured as productive of coal on Mr. Luckstedt's mapsj and the conclusion
drawn from the evidence afforded by the outcrops,— that the distribution of
coal is extremely irregular—is thus quite borne out by that of the drifts. Still,

however, it is quite possible that coal in large quantities may exist beneath the
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plateau,.but until its existence has been proved, it is quite out of the question to

take such hypothetical coal into calculation, when speculating upon the total

quantity obtainable from the field.

I may mention here that my colleague Mr, Middlemiss, who had een rather

sceptical as to whether any correct inferences could be drawn from a study of the

outcrops, was convinced after seeing. the two drifts. Nos. 12 and I 4 i of the truth of

the Conclusions 1 had come to regarding the irregularity of the coal seam

.

This irregularity in the distribution of the coal may be due to eit er of two

causes,— either that the coal was originally deposited in

in dtetrfb^°tin of coal" limited areas’ or that subsequently to the deposition of the

coal bed over the whole area it was irregularly denuded.

From the manner in which the seam, wherever there is good coal, can be seen

passing horizontally into carbonaceous shales and sandstones, I am inclined to

think that the first of these causes is sufficient to account for the facts, and that the

coal was fbrthed in detached pools or marshes of limited extent, the banks of which

are represented by the barren ground intervening between the diiferen.t pioductive

areas. I have, moreover, not been able to find any good evidence of erosion sub-

sequent to the deposition of the coal, except that in some cases the sandstones

overlying it contain what appear to be fragments of coal ;
and as the period follow-

ing that in which the coal was formed seems to have been one of rather rapid

depression, as evidenced by the appearance of the limestone at no great distance

vertically above the coal horizon, it is likely that the beds were quickly covered

by shales and sandstone, and were thus profeoted from denudation,

A few obscure casts of fossils, principally gasteropods, have been found in the

sandstone layers immediately above the coal at mine No. 7,
Age of the coal.

not sufficiently well preserved to determine the age of the

beds, b»li^rh dan be they belong to the nummuUtic group. It

is remarkable, however, that the coal frequently contains specks and nests of fossil

resin, which is characteristic of the coals of cretaceous age in Assam, and in that

part of the country serves to distinguish them from the newer tertiary coals.

Before the present investigation was undertaken, it was pointed out by the

^ of the Geological Survey that borings would have
to be put down on the plateau, to prove the existence or

otherwise of coal beneath it
;
and all that 1 have seen of the conditions under which

the coal occurs has convinced me that several borings should be made. The
distance to be sunk in any borings made on the plateau need not be more than

300 feet or so, and at many points would be much less, whereas if it is proposed to

continue driving from the outcrop until the plateau is thoroughly proved, many
thousands of feet of barren rock may have to be passed through, before any coal is

struck
;
and on the score of expense alone it seems to me that a serious effort

should be made to carry out those borings at any rate which have been started

during the past six months, down to the coal horizon. Two of these were partly

sunk with the aid of the steam boring machine belonging to the Geological Survey,
which does its work excellently so long as hard and homogeneous rocks have to be
passed through, the average rate of progress being about 3 feet per hour in the sand-
stone, and over I foot per hour in the hard limestone. But the latter contains
bands of soft shale and clay, which it has been hitherto found impossible to bore
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through with the machine. These borings are being proceeded with by hand^ as

the soft beds present no obstacle to that method, but in the harder limestone bands

progress is extreanely slow. A third boring is being sunk by the aid of the

machine, and so far has proceeded satisfactorily, but it remains to be seen whether

similar soft bands will be met with, as in the other two borings.*

In making an estimate of the quantity of coal obtainable from the Bhaganwala

field, the foregoing considerations will have shown that we
Quantity of coal justified in taking into account only those areas in

^ which the existence of workable coal has been actually

proved, and it will be noticed that these are just the areas in wh|ch good coal

appears at the outcrop, mz,, along the scarp from mines Nos. i to 5, at No. 6, and

No. 7. In no other instance has any of the drifts proved the existence of good

coal, nor have the indications of its presence at the outcrop been found to improve

further in. As far as regards the areas above referred to, I have satisfied myself

that Mr, Luckstedt's figures, as given in his second report, are reliable, and I

calculate the available quantity of coal as follows :

—

CO Mines Nos. i, 2, and 3 E.

These may be taken together, as they are practically one and the same mine.

Estimated average thickness of seam . = 5 feet.

Area actually proved • ... • ss 384,000 square feet.

Quantity of coal = 384,000 5

=r 64,000 tons.

30

To this may be added, according to the depth^ measured along the dip, to which

the mines can be worked, for each 60 feet in that direction, or an addition of

96,000 square feet to the area,

96,000 X 5—— 16,000 tons.

30

Supposing, for instance, that it is found feasible to work the mine to a depth

of about 2,000 feet along the dip, below the bottom of the ravines on either side.

And I think that such a depth would be quite practicable, for it is not likely that any
great influx of water would be met with, considering the climate of the locality,

Since the above was written, this boring, No. 4 on the plan, was stopped, as far

as (he machineWas concerned, by a soft layer in the limestone at a depth of 150 feet from
the surface. About 45 feet of the limestone had then been bored through, and I calculated

that about 70 feet more remained before the coal-bearing bed would be reached. Should It

be found impossible to carry any of these borings down to the coal horizon, I recommend
that one or more shafts should be sunk, say, close to borings Nos. 3 and 4. These would no
doubt cost more than the drifts per foot, but probably not much more, and the distance to

be passed through in order to settle the question of the existence of coal beneath the plateau

would be so very much less in the case of shafts than in that of drifts from the outcrop, that

the cost of the former would be a mere trifle as compared with that of the drifts. Moreover!
in case good coal is found beneath the plateau, shafts will have to be sunk in order to ventilate

the mine3| so that the expenditure on them will not have been wasted.
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Assuming, tben, that the coal retains its thickness to that depth, we should

have a total quantity of about 600,000 tons of coal available from this mine alone.

<ii) Mine No. 3 W—
Estimated average thickness of seam • • • • *»3

Area actually proved , .•••.« •64,800 square feet.

Quantity of coal 6,480 tons.

It is a question how far the seam extends along the strike beyond the area

proved, since where the beds are again exposed in that direction, in the Rai ravine,

they contain no coal, but it may be assumed that it continues to at least 1,000 feet

from the mouth of the mine. This would give for every 60 feet of depth, measured

as before, along the dip, an additional area of 60,000 square feet.

or,
Co, OOPX 3

30
«» 6,000 tons of coal.

Assumtngj as before, that the coal extends to a depth of 2,000 feet along the dip,

and that it can be worked to that depth, this would give a total of 200,000 tons.

Adding the portion which it may be assumed can be worked out along the

strike beyond the area actually proved, over an area of 240,000 square feet?

which gives

—

340,000 X 3

30
^24,000 tons

we get a total of about 230,000 tons of coal available from this mine.
(iii) Mines Nos. 4, 5, and 6 .

These mines have not yet been opened out sufficiently to furnish any reliable

data on which an estimate can be founded
;
besides which Nos. 4 and 5 are so

much closer to what appears to be the original Ihhit of the basin in which the coal

was formed, sas to render any speculation, regarding the distance to which the coal

may extend from the outcrop, extremely hazardous
;
while No. 6 appears to be

in a small detached basin, very little of which has been actually proved to contain

good coal.

(iv) Mine No 7

—

Estimated average thickness of seam . * • • =*=4 feet 6 inches,

. • • . . • . =“120,000 square feet.

Quantity of coal proved . .... =*18,000 tons.

Here again it is not known how far the seam extends in a northerly direction, as

it does not appear in the , sections exposed in the Rai ravine, at a distance of 3,750
feet from the mouth of the mine

;
nor is it known how far it extends laterally on either

side of the area proved. Assurhing, however, that it extends half-way towards the

Rai ravine, with an average breadth of 500 feet, an area of 817,500 square feet will

be added to that already proved, which gives

—

817,500x9

30 X 3
. 122,625 tons.

Adding the amount actually proved, we have in round numbers 140,000 tons

available from this mine.

Adding together the whole of these amounts, it appears that 88,480 tons of coal

have been actually proved, and that a reasonable estimate of the coal obtainable
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from the three mines referred to gives a grand total of 970,000 tons, or, say, one

iriillion tons^ of co3»l* From tliis siixioiiiit cjuitc 25 cent* should ho deducted

to allow for waste, on account of the frequent interbedding of the coal with thin

layers of sandstone, and of the remainder a large proportion will be slack coal ; but

this, it is stated, can be sold at a profit*

The conditions under which the coal is found, as regards roof and floor, and

thickness of the seam, are such that nearly the whole of
General conclusions.

amount estimated above should be easy of extraction,

under a proper system of mining, and except at the eastern end of the field, and

that only when the mining is carried below a cettahi be

required to drain the mines. On the whole I consider that though the quantity of

coal estimated for is by no means proved, yet there is a reasonable prospect of suffi-

cient coal being obtainable, and under favourable conditions, as to make it quite

worth while to improve the existing communications with the railway at Haranpur

in the manner detailed in Mr. Luckstedt^s reports.

It will be seen from the foregoing that my estimate of the coal available differs

considerably from that formed by Mr, Luckstedt, whose
Mr. Luckstedt s reports,

estimate amounts to 20 million tons ; the reason being that

I cannot agree with him in including the very large area coloured as coal-bear-

ing on his map, until some more decided evidence than is at present at our dis-

posal can be brought forward to justify the inclusion of that area, Mr. Luckstedt

begins his argument by asserting that it is a mining axiom that a coal seam cannot

abruptly vanish, and that the continuation of a seam that has been wprked up to the

boundary of a district may be safely assumed," Where Mr, this

“ axiom" from 1 do not know, but from the use of the word “ district," I suspect that

it refers entirely to the conditions under which seams of coal occur in England,

where coal estates are divided into districts, and it maybe presumed that where coal

has been proved in adjoining estates and districts that it will be continuous between

them* But the seams in the coal-fields of this country are not as a rule so con-

tinuous in thickness for great distances as they are in the coal-fields of England,

and numerous examples might be cited, even in fields of Gondwana age, where the

seams do thin out from a workable thickness to one of a few inches or so, if not

abruptly, using the word in its strict sense, yet within a few yards. And in fields

of nummulitic age, such as this of Bhaganwala, the thinning out of seams, just as

they are seen to do here, is the rule rather than the exception. I have seen it in

the Jammu coal-field, in those of the Khasia Hills in Assam, and even the enor-

mously thick seams of Upper Assam are not continuous for anything like the

distance to which the rocks, in which they occur, extend,

Mr. Luckstedt says again that, if the seams were deposited in detached basins,

we should have signs of the approach to the edge of such basins in the appearance

of littoral deposits containing pebbles, in line with the coal seams. But it is not

at all necessary th at such deposits should contain pebbles
;
in fact, considering the

conditions under which the coal was formed, It is hardly likely that pebbles would

occur. Their presence would depend on the distance of the nearest hills, in which

solid rocks capable of being formed into pebbles occurred, and supposing that

the coal was formed under some such conditions as at present exist in Sylhet, and

the Sunderbunds, the absence of pebbles is easily..accounted for. But the replace-
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ment of the coal seam by sandstones and shales, as so frequently happens here,

is precisely 'what we should expect if the coal had been formed under some such

conditions as I have supposed, and is in itself an indication that it was laid down

in pools or marshes of limited area.

The axiom quoted by Mr. Luckstedt is, he says, based on the laws of sedi-

mentation, by which coal and us associated shales can only be deposited during a

prolonged period of great quiescence."' However true this may be of the continu-

ous seams to which the axiom refers, the facts of the case here seem to point in

the opposite direction, mz., that the period of coal formation with which we are

dealing was one of rather rapid change. Within a thickness of less than 50 feet of

strata, we have several diffierent rock bands, each of which denotes a more or less

abrupt change of conditions, and a glance at the sections given above will show
that each of these bands varies greatly in thickness at different points. First we
have the boulder bed, denoting the presence at no great distance of rocky hills with

rapid torrents descending from them ;
then the white sandstones, showing that the

hills were at a greater distance, though the occasional presence of strings and beds

of large boulders, imbedded in the sandstone, shows that the area was not beyond

the reach of torrents. After this the coal beds and shales, which were probably

deposited on a flat plain, far removed from any hills, with frequent depressions or

marshy spaces in which an abundant vegetation grew, and traversed by sluggish

streams unable to move anything but the finest sand and silt. Lastly, the whole

was submerged beneath the waters of the sea, the sudden alteration from shales to

limestone showing that the depression was rapid. I can hardly imagine a case in

which the evidences of a rapid change of conditions could be more clear.

It would be waste of time to criticise seriously Mr. Luckstedt's geological rea-

soning, if it were not that its introduction into his reports gives them an air of

plausibility, which might impose on those whose acquaintance with geology is slight.

To take one or two instances in which his reasoning might be modified by a little

more study. He evidently thinks that a geological basin has some connection

necessarily with the present configuration of the country, as where he says that

“the Bhaganwala field lies at the south-west limit of a well-defined geological basin,

of which the Salt-Range, the outer Himalayas, the Jhelum and the Indus form the

boundariesv^ These mountains and rivers have nothing to do with the limits of the

basin, which, as a matter of fact, extends far beyond them. Then, again, he saySj

“The (proving of the) existence of coal is a work of purely geological character

. . . . To search for coal among rocks the age of which was not known
would of course be fruitless,” Does he think that it was necessary that the age of

the coal measures in Bengal, for instance, should be determined before the exist-

ence of coal there was proved, or that three hundred years ago the geological age

of the strata about Newcastle and Bristol, from which “sea coal” was sent to

London, was known ? Or is it possible that he is labouring under the now ancient

delusion that all coal seams are of one and the same geological age? Supposing,

as might have been the case, that none of the coal seams in Bengal appeared

anywhere at the surface, but that the geological age of the rocks had been ascer-

tained by other evidence, that knowledge would of itself have prevented any search

for coal being made in those rocks. For at the time the Bengal coal-fields were

being opened out, no other coal-bearing strata of that particular age were known.
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The fact is that geology has nothing to do with the existence of coal at all.

There may be several millions of tons of coal lying beneath the plateau at Ara, but if

it is not there
;
no “ mining axioms/* or geological reasoning, good or bad, will put it

there. Its existence can only be proved by a rigorous search, and I have already
stated my reasons for thinking that this search can best be carried out by means of
borings or shafts. Mr. Luckstedt, assuming the existence of a 4-feet seam of coal

over the whole area, thinks that borings will be of littje use, and, of course, if that

assumption were correct, there would be no object in making them, since the depth
of the seam from the surface at any point could be calculated from the observed
dips, in case it was required to sink shafts for

v

Finally, supposing that the amount of coal obtainable from the mines at the

eastern end of the field is even half only of what I have estimated above, it will take
some 20 years, with a regular output of 2,000 tons a month, before it is all worked
out ; and the expenditure necessary to construct a branch line from Haranpur would
be amply justified. In the meanwhile there is plenty of time to carry out a thorough
search on the plateau, and if a large area of coal is found there, the output can be
enormously increased, without fear of the coal-field becoming exhausted for many
years to come.

^

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES,

’No. 18.—Ending 31St January 1894,

Director's Officey Calcutta^ 31si January

In November last, a slight modification of the disposition list of the Staff became
necessary owing to an urgent call for inspection of the collieries in the Salt-Range

and at Warora, where the percentage of accidents was considered excessive. The
newly-appointed Inspector of Mines for India not having then arrived, it was judged
expedient to depute Dr.‘ Noetling for this work, be having had the necessary expe-

rience at thin-bedded coal on the Continent. He has reported since on the Dandot
and Bhaganwalla Collieries, and is now at Warora.

2. Mr. James Grundy, the Inspector of Mines, reportetl his arrival at Calcutta

on the 14th December, and was placed with the Director of the Geological Survey,

through whom he communicates with the Government of India. After some
necessary delay in arranging procedure and interviewing the Calcutta Agents of

several Mining Concerns, he left early in January, and entered on the examination

of the Bengal coal mines.

3, The Director proceeded on tour in Burma on the 28th of
.
December, and

returned to headquarters on the 31st of January. He visited the Thingadaw coal-

field, and the auriferous tract of Wuntho. At the Thingadaw coal-field, which is

worked at present by an incline colliery at Letkobin, the various coal outcrops were



34 i^ecords of the Geological Survey of India. fvOL* XXV1I»

examined uftder the guidance of Mr.T. H. Ward, the Ageiit aild Mah%er. There are
two kinds of coal which appear to belong to two separate members of the Chindwin
series, the lower and better coal occupying a rather restricted area at LetkObin arid

Kesobin, but the further extensions of this group will have to be explored by
boring, primarily between those' places and the Irrawaddi bank; while it is not

improbable but that larger areas of the same measures may be tapped over a con-

siderable extent of this part of the Irrawaddi tract, though at some depth, as the

Country is opened up in the progress of coal development. At present/however,
progress is considerably handicapped, if not on the eve of being retarded fora time,

by the laying down of coal from Bengal in the Rangoon market, the present low
price of which would undoubtedly be raised were the Burma development so

Testrieted. In other words, it would almost appear as if a ring had been formed in

the Rangoon market to choke off the Burma output of coal, at a price which cannot

for long be profitably kept so low as now rules.

4. The Wutitho region is undoubtedly auriferous to a certain extent, having

been worked by surface washings in a fitful manner for a long time past, but its

development in any such productive way as has lately been prophesied, is entirely

dependent on a more prominent occurrence of vein or reef matrix than has been

met with so far : the matrix exhibited up to the present time being merely a sporadic

occurrence of small and discontinuous strings and narrow ledges of auriferous and
pyritous quartz in which there is some free gold, among strongly and deeply weathered

schists. Exploration and some prospecting have been made, but these are still only

in an initial stage ; no large reefs are yet known, and the few indications of increase in

the size of the veins met with point to a decrease in their gold-bearing aspect.

5. Just at the close of the last three months, an enquiry which is full of promise

of most interesting geological results is being taken up by the Survey in connection

with the gigantic landslip which took place in Garhwal last September; and Mr.

Holland hasbeen deputed for this work. As yet there is only a demi-official account

of the occurrence from the Public Works Department of the North-West Provinces,

but it is as well to record now what is known of it from the very interesting

memorandum given by Colonel R. R. Pulford, R.E., Superintending Engineer

2ud Circle, Provincial; Works, Ducknow, who visited the scene of what he has

SeSigxi^eS as Ihe

6. It appears that the site of this debacle is up the valley of the Bihri Ganga, a

tributary of the Alaknanda, some 80 miles over mountain and valley, due north

of Naini Tal. The bed of the river is about 5,000 feet, and the hill on the right

bank, from which the mass fell, has a height of about 9,000 feet above sea-Ieveb

On the 22nd of September, a tremendous mass of rock material was detached,

leaving an almost perpendicular section of hill face 4,000 feet high. The force of

the fall carried the rocks and dibris frorh the right bank, right across the valley

of the river and half-way up the steeply scarped hill On the left bank; after

•which the mass settled down again in the riv^ bed forming a dain with a big slope

up against the hill on the left bank ; the consequence being that there is now ari

appearance as if a portion of the dam had been formed by a big slip from the

steeply scarped hill of this side of the valley also. Further slips which took place

during heavy rain in October have piled up the darn on the right
.
bank against the

hill on that Side, that the top of the dam has a large depression in the centre
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some 150 feet or more, between two sloping mounds of rocks and smaller dihris.

The dam itself is a very massive affair, being largely composed of enormous masses

of rock> some of which are calculated to be more than a thousand tons in

weight. There is, in addition, a very large admixture of smaller detritus and
broken rock, and a thick layer of impalpable powder which gives the whole place

the character of being covered with white clay dust, which Colonel Pulford likens

to the country about Vesuvius after an eruption. The dam may be taken

roughly to be 900 feet high, 2,000 feet broad at the top, and 1,100 feet at base along

the valley, and 3,^009 feet long at top, and 600 feet at bottom across the valley.

The bed of the river slopes at about 250 feet in the mile ; ahd the depth of water

in the newly-formed lake on the 13th and 14th December was 450 feet, the water

^hen rising at the rate of 8 inches a day, though the flow of water in the mountain
rivers was then at its slackest. Colonel Pulford writes as follows, on the probable

future rise of water and the ultimate condition of the dam
^‘The present amount of water running into the lake is roughly about 260 cubic

feet per second. During the winter rains there will be the addition clue to a 12

inches fall over 84 square miles, which is the area drained by the river above the dam-
The increase due to the snow-melting may be put at 2,120 cubic feet per second.

'' Taking these several additional sources of supply into account, there seems
every reason to suppose that the rise of water in the lake will be as follows ;

—

‘'Area of lake at present equals roughly i square mile—
“(a) Rainfall of 12 inches over 84 square miles = 5,2 8o^x i X 84 cubic feet,

which for one square mile of lake gives a rise of 84 feet.

In addition to rainfall there will be rise due to the present rate of inflow

of, say, 8 inches per day up to date of snow beginning to melt, say, ist April

1894, Up to that date, therefore, the rise in lake due to ordinary inflow

will be 8 inches x no days = 73 feet. Up to ist April 1894, therefore,

the total rise will be 84 feet + 73 feet = 157 feet, leaving a margin

of 350 — 157 = 193 feet from water-level to top of dam. Now th,e!

of rise due to snow-water influx will be eight times that due to the

present ordinary flow of the river, since the floodmarks show that

during snow-melting (as above stated) the river flow is 2,120 cubic

feet per second, whilst present flow is 260 cubic feet per second. This,

it is seen, gives a rise of 8 inches daily ; and hence the rise to snow-

melting may be put at 8 x 8 inches = 64 inches, or as the area of the

lake will be increasing and slopes of hillside are about 35°, we may put

this rise at 48 inches, or 4 feet per diem. Hence it will require —

^

days =48 days after ist April 1894 for the lake water to rise to the

top of the dam. The date of this event may therefore be placed at

about the middle of May 1894. As to what will take place when the water

passes over the dam, it is difficult to speak with any approach to

certainty. The first rush of water will necessarily be very severe, and

I think that at least 250 feet or so of the dam at the top will gradually

be carried away. After that it may possibly happen that the main

portion of the dam will get thoroughly jammed and consolidated

together so as to form a permanent lake with a natural outfall over the

big rocks forming the dam."
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Colonel Pulford also adds an account of a previous occurrence of the like

kind :

—

“ A few years ago a very heavy flood was caused in the same river Birhi Ganga
and Alaknunda by a heavy landslip falling into a lake which had been formed
some 8 01 9 miles higher up the valley than the present slip. The lake was
called Gudyar Tah and had been in existence for many years ; probably it had
been formed originally by a similar slip to the one at Gohna. The result of the

heavy slip falling into the lake was that the entire basin was filled up and the water
forced over the dam which held it up down into the bed of the stream. This
occurred in 1869 during the rains, and the results were very disastrous. A large

number of pilgrims and others were drowned, and the lower part of Srinagar Bazar
was washed away, and the lower end of Nand Pryag bridge was washed away. In

addition the bridge at Chamoli, wnich is 12 miles below Gohna, was destroyed.

Many of the bridges now up were not erected at the time of this heavy flood.

They tell me that all trace of the former lake has been obliterated, and the channel
is now very much like the other watercourses near itl*

List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of November and Deceinber iSgg

and January -

One specimen of coke

For whom.

H. MaCleod, Beng'al Coal Proximate analysis with calorihc power and
Co., Ld., Calcutta. sulphur determination. >

One specimen of puartz
schist with iron pyrites

,

One specimen of chl6rite

schist with copper pyrite3.|

One specimen of quartz
with iron pyrites.

One specimen of coal, from
Japan.

One specimen of coal, from
the Ramnagar quarry,
Barakar.

One specimen of coarse
river sand consisting
chiefly of quartz, spinel,

garnet, magnetic iron,

nits of Slate, and mica-

One specimen of quartz,

with iron pyrites, from
: the “ Rees Reef,” Pahar-

diah.

F. T. Verner • , Assayed for gold.

Kilburn & Co., Calcutta, Analysed for copper

H. C. Miller, District Assayed for gold.
Engineer, E. 1, R.,
Howrah. .

H. Macleod, Bengal Coal Prozimate analysis with calorific power.
Lid., O^alcutta.

Maharani Hara Sundri Proximate analysis with calorific power.
Davi, Searsole, Rajbati.

Balmer, Lawrie & Co., Assayed for gold.
Calcutta. I

A. Mervyn-Smith, Orient- Assayed for gold,
al Prospecting Syndicate,
Ld., Calcutta.
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List of Assa^ys and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of November and December i8gs
and yantiary • contd.

A specimen from the bed of
the Atrai River, Joygunj,
Ditiajpur District, suppos-
ed to be peat.

W. C. Macpherson,
r.c.s., Officiating’ Director*
Department of Land
Records and Agriculture,
Bengal.

Quantity received, iSlbs,
Moisture « . • 2o*o5
Volatile matter, exclusive

of moisfure . • 30'iS
Fixed carbon • • io*o5
Ash • • * . 39*73

One specimen of^'Blanlcet A. Mervyn-SmiTH, Orient-

sands/* and one specimen al Prospecting Syndicate,
of quartz with chlorite Ld., Calcutta,
schist and iron pyrites,

from Chota Nagpore.

One specimen of coal , GitLANDFRs, Arbuthnot,
^ 1 A** 1.1^ ^

Dobs not cake.
Ash, reddish brown.

Assayed for gold.

100*00

GltLANDFRS, ARBUTHNOT,
& Co., Calcutta.

Proximate analysis with calorific power
and sulphur determination.

Carbonaceous sliale (graphitic).A specimen found in the W, R. Partridge, r.c.s., Carbonaceous sliale (graphitic),

Garhwal District, sup- Deputy Commissioner,
posed to he molybdenite Garhwal.
or sternbergite.

A specimen of limonlte A* W. WalkhR, Chaibasa, Tested for manganese,
crystals from Chaibasa, Singbhum,
supposed to be mangani-
ferous,

A specimen '* from an old P. N, Bose, Geological Tested for gold—‘contains none,
pit (in the transitions) Survey of India.
Nawanagari, Sihaol
Tahsil, Rewah State,
close to rich iron'Ores ''

for indication of any other
metal.

Two specimens for examina- S. B. Boss, Geologist to

tion. the Nepal Government,
Nepal.

A packet of stones found Harry L. Tilly,
^
Secre-

in an old ruby mine near tary to the Financial
Papun, Salween District, Commissioner, Burma.
Tenasserim,” for report.

Specimens from the Karhar- W, Satse, Manager, R, 1.

bari coal-field, for exa- R. Co.^s. Collieries, Kar-
mination. harbari, Giridih.

Iron pyrites, and artificial glass.

Small fragments of spinels and garnets of
kinds often found associated with rubies,
and as often not so found. In themselves
they indicate nothing of value.

Karharhuri Coal~field,
Fine-grained olivine dolerite.

Karharhari coahfiold. Intrusive Lower
Seam = Dyke No, S er Jcffitand dyke of
Htt.fikes Memoirs, Geological Survey of
India, Vol, VII, 239 •

Biotite amphibole peridotite.

800 fl, above main seam.

Olivine dolerite,

Ranigang coal-field.

Calcareous and micaceous sandstone.
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List (f Assays and Examinations 'made in the Laboratory^ Geological

Survey of India^ during the months of November and Decemher x8gg

and January 18^4—contd.

Substance. For whom. Result.

Raneeganj CoaUfield,

Calcareous and micaceous sandstone.

RaneegariQ Coal-field,

Quartz-schist^ with green muscovite and
eyes of calcite.

RockfYom Bhal Hill,

Consists of quartz and felspar crystals with
small quantities of brown felsitic, or eveti
glassy matrix with microlites like the
matrix of a rhyolite. The quartz crystals
show distinct signs of secondary enlarge-
ment, the older grains being full of
bubbles and bands of inclusions. The
rOck appears to be a felspathic grit' which

j

has been partially fused.

Raneeganj Coal-field^ Raneeganj A* series,
Balrooi seam horisson*

Decomposed mica-trap probably bri-
ginaby mica- peridotite.

B. Intrusive in Karharbari Lo-wer seam.

Decomposed '‘ mica-trap.”

C. Karharbari Coalfield,

Slightly micaceous sandstone with angular
quartz-crystals and ferruginous cement.

D. Karharbari Coalfieldy Lovoer seam.

Micaceous sandstone with angular quartz
crystals.

E

.

Karharbari Coal-field,

Clay.

Specimens of rocks from
Bellary.

R. Bruch Foote^ late Geo-
logical Survey of India.

In the Pass south of Halahandi^ Belldry,
26-X-S6, Slide 1 1qS,

Epidiqrite,^ approaching hornblende schist.
Actinolitic hornblende, quartz-felspar,
mosaic and magnetite. S. G. z’py.

Kudaiamif Bellary,

7I7 1-2-86, Slide ijg6,

Olivine-augite-bnstatite-biotite-a n o r t h ! t e
rock. The dusty magnetite present is a
result of alteration principally of olivine-
serpentine also in small quantities

;
other-

wise the rock has a fresh appearance.
Olivine in rounded grains is the oldest
constituent ; plagioclase-felspar (basic
varieties) the youngest ; the intermediate
minerals are not so easily determined.
Enstatite, slightly pleochroic. S. O,
3’i4‘
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List of Assays and Examinations made in ike Ladoraiory^ Geological

Survey of Indta^ during the months of November and December iSgj
and January 18^4— oontd.

Substance. For whom. Result.

i

1

1

1

j

!

'

1

1

1

WesiofTekkalkoia, Beltary Talug*
rli Slide ngT*

Grey roclc approximating granite in com-
position, but quartz and felspar crystals
have

^
been smashed into a schistose

mosaic with production of fine myionitic
structure. S. G. 2 '€8 ,

Prom a ** necki^ Dc^vurrtiguddu Id-
Falls 6fKis^at Faichur Doab,

2i‘‘2-Se- Slide iigS,

Quartz and felspar in felsitic base, which
has turned r^d by oxidation of the iron.

S. G. 2 ’S3 .

Black hillt West of Maskl^ Raichur Doab*
, Slide i TQQ*

Diorito with lai^e porphyritic crystals of
hornblende. Rock considerably altered
with formation of epidoto. S. C?. 3*03.

Inlier South ofManur^ Bellary TaUtg,
•ffS’ff

Slide 1200.

Quartz-diorite. Quartz in part secondary,
clear granules. Tiaolinized felspars soma
at least plagioclase. Green hornblende
and a green pleochroic mica, splione in

considerable quantity. Iron ores as mag-
netic granules. S, G. 2*81,

Near Yemmig^mfr, Bellary Talug^
•fflij 20- 3-^8, Slide /2or*

Quartz-diorite. Felspars highly Uaolinized.
Epidote in small quantities.

^
Green

hornblende and a chloritic mineral j

magnetite practically absent. S. G. 2*85.

IliHi Sotdh of Kurnool District,

Ti^r? SO”! i^SS* Slide 1 2o*im

Granulite with quartz, orthoclase, pleo-

chroic mica, hornblende, sphene ami
plagioclase. Fine-grained granular, in

places granitic in structure. S. G. 2*67.

Tornagal Ilill^ Ilospeii Taluq, Bcllary*
6-4-88

*

Hornblende granite with porphyritic crystals

of ortlioclasc. S. G. 2*71.

South of Nilgunda» Harapanahalli Taltiq^

Bellary,

•aiir iT-^2~8g.

Pyroxenite approaching eucrite. S. G.
3*22,



isi ojT Assays and Examinations made in the T nh ^
^^r-vey of India, during the months of Nr> ^
‘^nd January i8g^ contd

^ ^ and December iSpj

Substance,
For whom.

Result,

1 1

Vra^eakan^

^
S.®'fi[®3"o7.

®PP''oaching aphanite.

Sandur.
T§5 so*3~86. Slide toig,

Aphanite. S. G. 3"o5.

^°AnJ^fapS. Outi Taluq,

Slide 1214,

Larp rounded crystals of orthoclase a.nd
^ •«>°crogfaniSf

and occasionalVhen’esf''g?a.“®"‘**

'

^^BeUary. Hospeti Taluq,

ar§T 3~3'‘S6, Slide i2i8,

*many*rf ‘®the"“Aft ”*?• with

Southern I„‘dt

*
CTy^tafs of hlohnized^poiphyrittc

^“t-s-^ef'^sitaTlisl
Bellary.

'

''felsp"^rTLm1 o7rh'e''ia[t°L3
""^‘*

. clastic. Microcranh.v • ^ plagio-

I common.

remains ff somTlrigiS^S^

Pyrftes.^ S. G.*2'6o?°’®‘®^
crystals of

other minerils?®‘’Bandin?-°''^'^. ®°TNatare of original rock "utkLwt” 3^0:

20~i‘8o, Shde 12q6,

Augitewandesite-olivine-free basnlF r*tais of colourless auSte fnA
clase set in a fine-e-rf/nt,i

^

magnetite aupi'f® matrix of
vitreous materill! k possibly
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of Jndia^ during the months of November and December JtSgg

and January iSg^— coritd.

For whom. Result.

West ofHalakandi^ Bellaty^
Slidt Jao7,

Hornblende schist.

West by South of Yetian Budihal, Bel-
lary*

2T~i^86, Slide M2oS.

Epidiorite. Large crystals of green horn-
blende in microgranular matrix of quartz
and felspar with granular sphene, (?) rutile
magnetite and colourless (?)’augite, S. G,
3 *98 .

Karigatia Hill, East of Seringapatam
Mysore.

tS-2-87, Slide X2rr,

Diorite-felsite ; felsitic base with porphyritic
crystals of plagioclase, hornblende (par-
tially converted to cpidote and chlorite),
sphene and magnetite. S, G. 2*62.

Earn Drug, Alur Taluk, Bellary.

21-1-87. Slide T2X1.

Hornblende-granitlte with^sphene and pleo-
chroic mica. S. G.l2*d6.

Verupur Hill, Bellary Tatuq,

r3-l2'87. Slide 12X3.

Augite-syenite. Augites green and slightly
pleochroic with green hornblende. Con-
siderable quantities of plagioclase
amongst the smaller c^stalsj hence ap-
proaches a diorite. S. G. 3'8i

.

Close to road between Pennadartanhalli
Bungalow and foladarathi, Bellary
Talug.

and SUdes^i2to,T22T ,1222
Blotchy diorite.*^ Highly decomposed
porphyritic

^
diorite in which epidote,

calcite, chlorite, kaolin and quartz have
been formed as secondary minerals,

S. G. of “=s 3 *^2 } S. G. of ao 2*79*

Specific- gravity necessarily variable in

I

different specimens.

JtTudzkaipefita. South”East ITallcy, Sandur,
Bellary*

20 '3 '‘86t Slide 1220*

Decomposed aphanite. S. G# 3*03.

Sottth ofNilgunda, Harapanahalli, Taluq
Bellary,

8If* ^>i2”8g. Slide 1233.

Pyroxenite, approaching eucrita*
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Lis i of Assays and Examinations made in the Laboratory^ Geological

Survey ofIndia^ during the months of November and December iSpj

and fanuary iSp4—contd.

SuBSTANCBt

Rocks from .the .Khojak
Rangfe.

For whom. Result.

C* -Griesbach, Geo- A,—Main mass of Ran^e north of the
logiJC^I Survey of India* G'wajgha defile^ South-East of Kh'wajct

Amran.

Granitic in structure. S. G. 9*64.

Composed pi orthoclase much, kaolinized
and often in form of microcline. Quarts
frequently intergrown with the orthoclase
forming imperfect micro-graphic structure.
Plagioclase-ic\sipa.t&y often zonod^ by
successive growths of increasing acidity.
Bioiiie in small crystals generally as
nest-like aggregates, magnetite generally
with the biotite. Sphene very rare.
Minerals given in order of approximate
proportions. The rock

_
may be nan^ed

Biotitefraniie approaching granitite
Granititd of Rosenbusch).

B,—Near boundary between A and Trap-
helty Gwajzha defile^ south-west of the
Khwaja Amran.

Granitic or micro-granitic in structure,
beautifully micro-graphic in places, S.
G, 2*68.

The rock approaches A, in composition, but
is slightly more basic and contains less

potash-felspar. Biotite is present in larger
quantities, but still in small bunches, and in

the plagioclase* crystals, granules of epidote
have been developed in considerable quan-
tity from the kaolinized felspar. Magnetite
is also present and more rarely sphene. A
rock with this mineral composition and
structure might occur as a dyke-like exten-

sion from a main mass like A.—Granitite
approaching quartz-diorite.

C.—Near South-West end of the ridge ofA,
Gwajzha defile^ South-West of Khwaja

i Amran.
Granitic to micro-granitic in structure, and
occasionally micro-graphic. S.G, 2*72

,

More basic than B. with more plentiful

development <
of biotite and plagioclase.

Apatite is present also in large numbers of

minute acicular crystals. Granular mag-
netite and sphene more abundant. The
quartz often In micro-graphic intergrowths
with the felspar. Plagioclase almost in-

variably zonedj the cores of more basic ma-
terial being jgenerally kaolinized. Rock
=Quartz-biotite- diorite.

O.—'From main mass of ** Trap-belt near
C. Qwajeha defile.

Granitic in structure approaching gran-
ulitic, S. G, 2'S9*
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Lis/ 0f Assays and Examinations made in the ‘Laboratory, Geological

Survey of India, during the months of November and Dece'niber /Spj

and January contd.

Substance. For whom. Result.

Hornblende decidedly the most abundant
constituent. Pleochroism# yt^yellowish-
^reen, jb *ss grass green jJ«ablue green.
Plagioclase in zoned crystals is the next
most abundant mineral. Biotite^ quartz^
magnetite and sphene in smaller quanti-
ties. Epidote and calcite occur as_ the re^

suit of secondary alteration. »Diorite.

Note.*—The biotite in all four of the above
rocks shows the same kind of greenish
pleochroism. The differences in mineral
composition might easily be obtained iq

rocks derived from the same magma at
different periods of consolidation.

E,‘-^From outer margin ofthe
GiuaJ^ha defile*

The main mass of the rock resembles an
epidiorite or a rock formed as the result

of decomposition and slight crushing of

lamellar twinnihg.
,

f he hornblende ana
biotite have contributed to the formation
of chlorite, but fragments of the^ original

minerals still preserve their optical char-
acters sufficiently for recognition. But
there are streaks and patches of brown
material with small granular augites and
magnetites in a fine-grained groundmass
like that of a basaltic andesite, and the

patches being very ill defined they sug-
gest partial re-fusion of the rock iu some
manner not explainable from th.® hand
specimen alone* Veins of calcite and!

granular quartz have been produced since
the above changes took place in the rock.

F*—From the outer margin of the '‘^Trap-*

hand,'^ Gwajsfha defile.

Development of pistacito (epidote) in a rock
similar to D. or E. Calcite and granular
quartz have developed also as the result
of secondary action with the epidote,
Acicular actfnolite, magnetite, etc., occur
as relics of the original rock, S. G, 3^1 6.

G,^Frotn margin of Trap-belt,^ ^ GwaJ^
gsha defile.

Highly crlislidd ag^egate of quartz, fels-

par and biotite with small quantities of
magnetite. Some of the felspar is ortho-
clastic and the rock might very well be
simply a crushed form of a type either

identical with or closely related to A,
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of [November and December iSgj

and January contd.

Results

ff,-^From ihe margin of ihe Trap^bffltl^
Gwajzha defile.

A brcccaated and crushed tnicrogranitlc roclc

•approaching A in composition but Very
much more finely grained. Ferruginous
material cementing the fragments. Crachs
produced since brecciation and cementa-

, tion have been in-filled with calcite.

/.—From margin of ** Trap-beliy'* Gwetj-
sha defile.

Diorite containing patches of fine-grained
rock like those in E. Epidote occurs in

small quantity. The rock seems identical

with Ej and it must have been in this rock
that the epidote of F was produced.

L.—Margin of ** Trap-belt ” and Gvoaj^ha
passt

Granular aggregate of plagioclase, (?) or-

thoclase, quartz, magnetite and a decom-

E
osed ferro-magnesian silicate, probably
iotite. Origin of rock doubtful* probably

igneous.

K.^From margin of ** Trap-belt,*^ G'ejaj-

aha defile.

Fineljf laminated and decomposed rock*

possibly orginally similar to L.

M From margin of ** Trap-belt Gwaj^
sfha defile.

Foliated variety of D, E, or I. Now in the

form of a hornblende-schist.

N.-—From grit- beds North-East margin to

the Khwaja Amran mass of igneous
rocks.

A composite grit in which the grains are
cemented and available crevices in-filled

with calcite. Grains imperfectly rounded;
, many of them seem, however, to have

been attacked by the infiltrated carbonate
lime, or to have been deformed by pres-

sure. The minerals and rocks are of

comparatively low specific gravity—avera-
ging about 2*65; and isolated fragments of

heavy minerals are absent. Quartz frag-

ments with bands of inclusions like those
of plu tonic rocks are common and might
of course have been derived from any
granite or quartz bearing crystalline rock.
Fragments of plagioclase, orthoclase,
felspar occur as isolated grains ; but most
of the felspar occur as constituents of
rock fragments. Flakes of biotite are
mostly changed in part to chlorite.
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ duringike months of November and December iSgg

and January 18^4 —contd.

SUBSTANCtt. For whom^ Result.

Of the rock fragments there are fairly fresh
specimens of a rhyolite with bipyramidal
and corroded quarts crystals^ a consider-
able amount of plagioclase amongst the
felspatliic constituents, and colourless and
coloured mica^ in a felsitic or vitreous
matrix showing distinct flow-structures
and imperfect spheralitic and axioHtic
aggregations of microUtes. A rock of this

1 type might very well be a volcanic repre-
sentative of the granitit© A. There are
also fragments^ of andesites, bits of
diorites with similar developments of
epidote, rare pieces of granophyre (natcro-

graphic intergrowths of
^
quartz

^
and

felspar); but nothing distinctly basic in

character; in fact the grit seems com-
posed of fragments of the rocks A to M,
together with pieces of volcanic^ origin,

possibly representative of that series.

O,—From the volcanic f^rit^heds North*
FastoftkeKhwafaAmranmass,

The fragments are sub-angular to rounded
as in the former case ; but although
calcite is again present in inflIHng cracks,
the cementing material is much more
ferruginous in character and some of the
granules appear to be ferruginous clay
with cracks infilled with calcite like

minute septarian nodules.^ Whilst granules
of quartz are present in this grit it is

by no means so plentiful as in the case of
N, and the rock granules are moreover
almost wholly of the dioritic series with con-
sid'^rable display of epidote. The aver-
age specific gravity 01 ttie fragments is

2*7i» and thus as mightbe expected heavier
than those of N. Some ot these are dis-

tinctly foliated.

P,’—Ftom ike shaley portion of the
beds North-East portion of the Khwaja
Amran mass .

Compact mass of calcareous clay with
minute quartz grains.

Q,

-'-N%i'mmulitic limestone close to
^
the

base of shales, near Spintt^ha*

(Not further examined).

X.^From the trappoid beds in the
Chehiltan range. West of Quetta^

Small fragments of quartz, quartette, and
intermediate igneous rocks (diorites and
andesites) j limestone and miCa-pIates are

cemented with argillaceous material.

Cracks are filled with calcite which has
infiltrated into all available crevices.
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Notifications hy the Goi^ernmeut of India during the months of Novenibeir

and December iSpj and January. published in the Gazette
of India/^ Part II,—Leave,

Department.

•

1 No, oi order
and date.

Name of officer.

1

1

Nature of
leave.

With effect
from

Date of
return.

1

Remarks’.
1

Revenue and Agri-
cuitural Depart-
ment.

No. dated
1 24th Novem-

ber 1893.

W. B. D. EdwardS;,
Assistant Super-
intendent, Geo-

j

logical Survey.

Furlough
on Medi-
cal Certi-
ficate.

1

4th Nov-
ember
1S93.

Annual inx^remenHJ^ ^aded officers sanctioned by the Government of
fndia d^ and December xSgj and January iSp^,

Name of Officer.

I-

From To . With effect

from
1

1

No, and date
of sanction.

1

Remarks.

.
1

Dr. F. NoetUng, PalseQntolo-
g^isti peologlcal Survey.

1

700 750 1st October
1893.

Revenue and Agri-
cultural Depart-

j

ment No.
3 1

3

dated 8th Nov-
ember 1893.

G, S, Middlerhias, Deputy
Superirtbetident, Geological
Survey.

i

U60 700
1

ist November
1893-

Revenue and Agri-
cultural Depart-

ment No. ——li217'

dated 22nd Nov-
ember 1893.

1

1

Notifications by the Government of India during the months ofNovember
" and December and January iSp^^ published in the Gazette of

India,” Part I,-- Appointment^ Confirmation^ Promotion^ Reversion
and Retirement.

Department*
1

. j

'

1

No, of
order and ‘

date.

.

Name of
Officer.

From. To
Nature of
appoint-
ment, etc.

1

With
effect

from Remarks.

_
1

Revenue and No.-^ Dr. H. Officiating
,
Deputy Su- 1 Substantive,! 4tli De-

A gricultural
Department.

35’

dated 12th
January
1894,

1

Warth. ' Superintend-
ent, Gov-
ernment
Central
Museum,
Madras.

perintend*
ent. Geolo-
gical Sur-

vey,

permanent. cember
1S93.
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PoM mi Telegraphic Addresses of Oficers,

Name of Officer#

- - - —

Postal address.

" - '

Nearest Telegraph Office,

T, VV# H. Hughes . . . « . On furlough.

C, L. Griesbach Loralai . • . Loralai.

R,D, Oldham . # . . . On furlough,

P, N. Bose . . . , . , Rewa . , • # Rewa.

T. H, D.LaTouche I • . . Sukiciir Sukkur.

C, S. Middlbmibs Jalarpet . . . Jalarpet,

W. B. D, Edwards • . . . On furlough.

P. N. Datta . . . . . . Bhandara . > • Bhandara.

F.H. Smith Harnai , Harnai.

F.Nortlinq Calcutta . . . Calcutta,

Hira Lal Calcutta , . , Calcutta.

Kishbn Singh BabarKach Babar Kach.





PART r.] Donations to the Museum.

DONATIONS TO THE MUSEUM.
From ist November 1893 to 31ST January 1894.

A

A small Specimen of quartz, from the Elephant Rocks> Shevaroy Hills, Salem District?

Madras,

Presented by the District Forest Officer, Salem.

A block of steatite, from the Marble Rocks, Jubbulpore; and another from Kanheri
Village, Bhandara District, Central Provinces.

Presented by the Officiating Reporter, Economic Products to the
Government of India.

Hercynite, in small fragments, from Chinnamalai, Erode Taluk, Coimbatore District.

Presented by H. Warth, Officiating Superintendent, Government
Central Museum, Madras,

A cut specimen of fine-grained sandy shale, and two of fine-grained sandstones, from
Indrajurba, near the Damuda River, Hazaribagh District,

Presented by N. Belletty.

Two large pieces of Columbite ; a large block shewing junction of very coarse mica
granite with mica schist \ and decomposed iron ore, from the Dattoo Mines, Panna-
nore Hill, Nawadih, East Indian Railway.

Presented by H. H. French.

A specimen of quartz, with iron pyrites and gold, from the ''Rees Reef/* Pahardiah,
Chota Nagpore.

Presented by T. F. Vbrner.

Large specimens of Pumice, from Cardamum Island, Laccadives.

Presented by Surgeon-Captain A. W. Alcock, M.B.

ADPLTIONS TO THE LIBRARY.

From ist October to sist December 1893.

Titles of Books, Donors,

Aguilera, Jose C., and Ordonez, Ezequiel ,— Datos para la Geologia de Mexico,
8° Pam. Tacubaya, 1893. The Authors.

Blackenhorn, Dr. —Beitriige zur Geologic Syrians die Entwlckelung des
Kreidesystems in Mittel-und Nord-Syrien. 4° Cassel, 1890.

Boyd, R. N.—Coal Pits and Pitmen. 8” London, 1892,

Bronn’s Klassen und Ordnungen des Thier-Reichs. Band III, lief. 3-6 and Supple-
ment lief. I ; Band VI, Abth. IV, lief. 4.6-49, and Abth. V, lief. 40-41,
8° Leipzig, 1893.

Casarieg-o, D* Enrique Abella K—-Descripcion Fisica, Geologica y minera en
Bosquejo de la Isla de Panay, 8*^ Manila, i8yo. The Author.

_

r

Cooke, ^osioh P.—Elements of Chemical Physics, 8° London, 18S6,

Cotteau, Peron and Gauthier.—Eebinides Fossiles de L^AIgerie, Fasc. 6-9
4° Paris, 1880-1883.

Dale, William Republication of Conrad’s Fos.sils of the Medial Tertiary
of the United States. 8° Philadelphia^ 1S93,

I
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Titles of Boohs. Donors.
Dana> 5*. D,—The System of Mineralogy* 6th Edition. 8° London, 1892.
DaubreEj ^.—Application de la M^thode experimentale au Role Possible des Gaz

Souterrains dans L* Histoire des Montagnes Volcaniques, 8® Pam.
Paris, 1892.

EthbRidob, Roht.—Fossils of the British Islands, Vol. I. Palaeozoic, 4° Oxford
18S8.

Gardner, 6’.— Iron work froth the earliest times to the end of the Mediaeval period^
8° London, 1893.

Geikie, James.—Fragments of Earth Lore. 8° Edinburgh, 1893.

Geikir, Sir Archibald.—Text Book of Geology. 3rd Edition. 8° London, 1893.
Hoernes, Dy. Rudolf.—^Erdbebenkiinde. 8*’ Leipzig, 1893.

Kayser, Dv. Ewnwwe/.— Lehrbuch der Geologie, Part 2. 8° Stuttgart, 1893.

Loswinson

—

Lessing, F.—Tables for the determination of the Rock Forming Minerals-
8° London, 1893.

Lunge, George.—A Theoretical and Practical Treatise oh the Manufacture of Sulphu-
ric Acid and Alkali, with the Collateral Branches. Vols. I-III.

8° London, 1891.

Martin, AT.— Bericht uber Etne Reise Nach Niederlatidisch West-Indien und Darauf
Gegrundete Studieh. Voh. I & 11 . 8° Leiden, 1887-1 888.

„ Niederloendische und Nordwestdeutsche Sedimentoergeschiebe Ihre Ue-
bereinstimmung Gemeins-chaftliche Herkunft und Petrefacten. 8°

Leiden, 1878.

Milne, Earthquakes and other Earth Movements. 3rd Edition, 8° London,
1893.

Murray, J. A, H.^—A new English Dictionary on historical principles. Part VIL
4° Oxford, 1893.

Musehketofp, TF.—

a

Geological and Orographical description of Turkestan. 8*^

St. Peter5bui;g, 1886.

Peters, E.D .—Modern American Methods of Copper Smelting, 5th Edition. S° New
York, 1892,

Philippson, Dr, A ,— Der Pefoponnes. Abth. I & H. 8® Berlin, 1891-1892.

Pose WITZ, Dr. TheoJor orneo. 8^ Berlin, 1889.

Reyer, Dr. E.—Theoretische Geologic. 8° Stuttgart, 188S.

RoMANOFSRY.—Notes on the Geology of Turkestan. Vols. II & III. 4° St. Petersburg,

1884 & 1890.

Sawyer, A. R .—Miscellaneous Accidents in Mines, 8° Lcndon, 1889.

Scott, ALestandet*.—An Introduction to Chemical Theory, 8° London, 1886.

Thorpe, 1\ E.—A Dictionary of Applied Chemistry. Vol. III. 8° London, 1893.

Williams, W. M .—Ihe Chemistry of Iron and Steel-making and their practical uses,

8° London, i8qo.

ZiTTEL, Kavl A.—Handbuch der Palseontplogie. Band IV, Abth. I, lief. 2. 8° Miinchen,

1893.

PERIODICALS, SERIALS, Etc.

American Geologist. Vol. XI, Nos 4*6, and XII, Nos. 1-2. 8*^ Minneapolis, 1893.

American Journal of Science. Vol, XLVl, Nos. 273-275. 8° New Haven^ 1893.

American Naturalist. Vol. XXV 1

1

,
Nos. 320-322. 8° Philadelphia, 1S93.

Annalen der Physik und Cliemie, Neue Folgc, Band L, heft. 2-3. 8^ Leipzig, 1893.

2



Part i.] J dditions to the Library.

Titles of Books. ' Donors.
Amiales de Gdologie et de Paldontologie, 4° Paleniie, 1893.
Annals and Magazine of Natural History. Vol XII, Nos. 70-72. S° London, 1S93.
Athenseiim. Nos. 3438 *'3450 * ^

4^ London, 1893.
Beiblatter zu den Annalen der Physilc und^Chemie. Band XVII, Nos, 8-10. 8^ Leipzig.

1893.
Cheniical News. Vol. LXVIII, Nos. 1764*1776. 4° London, 1893.
Colliery Guardian. Vol. LXVI, Nos. 1707-1719, Fol. London, 1893.
Geological Magazine. New Series, Decade IlL, Vol. X, Nos, 9-12. 8° London, 1893.
Indian Engineering. Vol. XIV, Nos. 13-26, Fisc, Calcutta, 1893. Pat. Doyle.
Industries and Iron. Vol. XV, Nos. 1079*1091. 4° London, 1893.
Journal of Geology, Vol, I, Nos. 1-4. 8° Chicago, 1893,
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, Vol.

XXXVI, Nos. 221.223. 8° London, 1893,
Mining Journal, Vol. LX 1 1 1, Nos. 3029-3041. Fol. London, 1893,
Natural Science. Vol. 11 , No. 15 to III, No. 19. 8° London, 1893.
Nature. Vol. XLVJII, No. 1246 to XLIX, No. 1258, 4° Loudon, 1893.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Band 11, heft. 2-3, 8®

Stuttgart, 4893.
Oil and Colourman’s Journal, Vol. XIV, Nps» 158-160. 4° London, 1893,
Petermann’s Geographischer Mittheilungen, Band XXXIX, Nos. 9-1 1. 4^ Gotha,

^^93. The Editor.
Scientific American. Vol. LXIX, Nos. 10-22. Fol. New York, 1893.
Scientific American, Supplement, Vol, XXXV I, Nos, 922-934* Fol. New Vork, 1893.
The Indian Engineer, Vol. XVII, No. 337 to XVIII, No. 350. 4"=* Calcutta, 1893.

J. MacIntyre,
The Pioneer. New Series, ist Edition, October to December 1893. Fol, Allahabad,

1893.
Zeitschrift fiir Krystallographie und Minerologie, By P. Groth. Band/XXII, heft. 2-3.

8° Leipzig, 1S93.

GOVERNMENT SELECTIONS, REPORTS, Etc.

Bengal.—Report on the Agriculture of the District of Cuttack. Fisc. Calcutta, 1893.

Bengal Government.
Bombay.— Brief Sketch of the Meteorology of the Bombay Presidency for 1892-93,

Fisc. Bombay, 1893.

Meteorological Reporter to Bombay Government.
„ Selections from the Records of the Bombay Government New Series, Nos.

271-272. Fisc. Bombay, 1893. Bombay Government.
India,—Census of India, 1891. Report on the Censu.s of Coorg, and Vols. XIII-—XV

containing Report on the Census of Madras, with Tables. Fisc. Calcutta, 1S93.

Revenue AND Agricultural Department.

„ History of Services of Ofliccrs holding gazetted appointments in the Home,
Foreign, Revenue and Agricultural, and Legislative Departments,
corrected to ist July 1893. 8° Calcutta, 1893.

Government of India.

3
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Titles of Books, Donors*

Tndia.—List of Officers in the Survey and other Scientific and Minor Departments sub-

ordinate to the Government of India in the Revenue and Agricultural

Department, corrected to ist July 1893. Calcutta, 1893.

Government of Inpia.

5, Quarterly Indian Army List. New Series^ No. 17. 8° Calcutta, 1893.

Government of India.

,, Selections from the Records of the Government of India, Foreign Department,

Nos. 27, 30, 39, 63, 79, and 1043 301 and 303 -'304. 8^ Fisc. Cal-

cutta, 1859, 1861, 1863, 1870, 3873, and 1893.

Government of India.

„ Selections from the Records of the Government of India, Public Works Depart-

ment. Nos. 251—253, and 264. Fisc. Calcutta, 1889-1890.

Government of India.

„ Indian Meteorological Memoirs. Vol. IV, part 8, and V, pt. 3. 4° Calcutta,

1893*

Meteorological Reporter to Government op India.

„ Monthly Weather Review for May to July 1893, Af Calcutta, 1893.

Meteorological Reporter to Government op India.

»> Register of Original Observatiori^i, reduced and corrected. May to July 1893.
4° Calcutta, 1893.

Meteorological Reporter to Government op India,

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES, SURVEYS, ETC.

B atavia.— Dagh-Register gehonden int Easteel Batavia vant passerende daer ter

plaetse als over geheel Nederlandts- India, Anno i664* Van
J.

A.

Van Der Chijs. 8® Batavia, 1893. Batavian Society.

,, Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.
Deel XXXI, Afl. 2. 8® Batavia, 1893. Batavian Society.

,, Tijdschrift voor Indische Taal—Land-en Volkenkunde. Deel XXXVI, Afl.

6. 8" Batavia, 1893. Batavian Society.

BERLiN.^Jahrbuch der Koniglich Preussischen Geologischen Landesanstalt und Berga-
kademie 2u Berlin fur 1891. Band XII. 8® Berlin, 1893.

The Institute.

,, ,
SitEungsberichte der Koniglich Preussischen Akademie der Wissenschaften

zu Berlin. Nos. i—24. 8° Berlin, 1893. The Academy.

,, Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band I—XIX, and
XX, Nos, i*7. 8° Berlin, 1875— 1893.

,, Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLV, heft. 2. 8°

Berlin, 1893. German Geological Society.

Bombay.—Journal of the Bombay Natural History Society. Vol. VIII, No. 2. 8°

Bombay, 1893. The Society.
Boston.—Proceedings of the American Academy of Arts and Sciences. New Series,

Vol. XIX. 8° Boston, 1893. The Academy.
Brisbane.—Proceedings and Transactions of the Queensland Branch of the Royal Geo-

graphical Society of Australasia. Vol. VIII. 8^ Brisbane, 1 893.

The Society.

4
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Titles of Books. Donors.

B511SBANE.—Proceedings of the Royal Society of Queensland. Vol. IX. S'' Brisbane,

1893. The Society.

Brussels.—Bulletin de la Soci^t4 Royale Beige de Geographie. Anne4 XVII, Nos«
1-3, 8“ Bruxelles, 1893. The Society.

„ Annales de la Soci(§t4 Royale Malacologique de Belgique. Tome XV, fasc.

II, and Tome XXVI. 8° Bruxelles, 1893. The Society.

,, Proces-Verbaux des Stances de la Soci^tfe Royale Malacologique de Bel-

gique. Tome XX, pages 57-112, and XXI, pages 1-66. 8° Bruxelles,
1891-1892. The Society.

Budapest.— Geologische Mittheilungen Zeitschrift der Ungarischen Geologischen
Gesellschaft. Band XXII, Nos. i-to. 8° Budapest, 1892.

Hungarian Geological Institute.

„ Jahresbericht der Kdniglich Ungar. Geologischen Anstalt fur 1890. 8"

Budapest, 1892. Hungarian Geological Institute.

,, Mittheilungen aus dem Jahrbuche der Koniglich Ungarischen Anstalt.
Band X, heft. 1-2. 8° Budapest, 1893-

Hungarian Geological Institute.
Caen.— Bulletin de la Soci^t6 Linndenne de Normandie. 4th Series, Vol. VII, fasc. 1-2.

8“ Caen, 1893, ' The Society.
Calcutta.—Journal of the Asiatic Society of Bengal, New Series, Vol. LXII Part I

^
No. 3, and Part II, No* 3. 8° Calcutta, 1893. The Society!

,, Proceedings of the Asiatic Society of Bengal. Nos. 8—9. 8® Calcutta,
1893. The Society*

,, Proceedings and Journal of the Agricultural and Horticultural Society o£
India for July to September 1893, 8® Calcutta, 1893.

The Society.

„ Survey of India Department Notes for September and October 1893.

Fisc. Calcutta, 1893, Survey op India Department.
Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology, Vol. XVI,

No. 14; XXIV, No. 75 and XXV, No, i, 8° Cambridge, Mass,
1893. The Museum,

„ Memoirs of the Museum of Comparative Zoology. Vol, XIV,
No. 3, 4° Cambridge, Mass, 1893. The Museum.

,, Memoirs of the American Academy of Arts and Sciences. Vol,

XII, No. I. 8° Cambridge, Mass, 1893. The Academy,

Cassel.— Bericht des Vereins fiir Naturkundezu Kassel. No. 38, 8° Kassel, 1892.

The Society.

Cincinnati,

—

Journal of the Cincinnati Society of Natural History. Vol. XV, Nos, 3-4,

and XVI, No. i. 8° Cincinnati, 1893, The Society.

Dijon.—Mdmoires de L’Academie des Sciences, Arts, et Belles-Lettres de Dijon

4th Series, Tome, HI. 8° Dijon, 1892. The Academy.

Dresden,—Sitzungsberichte und Abhandlungeii der NaturwissenschaftUchen Ge-

sellschaft Isis in Dresden. Jahrg, i893» January to June. 8°

Dresden, 1893. Isis Society.

Dublin,—Proceedings of the Royal Irish Academy, 3rd Series, Vol. II, Nos. 4-5. 8®

Dublin, 1893. The Academy.

5
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TiilQ$ of Boohs. Donors.

Dublin#—'Report of the Director of the Science and Art Museum, Dublin, on the

Museum of the Royal Botanic Gardens and Metropolitan School of

Art for 1892. 8° Dublin, 1893. The Museum.

„ The M'meralogical, Geological and Palaeontological collections in the

Science and Art Museum, Dublin. 8° Dublin, 1893.

The Museum.

Eidinburgh.

—

Scottish Geographical Magazine. Vol. IX, Nos. 9—11. 8° Edinburgh,

1893. Scottish Geographical Society.

„ Transactions of the Edinburgh Geological Society. Vol. VI, pt. 5. 8°

Edinburgh, 1893. > The Society.

GdTTiNGEN.^Nachrichten von der Koiniglichen Gesellschaft der Wissenchaften.

Nos. ii— 14. 8® Gottingen, 1893. Tntf Society.

Halle.—Abhandlungen der Naturforschenden Gesellschaft zu Halle. Band XVII,
. hefb 3

-4,
and XVIII, heft. i. 8 ° Halle, 1893, The Society,

„ Bericht uber die Sitzungen der Naturforschenden Gesellschaft 2u Halle in den

Jahre, 1888-1891. 8® Halle, 1893. The Society.

Hamilton,—Journal and Proceedings of the Hamilton Association for Session 1892-93,

No. IX. 8° Hamilton, 1893, 'Phe Association.

Lausanne.—Bulletin de la Soci6t6 Vaudoise des Sciences Naturelles. 3™® serie,, Vol.

XXIX, Nos. I lo-i 1 1. 8° Lausanne, 1893. The Society.

Leipzig.—Berichte der Naturforschenden Gesellschaft. Band VII, heft. 1-2. 8®

Leipzig, 1893 ' The Society.

—Annales de la Soci 6 t6 Geolog/que de Belgique. Tome XIX, livr, 3, and XX
iivr. I, 8° Li^ge, 1893. The Society.

London.—Journal of the Chemical Society. Nos. 370 and 372. 8° London, 1893.

Journal of the Iron and Steel Institute, Vol. XL! II, No. i, and List of Mem-
bers for 1893. SVLondpn; 1893. The Institute.

Journal of the Ltnnean Society. Zoology, Vol. XX I V, Nos. 152-154, and
Botany, XXIX, Nos. 202—204. With List of Fellows for 1892-93.
S® London, 1893. The Society.

„ Transactions of the Linnean Society of London. 2nd Series, Botany, Vol. III.

part 8, and Zoology^ Vol. V, parts 8-10, With List of Fellows for

1892-93. 4® London, 1893. The Society.

„ Journal of the Society of Arts. Vol. XLl, No. 2129 to Vol. XLII, No.
214^. 8® London, 1893. The Society.

„ Mineraloglcal Magazine and Journal of the Mineralogical Society. Vol. X,
No. 46, 8® London, 1893.

„ Philosophical Transactions of the Royal Society of London. Vol. 183, A
and B. With List of Fellows, 4° London, 1893. The Society.

Proceedings of the Ro^^al Society, London, Vol. LII, Nos, 320—325. 8
London, 1893. The Society.

, Quarterly Journal of the Geological Society, Vol. XLIX, No 196, and
List of Fellows on rst November 1893. 8

° London, 1893.

The Society.

,, Supplementary Papers of the Royal Geographical Society of London.
Vols. I, 11

,
HI, pts. 1-4, and IV. 8® London, i88d, 1889, 1890, 1S92

and 1893, The Society '

6



PART I.] ^ddiiio ns to the Lih ra ry .

Titles of Books ^ Donors,

London.—The Geographical Journal. Vol. 11 , Nos. 3—5. 8° London, 1893,

Royal Geographical Society.

„ Proceedings of the Zoological Society of London. Parts 2-3. 8° London,
1893. The Society.

,, Transactions of the Zoological Society of London. Vol. XHl, No. 7.

4° London, 1893. The Society.

Lyon.— Archives du Museum d’Histoire Naturelle de Lyon. Tome V. 8® Lyon,

1892. The Museum.
Madrid.—Boletin de la Sociedad Geografica de Madrid, Tome XXXV, Nos. 1—3.

8®i Madrid, 1893. The Society.

Manchester,—Memoirs and Proceedings of the Manchester Literary and Philosophi-

cal Society. 4th Series, Vol. VII, Nos. 2— 3. 8° Manchester, 1893.

The Society.

,, Transactions of the Manchester Geological Society. Vol. XXII,
part i2.y, 8^ Manchester, 1893. The Society.

Melbourne.—Special Reports of the Department of Mines, Victoria, being Notes on

,, samples of rock collected in the 180 Mines at Bendigo. Fisc. Melbourne,

1893. D EPARTMENT OF Mines, Victoria.

,, Special Reports of the Department of Mines, Victoria, on the Victorian

Coal-Fields. Fisc. Melbourne, 1893.

Department of Mines, Victoria.

Naples.— Atti della Reale Accademia delle Scienze Fisiche e Matematiche. %a

s^rie, Vol. V. Naples, 1893. The Academy.

,, Rendiconto dell* Accademia delle Scienze Fisiche e Matematiche. la sdrie,

Vol. VII, fasc. 6—7, 4° Napoli, 1893. The Academy.

Newcastle-upon-Tyne. —Transactions of the North of England Institxite of Mining
and Mechanical Engineers, Vol. Xl-Il, parts 2-3. 8" Newcastle-upon-

Tyne, 1&93. The Institute.

New York..—‘Annals of the New York Academy of Sciences, Vol. Vll, Nos, 1-^5.

8° New York, 1893. The Acaj^emy,

Ottawa.— Geological Survey of Canada. Catalogue of a stratigraphical collection of

Canadian Rocks prepared for the Columbian exposition, Chicago,
1S93. 8° Ottawa, 1893. The Survey.

,, Geological Survey of Canada. Catalogue of Section one of the Museum
of Geological Survey. 8° Ottawa, 1S93. The Survey,

,, Proceedings and Transactions of the Royal Society of Canada for the year

1892. Vol. X. 4° Ottawa, 1S93. The Society.

Oxford.—Catalogue of Books added to the Rridcliffe Library, Oxford University
* Museum, during 1892. 8® Pam, Oxford, 1893. The Museum.

Paris.—Annales des Mines. 9*^° serie. Tome III, livr. 4— 8. 8° Paris, 1893,

Department op Mines, Paris.

„ Bulletin de la Soci^itd de Geographic. 3'““ serie, Tome XX, Nos. 5-7, and
XXI, No. I ; and 7"*® serie, Tome XIV, Nos. 1-2. 8° Paris, 1893.

The Society.

,, Comptes Rendus des Seances de la Socidtd de Geographie. Mos, 14-15. 8°

Paris, 1893. The Society.
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Titles of Boohs, Donors,

Paris.—Memoires de la Soci^t6 Geologique de France. Tome III, fasc. 4. 4® Paris,

1893. The Society.
Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVI, Nos. 3—5. 8°

Philadelphia, 1893. The Institute.

Proceedings of the Academy of Natural Sciences, Part III (1892)

and Part i (1893). 8° Philadelphia, 1893. The Academy,
Proceedings of the American Philosophical Society. Vol. XXX,
No. 139 to XXXI, No. 141. 8° Philadelphia, 1893.

The Society.
Transactions of the American Philosophical Society, New Series,

VoU XVII, part 3, and XVIII, part i. 8° Philadelphia, 1893.

The Society.
Transactions of the Wagner Free Institute of Science. Vol. Ill,

part 2, 8° Philadelphia, 1893. The Institute.

Rome.—Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Semestre II,

Vol. II, fasc. 4—9. 8° Roma, 1893. The Academy.

Salem, Mass , —Proceedings of the American Association for the advancement of Science.

Vol. XLl. 8° Salem, Mass, 1893. The Association.

San Francisco.—Occasional Papers of the California Academy of Sciences. Vol. III.

8° San Francisco, 1893. The Academy,

St, Petersburg.—Bulletins du Comite Geologique. Vol. XI, Nos, 9-10, and XII,

Nos. i—2. 8° St. Petersbourg, 1893. The Commission.

Memoires du Comite Geologique, Vol. IV, No. 3, IX, No. 2, and X,

SS

99

Sf

No. 2. 4° St. Petersbourg, 1893. The Commission,

Sydney.—Records of the Australian Museum. Vol. II, No. 5. 8*' Sydney, 1893.

The Museum.

Taiping.—Perak Museum Notes. No. II, Alluvial Tin Prospecting. 8° Taiping, 1893.

Perak Government.

Tok.10.—Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde
Ostasiens in Tokio. Band VI, heft. 52. 4° Tokio, 1893,

The Society.

Turin.—Atti della R. Accademia delle Scienze di Torino. Vol. XXVIII, disp. 4—8. 8°

Torino, 1893. The Academy.

Venice.—Memorie del Reale Istituto Veneto di Scienze, Lettere ed Arti. Vol, XXIV.
4° Venezia, 1891 , The Institute.

Vienna.—Jabrbuch der Kais. Konig. Geologischen Reichsanstalt. Band XLl I, heft.

2—4. 8° Wien, 1892-1893. The Institute.

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band C, Abth. 1, heft. 00 —10.

99 *> Ila, 99
8-—10.

99 99 lib, 9S
8-—10.

99 99 HI, 99
8.— 10.

S9 CI, ft I, 99 I--6.

99 S9 99 Ha, 99

9} 9> 99 Ilb, 99 I--5.

99 99 99 HIj^ 99 I-

8* Wien, 1892. The Academy,
8



Additions to the Library,

Titles of Books, Donors,

Vienna.—Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 6—lo. 8*

Wien, 1893. • The Institute.

Washington.—Annual Report of the Board of Regents of the Smithsonian Institution

for the year ending 30th June 1890, 8° Washington, i8qi.

The Institute,

„ Bulletin of the U, S. Department of Agriculture. No. 4. Wash-
ington, 1893. U. S. Department of Agriculture.

„ Department of the Interior. U. S. Geological Survey, Mineral Re-

sources of the United States for the Calendar Year 1891. 8° Wash-
ington, 1893. U. S. Geological Survey.

„ Monographs of the U, S. Geological Survey. Vols. XVII, XVIII,
and XX. 4® Washington, 1892. U. S. Geological Survey.

Proceedings of the U. S. National Museum. Vol. XIV. 8° Washing-
ton, 1892. ^ The Museum.

Smithsonian Contributions to knowledge. On the application of inter-

ference methods to Spectroscopic Measurements. 4° Washington.

1892. The Institute.

Smithsonian Miscellaneous Collections. Smithsonian Meteorological

Tables. 8° Washington, 1893. The Institute.

Zurich.—

V

ierteljahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXVIII,
heft. 2, 8** Zurich, 1893. The SociETVt

PART 1.]

MAPS.

London,'—

T

he Universal Atlas, Fol. London, 1893,

PartsS.—'Cacte Gdologiqtie detaillde de France. Sheet, No. 13. Map. Paris, 1893.
Geological Survey of France.

Sypney.—

G

eological Map of New South Wales. Map. Sydney, 1893.

Department op Mines, New South Wales.

9
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Part 2J 1894. [May.

Note on the Chemical qualities of petroleum\/rom Burma ; PROFESSOR
Dr, Engler (Karlsruhe), (Translated by Dr. Fritz Noetling, G.SJ,)

According to the localities, four different kinds of petroleum were received, viz \

—

(i) Petroleum from Yenangyat..

(3) „ . Kodoung.*

(3) n „ Twingon,

(4) 5^ „ Minbu.

The quantity not being sufficient to permit of photometric investigations, the
petroleum was chiefly examined with regard to specific gravity and the products of

fractional distillation.

The whole character of the oil, particularly the relation between the specific

gravity and the boiling point of the single fractions, proves with soAe certainty,

that the oil from Burma chiefly consists of hydrocarbons of the Cn group
;

napthenes could be discovered in small quantities only. 7'he oil from Minbu forms
however an exception, because it probably contains, besides the first mentioned
hydrocarbons, a larger quantity of napthenes (Ca the comparatively speaking
liquid quality of fractions of a high boiling point seems to favour this supposition.

/.—Petroleum from Yenangyai,

I. From well No. 15.

Colour : Greenish broWn in thin films, green by reflected light.

Specific gravity^ 0*8214 at 30° C.

Melting point, 26" C.

Begins to boil at 130® C. -

Fractional distillation.^
Oil distilling—

Below 150° C. • 4 • « . 17*8 vol. "/oV
Between 150° C. and 175° C. • . 8'0

»T

175° C. and 200” C. % •
. 7'9 19 it i

n 200° C. „ 235° C. • • • 86 M >1 1

u 225° c. >, 250° C. • . 9*2
11 r Specific gravity

n 250® c. ij 275° » • 77 9 } ir 1 ranging from

n 275° C, „ 300° c. * . 8‘o f) it \. 0*765 to 0*850.

300° C, ,,
400° c. % a . 3o'8 J1

Loss . f • a ,
2*0 V tt

t

^ Kodoungand Twlngon form the central and northern parts of the Yenangyoung oil

» All the analyses hare been carried out with Engler's Normal distillation apparatus ('t/W* Chcnilsch
technische Analyse, von J, Post, II, Aviil, Bd, i, p, 277),
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All fractional products below 300*^ C. smell only slightly, are of water white

colour, and do not fluoresce. At a temperature of 10° C. paraffin crystallises from

the fraction 275*^ to 300®.

The fractional products above 300° G. have a gradually intensifying yellow

colour, and cdngeal to a firm crystalline mass at the ordinary temperature.

Fraction 300" to 325° C. melts at 18® C.

>, 325° to 350'* C. „ „ 24° C.

„ 350° to 37s'‘ C. „ „

» 37s'* to 400° C. „ „ 40° C,

The last- mentioned fractions of high boiling point could be used for the

manufacture of lubricating oil and paraffin wax.

Crude oil of this type yields—

^

t Light oU (flashing ^oiut . 17*8 voU 7o of 0765 specific gravity.

Illuminating oil (ditto from 150° to 300“) 49*4 „ „ „ 0*820 „ „

Lubricating oil and paraffin wax • . 30*8 „ „ „ ©‘838 „ „

About f of the fraction below 150° C. could be added to the illuminating oil

without lowering its flashing point to a dangerous degree ,* thus the total percentage

of illuminating oil could be raised to about 60%

2. Analysis of a minced sample.

Specific gravity . • , • • • • • • o*6i6o.

Melting point • • . . • • • • . 27*3° C.

Boiling point •• » *•#••• 120 C. to 123

Fractional distillation.

Oil distilling—

Below ISO® C. • m t * m , 18*6 vol. ”/o>
L

Between ISO” C. and 175® c. p 9 . 17-9 0 99 k

M 175° c. 99
200® c. m • . 9*1

>1 99
j

200® C. 225® c. m « . ri Specific gravity

223° C. 99 250® c. 9- ft . 8*8
11 99 \ ranging from

250® C, 273
°
c. m ft . ,

8*5
99 J* 1

I
0*753 to 0*843.

>• 275° c. 99 aoo®' c. m • • 7*6 99 9 > J1

The qualities are the same as those of the oil from well No. 15. The fractions

above 300° gradually become more yellow in colour^ begin to smell, and congeal

according to the following table:

—

Fraction 300° C. to 325° melts at 21 ’5° C.

>1 3^5 >> 35c 5, j> 24 C.

» 350° C. „ 373° „ ,,
37*5“ C.

fp 375° 31 ,, ,, 4^

The qualities of these heavier oils are the same as those of oil from well No. 15.

A mixed sample of oil from Yenangyat would therefore yield:

—

Light oil (flashing point below 150°) , , 18*6 vol. 7o ^*755 specific gravity,

illuminating oil (ditto from 150^ to 300®) 49*6 ,, „ „ o'8i6
,, „

Lubncaling oil and paraffin wax , , 28'3 „ „ >, 0*837 „ „
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The percentage of illuminating oil could however be raised up to 60 % by add-
ing a part of the lighter oils.

II^—Petroleumfrom Kodoung.

Colour : Fine reddish brown in thin films, fluorescing green by reflected light.

Specific gravity • • ...... 0*8726 at 32® C.
Melting point • .

“ • • • • *31® C,

Boiling point , « « . . , , . 135° to 140° C.

Fractional distillation.

Oil distilling—

Below 130® C. • • • « . 4*3 vol.

Between 150° C. and lys’C. • * • • 3*4 II

II 17s" c. }|
200® C. • • 3*8 » II

I

^ Specific gravity
,, 200 C. 19 225° C. • m • , 4*6

91 II /

*3 223 C. n 230® c, • m V •
:

7'9
\

ranging from

If 1^50° 99 27s® c. . m m . 8*4
II

i 0*735 to o’873<

II 27s® c. II
300® c. . • V 10*7

19 1 1
^r''

'

The distilled oil is nearly water white; from 200"^ upwards,the oil shows a distinct,

although not unpleasant smell. Above 300° the colour changes to yellow and
fractions congeal at the ordinary temperature.

Fraction 300 to 325® C, melts at 13® C.

II »j .350 C. ,, I, 26® C.

II ff 37S ji »• 3 ^

If 375 II 4®® I* M 34** C.

The fractions from 350° to 375^ amount to about f of the total quantity of oil

boiling between 300^ to 400° C., and could be uisod for the manufacture of lubricat-

ing oil and paraffin wax.

Crude oil of this type yielded—

Light oil (flashing point below 150® C.) . 4*3 vol. % of 0753 specific gravity.

Illuminating oil (ditto from 150® to 300®) , 38*8 „ „ „ 0*849 »i n

Lubricating oil and paraffin wax . « 50*4 „ „ „ 0*893 „ „

Without any danger the light oils may be added to the burning oil proper, thus

raising the total percentage of burning oil to about 42 vol. %, but the specific

gravity of this oil would be so high as to require specially constructed lamps in

order to prevent the smoking.

I Petroleumfrom Twingon^ well No\

Colour: Reddish brown in thin films, fluorescing green by reflected light.

Specific gravity • . , - * • • # 0*8653 at 32® C.

Melting point , . . • • • • • 3
^'*

Boiling point . 130° to 135° C,
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Fractional distillation.

Oil distilling

—

Below 150*^ C. m • • 5*5 vol. 7
Between 150® C. and 175*^ C. » ' * • 3‘^ }) )}

i» 175° c. if
200° C. m * • 4‘o » »

j, 200 Jj 225° c. • • • 6^6 n

„ 225® C. 250® c. « • 6*4 n

„ 250® c. 27s® c. « • 9’3
7 }

« 275**
9 f

300® c. • * « 10*4 » jj

Specific

ranging
0^755 to

The fractions show the greatest suniliarity with those from K.odO'Cl
difEerence exists with regard to the smell. Fractions above 300® are SO
nary temperatures, except the fraction 300—325^, which is semi-solid.

Fraction 300“ to 325“ melts at 14° c.
» 325° » 350° )f J) 23" c.

» 350° 375
°

» 33’ C.

It 375
°

„ 400°
}} Ji 33’ c.

As with the Kodoung oil the fraction 330° to 3^5*^ forms^lhe largest
of the total, and can be used for the manufacture of lubricating oil

wax.

Grade oil of this kind yielded—^

Light oil (fiashing poin't below 150° C.) . 3*3 vol. % of 0*755 specifics
riluminating oil (ditto from 150*^ to 200° C.) 38*8 „ „ 0*843 >,
Lubricating oil and paraffin wax . . 48*7 „ ,, 0*888 ,,

If the light oils be added to the illuminating oil, which may be d03
any danger, the percentage of the latter can be raised to about 40 vol *

^
must, however, be burnt in specially constructed lamps, owing to its hia
gravity,

j o

Colour s

—Petroleum from Mtnhu.
In thin films, dirty brown

; reddish brown without fluorescence by rc2

Specific gravity, 1*00213 at 30'^C,
** » *'005 „ 25'’ c,
» »»

' ^’984 „ 50'’ C,

only water distills
; it only beelns^to , ^ ,

temperature. lie
..toe„,. from rtich

Fractional distillation.
Below 300® C. . , , .

Between 300° C. and 325'=’ C. !

325° C. „ 350*^ 0 .’

! ;

' '

« 3So^ C, „ 375° C, , ,

'

Balance about • * —

2 vol. (water).
83 tf „ of 0*920 spot' t T;

49*7 ), „ ,, 0*938
^^’7 » » 0*972
21

Unlike fractions of the other oi!.samr>T<.o Krrsi-samples boiling above 300°, tho3
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Minbu oil are all liquid at the ordinary temperature, of a brown colour, and resem-

ble in this respect the high-boiling fractions of the petroleum from Baku, which
chiefly consist of napthenes.

The subjoined table will show the composition of various samples of crude oil

from Upper Burma with regard to their economic value ;

—

Light oils Illuminating Lubricating Kemain-

(below 150° C.) oil (150° to oil and paraf- derand
300'’ C.) fln waxr loss.

I Petroleum from Yenangyat Well No, 15* 17*8 vol. 49*4 vol. 7 o
30'B vol. 7o ^ vol.

I w (mixed) i8 <5 „ „ 49*6 „ » 28‘3 If II 3 ‘S >1 1|
.

n Kodoung • 4*3 M » 38-8 „ • 5o '4
II ir 6*5 J| >1

HI Twingon • • 5’5 »> u 38*8 „ .. 48-7 M U 7 M II

IV Minbu 4 t « * 767 II II
21*3

1> II

It must be specially noted that the oil samples I, II, and III while being of a vis-

cous character at ordinary temperatures, contain a high percentage of lighter oils

especially illuminating oil. Up to .now I have never found similar oils, which

being of the same consistency, contain such a high percentage of illuminating oil.

Note on the Singareni Coalfield, Hyderabad (Deccan), Walter Saise,

D.Sc., F.G.S,, Manager, East Indian Railway Collieries,t (With map
and 3 .plates of sections.)

The original note on this field is to be found in the Records,Geological Survey

of India, Vol. V, Part 2 of 1873, where Dr, W, King’s discovery of the coalfield is

announced.

The borings made by the Nizam's Government and the working of an extensive

colliery by the Hyderabad (Deccan) Company, have resulted in infprmation which

enables a corrected map of the field and a section of the measures, as well as sec-

tions showing the structure of the field to be issued.

The coalfield is an elongated patch, 13I miles long, and 3*1 broad in the widest*

part. The long axis runs approximately north-north-east and south-south-west.

The formations consist of, in descending order :

—

Kamthis.

Barakars.

Talchirs.

The character of these are fully described in Dr. King's paper
;

the only point

to be noted is the marked unconformity of the K amthis on the Barakars. The

a vol, °/o water.

f Dr, Saise while reporting on this coalfield last year for the Hyderabad (Deccan) Mining

Co., Ld,, made the accompanying map and sections, to which, at my request, he lias oblig-

ingly added this note, and now permits of their publication in the Records,— Ud,
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ts of coal crop right op against the overlying Eamthis, and at theto

crops the coal is damaged and useless, shewing that the outcrops were wea

before the Kamthis were deposited. The boundaries of the field are

at the north where the Talcbirs lie naturally on the old er rocks*
^

The preservation of the coal-measures between troughi faults
^

Indian, The Ranigunj, Jherriah, and Karharbari Coalfields are similar instancy

The Barakars are faulted against the older rocks wherever exposed, and

Kamthis also. As the Kamthis are younger than the Barakars, this appearance w

to be explained by the fact that disturbances tend to follow old lines of fraClU5r%

and the same faults that defined the extent of the Barakars and TalchitB rfid

defined at a later date the general area of the Kamthis.

Seeing that the coalfield lies between the Gneiss and the Vindhians, I should

be inclined
,
to suspect a line or lines of fracture between these formations as tha

leading cause of the. preservation of this patch of coal-measures.

The plate of the correlations shows that there are several seams

The

explored

centages—

coal seam is made up of many bands,

to any extent. An assay of part of the thick

It has not been opened owl

coal gave the following

34-S
i3‘o

Fixed carbon ... ,

Volatile matter . . . . .

Ash ... -
• * • • * -

The Ktng seam, which is of uniform quality, is the best in the field and is

extensively worked. The composition is

Volatile matter . . . .
2-.--

. • / ; ; S o
Moisture

, ,

*»!
'

• • • V • ro*6^
It is a good steam-coal but will not cote,

i 9 inches to 6 feet in thickness.

thickness andtatoffthT 9 inches as the avei

3o7 for wasteaae ?6 om f TT ^^teage, 36,000,000 tons left to he gotten.
The other seams will no doubt receive attpnttnr, • *•uuuui receive attpntion m time to come.
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Report on the Gohna Landslip, Garhwal. Hy THOMAS H, Holland,
A.R.C.S., F.G.S., Geological Survey o_f India, (With 5 plates and 2

maps).

CONTENTS.

iNTRODUCTroN. Section I.

I. Geographical and Geologicai, features—
Section 2. Gohna village.

9} 3. The Birahi Ganga valley.

„ 4. The quartzites.

>> S- Development of thrust-planes near Nandprayag.
t9 6. The interbedded dioritea and greenstones.”
91 7 - The carbonaceous shales and dolomites.
9t 8, Pseudo-organic structures resembling Stromatoporoids.
9» g. Chemical composition of the dolomitic series,

„ 10. Correlation with similar beds in bther parts of the Himalaya*.
IL The Landslip and Lake—

Section ii. Account of the slips.

5, 12. Dimensions and structure of the dam,
9, 13. Size and prospects of the lake.

„ 14. Similar instances of lakes formed by landslips.

,1 15. Possibility of further slips into the lake.
16. Strength of the dam.

in. Cause of the landslip^
Section 17 -

18,

19.

20.

21.

22.

23^

J) 24-

M 25.
26.

27.

Combination of several qaus^s.
Dip of the strata.

Causes acting underfacilities afforded by ike dip of the strata.
(1) Loosening of the strata.

{a) Dolomitization.
(b) Solution by atmospheric waters-

(^) Reduction of the co-efficient of friction.

(2) Subsequent changes impelling strata in the direction of least
ance.

ig) Expansion of products on oxidation and hydration.
(Jb) Changes of temperature-
(r) Hydrostatic pressure.

Conclusion-

IV. Explanation of Plates.

resist^

INTRODUCTION,
I, The observations recorded in this note were made during a journey to Gohna,

Garhwal Himalayas, in February and March, 1894—five months after the landslip,

and when the lake formed by the barrier fallen across the Birahi Ganga valley had
risen to within 290 feet of the top of the dam.

During the course of this investigation I have received most valuable help from
Lieutenant-Colonel R, R. Pulford, R.E., Superintending Engineer, Mr. G. J. Joseph,
Divisional Engineer of Kumaon, and especially from Lieutenant S. D'A. Crook-
shank, R. E ,

who is now stationed at Gohna in charge of the survey and works.
The lake will be full and will overflow the barrier about the middle of August.

Means for recording by instantaneous photographs the effects of the water on the
dam are being carefully arranged by the Government of the North-Western Provt-

inces.
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-

I. geographical and geological features.

,

-
• (i) Geographical.

0 Gohna in British Garhvval (lat. 3o°.22'-i8" N., and long. E.)

a small village in the valley of the Birahi Ganga, a river running westward and

inff at a point 8 miles west of Gohna, the Alaknanda, one of the principal tnbutari-e3

of the Ganges. The village is about 130 miles north of Naini Tal, and by the roa.<a

which follows the valley of the Alaknanda, it is 160 miles- from> Hardwar.i

3 The bed of the Birahi Ganga, sloping at about 2^°, is at Gohna 4,600 feert

above sea-level and is the bottom of a narrow gorge with steep, and sometimes pre-
cipitous, sides. The gentler slopes are grass-covered, and higher up clothed witPm

evergreen oak, fir and rhododendron. In the more open parts of the valley a sna«ill

amount of cultivation is carried on by the few inhabitants of the snaall groups of
houses dignified even by the name of villages. The river basin, which is. 20 milos
long and a miles wide, is bounded on. the north and east by a snow-clad rid^o

rising to 21,286 feet. A considerable portion, therefore, of the water of the river %m

derived from the melting snows, and it consequently receives its greatest supply

during the warmer months. The area of the basin east of Gohna, and con30 «

quently the area draining into the lake which has been formed by the landslip, is

about 9.0 square miles.

(2) Geological.

4, The quartz-ites and associated crushed diorites and ash-beds, which pre-vatil

from Adbadri to north of Chamoli, give place on entering the gorge of the Bir^tii

" The journey can now be made on pony back by the following routes, wliich I glvo *or

the convenience of visitors:—

D.B. = D4k bungalow, or inspection bungalaw.

(I) Naini Tal. (2) Ft^S Najibabdd.
\ (3) Ft<i Hardwar,

iVTiioc I 1 Miles-

Naini TaU . o
* D. K-

Ratighat , . 8 D. B.

Bamshaon . 10 D. B.
Dwarahat . . 14 D. B.

Gonain . .10 D. B.

Lohaba , , 14 D. B.
Adbadri , .10 — •

Karnprayag . 12 —

Karnprayag - - o. —
Nandprayag . . torn- —
Chamoli . * . 7^-
Gohna , 1 • 13^-

The highest point on the route is the Pannuakhal pass, between ,Lohaba
Adbadri.
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Ganga to black carbonaceous and pyritous shales, dolomitic maria, pyritous dolomi-

tes, dolomitic limestones with chert, and smaller bands of talc and talc-schist.

The quartzites are sometimes coarse-grained (7 miles from Adbadri on the

Karnprayag road) with films of a sericitic mineral, or talc, more often compact and

porcellaneous in appearance, and grey, green or cream-coloured (Nandprayag to

Chamoli). Their enormous thickness, painfully evident to the pedestrian, their

petrological characters, the interbedded greenstones,” and their association with

the dolomitic series of the Birahi Ganga valley recall Mr. Oldham 8 descriptions

and specimens of the Bawar quartzites, and the similar rocks described by Mr.

Middlemiss in his route-traverse from Jaunsar thrbtigh Tiri to British Garhwal.

5.

Between Karnprayag and Nandprayag these quartzites exposed on the road-

side have a general dip 45^—60° E.-N.-E. About a quarter of a mile N. E. of the

junction of the Mandakiniand Alaknanda rivers at Nandi>rayag, mica-schist, talcose

schist and biotite-gneiss are exposed in order, with planes of foliation dipping in,

the same direction, and apparently lying on the quartzites. Conliiuung in the

northerly direction the dip becomes less and ultimately, at 3 miles north of Nand-

prayag, the beds are almost horizontal, whilst in the next mile they are found

dipping in the S. E. direction with exposures in the inverse order —biotite-gneiss

alcose schist and mica-schist, with quartzites apparently dipping under them.

It would at first sight seem that in this syncline the quartzites are older than

the gneiss and schists, dipping uniformly under them. Whilst this actually

be the true order it is possible that we have her© a case parallel to, but not

co-extensive with, the remarkable instance described by Mr. Middlemiss In

Western Garhwal, where he has shown the anomalous position of younger beds

to be due to the destruction of a sigma-flexure by the development of a thrust-plane

or reversed strike-fault, as in the parallel cases dc.scribcd by Professor I..ai)Worth

and the Scotch Gelogical Survey in the North-West Highlands.®

6. The specimens of diorites and greenstones ’* which I have collected from

the beds associated, and probably interbedded, with the quartsltes are evidently the

same as those which have been described in detail by Mr. Middlemiss.®

7. The carbonanceous shale and dolomite scries are crumpled about in the

most irregular fashion and sometimes even inverted. A striking instance of

inversion has been exposed by a small slip in the gorge 3 miles west of Gohna.

All the beds, whether shaley or dolomitic, arc charged with pyrites, cubes of

which in the dolomites are seen to be distorted by pressure. Tlie decomposition

products of this mineral reacting on the hydrocarbons of the carbouiaceous sltales

have given rise to the sulphuretted hydrogen emitted by the numerou-» evil-imelling

springs below Gohna. In this, and in ways shown below, pyrites has contributed

to the cause of the mischief at Gohna.

8. The dolomites and dolomitic limestones arc grey or cream-coloured, some-

times as massive as those at NainiTal and aornetimes well-banded. It is Interesting

^ R. D. Oldham, Geol. Surv., Irtd.y Vol XVI p. Ip3.

C. S. Middlemiss, lbid,Vo\. XX (1887), p. 28.
* Lapworth, GeoZ. dec. 11 . Vol- X (1883), P* 337 * Report On the recent work

of the Geological Survey in the N. W. Highlands of Seotllind, ffuari. fpmrn, Oroh Soe.,

Vol. XLIV (1888), p. 378.

g
J?ec. Geol. Surii.^ tndia.f Vol. XXI (1888), p. tt.
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l™ "“ Gandgartrg;

sa£eIyref.„edtoanargaHicorigi„,andi.t;^^^^^^^^

T “ A to note that althoorit these so elf 1
eoncreUonary action,

that from Deoban is in a limestone almost free of
’ 'esemble one another,

area is a dolomitic iimestone, whilst that from ar,h^^-‘^’ Hazara
carbonates of iime and magnesia give about the s» ‘1

* in which the

le‘’s?r“\‘'“‘*^
=“n‘i q“nntitfesofphosphat«“fh^less than that from HazSra. The soecifle

® Deoban and Gohna
centageofmag'nesiat-Deoban,a-6,rHafS^ ?«>

An malyut of the Gohna rock gave—
* * ^kna, 2'^z.

Itisoluble rftsidu6

Ferric oaide,» alumina Led p'hospkorie acid
‘ ’

Carbonate of lime
.

i' mu acia
, 1-225

Carbonate of magnesia*
* ’ * *

* 53*875

44*780

^«0i£r gromfy ot the fragment analysed, z-8,.

chemical examination I find the dtri brnd^ta 275» and on
lighter bands are limestone. In one bed the

fin% *“• '^'’i‘i®s arranged alone- tb.^i, spotted.
fflled with calcite. As the cavities are only partalt fiStd T n

Partially
rock have a specific gravity as low as a-rf!^

P»">a‘ly fiUed, hand-specimens of the
10. Although the specimens fmm "n

structure happen to be limestones, Mr. Oldham has
PSeudo-organic

pnrple shale series of Mr. Middlemiss, and probablv of rtf
a-ssociated with the

Gohna and again in Hazara. Althoue-h the m/ 7 system as that at
parts of &e Himalayas, based for want of fossils if “ f
fern^ *'®’P rcoaUing the simil*'^^

^ lithological grounds,
ferous slates, quartzites, carbonaceous shales and dolom

association of unfossili-
near Baxa m the eastern Himalayas.® described by Mr. Mallet

“ C n Vol. XXI CiSSS) n T-sr,• - Sherborn, Geol. Mag^^ 3rd dec Vol V /^tQqq\Beumal characters of the structure to those If cTrllfu ?’ M ““s' compared the

^peefmeu':- - A NifMsouT^r.a^'mL'r
tt^'f^^old

(«Vd.Ts3y!;°"
''-® - '^%ir;XrThL'*uame

^J. McClelland, ^ Vol iji /ip^.ss

• *u
collected by A. B. Wynne Gxn the Geological Museum, Calcutta. No ^9

Kora-na-durrab. and preserved

quently be slightly loweV^^
mostly m the ferrous condition. This result should conse-
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II. THE LANDSLIP AND LAKE.

II. From the account of the villagers there seem to have been fields along the

sloping portion of the gorge near Gohna on both sides of the river, whilst the hill

they speak of asMaith^na—the one which fell—rose almost vertically above the slope

on the north side of the river {plaie IT). Two years ago there was a small slip between

Maithdna and Gohna village. On the 6th of last September (1893), and towards

the close of the rainy season, two falls took place, damming back the river to form

a lake. Falling continued for three days with deafening noise and clouds of dust

which darkened the neighbourhood and fell for miles around, whitening the ground
and tree-branches like snow. Further slips occurred at subsequent intervals after

heavy rain ; and at the time of my visit in March a day^s rain or fall of snow was
always succeeded by falls,—blocks of several tons came bounding from ledge to

ledge for more than 3,000 feet over the broken hill face with a low rumbling noise

and the production of clouds of dust. The part which fell was a spur of one

11,109 feet high ; but except on the edge of the precipice, where pieces could be

pushed over with the foot, I found no cracks in the hill. The rocks exposed on the

cliff-front, as shown in Plate I, are crumpled and faulted in a complicated manner and
with varying dip ; but on the west side of the slip the dip is towards the valley at a

lower angle than that of the precipice, the average inclination of which is 54°. The
mass of broken material which fell stretches for 2 miles along the river valley, and
rests against the cliff of similar rocks on the opposite side a mile away. On the

higher mounds, from which the mud has been washed away, large masses, sometimes

weighing hundreds of tons, of crumpled dolomitic limestones are seen pitched in

obliquely and shot out like a pack of cards, whilst blocks hurled a mile away against

the opposite cliff have knocked down numbers of trees. In the first fall, at any

rate, the hill must have pitched forward and not have slipped down in the usual

fashion of smaller slides. The second main fall now stands as a heap of irregularly

piled blocks weighing from about 30 tons down fo ordihary hand-specimens.

12.

The surface of the dam exposed in early March was 423 acres; but it

is gradually being submerged on the eastern side by the rising lake. A section

along the valley from the bed of the river on the west to the edge of the lake on the

east slopes at an angle of on one side and 10° on the other, from a point 5,850

feet above sea-level, or 1,200 feet above the bed of the river at Gohna. As the

river bed slopes at about 2^° the dam must be about 850 feet thick at the point

referred to. A section across the valley shows the broken rock rising as two mounds
on the south side to a height of 6,186 feet, and on the north side to 6,305, where it

ends at the foot of a talus sloping at about 40° up to the broken cliff-front of the

mountain ( see Plates II and III). The mounds on either side consist of large

masses of rock, whilst the shallow valley between is covered with a thick layer of

fine mud probably washed down from the higher levels.

13.

The lake in the beginning of March was 2f miles long, i mile wide at the

widest part and covered 370 acres. It is rising at the rate of about 6 inches per day
;

but with the melting of the snows in the hot season the rise will be more rapid.

When full it will, unless a cutting is made, overflow at the point referred to as 5,850

feet above sea-level ; and the stream, rushing down an incline of 11°, will rapidly cut

with increasing head a channel in the mud and loose stones, which cover that portion
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of the dam, until its speed is checked by the reduction of slope and the exposure
of large blocks of dolomite which must occur below at no great depth. It is impos-
sible from mere inspection to estimate the thickness of the soft mud, but from the

rain which has fallen since last September gullies 20 and 30 feet deep have been
cut on the western slope of the dam exposing large quantites of small stones and
blocks of a few tons in weight. If, as I anticipate, the rapid erosion becomes
arrested before 100 feet has been cut there will be preserved above a lake 3 4 miles

long and iij- mile wide, whose destruction by gradual erosion of the dam and
silting up of the basin, though a matter of time geologically considered short, will

be -sufficiently slow for what historically may be called a permanent lake. The
lake view from the dam is the crowning charm of scenery typically Himalayan and
wild ; the steep mountain slopes, partially clad with fir, evergreen oak and gor-
geously-flowered rhododendron, slope steeply down on either side to the blue-green
waters of the lake, whilst to the east Tirsiil and two associated peaks rising over
20,000 feet, with snow-clad slopes andjglaciers, form the back-ground of the picture.

14. Doubtless at several places in the Himalayas, lakes have in the recent past

been formed by landslips, filled, and afterwards cut through by their own streams.

Mr. Oldham has described the very interesting case of Turag Tal near Gonain in

Almora District, which was formed behind a barrier of slipped limestone 250 feet

high. The level of the alluvium in the lake is now within 50 feet of top of the bar-

rier, so the age of the lake is measured by the time required to deposit alluvium to

a thickness of 200 feet.t

15, Whilst the steep slope of the mountains around the lake at Gohna add
greatly to the beauty of the view, they are unfortunately a source of danger to the
lake itself on account of their liability to follow the example of Maithdna and slide

down displacing proportionately large bodies of water. At one spot, a little to the
south-west of the dam and half-way to Durmi, where the dolomites dip in the
direction of the steep slope towards the lake, the hill side may at any time slide in-

to the lake. In 1869, higher up the same valley, a small lake, Gudyar Tal, having
been formed in the same way by a landslip became suddenly nearly filled with a
second slip accompanied by displacement of a body of water which flooded the valley

of the Alaknanda and washed away part of Srinagar, 78 miles below. That this, sooner
Or later, will take place is a certainty ; but when, it is impossible to say. The very
size of the lake, however, will be a safeguard against high floods. Supposing,
for instance, the permanent lake to have an area of 500 acres—I don^t think it will

be less—and a slip of 1 2,500,000 cubic feet occurred—the maximum possibility
near the south-east corner of the dam. Then the water in the lake would rise
12 »5QO>000 12^500^000
500 X 43,560 21,780,000

= nearly 7 inches. There are, however, one or two steep pre-

cipices on the north side of the lake which I could not examine and which might
probably give larger slips. As such an occurrence is most likely to take place after a
long season of rain the rivers will already be flooded and unable to carry any extra
supply. I would suggest, therefore, to the engineers, the advisability of strengthen-
ing and raising the sides of the final outlet at the dam to receive a sudden rise of
a few feet and the high waves which would follow a fall, such as I anticipate, into
the lake. Careful determination by contours of the steep slopes on the northern

(’) Rec. Ceol. Stirv., Xndia, Vol. XVI (1883), ps-g® 164.
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side o£ the lake would give means for estimating the maximum possibilities of such
slips.

i6. Fears have frequently been expressed concerning the danger of the dam
bursting under the hydrostatic pressure of the water accumulating in the lake above.
The sections and map accompanying this note should be sufficiently convincing to

any engineer ; but to remove any doubt concerning the security of the barrier, its

strength may be conveniently compared by a simple calculation to the actual

hydrostatic pressure which it will have to resist before overflow occurs :

—

The point referred to above hs 5,850 feet above sea-level is approximately in

the centre of the dam and lies in its weakest section. To make the problem as

simple as possible, we may consider a section through this point, one foot thick

and 1,000 feet deep—an estimate well beyond the maximum depth of the water

in the lake. ^ Such a section will contain :— x (2 x 1000 x cotan. 11°) =
5,144,600 cubic feet of material. Now, the dam is composed principally of dolo-

mite, varying in specific gravity from the pure material of 2'83 to blocks charged
with iron pyrites up to a specific gravity of 3'6i. There is also an admixture, in

smaller quantities, of pyritous shale (averaging z’yp), and in still smaller quantities

of talc (2*78) ; but pyritous dolomite is in large excess. Taking 2-8 as a very safe

estimate for the average specific gravity of the dam, the weak section referred to
will weigh

—

5jI44)6oci X 2*8 X 62’5 -5- 2,240== 401,922 tons. Further, when the overflow
is about to take place, the horizontal hydrostatic pressure against the section will

be : 1,000 X X 62*5) ^ 3,240 = 13,950 tons.

The weight of the section is thus nearly 29 times the horizontal
pressure of the water. Supposing this section to be free of friction from the sides
and only offers the resistance estimated by its own co-efficient on a bed of the same
material. Now, the angle of repose of a dolomitic talus on the dam is, as stated
before, about 40®, which would imply a co-efficient of friction of 0-839 4o'’)'

The .section would thus require about four-fifths of its otrii weight to move it; that

is to say a pressure of — 32 L 53<5 tons. But as the maximum hori-
zontal pressure of the water will only be 13,950 tons, the weakest section of the
dam is at 23 times the necessary strength. This estimate would, of course,
be still higher, if we took into consideration the weight of the thousands of tons of
dolomitic blocks which rise on either side the weak section and point of overflow.
Finally, the enormous pile of rubbish, weighing quite 800,000,000 tons and lying
in a valley nearly one mile wide, would, if shifted, become jammed into a gorge
only 500 feet wide.

III.-CAUSE OF THE LANDSLIP,
17 - It is easy to trace several causes, which have been for sometime conspir-

ing to the one end of bringing about the catastrophe that has been attended with
such serious consequences at Gohna.

18. Among these the principal, or more correctly the one which gave facili-
ties for the action of all the others, is the dip of the strata towards the gorge.

(*) Since the above was written. Lieutenant Crookshank has sounded the lake obtaining 512
feet as the greatest depth. As it is still 265 feet from the top of the dam, its maximum depth
will be 777 feet.—'r. //. H., May Snd, 18^4.
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Plate I shows the complicated manner in which the beds are crumpled in this

area. At the same time it will be noticed that over Gohna village, the dip of the

dolomites in the south-east direction increases, until in Maithina itself the beds

are inclined in the face of the cliff at an angle of about 45°—50°, and consequently

large platey surfaces are exposed by the fall. As the dip of the rocks is here

greater than the angle of repose of dolomite or shale-slabs, sliding would naturally

take place when necessary facilities are presented. As long as the slope of the

surface does not exceed in angle the dip of the strata, there is no danger of a slip ;

but when, as in this case, the foot of the slope is ‘undermined by the action of a
river and springs, the average slope of the surface is increased and there is a
tendency for the beds lying between the line of slope and the line of dip to slide

off. If the beds are well cemented and only subject to the influence of their own
weight, the surface^lope may greatly ^exceed the dip (and the angle of repose)

before sliding commences.

The influence of the dip of the strata in fashioning the surface slope is also

well-illustrated in the Cheddar valley in England, The river has cut a gorge

approximately in the direction of the strike of the carboniferous limestone, whiGh

dips on both sides of the river at an angle of 15°—-24° S. The south side of the

gorge is an almost perpendicular cliff 400 feet high, whilst on the north side the

slope is only slightly greater than the dip of the beds, which are constantly,

though gradually, slipping down as the river is deepening its valley. Thus,

whilst an almost perpendicular cliff is safe on the south side in which direction

the rocks dip, there is a perpetual slipping on the north side, and no slopo
greater than the angle of repose of the loose blocks would be safe.

19. In the landslip at Gohna not only was the support removed by under-
mining at the foot of the slope, and loosening of the beds, but the beds were
impelled outwards by a series of changes following as a natural consequence of the
processes which destroyed the originally compact nature of the strata. These causes
combined, taking advantage of .the stratigraphical facilities, precipitated the mass
of material which now dams back the Birahi Ganga. Taking these causes in
order we have

—

(r). Those producing a loosening of the strata.
(a) Dolomitizatioti.

(i) Solution by atmospheric waters.

(r) Reduction of co-efficient of friction by wafer.
(2)* Suhstquent changes impelling sirata-in the direction of least resistance^

(a) Expansion of products on oxidation and hydration.
(J) Changes of temperature,

(c) Hydrostatic pressure.

20 . Loosening of the strata.

(a) Dolomlization.^TYi^ change of ordinary limestone into dolomite (which
has only been partially effected at Gohna, see section 9, p. 58) on account of
the lower molecular volume of magnesium carbonate, is accompanied by an
increase of specific gravity from about 273 to 2*83, and consequently correspond-
ing decrease in volume. The vesicular and jointed characters of many dolomites
are probably thus caused, although the visible effects may often be prevented by
pressure

; but even under conditions of pressure, dislocations once produced offer
facilities for subsequent agencies as, for example, removal by solution, or introduc-
tion of other minerals like iron pyrites with which the Gohna rocks are highly charged.



PART 2.J Holland : Report Gohna Landslips Garhwal. 63
21,

(5) Soluiian hy atmospheric waters.—Besides the mere solution adeag joint and
bedding planes—a process inevitable wherever atmospheric waters circulate amongst
such rocks—minerals like iron-pyrites become decomposed and the products o£

oxidation and hydration act as solvents for the production from dolomite of sulphates

of lime and magnesia which are carried away, at once or ultimately, in solution.

Except for these changes combined, I should find it difficult to explain the amygda-
loidal cavities in the dolomiire referred to in section 9 ; and apart from such an un-

usual manifestation of their effects as these cavities, there is no doubt of the rocks

being loosely jointed and channelled in numerous directions. The larg-e cavities

and “ swallow-holes” described by Mr. Middlemiss in the dolomites of Naini Tal

are examples of the changes brought about by the agencies here referred to,^

22.

(c) Reduction of the co-efficientoffriction by water.-^The oo-effioient Of friction

of clay is about I 'o, corresponding to an angle of repose of 45®. The co-

efficient of friction of wet clay varies from 0^25 to 0*31, corresponding to angle of

repose 14°—17° (Rankine). The effect, therefore, of water on a soft bed of shale

is equivalent to lubrication, and doubtless this has occurred in the shales which

underlie the dolomites in the cliff at Gohna. After the season of heavy rain, which

preceded the landslip, the mountain must have been saturated with water, and even

now small springs issue from different parts of the slope (see section 11). The
disastrous landslip at Naini Tal towards the end of the rains of 1880 illustrates this

fact.3 The mass of slush forming the foot of the slip sloped at an angle of 15® up

to where the old Victoria Hotel stood ; from there the drier debris formed a steeper

slope of 25®.

A similar illustration is afforded by the well-known landslip region of South

Devon and Dorset between Sidmouth and Lyme Regis. There the porous creta-

ceous beds resting on the impervious clay-beds of the lower Lias, Rhcetic and Red

Marl, and dipping gently towards the sea, have been pushed over the slippery wet

clays by a hydrostatic pressure which must have been only a small fraction of the

weight of the beds.

(5) Subsequent chctnges impelling strata in the direction of least resistance.

23. The direction of least resistance in this case is of course towards the gorge,

and any sufficient impulse could only be manifested by movement in that direction.

The smallest movement thus becomes a positive contribution to the final condition

for a slip.

24. (<2) Eocpansion of products on oxidation and h.ydrciiion.-~— The sulphuric

acid produced by the oxidation of pyrites would, under pressure and high tempera-

ture, decompose the carbonates of lime and magnesia, and form either anhydrous

or partially hydrated sulphates, which would expand on subsequent more complete

hydration before final removal. This action taking place in sma,ll cracks would

give rise to the production of a number of wedges to dislocate the rocks.^

Although I have mentioned this as one of the causes which brought about disruption

of the originally more compact rocks, I should not imagine that in the present

instance the effects were very serious. Gypsum the final product of the action of

’ Middlemiss. Ree. Geol. Surv., Ind., Vol. XXIII (1890), page 230.

a R. D. Oldham. Rec. Geol. Surv., Ind., Vol. XIII (1880), page 277*

s See also Middlemiss, Rec. Geol. Surv., Ind., Vol. XXIII (1890), page 221. Cal-

careous tufa and gypsum near Naini Tal,
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sulphuric acid and water on carbonate of lime nevertheless occurs in illustration of

the statement.

25. (3) Changes of temperature.—The expansion accompanying the rise of tem-

perature during the summer can only be manifested in the direction of least resist-

ance, and as there is no tendency to return on subsequent contraction during the

low winter temperatures, the result is a gradual “ creep ” in the direction of the

valley. In the Garhwal Himalayas, mountains of the height of those at Gohna are

for sometime covered with snow and frequently subjected to a freezing temperature,

the surface rocks at any rate will therefore suffer the usual effects of frost.

26. (c) Hydrostatic pressure .-—From the upper edge of the slip the hill rises at

the back to a height of 11,109 feet,—a rise of 1 1,109—9,620 = 1,489 feet in half a
mile. As the strata dip in this direction at a slightly steeper angle than the surface

slope, there is every facility for rain water sinking through to exert a hydrostatic pres-

sure due to a column increasing from 1,489 feet to about 1,489 + 5,000 = 6,489

feet in height. As the slip took place towards the end of the rainy season, there is

every reason for including this among the causes which combined brought down
the side of Maithdna.

27. Before closing this note it may be of interest to the general reader to be

reminded of the fact that the folding of the Himalayan range having continued to

times geologically recent, if not still in action, there has resulted a condition of

strain frequently manifesting and relieving itself by earthquakes, and of steep slopes

with rushing torrents, frequently resulting in landslips. When subsequently the

inequalities of level have been sufBciently reduced by denudation, the slopes will be

more stable, rivers less violent and the scenery tamer—a condition of affairs exempli”

fied by the more geologically old-fashioned peninsular portion of India. Water,

the great agent of denudation, has, we have seen, by its chemical and physical

action, been the cause of the landslip at Gohna, and we have still to look for the

effects of the potential energy accumulating in the lake.

IV.—EXPLANATION OF PLATES.

Map I.—Gohna landslip and lake, giving contours at 100 feet vertical intervals.

Scale 1,000 feet = i inch. Reduced principally from the survey

•of Lieutenant S. D’A. Crookshank, R.E. The small- map in the

corner is from Atlas sheet No. 66, N. W., showing the limits of the

basin draining into the Gohna lake. Scale 4 miles = i inch.

Map II.—Map showing the position of Gohna and routes from Hardwar,
Nazibabad and Naini Tal (see section 2). Scale 8 miles = i

inch.

Plate I.—Sketch of Maithana—the broken hill—showing the elevations and
bearings of the principal points along the north side of the gorge.
Sketched from the south side of the dam at an elevation of 6,170
feet (see Map I).

Plate II,—Section across the Birahi Gunga valley and the landslip through
5,850 feet point (A) on the dam (See Map I. and section 12).
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Platie III.—Section along the valley from the old river-bed below Gohna to the

lake (see Map I and section 12). ,

Plate IV.--View looking up the valley (eastwards) from the edge of the lake,

290 feet below overflow point. Tirsdl (23,406 feet) and two
associated peaks over 20,000 feet form the back-ground. Photo-

graphed March loth, 1894.

Plate V.—View from camp near Durmi looking eastwards. The village of

Durmi on the right will be submerged before overflow' occurs (see

Map I). Photographed March loth, 1894.

^

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 19.—Ending 30TH April 1894.

Director's Office, Calcutta, 30ih April

The association of the Survey with the Geological Survey of Austria and the

geologists of that country, which practically began with the appointment of the first

Palaeontologist, Dr. Ferdinand Stoliczka, and was distinguished in 1873 by the

presentation to the then Director, Dr. T. Oldham, and Dr. Stoliczka of gold medals
by the Emperor of Austria, has again been marked by a like gracious bestowal of

gold medals on the present Director of the Survey and Mr. Superintendent C. L.
Griesbach, C.I.E,, in recognition of their services in connection with the carrying
out of the scientific expedition undertaken in 1892* at the suggestion of the imperial
Academy of Sciences at Vienna, to the central regions of the Himalayas, as well as

generally in assisting the palaeontological researches of Austrian Savants in India.

This medal is figured on the annexed plate.

Mr. Grundy, the Inspector of Mines in India, has, during the last three months,
continued an admirably close inspection of the Bengal collieries; in which it is

gratifying to note that he has experienced very earnest co-operation on the part of

the Agents and Managers of the mines. His seasons’ work in Bengal will be
shortly closed, when his office will return to Calcutta. The inspection of the Warora
Colliery, which had been arranged for before Mr. Grundy’s arrival in India, was
finished by Dr. Noetling after his inspection of the collieries in the Salt-Range,
Punjab.

It is as well to state here that during this inspection Dr. Noetling eagerly

seized the opportunity afforded him of continuing the scientific work of the

Department. He visited the lower palaeozoic outcrops of Bhaganwala, Khussak
and Khewra, whence he was able to bring away a valuable and sufficiently typical

collection of the Olenellu^ and JSfeoholus fauna which should clear off much
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of the obscurity still shrouding the definition of the Cambrian strata of the Salt-

Range. Since his retu rn to Head-Quarters at the end of February, he has been

engaged in his proper work at the tertiary fossils of Burma, including the marine
fossils from Minbu and Yenangyat which show, so far, that this lower miocene fauna

has to a large extent a community of facies with the tertiaries of Sumatra and. Java

and those of Western India, though the facies of the latter is the stronger. He is

also preparing a memoir on the vertebrate remains from Yenangyoung.
Mr. Holland returned from his inspection of the Gohna landslip in Garbwal, a

report on which appears in the current records
;
and he has just proceeded to

Naini-Tal to take part in an enquiry by the Department of Public Works of the

North-Western Provinces into the condition of certain landslips in that neigh-
bourhood.

At the end of March, the Director visited Giridih under the guidance of Dr.

Walter Saise, Manager of the East Indian Railway Collieries, in connection witht the

excellent survey of the coal-field lately completed by the latter gentleman, on the

conclusions derived from which the new Jubilee pU on the southern edge of the

field is being sunk to a depth of 650 feet. This will be the deepest coal pit yet put
down in India, and it will bear witness to the admirable reasoning and series of test

borings whereby Dr. Saise was enabled to arrive at an approximate estimate of the

immense quantity of coal yet stored up in this outlier of the main Ranigunj area of
the Bengal coal tract, which is calculated to yield an output of 600,000 tons per
annum for the next 138 years. The want of newer geological maps of these coal-
fields, than those which were prepared, on the only available scale at the time, for
the particular memoirs published in 1863 and 1870, is becoming more and more
felt ; and when so much has been done in the way of helping towards this end as
has been quietly accomplished by Dr. Saise in a map, on the scale of 2^= x mile
with sections, of the Giridih coal-field which has been laid before the Board of the
East Indian Railway Company, and which is to be presented to the survey for pub-
lication ; it would seem as if the time had fully come for the formation of a com-
mittee of Bengal Colliery Managers to move in the preparation of a revised and
enlarged niap of the Ranigunj coal-field. The Colliery Managers would appear
to have quite sufficient data before them in the way of borings and shaft sections
which, combined with their local knowledge, should' enable them to contribute
materiapy to the production of a lasting standard work of this kind. An initiatory
step might be made by supplying Managers with copies of the latest revenue and
other maps of their districts, on which each gentleman could enter all the data at
his disposal according to some settled scheme of geological and mining delineation.The Geological Survey Staff is all too limited for such an undertaking, but by judi-
cious co-operation with a committee of the kind indicated, a great deal mi^lit bedone to effect the desired end. With experienced and long-tried Managers toc oose from, an excellent committee might be formed ; while the project might
also receive additional energy and influence from the Indian Mining Association in
Calcutta, which is the official representative of the coal owners: of Bengal.

also made to the belt of metalliferous rocks of the Transition Seriesm Chota Nagpur, on which for the last few years considerable but almost futileenergy has been expended in an attempt at gold production
;
in view of taking- udtfie mineral survey of the country during the next field season. It was sufficiently
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evident that the relations of the Transitions themselves, and the association of the
metalliferous veins (which are cupriferous, or lead-bearing, or auriferous, as the case
raay^ be, in certain zones) occurring in them, should now be worked out in some
detail, if only to afford guidance in any further endeavours which may be made in
the way of production

; while our mineralogical and geological study of the Transi-
tions will help towards the complete correlation of them with those of Chhattisgarh
further westward, and perhaps also with the Dh^rwdrs of Southern India.

X/>/ of Assays and Examinaiions made in ihe Xxtloratoryi Geological Survey of
India, during the months of February, March, and April, /Sp^.

SOSSTANCK. For whom. Result.

* Specimen of iron ore, from
Khochipura, near Pokhra,
Sihaol Tahsil, Kewah
State.

P. N. Bose, Geological
. Survey of India.

: Specular iron.
Q uantity received, i$lbs.
Contains 31*40 per cent, of iron (Fo)»-
30*57 per cent, of ferric oxide (Fo. O3).

1 Specimen of coal, from the
Sarakdi Colliery, Asan-
sole.

N. A. Hodges, Howrah . Proximate analysis, with calorific power.

X Specimen of coal, from
Ranee^ranj.

John Chambers & Co.,
Singaram Valley Coal
Concern, Calcutta.

Proximate analysis, with calorific power,
and sulphur aetermination.

3 Sf>ecitnens of quartz, with
Iron pyrites and galena,
from Chota Nagpur.

John Martin, Calcutta . Assayed for gold.

3 Packets containing dupli-
cate assay beads, for
weighroent and parting.

C. M. P. Wright, Wun-
tho. Upper Burma.

Weighed, parted and calculated to the ton.

4 Specimens of limestone* for
analysts.

Kilburn & Co., Calcutta Analysed for insoluble residue j ferric oxide
and. alumina; carbonate of lime; and
carbonate of magnesia.,

I Si^iecjmen of coal, from
I/sikha. Southern Shan
State* IJunna.

The Revenue Secretary
to the Chief Commis-
sioner, Burma.

Lifinifo.
Quantify received, 33 lbs.

Moisture . . . . 14*40
Volatile matter, exclusive of

I
moisture . . .41*00

Fixed carbon . . , 36*60
A.sh . . , . .

^8-00

100*00

Docs not cake, but sinters slightly.

1

Ash—light buff.

t Specimen of coal, from
Darjeeling District.

Finlay Muir 8t Co.,
Calcutta.

Proximate analysis.

I Specimen of quartz, with
iron pyrites and galena,
from Chota Nagpur.

John Martin, Calcutta , Assayed for gold.

I Specimen of coal, from the
North Cachar Hills,

Assam.

Finlay Mtjir & Co.,
Calcutta.

Proximate analysis.

.. 'i*
'
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List of Assays and Examinations made in the /Laboratory, Geological Survey of
India, during the months of February, Jkfarch, and April, 18 —concld.

Substance. For whom,

i

Result.

Specimens of stones, from
Shannsunderpore, Bankura
District, believed to be sap-
phires, for determination.

Raja Sou rind ro Mohun
Tagore , C.I.E., Pa-
thuria Ghata Raj Bati.

Almandine spinels.
S. G. = 3*614.
H. =.8;o.
Isotropic.
Specimens, watorworn.

A small piece of mineral
found in the neighbourhood
of the Jabalpur Pottery
Works.

,

Burn and Co., Calcutta. Barytes (heavy spar).

A substance found in Naini
Tal, as an efflorescence on
the surface of the soil, for
determination. '

j

C. H. Holme, Executive
Engineer, Naini Tal.

Crude sulphate of alumina and iron, result
of the decomposition of iron pyrites.

A specimen
,
of nummulitic

limestone from the_ Panir
Tunnel, for determination
of the white stuff in the
stone.

F. E. Robertson, Cal-

1

cutta.

m .

Calcium sulphate Alabaster.

Postal and Telegraphic addresses of Officers,

Name of Officer.

T. W. H. Hughes . • • • • «

C. L. Griesbach . • • 9 • m

R. D. Oldham . . • «

T. H. D. LaTouche • . * * w

P. N. Bose . • • • • m

C. S. Middlemiss . • • m •

P. N. Datta . . • . * •

T. H. Holland . # . • • •

W. B. D. Edwards . « * • *

F. H. Smith m « • •

F. Noetling , • • • •

Hira Tal . . . • « m •

Kishen Singh . . . m f * . •

«

Postal address. Nearest Telegraph
Office.

On furlough . • * aaa

Pishin . . . « • Pishin.

On furlough . * • **

Sukkur • . Sukkur,

Calcutta • . Calcutta.

Ootacamund • • Oatacamund.

Bhandara . • • Bhandara.

Naini Tal . « Naini Tal.

On furlough . * • mm

Harnai . • • Harnai.

Calcutta . • a Calcutta.

Naini Tal . « a Naini Tal.

Quetta • a Quetta.





PART 3.] Donations to the Mtiseum,

DONATIONS TO THE MUSEUM,

From ist February to 36TH April 1894.

A specimen of galena, with quartz and iron pyrites, from Maingays Island, Mergui

Archipelago.

Presented by Lieut. E. J. Beaumont, R.I.M., Calcutta.

A large specimen of quartz, with iron pyrites and gold, from No. 3 shaft, Anundpur,

Singbhoom, Chota Nagpore.

Presented by V. L. 'Rees (J. Mackillicaw & Co., Agents, Oriental

Prospecting Syndicate, Ld., Calcutta).

Five specimens of quartz with iron pyrites and gold, from Chonkpazat Mine, Mawnaing

Township, Katha District, Upper Burma.

Presented by C. M. P. Wright, W’’untho, Upper Burma.

ADDITIONS TO THE LIBRARY^

From ist January to 31ST March 1894.

Titles of Boohs.
' Donors.

Beck, Dr. Ludwig.—Die Geschichte des Eisens. Abth, I. auffage 2, lief. 1—6, and

Abth. II, lief. i.
,

8“ Braunschweig, 1892-1893.

Bronn, Z??'. iy. G.—Klassen und Ordnungen des Thier-Reicbs. Band III), lief. 7—9;

IV, lief. 31.32 ; and V, abth. II, lief. 35—^40. 8° Leipzig, 1893-1894.

Cassino, Samuel E.—I he Scientists* International Directory, 1894. 8° Boston, 1894.

Collins, A.Z.

—

The Ghorband Lead-Mines, Afghanistan. 8®. Pam., London, 1893.

,
The Author.

Ditte, Alfred.’—'L^cons sur les M^taux. Supplement to Fasc. i, and Fasc. 2. 4° Paris

1891 and 1893.

Doelter, Dr. C.—Allgemeine Chemische Mineralogie. 8“ Leipzig, 1890.

Harnisgh, a .—Afghanistan in seiner Bedeutung fur den Volkerverkehr. 8” Pam.,
Weimar, 1891.

Helmert, F. R .—Die Schwerkraft im Hochgebirge Insbesondere in den Tyroler Alpen

in Geodatischer und Geologischer Beziehung. 4” Pam., Berlin, 1890.

Hilgard, E. W.—A report on the relations of soil to climate. 8° Pam., Washington,

1892.

Jannetaz, Ed.', Pontenay, E,, and Vanderheym, Le Diamant et pierres pr^cieuses,

2nd Edition. 8° Paris, 1881-

Kayser, Dr. Emanuel .—Lehrbuch der Geologie. Theil I. 8° Stuttgart, 1893.

Vixi'SLVt.k, Dr. R.Mwd. Truhner, K.—Minerva Jahrbuch der Gelehrten Welt. Jahrgang
III, 1893-1894, 8**

. Strasburg, 1894.

Lyman, B. S.—The great Mesozoic fault in New Jersey. 8“ Pam., New Jersey, 1893.

The Author.
Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the Isle

of Man, for the year 1892. Fisc, London, 1893.

Revenue and Agricultural department.
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Titles of Boohs, Donors,

Niedzweidzki, J.—Zur Geologic von Wieliczka. 8° Pam., Lemberg, 1892.

Paleontologie, Franjaise. ire serie, Animaux Invertebres. Terrains Tertiaires, laiocene

Echinides. Liv. 30-31. 8° Paris, 1894^
Petrino, Otto Freiherr von —Die Entstehung der Gebirge erklart nach ihren

Dynamischen Ursachen. 8® Pam., Wien, 1879.
Return of Mineral Production in India for 1892. Fisc. Pam., Calcutta, 1893.

Revenue and Agri cultural Department,
Return relative to the employment of women and children in the underground workings

of Indian Mines. Fisc. London, 1893.
Revenue and Agricultural Department,

Reyer, Dr, Ed,—Geologische und Geographische Experimente. Heft 1-2. 8° Pam.,
Leipzig, 1892.

Reyer, Dr. Ed.—Ursachen der Deformationen und der Gebirgsbildung. 8" Pam.,
Leipzig, 1892.

Richthofen, Ferdinand F. von.—Festschrift zum Sechzigsten Geburtstag am 5 Mai,
1893. 8® Berlin, 1893.

Roth, ‘fustus .—Allgemeine und Chemische G6ologie. Band III, Abth II. 8° Berlin,
1892,

Rothwell, R. P .—The Mineral Industry, its Statistics, Technology, and Trade,
in the United States and other countries from the earliest times to the
end of 1892. Volume I. 8® New York, 1893.

Simony, Dr. Fr.—Das Dachsteingebiet. Pts. I—II. 4° Wien, 1889.
SiMROTH, Dr. H.— Die Entstehung der Landtiere ein Biologischer Versuch. 8®

Leipzig, 1891.

Stapfp, F. M,—Les Eaux du Tunnel du St-Gothard. 4® Berlin, 1891.

Stoppani, Antoine.—Paleontologie Lombarde, ou description des fossiles de Lom-
bardie. IV. hv. 39-40, pts. i—2. 4" Milan, 1867 and 1881-

Tecklenburg, T.—Handbuch der Tiefbohrkunde. B and I—V. 8® Leipzig, 1886

—

1893.
The Norwegian North Atlantic Expedition, 1876— 1878. Vol. XXII, Zoologie,

Ophiuroidea, by James A. Grieg. 4® Christiania, 1893.
The Editorial Co.mmittee.

Wettstein, ^Die Stjromungen des Festen, Flussigen und GasfSrmigen und
ihre Bedeutung fur Geologie, Astronomie, Klimatologie und Meteo-
rologie. 8® Zurich, 1880.

Wolf, Teodoro.—Geografia Y. Geologia del Ecuador. 8® Leipzig, 1892.
Zittel, • jfiTarl A.—Handbuch der Palaeontologie. Band IV, abth I., lief, 3 8°

Munchen, 1893.

PERIODICALS, SERIALS, etc.
American Geologist. Vol. XII, No. 3. 8® Minneapolis 93.

„ Journal of Science. Vol. XLVI, No. 276 to XLVII, No. 278. 8® NewHaven, 1893.
,, Naturalist. Vol. XXVII, No. 323 to XXVIII, No. 326. 8® Philadelphia

1893-1894. ^

Annalen der Physik und Chemie. Neue Folge, Band L, heft 4, and LI, heft i-2. 8®
Leipzig, 1893-1894,

12



PART 2.] . Additions to the Library.

^iles of Boohs. • Donors.

Annals and Magazine of Natural History. Vol. XIII, Nos. 73—75. 8° London, 1893-
1894. .

.

*

Athenaeum. Nos. 3451—3462. 4° London, 1893-1894.

BeiblMter zu den Annalen der Physik und Chemie. Band XVII, Nos. 11-12, and
XVIII, Nos. 1— 2. 8® Leipzig, 1893-1894.

Chemical News. Vol. LXVIIL'No. 1777, to LXIX, No. 17SS. 4* London, 1893-1894.
Colliery Guardian. Vol. LXVI, No. 1720, to LXVII, No. 1731. Fol.,‘ London,

1893-1894.

Geological Magazine. New Series, Decade IV, Vol. I, Nos. i—3. 8® London, 1893-1894.
Indian Engineering. Vol. XIV, No. 27, and XV, Nos. i-ii. Fisc. Calcutta, 1893-1894.

Pat. Doyle.
Industries and Iron. Vol. XV, No. 1092 to XVI, No, 1103. 4® London, 1893-1894.
Journal of Geology. Vol. I, Nos. 5—8. 8" Chicago, 1893.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science.
Vol. XXXVII, Nos. 224—226. 8" London, 1893-1894.

Mining Journal., Vol. LXII, No. 3042 to LXIV, No. 3053. Fol., London, 1893-1S94.

Natural Science. Vol. Ill, No. 20, to IV, No. 23. 8® London and New York, 1893.

Nature. Vol. XLIX, Nos. 1259— 1270. 4 ® London, 1893-1894.

Neues Jahrbuch fur Mineralogie, Geologic, und Palaeontologie. ' Band I, heft i.

8“ Stuttgart, 1894.

Oil and Colourman’s Journal. Vol. XV, Nos. 161— 163. 4® London, 1894.

Palaeontologische Abhandlungen. Neue Folge, Band I, heft 5. 4° Jena, 1893.

Petermann’s Geographische Mittheilungen. Band XXXIX, No, 12, and XL, Nos, 1-2.

4® Gotha, 1893-1894. The Editor.

Scientific American. Vol. LXIX, Nos. 23—27, and LXX, _Nos. 1—7. Fol., New York,
1893-1894.

„ „ Supplement. Vol. XXXVI, No. 935, to XXXVII, No. 946. Fol.,

New York, 1893-1894.

The Indian Engineer. Vol. XVIII, No. 351, to XIX, No. 362. 4® Calcutta, 1893-1894.

J. MacIntyre.

Tschermak’s Mineralogischeund Petrographische Mittheilungen. BandXIII, heft3— 5.

8® Wien, 1893.

Zeitschrift fur Krystallographie und Mineralogie. Band XXII, heft 4—6, 8® Leipzig,

1893-1894.
Zoological Record. Vol. XXIX. 8® London, 1893.

GOVERNMENT SELECTIONS, REPORTS, etc.

Assam.— Census Report of India, 1891. Assam, Vol. III. Fisc. Shillong, 1893.
Chief Commissioner, Assam.

„ Report on the Administration of the Province of Assam for 1892-93. Fisc.
Shillong, 1893. Chief Commissioner, Assam.

Bengal.— Census of the Lower Provinces of Bengal, 1891. Fisc. Calcutta, 1893.
Bengal Government.

,, Report on the Administration of Bengal for 1892-93. Fisc; Calcutta, 1893.
Bengal Government,

13
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,
Donors.

Titles of BooliS. .

'

,^,1,1.
BOMB^.-Administration Report of the Bombay Presidency for^89J-93.

1893.

Bombay Gazetteer. Vol. XXVI. 8° Bombay, 1893.
^ Bombay Govbrnmektt-

Magnetical and Meteorological Observations made at the Government
” Observatory, Bombay, during 1891 and 1892, with appendix. 4"

Bombay, 1893.

Meteorological Reporter to the Government ov Bombay.

Selections from the Records of the Bombay Government. New Series,

No. 273. Fisc. Bombay, 1893. Bombay Government.

Burma.

—

Report on the Administration of Burma for 1892-93. Fisc. Rangoon, 1893,

Chief Commissioner, Burma.

Central Provinces.—Report on the Administration of the Central Provinces for

1892-93. Fisc. Nagpur, 1893.

Chief Commissioner, Central Provinces

Hyderabad.—Report on the Administration of the Hyderabad Assigned Districts for

the year 1892-93. Fisc. Hyderabad, 1893. Resident, Hyderabad.

India. Administration Report on the Railways in India for i892-93> Part II. Fisc*

Calcutta, 1893. Revenue and Agricultural Department.

Census of India, 1891* General Report. Fisc. London, 1893-

Revenue AND Agricultural Department.

Census of India, 1891. Report on the Census of the District of Ajmere-Merwara

taken on the 26th February 1891. Fisc. Calcutta, 1893.

Government op India.

List of Officers in the Survey and other Scientific and Minor Departments sub-

ordinate to the Government of India in the Revenue and Agricultural

Department, corrected to ist January 1894. 8" Pam., Calcutta, 1893-

Revenue and Agricultural Department.

List of Officers of the Geological Survey of India, corrected to 1st January
1894. 8° Pam. Calcutta, 1894. Government OP India.

Monthly Weather Review for August to October 1893. 4® Calcutta, 1893.

Meteorological Reporter to tub Government op India.

Register of original observations, reduced and corrected, August to October

99

99

99

1893. 4® Calcutta, 1893.

Meteorological Reporter to the Government op India.

„ Selections from the Records of the Government of Ipdia, Foreign Department.
Nos. 307*308. Fisc. Calcutta, 1893. Government op Indi.a.

Madras.—Annual Administration Report of the Forest Department, Madras Presidency,
for the 15 months ending 30th June 1893. Fisc. Madras, 1893.

Madras Government.
Manual of standing information for the Madras Presidency, 1893. Fisc.

Madras, 1893. Madras Government.
Report on the Administration of the Madras Presidency for 1892-93. Fisc.

Madras, 1893. Madras Government,

*4
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Part 2.] Addiiions to the Library

Titles of Boohs. Donors^

Madras.—Selections from the Records of the Madras Government. Vol. IV. Fisc. Madras*
1893. Madras Government.

Punjab.—Administration Report of the Punjab and its Dependencies for 1892-93. Fisc.

Lahore, 1893. Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Adelaide.—Transactions of the Royal Society of South Australia, Vol. XVII, part 2. '

8° Adelaide, 1894. The Society.

Baltimore.—Johns Hopkins University Circulars. Vol. XIII, Nos. 108-109. 4®'

Baltimore, 1893-1894. Johns Hopkins University.

Batavia.—Notulen van het Bataviaasch Genootsch ap van Kunsten en Wetenschappen.
Deel XXXI, Afl. 3. 8° Batavia, 1893. Batavian Society.

,,
Tijdschrift voor Indische Taal-La«d-en Volkenkunde, Deel XXXVII, Afl. 1.

8® Batavia, 1893. Batavian Society. ‘

Verhandeling-en van het Bataviaasch Genootschap van Kunsten en
” Wetenschappen. Deel XLVIH, Nos. 1-2. 4® Batavia, 1893.

The Society.

Berlin. Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XX,
Nos. 8— 10. 8® Berlin, 1894.

Zeitschrift der Deiitschen Geologischen Gesellschaft. Band XLV, heft 3.

8® Berlin, 1894. The Society.

Bologna. Memorie della R. Accademia delle Scienze dellTstituto di Bologna. Sdrie

V, Tome II, fasc. i—4. 4® Bologna, 1894. The Academy.

Brussels.—Annuaire de I’Academie Royale des Sciences for 1892 and 1893. 8®

3”® serie.

Cabn.-

Bruxelles, 1894*

Bulletins de PAcademie Royale des Sciences

XXV. 8° Bruxelles, 1894.

Memoires de 1 * Academie Royale des Sciences,

L, part I. 4° Bruxelles, 1894.

Memoires Couronnds et’ Autres Memoires.

1894.

Memoires Couronnds et Memoires des Savants Etrangers. Tome LII.- 4®

Bruxelles, 1894. The Academy.

Bulletin de la Soci^td Royale Beige de Gdographie. Annde XVII, Nos. 4-5.

8® Bruxelles, 1893. The Society.

-Memoires de la Socidtd Linndenne de Normandie. 2“ serie, Vol. XVII,
The Society.

The Academy.
Tome XXII to

The Academy.;
Tome XLVIII, XLIX, and

The Academy.
Tome XLVI. 8® Bruxelles,

The Academy.

Calcutta.

fasc. 2-3. 4® Caen, 1893.

-Annals of the Royal Botanic Gardens, Calcutta. Vol. IV. 4° Calcutta,

1893. Royal Botanic Gardens.

Catalogue of Books in the Indian Museum Library. 8° Calcutta, 1893.
The Museum.

Journal of the Asiatic Society of Bengal
Nos. i—^4, 8® Calcutta, 1893-1894.

Proceedings of the Asiatic Society of Beng-aU

New Series, Vol. LXII, Part HI,
The Society.

No. X. 8® Calcutta, 1894
The Society.

15
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Titles of Books. Donors.

Calcutta..

-

r^rtOfeedings and Journal of the Agricultural and Horticultural Society

of India, October to December 1893. 8° Calcutta, 1893.

. The Society.

,, Records of the Geological Survey of India. Vol. XXVI, part 4.

8 ° Calcutta, 1893. Geological Survey of India.

„ Survey of India Department. Notes for December 1893 to February 1894.
• -4° Calcutta, 1893-1894. Survey OF India Department.

Cambridge.—Proceedings of the Cambridge Philosophical Society. Vol. VIII, part 3.

8° Cambridge, 1894. The Society.

Cambridge, Mass.—Annual Report of the Curator of the Museum of Comparative
. Zoology for 1892-1893. 8° Cambridge, Mass., 1894.

,
The Museum.

,,
' Bulletin of the Museum of Compargitive Zoology. Vol. XXV, Nos.

. . ,2—-4. 8^ Cambridge, Mass, 1894. The Museum.
CiNCiNNATi.-r-Jptl*'*’^l the Cincinnati Society of Natural History.,Vol. XVI, Nos. 2-3*

•
, 8° Cincinnati, 1893. The Society.

CoFENHAGEi?.—MfEmoires de I’Academie Royale des Sciences et des Lettres de
6“* serie. Tome VII, Nos. 8-9. 8® KJobenhavn, 1893.

• The Academy.
„ Oversigt over det Kongelige Danske Videnskabernes Selskabs For-

handlinger og dets Medlemmers Arbejder i Aaret, 1893. No. a.

8® Kjobenhavn, 1893. The Academy.
Dehra Dun.—Account of the operations of the Great Trigonometrical Survey of India.

Vol. .XV. 4° Dehra Dun, 1893.

Great Trigonometrical Survey of India.

,, Synopsis of the Results of the operations of the Great Trigonometrical

Survey of India. VoL XXXIII. 4® Dehra Dun, 1893.

Great Trigonometrical Survey OF India.

Dublin.—Proceedings of the Royal Irish Academy. 3rd series, Vol. Ill, No. i.

8® Dublin, 1893. The Academy-

„ Transactions of the Royal- Irish Academy. Vol. XXX, parts 5—10.

4® Dublin, 1894. The Academy.

Edinburgh •—Proceedings of the Royal Society of Edinburgh, Vol. XIX. 8®

' Edinburgh, 1893. The Society.

„ Transactions of the Royal Society of Edinburgh. Vol. XXXVII, parts

1—3. 4° Edinburgh, 1893. The Society.

„ See ttish Geographical Magarine. Vol. IX, No. 12, and X, Nos. 1-2. 8°

Edinburgh, 1894. The Society-

„ T ransaettons of the Royal Scottish Society of Arts. Vol. XIII, part 3.

8° Edinburgh, 1893^ The Society.

Florence.—Memorie per Servire Alla descrizione della Carta Geologica d Italia.

Vol. IV, part 2. 4° Firenze, 1893.

Royal Geological Commission, Italy.

Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXIV. 8 Glas-

gow, 1893-
Society.

Gottingen.—Nachrichten von der Konigl. Gesellschaft der Wissenschaften. Nos.

I— 16. 8® Gottingen, 1892. Tfb Society.

16



PART I.] Additions to the Library.

3 seriftj

Donors.

Vol.

Titles of Books.

Lausan ne.—Bulletin de la Socidtd Vaudoise des Sciences Naturelles

XXIX. No. 112. 8° Lausanne, 1893. T**® SociErY.

LifeGE.—Annales de la Soci^td Gdologique de Belgique. Tome XX, liv. 2-3, 8° Li&ge,

1893-1894. The SooiEry.

Liverpool.—Proceedings of the Liverpool Geological Society. Vol. VII, part 1. 8°

Liverpool, 1893. The Society.

London,—Journal of the Chemical Society. Nos, 373— 375* 8° London, 1893.

„ Journal of the Society of Arts. Vol. XLII, Nos. 2143

—

2153 * S® London,

1893-1894.
' The Society.

„ Proceedings of the Royal Society. Vol. LIV, Nos. 326—329. 8° London,

1893-1894.
,

' The Society.

,, Quarterly Journal of the Geological Society. Vol. L, No. 197* London,

1894, The Society.

„ The Geographical Journal. Vol. II, No. 6, and III, Nos. 1—3. 8° London,

1893-1894. Royal Geographical Society.

-Memoirs and Proceedings of the Manchester Literary and Philosophical

Society. 4th series, Vol. Vll I, No. i. 8° Manchester, 1 894.

The Society.

Transactions of the Manchester Geological Society. Vol. XXll, parts

13-14. 8® Manchester, 1893-1894. The Society.

-Proceedings of the Royal Society of Victoria, New series, Vol. V.

8° Melbourne, 1S93. The Society.

Moscow.— Bulletin de la Socidtd Imperiale des Naturalistes de Moscow. Annde 1893.

Nos. 2-3. 8® Moscow, 1893. The Society.

MiiNiCH.—Abhandlungen der Mathematisch-physikalischen Classe der K. b- Akademie
der Wissenschaften. Band XVlI, abth. 3.

4*" Munchen, 1892.

The Academy.

„ Sitzungsberichte der Mathematisch-physikalischen Clause der K. b. Aka-

demie der Wissenschaften. Heft 1-3 (1891), and heft 1-2 (1892).

Munchen, 1891-1892. The Academy.

Naples.— Rendiconto dell, Accademia delle Scienze, Fisi'che e Matematiche. Sdrie II,

Manchester.-

M elBOURNE.

Vol. VII, fasc. 8—12. 4® Naples, 1894. The Academy.

Newcastle-ueon-Tyne.—Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vol. XLII, part 4, with Annual Report

of the Council and Accounts for 1892-93, and List of Council, Officers

and Members for 1893-1894, and Vol. XLIII, part i. 8® Newcastle-

upon-Tyne, 1893. The Institute.

Ottawa.—Annual Report of the Geological Survey of Canada. Vol. V, parts 1-2, with

maps. 8® Ottawa, 1893, The Survey.

Paris.—Annales des Mines. 9“' s^rie. Tome IV, liv. 9 11. 8® Paris, 1893,

Department OF Mines,* Paris.

Annuaire Gdologique Universel. Tome IX, fasc. 2. 8® Paris, 1894.

The Editor.

Bulletin dela Socidtd G6ologig'ue de France, 3““ sdrie. Tome XX, No. 8, and

XXI, No. 3. 8° Paris, 1893. The Society.

Comptes Rendus des Seances de la Soci^te de G^ographie. Nos. 16 18 (1893),

and Nos. I—3(1894). 8® Paris, 1893-1894. The Society.

17
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Titles of Books. Donors.

Paris.— Ministeredes Travaux Publies Carte Gdologiqtie de la France et des Topo-
graphies Soutterraines. 8® Paris, 1893.

Ministers Travaux Publies, Paris-

Philadelphia.—Journal of the Franklin Institute. Vol. CXXXVI, No. 6, to

CXXXVIl, No. 8. 8° Philadelphia, 1893-1894. The Institute.

„ Proceedings of the Academy of Natural Sciences. Part II. 8° Philadel-

phia, 1898. The Academy.
Pisa.—Atti della Societa Toscana di Scienze Naturali. Process! Verbali. Vol. VIII,

pages 233—242. 8° Pisa, 1893. The Society.

Rio de Janeiro.—Annuario Publicado Pelo Observatorio de Rio de Janeiro. Anno IX.
8" Rio de Janeiro, 1S93. The Observatory.

Rome.— Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Semestre II.

Vol. II, fasc. 10—12, and Semestre I, Vol. Ill, fase. i—3. 8° Roma,
1893-1894. The Academy.

„ Bollettino del R. Comitato Geologico d* Italia. Vol. XXIII, Nos. i—4- 8“

Roma, 1892. The Commission.

Sacramento,— California State Mining Bureau. Eleventh Report of the State Mine-
ralogist for the two years ending 15th September 1892. 8° Sacra-
mento, 1893. California State Minino Bureau.

Salem, Mass.—Bulletin of the Essex Institute. Vol. XXV, Nos. 7—9. 8° Salem, Mass-,

1894. The Institute.

St. Petersburg.—Bulletin du Comite Geologique. Vol. XII, Nos. 3— 7, and Supple-
ment to Vol. XII. 8.° St. Petersbourg, 1894, The Commission.

Stockholm.—Sveriges Geologiska Undersolcning.

Series A. a,. Nos. 108-109.

,, ba, bios. I3^^^5*

„ B. b.. No. 7.

„ C, Nos. 1 12 and 1 16— 134.
8° Stockholm, 1 893. Geological Survey, Sweden.

„ Sveriges Geologiska Undersokning. Systematisk Fdrteckning Ofver
Offentliggjorda Arbeten, 1862— 1893. 8° Stockbolm, 1894.

Geological Survey, Sweden.
Sydney.^—Records of the Geological Survey of New South Wales. Vol. Ill, part 4.

4° Sydney, 1893. The Survey.
„ The Macleay Memorial Volume of the Linnean Society of New South

Wales, edited by J. J. Fletcher, M. A. 4' Sydney, 1893.

The Society.
Toronto.—: Fifth Annual Report of the Canadian Institute, Session 1892-93. 8°

Toronto, 1893, Th® Institute.
„* Transactions of the Canadian Institute. Vol. Ill, part 2. 8° Toronto, 1 893.

The Institute.
Venice, —Atti del Reale Istituto Venetodi Scienze, Lettere ed Arti. Serie Vll, Tome

LI, disp.18. 8° Venezia, 1893. The Institute.

Vienna.—Mittheilungen der Kais. Konigl. Geographischen Gesellschaft. Band XXXV.
8® Wien, 1892. The Society-

„ Yerhandlungen der K. K. Geologischen Reichsanstalt. Nos. n— 18. 8°

Vienna, 1894. The Institute.

18



t>ART 2.3 Additions to the Library-

Titles of Books. Donors.

Washington.'—Bulletin of the United States Geological Survey. Nos. 82—86 and 90—
96. 8° Wiishington, 1891-1892. The Survey.

„ Twenty-first Annual Report of the Director of the United States Mint
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On the Cambrian Formation of the Eastern Salt Range. By Dr. Fritz

Noetling, F.G.S., Palaeontologist^ Geological Survey of India,

(With a Plate.)

It is One of the strange features in the Geology of the Salt Range, that the strata

belonging to the older palseozoic age have for a long time been misapprehended,

although they form petrographically as well as palseontologically a conspicuous series

in the eastern part of the range. While visiting the country during the season

1893-94, I had the good luck when studying a section near Baghanwalla to dis-

cover after a long search the first authenticated fossils in the Magnesian sandstone.

Besides Baghanwalla, I was able to study the development of the Cambrian forma-

tion at several other localities between that place and Khewra, which has put me
in the position to give a further contribution towards its interpretation, which to a

certain degree must modify the views hitherto held. I regret that I am unable to'

give a description of the interesting fauna which I collected, but in accordance with

the views of the Director of the Survey it has been decided to send the fossils to Dr.

Waagen at Vienna, who is still engaged on the description of the Salt Range Fossils

found hitherto, in order to enable him to give a more detailed and concise descrip-

tion of this fauna. The way some Cambrian fossils were originally included by

him, among those of carboniferous and permo-carboniferous age, and the manner

in which the question of the Cambrian fauna has eventually got mixed up in the

discussion of the geological results of the study of the younger palteozoic fauna, tend

by no means to render the whole matter intelligible to the student of Salt Range

Geology. I therefore feel obliged, before communicating my own observations, to

review the whole state of this question.

I.— Historical .Summary.

Mr. Wynne^ mentions for the first time the existence of pre-carboniferous

rocks in the Salt Range, which according to the fossils they contained, were con-

sidered of Silurian age. Mr. Wynne specially states “ on the strength of Dr.

Waagen’s determination, who was able to free the internal aspect of a few of the

valves, so as to enable them to be determined as belonging to two species of Ohohis

and Siphonotreia” that the “ Obolus shales ” as they were thenceforth called, were
considered to be of Silurian age. The late Dr. Stoliczka was apparently of the same
opinion as regards the generic position of these fossils (ibid, page 68).

> Geology of the Salt Range in the Punjab. Mem. Geol. Surv. of India, vol. xiv, page 86.
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Professor Waagen, however, in his subsequent book on the Productus Limestone*'

has abandoned the view previously held by him
; and in the preface even strongly

combats the view of the Silurian age of the “Obolus,” or, as he now calls them,
the “ Neobolus " shales. Professor Waagen after having particularly laid stress;

upon the intimate connection of the “ Pseudomorphic Salt-crystal Zone,” the “ Magne-
sian sandstone,” and the “Neobolus bed,” a view which is perfectly correct as we
shall presently see, continues : “ We can fairly say this group follows immediately

below upper • carboniferous beds, and must thus be of lower carboniferous age,

I cannot see anything unreasonable in these deductions
;
and among all possibilities

these seem to me again and again the most probable ones. The palseontological

facts are decidedly in opposition to the view of these beds being Silurian, not a
single species or even genus being identical, and the geological facts, without

straining them in any way, can be interpreted so as to let these beds appear as of

carboniferoms sige.”

I fully agree with Dr. Waagen as to the appearance of the fossils, the chief

forms of which belong to genera decidedly different from Obolus

;

and that, failing

the presence of further fossils of a decisive character, the Silurian age of the
Obolus shales was no longer above every suspicion. On the other hand, I cannot
help noticing the close relationship of the new genus Davidsonella with the genus
OloUlla, Bill. I must confess that I think the genus Davidsonella is so closely

related to Oholella, if not identical altogether, that I would have preferred to have
it included in that genus ; and weighing the evidence thus at hand, I would have
preferred to consider the Obolus shales of Silurian, rather than of Carboniferous age,
for which view there was more support, paleontologically as well as stratigraphi-

•cally, than for the latter one. Paleontologically, on account of a genus from the
family of the Trimerellide, closely related to, if not identical with, Obolelia

; strati-

graphically, because the close connection between the Magnesian Sandstone group,
the Pseudomorphic Salt-crystal group, and the overlying rocks' of undoubted
carboniferous age is nowhere so well developed as Professor Waagen assumes it to
be, and as subsequent, observations have proved.

It is greatly to be regretted that the subsequent discoveries were not made in

time, so as to allow Professor Waagen to amend his views regarding the age of the
Neobolus shales before the publication of "Vol. IV of the Salt-Range Fossils
containing the “Geological Results”; otherwise he would not have been obliged
to modify on page 51 ff. his views expressed on page 45, where he says:
“ The name introduced by Mr. Wynne for this group was simply “ Silurian I

cannot accept this name on several grounds. Firstly, the fossils occurring in the
group, though exhibiting a rather old-looking habitus, cannot, either generically or
specifically, be identified with Silurian, forms ; then even if the beds should yet be
proved to be of lower palaeozoic age, they could never be taken as equivalent to
the Silurian in general, but could no doubt only represent a small part of it

; they
are most intimately connected with the next following Magnesian sandstone, the
Silurian age of winch is also rather doubtful.

“ The fossils found up to the present in the group give no decisive evidence,
but there is some hope that a new search in these beds will furnish more extensive
m^iterials. Pending such new and better information, I abstain here from

‘ Palseontologia Indica, Series xlii, Salt- Range Fossils, vol, i, Productus Limestone Fossils.
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reuttering my formerly expressed, opiniori that these beds were lower carboni-

ferous.

“ In the meantime it will be most advisable to give these beds a neutral name
as “ Dark shaly zone ” or Neobolus beds.”

Dr. Waagen’s modification on page 54 is as follows :

“ With regard to the lower series, there has been detected in the meantime not

only the great discordance, which cuts just through the middle of the division, but

just while I write these lines I have a letter from Dr. Warth announcing the discovery

of Trilobites in the Neobolus beds—specimens which seem to be nearly related to

ConocephaliUs. Thus it is no longer possible that the beds below the great

unconformity which are of Permian and topmost Carboniferous age, should form one

series with the more recent strata above that unconformity, and, therefore, the Lower
Series (Productus Limestone) of former times will have to be cut up into two.^’ ^

The discovery of the Trilobites in the Neobolus shales made a fresh discussion

of the age of that group necessary and on page 9,1 ff. Professor Waagen gives his

final views as to the division and age of the pre-carbonifercus rocks. He divides

the Lower Palseozoic series into two groups in descending order, viz.:

Cz Red shaly zone (Salt-crystal Pseudomprph Zone
2. Mag'nesian Sandstone group J

Wynne).
j2 Magnesian sandstone,

• (1 Dark shaly zone (Neobolus beds).

J

4 Upper Purple Sandstone,

3 Rock salt and red gypsum group.

2 Grey gypsum group.
I Lower Purple Sandstone,

Professor Waagen further remarks, that the most important of these sub-divi-

sions, from a palaeontological point of view, is the Neobolr.s bed, but that the

demarcation of the sub-group is not very easily drawn, though its lower limit against
the Purple sandstones of the preceding group Is somewhat better defined than the
upper one towards the Magnesian sandstone.” -

A list of fossils, chiefly Brachiopoda, is then given, numbei'ing nine species
altogether; to which is added the description of the species collected by
Dr. Warth numbering 2 species of Trilobites, 3 Gastropods and i Brachiopod, thus
bringing the number of the fossils found in the Cambrian of the Salt-Range to 14
species altogether.

In connection with this fauna the age of the strata is discussed, apd Professor
Waagen eventually (after having remarked that the head of a Trilobite, which had
been found by Mr. Middlemiss at Khussak in beds above the Brachiopoda strata of

the Neobolus beds, undoubtedly represented an adopts the following
se<tuence of the faunas as represented in the Cambrian formation of the Salt
Range:

4- Olenu.? fauna.

3. Paradoxides fauna*
3, Olcnellus fauna-
1. Neobolus fauna.

’ By a misprint this passage says exactly the opposite of what the author wanted to
express; the beds belo'w the • great unconformity are not of Permian, but of older aj>o. If we,
however, substitute the word above*’ for the word ‘‘below” and further on read: “ with tlic
strata below that unconformity” instead of “ with the more recent strata above that uncon-
formity the author’s views become quite clear.
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I regret to say that I cannot agree with Professor Waagen in this view of the

sequence of the faunas, which, quite apart from the palseontological, is certainly not

borne out by the facts from a stratigraphical point of view, as 1 shall point out

later on.

As it appeared that the exact locality where Dr. Warth had first found the

trilobites couid not be traced again; a party, consisting of Mr. Middlemiss and

Mr. Datta, wentup to the Salt Range to verify Dr. Warth’s find. Mr. Middlemiss was

lucky enough to find at Khussak fort hill, besides other fossils, some exceedingly

well-preserved Erachiopoda and numerous fragments of Trilobites. Mr. Middle-

miss’- has given an exceedingly clear and correct section through the Neobolus shales

at Khussak, locating the beds containing fossils in such a distinct way that they can

be easily recognized again.

11.—The Geological ^Division of the Cambrian Formation.

My time being rather limited, I devoted my attention chiefly to the study of the

fossiliferous Neobolus shales, with no further object originally, than my own
information ;

but when in the course of these studies I found that the Neobolus

shales were intimately connected with the Purple sandstone below, and the Magne-

sian sandstone above, I extended my investigations to these two groups also. As I

' had not, however, sufficient time to spare, I could not go into such details regard-

ing the last two groups as I have done with the Neobolus beds ; and the sections

presently described deal chiefly with the structure of this series, and to some extent

with that of the Magnesian sandstone, while no'details are given regarding the Purple

sandstone. However, one of the principal facts I elicited was, that there exists no
sharp well-defined boundary between the Purple sandstone and the Neobolus beds
(see section in Khewra gorge), the dark red or Purple sandstone passing gradually

by light coloured passage beds into the Neobolus beds. This proves that there is

no justification for dividing the lower Palseozoic Series of the Salt Range into two
distinct or equally important groups. Of course the Purple sandstone will always
have to be separated from the Neobolus beds

;
but I do not think that the two-fold

division can be upheld. I, therefore, propose the following sub-division of the Salt
BAnge Cambrian, in descending order :

—

4. Bhaganwalla group, or Salt-crystal pseudomorph zone.

3. Jutana group, or Magnesian sandstone.
2. Khussak group, or Neobolus beds.

I. Khewra group, or Purple sandstone.

formation might be called the Punjab Province of the Cambrian forma-

The Khewra group or Purple Sandstone.

There still remain some most interesting problems in the Geology of the
Salt Range connected with this group; but not having studied its features in
detail, I do not venture to express a decided opinion. All I can say is that from
what I have seen, I fully agree with the hypothesis promulgated by Mr. Middlemiss,

' Records, Geol. Surv. of India, vol. xxiv, page 24.

The whole
tion.
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regarding the quasi-intrusive nature of the salt-marl
;
and that I thus no longer

consider it as an inseparable member of the series of sedimentary rocks forming
• the Cambrian strata of the Salt Range. I do not want to dwell here on the origin of

the salt-marl, this hypothesis having been so ably discussed by my colleague,

Mr. Middlemiss ; all I desire to say is, that having accepted the above hypothesis
as a most probable one, the salt-marl must be excluded from the series forming
the lower part of the Cambrian formation in the Salt Range.

Professor Waagen distinguishes four sub-divisions in his Purple sandstone
group, one of which has already been eliminated, namely, the Salt-marl. As regards
the other three, I agree with Mr. Middlemiss, who is of the opinion that Professor

Waagen’s so-called lower Purple sandstone might much more easily be explained
as an inversion of the overlying Purple sandstone. There remain, therefore, only
the two upper members of Professor Waagen's sub-divisions; as to the lower of

which I am not in the position to give a definite decision regarding its existence,

because, as already pointed out, I have not so carefully studied the Purple
sandstone group as those higher up. Until further evidence is to prove the

contrary, we may therefore assume that the Khewra group consists of two
divisions, the upper of which is formed by the “Purple Sandstone Group” of

Wynne.

For details regarding this group I must refer the reader to Mr, Wynne’s able

memoir on the Geology of the Salt Range. All I can say here is that I frequently

found ripple marks, and that it seems to me that the Purple Sandstone gradually
thins out towards west. It is certainly not so well developed in the western as in

the eastern part of the Salt Range. So far no fossils have been discovered.

Mr. Wynne states that the thickness Of the Purple Sandstone varies from 200
to 400 feet.

2. Khussak group or Neobolus beds.

The series immediately following the Khewra group has, from the earliest

times, attracted the attention of the geologists working in the Salt Range, not only on
account of the marked way in which the dark shales of this group contrast with the
'dark red of the Purple sandstone below, and the light cream or ochre colour of the
Magnesian sandstone above, but also because they are, whatever their real age may
be, certainly the oldest formation in the Salt Range containing fossils.

The Khussak group consists of a series of more or less light cream-coloured
Dolomites or Dolomitic sandstones in thin layers, alternating with thick beds of
dark purple to black shales. The latter being generally preponderating, the
appearance of this group is that of a dark-coloured band running along the slope
of the hills, and distinctly visible at a great distance. It is intimately connected with
the Khewra as well as with the Jutana group, although its boundaries are always
well and sharply defined. Mr. Wynne states that the thickness of this group varies
from 20 to 150 feet. There is no doubt that the Khussak group reaches its chief
development in the eastern part of the Salt Range, where it attains its greatest
thickness, and then gradually thins out towards west. I was unfortunately un-
able to visit those localities west of Khewra, where the Khussak group begins to

die out ; and the study of the conditions in this part must be left to the future.
It will be highly interesting to follow the gradual changes of the Khussak group
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from east towards west, but for the purposes of that we must first study its typical

development in, the eastern part of the Salt Range. The detailed sections which I

give further on have proved that the Khussak group may be divided into five

sub-divisions, which, although their local development varies greatly, are easily

recognisable as such from the position which they invariably hold in the sequence

of the beds, and from their fossils. These five sub-divisions are in descending

order :•

—

V. Zone OF Olenellus sp.—Dark compact shales thinly bedded, and subcocretionary,

micaceous, but not glauconitic, containing numerous specimens of Brachia-

pods probably belonging to the family of TrimerellidcB, and fragments of

Tfilobitest probably belonging to the genus Olentfllus at some localitiea; at

others dark purple soft Sandy shales without any fossils. Thickness 15

to 18 feet*

IV. Zone Of NeobOlus WARTHI.—Thin bedded purple sandy and micaceous shales,

full of Neobolus warthi Waagen. Thickness appoximately 15 feet. This

zone is separated from the preceding one by a band of hard glauconitic

sandstone of about 2 feet in thickness, which, notwithstanding its small

thickness, is very constant.

ill. Upper Annelid Sandstone,—A series of hard cream-coloured sandstones, flaggy

and glauconitic, alternating with soft dark and shaly layers. Thickness about
40 feet. According to Mr. Middlemfss, the top layer of this sub-dlvIsion con-
tains many “ broken shells *' at Khussak fort hill, which I, however, Could
not discover again.

II. Zone of Hvolithes wynnei.— Dark purple shales with green patches, lumpy
and very brittle. Thickness about i o feet. Contains numerous specimens tif

Nyolithes -wynnei Waagen, besides Neobolus (?) sp. and fragments of small
Trilobiics.

I. Lower Annelid Sandstone.—A series of hard cream-coloured glnuconitic
sandstones,alternating with darker shaly partings or soft sandy beds. Except
one isolated specimen of Nyotithes and some bi-valves.'the name of which
is not known to me, ijo other fossils have so far beem discovered. Thn
sandstone, however, is full of those worm-like traces, which are considere*!
as the tracks of annelids. Approximate thickness about 50 feet.

Zone V varies very much in its petrographical aspect, and at such
places where it is typically developed as on the west side of the Bhaganwalla
ravine, the southern slope of Khussak Fort Hill, or the western branch of Khcwni
glen, it forms two beds of dark shale separated by a light cream-coloured micaceoim
shale. The dark shale is hard, sub-concretionary, thinly bedded and coiitaina
numerous fossils, which to my knowledge are the same in both layers.

When not typically developed as in the eastern branch of Khewra glen, 01
the north slope of Khussak Fort Hill, or Bhaganwalla Fort Hill or numermi.s odier
places, it consists of soft dark purple sandy shales containing no fossils. The most
striking instance of this facial development may be seen at Bhaganwalla, where
on the right side of the ravine, this zone shows its typical development, while just
opposite on the other side it shows its abnormal facies. We mu.st therefore
suppose that at the time of its deposit, at some particular parts a dark clay was
deposited which formed the habitat of a fauna though small in species, numerous in
individuals, while at other places a sandy soft clay of dark purple colour was
deposited which presented unfavourable conditions for the existence of this fauna.*'
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The different facial development of this zone is a good deal responsible fox the

erroneous - view of the sequence of the faunas as given by Professor Waagen.

Professor Waagen was not in the favourable position of having his paleontological

conclusions supported by a carefully-worked-out section j he having only such vague

terms as ‘^glauconitic sandstone or dark shales to guide him ; and

it is only too natural, that without knowing their relative position a mistake would

occur. It is to be regretted that the first observer. Dr. ^^arth, was unable to specify

the position of the strata in which found the Trilobites, otherwise this misundei-

stantling would never have occurred.

I have now to deal with the distribution of the fossils, as deternuned by E^rofes-^

sor Waagen, throughout the subdivisions into which I have divided the Khussah
group. I confess that this is rather risky, and I am quite prepared that one or an-^

other mistake will take place, but considering that Professor Waagen constructed the

sequence of the faunas in the Khussak group on the fossils as determined by him, I

must take the risk.

However we have the following facts to guide us i—
1, Neobolus warthi^ Waagen and the closely related form Neoholti^s fmynnei^ Waagen

do not from what we know at present ascend higher than ^a:on©

They may probably occur in the lower subdivision, but to my knowledge
Neobolus warthi characterises zone IV.

2. Olenellus sp. is restricted to zone V at the top of the Khussak group.

On page 92 of his memoir, Professor Waagen gives a list ®f fossils^ stating that

they come from the dark shales at the base of the group. They axe the following

species :

—

1. Discinol^pis granulata^ Waagen,
2. Schissopholis T'ugosa* Waagen.
3. Neobolus mcirthi^ Waagen.
4. ft mynnei, Waagen.
5. Lakhmina ling ulaides. W^^gen sp,

„ squama. Waagen sp,

7, Lingula kturertsis. Waagen.
8, ,, *m€iTthi. Waagen,
9, Fenestella sp, indet, Waagen.

Altogether nine species. I refrain from expressing my views as to their specific

independence, but I think that even Professor Waagen will agree with me that

tbe I)ic(yonema-\TXz& fossil can no longer be considerd a JPenestella, From personal
examination of these fossils I can however fix their position so far that I am
convinced that they do not come from zone V, the character of the rock still adher-
ing to them proves that they must come from one of the lower zones, most probc^hly
from zone IV.

As regards the fossils mentioned on page 104, the following are from the
glauconitic sandstone :

—

Olenus (?) in^dictis. Waagen
Trilobitea gen. et. sp. indet.

Hyolithes khussakensis. Waagfen.

All I can say is that, to judge from the character of the rock, these fo.ssils may
come from any horizon in the zones I to III, even IV

;
most probably from zone

III
;
they certainly do not come from zone V.
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As regards the fossils from the dark concretionary shales, viz ,:

—

Conocephalites •marihi, Waagen.
Trilobites gen. et sp. indet,

Hyolithes wynnei. Waagen.
Ofthis *aarthu Waagen.

we may at once say that the term dark concretionary shales is as ill-chosen
as possible, and would lead to serious misunderstandings. Hyolithes wynnet is

imbedded in a rock of purple colour, differing^ in no way from that in which the
first-named fauna of brachiopods was discovered. The other three forms come,
certainly from a light coloured rock, and Dr. King's doubts as to thg exact horizon
of Conocephalites warthi Waagen are fully justified. If my views are correct
Hyolithes wynnet is chiefly found in zone II, although it may ascend higher up,
while Conocephalites warthi and the two other forms may come from any of the
bands of cream-coloured glauconitic sandstone that occur in zones I to III.

Now the result of this criticism is,- that the faunas do not exist in the sequence
as depicted by Professor Waagen

;
if we still adhere to the combination as given

by him, the sequence of the faunas in descending over would be

—

Neobolas fauna,

Olenus fauna,

Conocephalites fauna,

if we take the Trilobites as the representatives of the respective faunas. V/e would
therefore have quite •the inverted order in nature from that given by Professor
Waagen on page io6, where he gives the sequence of the faunas as

—

4. Olenus fauna.

3. Paradoxides fauna.^

2. Olenellus fauna.

1. Neobolus fauna.

Now we further know that whatever their respective sequence may be, all the
three faunas ; Neobolus, Olenus, and Conocephalites are l>elow the Olenellus fauna,
and the real sequence of the faunas would be in descending order.

4. Olenellus fauna.

3. Neobolus fauna.

2. Olenus fauna.

I. Conocephalites fauna.

Such a succession of faunas in the lower Cambrian would however be against
all experience if we suppose that the Conocephalites fauna represent the Paradoxides
fauna, and if Olenus (?) tndtcus is really an Olenus, As we however know for
certain that

(a) the fauna in zone V, as represented by the Oelnellus fauna, forms the top of
the Khtrssak group •

* ^

(b) the Neobolus fauna (zone IV) is older than the Olenellus fauna
;

(c) That the two Trilobites determined as Olenus (?) indicus and Conocephalites
warthi mnst come from beds that are either older than the Neobolus fauna
(zone IV), or at the outside contemporaneous with it

* Professdr Waagen considers the Conocephalites fauna as the equivalent of the Paradoxides
fauna of Europe.
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we must come to the conclusion that the two Trilobites, determined as Olenus (?)

indicus and Conocephalites warihi, do not belong to the genera they are supposed

to do, and’ that the two faunas, if they really exist as such, represent a perfectly

difPerent horizon from what they were supposed to do by Professor Waagen.

Here we will have to wait for future discoveries to throw some light on this rather

vexed question.

All that we can say with certainty for the present is, that at the top of the

Elhussak formation a fauna occurSj,. which is most likely the equivalent of the

Olenellus fauna of other countries, while for those faunas below it, no represent-

ative can be found in the- Cambrian strata of other countries.

Professor Waagen’s view that the strangeness of the fauna of the Neobolus

shales may be explained by the fact that it is older than any other Cambrian
;

fauna, is therefore fully confirmed by the above arguments, only not quite exactly

in the way he was led to conjecture. Until proved otherwise, the following species

as representatives of the Neobolus fauna must therefore be considered as some of

the earliest forms of animal life, viz .:

—

Neobolus

Neobolus
Hyolithes wynnei^ Waagen, ,

Besides which there existed undoubtedly a rich fauna of various species of

annelids which left their traces in the shape pf various tracks on the surface of the

sandstones.

3. The Jutana or magnesian sandstone group.

No more unfortunate name could have been selected for this group than “Mag-
nesian sandstone.” According to the analysis of its author, Dr. Fleming,^ it is a

dolomite with an admixture of quartz sand. A specimen of Magnesian sandstone

will resemble any other rock but “sandstone." The term Magnesian sandstone

having however been adopted in all the papers dealing with the geology of the

Salt Range, it would be inopportune to change it now.

The Jutana group is naturally divided into five subdivisions, which, although of

nearly the same petrographical habitus, are easily distinguished from a long distance

even. The subdivision is produced by the occurrence of shaly, thinly laminated

beds which easily weather and crumble to pieces, thus forming gently inclined

sloping terraces between the bold cliffs below and above. The sketch of Jutana

glen (see Plate i) gives a very fair idea of the natural appearance of this group.

Hitherto the Jutana group has been considered unfossiliferous, except the

highly doubtful specimen of Sigmodus duhius, Waagen, which, in all probability

does not come from the Magnesian sandstone at all : I was, however, lucky in dis-

covering the firstfossils which certainly prove the faunistic connection of the Jutana
group with the older Khussak group.

When going up the Bhaganwalla ravine, I noticed that the surface of a thin

band of hard limestone was covered with some fossils ; unfortunately I could, only

secure without blasting, a fairly-sized piece
;

this, however, was sufficient to prove
that they represented a species of the genus Sienotheca. On my return, comparing

1 See Wynne’s memoir, page 88.
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it with other species, I could not help noticing the great likeness with Stenotkeca

rugosa, var, aspera^ Billings^ If my view is correct, this species would forrn a
proof for the lower Cambrian age of the Magnesian sandstone.

Besides this form, I found in a thin bed of rather hard clay, resembling very

much the dark shales of the Olenellus-zone, but being of light brown colour, about

50 feet above the base of the Magnesian sandstone, some brachiopods, in one
of which I think I recognize a Lingulella, Another one resembles very much
Schizopholis rugosa, Waagen, but I leave it to Erofessor Waagen to confirm these
views or not. Anyhow it seems to me that the lower part of the Magnesian sand-
stone group at least must also be considered of lower Cambrian age.

As already pointed out, ihe changes in the composition of the rocks produce a
natural division in this series ; in descending order we may distinguish the following
subdivisioEts, as coming in numerically over the five zones given in page ;

—

X. Upper Magnesian sandstone.—The same as the middle Magnesian sandstone

,

and forming like that a bold cliff : thickness 30 to 40 feet.
IX. Upper passage beds,— Petrographically apparently the same as the lower passage

beds, and like those forming a gentle slope ; thickness about 15 to 20 feet,
VIII. Middle Magnesian sandstone.—A series of thickly, bedded grey dolomite

forming bold inaccessible cliffs : thickness about 60 feet.
VII. Lower passage beds,

—

A series of thinly bedded laminated sandy dolomite alter-
nating with beds of greenish clay

; the planes of the sandstone are some-
times micaceous and covered with tracks of annelids. Approximate
thickness 20 to 25 feet. The outcrop generally forms a gentle slopo.

VI. Lower Magnesian sandstone.—This subdivision may again be divided into two
parts; the lower one consisting of thinly bedded layers of dolomite or
sandy dolomite, separated by thin layers of clay, and terminating in a bed
of brown hard clay, which contains brachiopods, although not very frequent-
ly. In the lower parts pisolitic beds are frequently met with, and on the
plane of one bed at. least, Stenotheca sp, is pretty common. The upper por-
tion consists chiefly of thickly bedded dolomite of grey colour. The lower
part Sometimes forms a sort of a slope, while the upper part stands Out in a
bold cliff. Approximate thickness 100 feet.

The above division can be recognized everywhere in the eastern part of the SaltRange, but it seems that already at Khewra the subdivision X, the upper Matr-
nesian sandstone, has disappeared. Anyhow I could not trace it in section I de-scribed in detail below. Now whether it really did not exist in that part orwhether it has been denuded afterwards is a question that must remain open for die
pres-ent As we know that the Magnesian sandstone gradually disappears towardsthe west. It IS not quite improbable that the Upper Magnesian sandstone, as noticednear Bh^ganyyaUa Q,r Jutana, has aljeady disappeared at Khewra. It would behighly interesting to follow the continuation of the Magnesian Sandstone west ofKhewra, and to record in detail the changes that take place in its structure Tam fully convinced that this would result in some remarkaL discoveries

‘ ^

4- The Bhaganwalla group or Salt-Crvstal Pseodomorph group,

_ With reference to this group, I must refer the reader to Mr. Wynne "s andPmfessor_ Waagen s papers, as I have not devoted much time to its stu^, bu!

cjtofi lower Cambrian or Olenellus 7onoStetes Geological Survey, Tenth Annual Report, 1888-89, page 617, fig. 3.'
United
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several things seem to me beyond doubt. It is certainly most intimately connected

with the Magnesian sandstone below, the flaggy layers can hardly be distinguished

from the dolomite below. It is further certain that it dies out rapidly to the west

and although still well developed at Khussak, it has nearly disappeared near

Khewra. No fossils have yet been found in this group.

I may here mention that at Khussak the top beds of this group have been worked

up in such a way by the boulder clay that boulders are kneaded into it, while flakes

of the Bhaganwalla group have been taken up and imbedded in the boulder clay.

No further instance is required for the striking unconformity above the Bhaganwalla

group, which was first noticed by Mr. Oldham.^

III.

—

Detailed Sections.

Section I. In Khewra glen, just above the masonry wall damming up the

valley, western branch, in descending order.

17, Magnesian sandstone^ thickly bedded, standing out in a bold cliff, approximately

60 feet.

,

z6* „ very shaly and thinly bedded, forms a sloping escarp-

ment 20 feet

75. ,, thickly bedded and shaly towards the base, about 100 feet,

forms a conspicuous cliff,

14. Dark blue hard shales^ micaceous, but not glauconitic
j
thinly bedded, to some

extent concretionary ; thickness about 15 feet. Obolella (?) sp. rare,

/j. Cream-coloured sandstone^ hard and flaggy in thin beds, 2 feet in thickness.

Dark purple shales^ occasionally with green patches
;

brittle and lumpy, very

sandy glauconitic only to a small degree; 15 feet in thickness. Neobolus
*w€trthi Waagen, very common,

i/, Light cream-coloured sandstone^ very glauconitic
;
formed by a series of harder

beds . alternating with softer layers, terminating in a well-defined bed of

about 24 feet in thickness of very hard ereatif^coloT^ Magnesian sand-
stone. Total thickness about 20 feet.

20. Dark purple shales^ lumpy and very brittle ; very glauconitic; numerous tracks

of annelids
;
10 feet in thickness-

Q. Dark purple sandstone^ with lighter patches, micaceous and very glauconitic, 4 feet,

5, Cream-coloured sandstone^ with purple patches, very glauconitic, 15 feet.

7. Dark greyish-green sand^ with purple patches, 20 feet
;
the clayey beds getting

thicker towards the top, where they alternate with irregular layers of cream-
coloured sandstone, which become honeycombed or cellular where exposed.

6r Greyish green sandy shales^ 15 feet, the same as No. 4, but dark purple patches
occur frequently.

5. Dirty green^ coarse sand, 2 feet I o inches.

4^ Greyish-green sandy shales, 12 feet 3 inches in thickness, The shale is thinly

bedded, and consists chiefly of thin layers of brittle sandstone alternating
with equally thin beds of clay. Numerous impressions of Annelid-m^t^^ on
the sandstone,

3. Light coloured conglomerate, 2 feet in thickness.

2. Greyish-green shale, 2 inches in thickness, which is followed by,—
2. Purple sandstone in thick beds, approxifnately not less than 200 feet in thick-

ness
;

the top layers gradually get lighter and eventually change into a
cream-coloured coarse layer which terminates the purple sandstone.

^ Records, Geological Survey of India, VoL xix.
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Owing ta the inaccessibility of the cliffs, the upper part of the section could not

be measured, and the thickness of the different strata is only given approximately.

The various beds, of which the above section consists, which form a bold cliff

in the upper part of the Khewra glen, can be divided into three larger groups,

representing in descending order

—

C. Magnesian sandstone approximately 1 8o feet in thickness.

B. Neobolus shales ’ „ 140 „ „

A. Purple sandstone „ 200 „ „

The above three members of the Cambrian formation of the Salt Range are so

clearly visible from a long distance even, that they cannot possibly be mistaken, and
although if examined closely, they gradually pass into each other, there is not the

slightest doubt as to the actual boundaries.

It now remains to be seen whether we are able to trace well defined sub-

divisions in the above section. As regards the purple sandstone or Khewra group,

I did not try to sub-classify it, but as regards the Khussak and Jutana group

(Neobolus shales and Magnesian sandstone), some exceedingly well defined sub-

divisions can be jnarked out.

In the Jutana group we can distinguish three subdivisions, viz.y in descending
order :— .

VIII. Middle Magnesian sandstone hard and thickly bedded; thickness about 60

feet.

VII. Shaly intermediate layer, with numerous annelid-tracks, about 20 feet.

VI. Lower Magnesian sandstone, shaly and thinly bedded in the lower, thickly

bedded in the upper part
;
forms a bold cliff. Thickness about 100 feet.

In the Khussak group we can distinguish five sub-divisions, which are well

defined and which can be seen from a long distance, by either forming bold cliffs

or gently sloping escarpments. In descending order, the subdivisions are as fol-

lows :

—

V. Dark black shales ; zoae oi Olenellus sp. Thinly bedded and sub-concretionary
;

micaceous but not glauconitic. Forms a gently sloping terrace. Thick-
ness about 15 feet.

IV. Dark lumpy and brittle', zone of Neobolus warthi, Waagen •, thick-

ness 15 feet, separated from No. 5 by a bed .of cream-coloured sandstone

(Nos. 12 and 13 of the above section).

III. Glauconitic sandstone. A series of more or less flaggy, hard cream-coloured,

glauconitic sandstones, alternating with clayey layers. Thickness about 20
feet. No fossils except annelid marks.

II. Dark Purple shales, lumpy and brittle, micaceous
;
to feet

;
no fossil remains except

annelid-tracks
;
generally forms a gently sloping terrace. No. 10 of the

above section.

J. Glauconitic sandstone, a series of cream-coloured sandstones which are slightly

darker towards the base, alternating with softer sandy layers of generally

darker colour. Thickness about 50 feet, excepting annelid-tracks, no organic

remains. Includes in the above section the beds from No. 2 to 9 inclusive.

Section 2. In Khewra glen, just above the masonary wall damming the valley,

eastern branch.

In the eastern branch of the Upper Khewra glen, the Jutana group ca'n be
studied a little more in detail, as owing to the northerly dip the strata composing
this group_ were brought within reach. As the beds forming the Khussak group
(Neobolus shales) are exactly the same as in the western branch of the glen, except
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that bed V (dark shales upper layer) is more likebe'd IV in its petrographical habitus,

it is unnecessary to reiterate them again. The Jutana groujp consists of the following

beds in descending order ;

—

5. Cfearn-coloured hard dolomite^ in thick beds
;
forms always bold cliffs.

.
4^ Thinly bedded^ fl<^SEyy cream-coloured * dolomite^ with numerous tracks of

annelids on the parting planes, separated by thiu layers of greenish clay:

generally forms a gently sloping terrace.

3, Cream-coloured hard dolomite in thick layers, separated by thin beds of

greenish clay. No fossils. Thickness about 70 feet.

2. Dark shalCy pretty hard, thinly bedded and sub-concretidnary
;

contains TAn-^^

guella sp. ^ in small numbers. Thickness i foot 6 inches. This bed forms

such a distinct parting in the lower magnesian sandstone, that, notwith**

standing its very small thickness, it can be seen from a long distance.

1. Cream-coloured hard dolomite^ in thin flaggy layers separated by thin

layers of greenish clay. Thickness 2$ feet.

Section 3. At Khussak Fort Hill, Southern Slope*

The lower part of this section could not be studied in detail, owing to the

steepness of the slope which rendered it inaccessible. Mr. Middlemiss" section

V forms the top of this section
; in descending order :

—

MagneHan sandstone^ in thin beds.

2/. Darky hard shale^ thinly bedded and sub-concretionary, with numerous specimens

of Obolella (?) sp. and fragments of Trilobites. Thickness 3 feet 8 inch.

20. a. Dark grey, streaky, soft sandstone thinly bedded, thickness 1 foot 4 inch.

b. Light grey, thinly laminated, micaceous sandstone, in which darker streaks

alternate with lighter ones, 3 inches.

r. Dark brown coloured, thinly laminated, micaceous sandstone, which gradual-

ly passes into the next bed
;
thickness 3 inches.

p. Dark shale ^ thinly bedded, but hard and fissile; micaceous, contains fragments

of Olenellus sp- and Obolella (?) sp. Thickness 2 feet 9 inch.

S. Glauconitic shale^ *6 inch,

7. Glauconitic sandstone^ thinly IdimmeiteAy % iixch, ^

d. GlauconitiCy soft sandsioneynXtQxneXing with layers of hard, cream-coloured sand-

stone. Thickness 4 feet.

5* Glauconitic sandstone^ very hard, 0*4 inch.

4, Dark purple shales alternating with flaggy layers of cream-coloured sandstone.

Annelid^m2sks very frequent. Thickness 5 E^et.

3* Dark purple shale^ with green patches, very micaceous, soft. Thickness 8 feet.

Neobolus warthiy Waagen common*
2^ Cream-coloured sandstone^ alternating with irregular layers of purple clay, ter-

minating in a bed of hard sandstone*

2, Purple sandstone-

In the above -section, beds Nos. 3 and -4 represent No. TV in the subdivi-

sional grouping of the Khussak group which here has about 13 -feet thickness ;
the

sandstone parting between Nos. IV and V has 5 feet 2 inch in thickness,. and then

follows group No. V, the dark fossiliferous shales . whichf have an aggregate

thickness of 8 feet 3 inch, represented by the beds from No. 9 to No. 11,

Section 4. -At Khussak Fort Hill, Northern §lope.

Although this section has been described in detail by Mr. Middlemiss, it will

» The determination of this form is doubtful. I refrain, however, from anticipating

Dr. Waagen’s views. -
;
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be useful to give it here in detail, so as to make comparison with other sections

more easy. In descen dipg order ;

—

//. Magnesian ^andstone^
JO, Dark purple shale^ soft, lumpy and thinly bedded

;
capped by a bed of cream-

coloured sandstone. Thickness lofeet,

9, Cream-coloured sandstone^ firm in the middle, but shaly towards the basis, and
alternating with clayey layers* Thickness 7 feet.

8, Dark purple shale^ with green patches
j
very glauconitic and micaceous

; contains
numerous specimens of Pieobolus warthz Waagen. Thickness 24 feet*

7. a, Hard cream-coloured sandstone^ alternating with thin soft layers
;
thickness

8 feet 5 inch.

Dark sandy shale^; ill seen^ thickness 3 feet.

c. A series of cream-coloured sandstone, alternating with thin clayey beds, terminat-
ing with a bed of hard cream-coloured glauconitic sandstone. Thickness
8 feet.

d. Dark purple shale
;
thickness 3 fep^t-

e. Hard cream-coloured ^ndstone 4 feet.

Dark purple arzd green, shales contains Hyolithes *mynnei Waagen, and
fragments of Trilobites.

5, a. Creaht-coloured^ flaggy sandstone
\
thickness 3 feet.

i^Dark purple and green shales
;
thickness 2 feet.

c. Thinly bedded cream-coloured sandstone; thickness 3 feet.

d. Lumpy, dark purple and green shale, 0'6 inch.

e. Hard flaggy, cream-coloured sandstone
;
thickness 7 feet.

f. Dark soft shale, i foot.

g^ Cream-coloured glauconitic sandstone^ thickness 3 feet.

4 » Dark purple shaly sandstone^ alternating with harder beds
;
thickness 30 feet.

Cream-coloured^ glauconitic sandstone^ with thin beds of greenish
clay ; thickness 10 feet,

2. The same as before* ill seen
;
not measured,

7. purple sandstone^

Comparing the details of Mr, Middlemiss’ section, with that given above, it will
be noticed that we differ sometimes, but I do not think this of great import-
ance, because as soon as several of the beds are taken as a whole it will be seen
that we fully agree as to the sequence of the strata.

In the above section ; Nos. z to 4 represent Mr. Middlemiss* series of “ pale
cream-coloured, thin-bedded sandy layers with shaly partings and irregular mottlings
of hardened purple clay, glauconitic and micaceous.” No, 5 <23/*, all the strata above
this, but below his Lower Gallery B

; No. 6 represents the Lower Gallery B ;

No. yaSf all the beds above that, but below the “ thin bedded purple sandy and
micaceous shales”; No. 8 represents the “thin bedded purple sandy and micaceous
shales” ; No. 9, tlie beds tietw^n f^is apti tljo following stratum ; No, lo, the thin
bedded purple shales, inclusive of passage beds.

With the greatest ease we recognise in this section the five subdivisions of
the Khewra Section ;• subdivision I, includes beds Nos. 2 and 3 ; subdivision II, bed
No 4, subdivision III, beds 5 to 7, subdivision II, beds 8 and 9, subdivision V, bed
No. 10.^ J need not go into details regarding Mr. Middlemiss’ section, the five
subdivisions will be easily recognised in his section, but still more so if his sketch of
Khussak Fort Hill is looked at, where they will be distinguished at the first glance.

If we now compare the two sections of Khussak Fort Hill, it will be noticed, that
they materially differ in the development of subdivision V. We can easily identify
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subdivision IV and the band of cream-coloured sandstone which separates it from

subdivision V, but the latter shows a totally different development. Mr. Middlemiss

has not expressed himself quite clearly in which way his section V correlates with

section IV, but if I interpret his section on plates i and 2 correctly, he thinks

that the dark shales containing the rich fauna of Brachiopods and Trilobites are

superimposed on the “ thin bedded purple shales” above or in other words,

that they are not represented in his section IV. The examination of the Khussalc

group, as developed at Bhaganwalla and Khewra, has however proved that this view

cannot be maintained, but that Mr. Middlemiss’ beds C and Cj, the dark fissile

shales, are only a facial development of the “ thin bedded purple shales ” with

which they are correlative.

Section 4. At Bhaganwalla Ravine, Western Branch.

The wild gorge just above the village of Bhaganwalla, shows some beautiful

sections through the strata from the Purple sandstone upwards
; and hardly a belter

place could be selected for ‘the study of the structure of the Salt Range, as some
model flexures can be studied here in all their details. As however the sides of the

ravine are either exceedingly steep or covered with debris from the Magnesian
sandstone, it has not always been possible to give the exact thickness of each single

bed, and in this regard the following section lacks in accuracy
; however I think that

this is not of very great importance, as in this paper I chiefly want to demonstrate the

sequence of the strata composing the Cambrian formation of the Salt Range, in order

to give a reliable stratigraphical basis for the description of the fossils. In descend-

ing order:— . .

*

73. Dolomite in thick beds. .

. 73. Dolomite, flaggy, in thin layers which are very brittle.

II. Dolomite, thickly bedded. Thickness 150 feet.

70 . Greenish grey soft shale, well defined; containing Brachiopods (Lingulella ? sp.)

in small numbers. Thickness from 6 inch to i foot.

9. Dolomitic sandstone, in thiii flaggy layers, some of which are pisoHtfc, in the
beds near the base is a bed full of Stenothrca sp. Thickness 50 feet.

8. Dark blue shale, hard and sub-concretionary
; contains the same fossils as No-

6, but in smaller numbers.

7. Grey micaceous sandstone, alternating with dark clayey streaks, 3 feet.

6. Dark black shale, hard and sub-concretionary
;
contains a large number of

Oholella (?) sp. and Olenellus sp. Thickness 4 feet.

5. Flaggy cream-eoloured glauconitic sandstone, alternating with thin beds of dark
shale.

4. a. Dark purple shales, with green patches, soft and lumpy
; contains numerous

specimens oi Neobolus warthi Waagen,
b. Bed of hard cream-coloured sandstone.
c. Dark purple shales, thinly bedded.

d. Band of hard cream-coloured sandstone.

3. Dark purple shales, thinly bedded.

2. A series of thin bedded hard flaggy cream-coloured sandstones, alternating with
beds of softer sandstone or clay.

7. Purple sandstone.

In the above sections the five subdivisions of the Khussak group are not
so readily seen, owing probably to the incompleteness of the section directly above
the purple sandstone; subdivisions Nos. V and IV can be recognized by the fossils

;

we know that bed No, 4 containing N'eoiolus warihi must represent subdivision
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IV* then follows the separating bed of sandstone, while beds 6 to 8 represent group

No*. V; beds 3 a-d, must represent subdivisions II and |
III, while bed 2 represents

the lower glauconitic sandstone. The chief interest remains in the fact that

subdivision V is developed exactly in the same way as at Khussak Fort, orx the

right bank of the ravine, while just opposite on the left bank it shows exactly

the same development as on the northern slope of Khussak Hill.

The Giridih (Karharbari) Coal-field, with notes on the labour and methods
of working coal. By Walter Saise, D.Sc. (Lond.), F.G.S., A.R.S.Nl.j.

Mem. Inst. Civ. Engineers, Manager, E. 1 . R*. Collieries.

The Giridih {Karharbari) Coal-field,

As every one speaks of this coal-field as the Giridih Coal-field and of the mines
as the Giridih Collieries, this name is suggested as a permanent title. Previous
references to this field are :

—

Dr. McLelland in 1850,

Dr. T. Oldham in 1852 and again in 1867.

Mr. David Smith report to Government of India in April 1857.
Mr. T. H. Hughes, Memoirs, Geological Survey of India, Vol. VII, 187 x.

Dr. O. Feistmantel, Ser. XII, Vol. Ill, Palaeontologia Indica, 1879.
Dr. Walter Saise, N. E. Inst, of M. and M. E., Vol. XXX of 1880.

Dr. O. Feistmantel, Ser. XII, i Suppl. Palaeontologia, 1881.

The map and sections were made for the information of the Board of Direc-
tors, East Indian Railway Company, and they are placed at the di.spo.sal of the
Geological Survey of India for general information and permanent record.

The field is in the hands of a few owners, but its general structure which ban
been thoroughly worked out, is interesting and should be a guide to explorers in
other coal-fields where similar problems may be presented.

The field took its name from the Mouza Karharbari which occupies only a part
of the coal area. It is situated in the Giridih Sub-Division of Hazaribagh and ih

connected with the East Indian Railway chord line by a branch from Madhupur to
Giridih, 24 miles long. From Giridih station several branch Ifnes serve tlie com-
panies occupied in mining.

-

1. Branch line to Karharbari Colliery, E. I. R.
2. Ditto Serampur ditto ditto.

3. Ditto Kuldiha ditto Bengal Coal Co.
4. Ditto Karharbari ditto Raniganj Coal Association.

All of these are shown on the plan.

The coal-field has an area of ii square miles, of which 3 I square miles iii'c of
the Talchir group, or unproductive measures, and 7 square miles are of the Barakar
group, the balance is the area of the two inliers of Metamorphic rocks, '’I'hc
Barakar series contains the lower seam over its whole extent.
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A glance at the surface maps, Plates I and II, and the cross sections (Plate III

accompanying this report) will shew that the field is contained between two or more
'

parallel or nearly parallel faults which trend W. N. W. and E, S. E. On the east

of the field there is a natural boundary as determined by working and borings of the

Raniganj Coal Association, West, at Bayra, at Mathadih and Jogitand there are

small extents of natural or unfaulted boundary. In the main, however, the boundary
is faulted. Starting at Bayra we find the fault running eastwards and throwing the

Karharbari lower seam down to a depth of 450 to 500 feet. The fault is accom-
panied by intrusions of trap which have seriously affected the seam for some
distance from the fault. Towards Giridih the boundary, for a time faulted, and
then natural, turns through Mowlichua and Kuldiha and then bends suddenly to

the east and runs towards Dandidih. From Kuldiha to Dandidih the boundary
is faulted, the lower seam being about 200 feet in depth (see Sketch Section

Plate II).

In the Geological Memoir on the Karharbari Coal-field this ground is called

barren; page 35 of Karharbari Coal-field, Vol. VII, Art.* IV.

Here and there ori the surface, patches of Talchirs (not shewn in the plan on

account of the scale) exist. A good example is seen in an incline macke by

the Bengal Coal Company into a seam of coal (see plan II at N). The excavation

exposes the raetamorphic talchirs and coal seam all faulted as in sketch (PI. VI,

fig. i). At Dandidih the boundary turns back and a curiously complicated bit of

faulting is seen for some distance. At P an example of faulted boundary is well

seen in Baboo's inclines. This incline is opened in Talchir shales and exposes

the seam, as in sketch, fig. 2, faulted down to the north.

A large portion of the eastern boundary is apparently natural until we reach the

southern fault at Choonka. Passing to the west along this fault we find two

patches of the lower seam, viz., at Choonka and Domahani exposed to-day.

,
Along the rest of distance the lower seam lies at depths varying from 200 feet to

1,000 feet.

The thick seams cropping out at Khundida, Kope, Jatcoti, Lopsadih and Oopardaha

Gh^ts are not representatives of the lower seam as mentioned in page 33 of the

Geological Memoirs on the Karharbari field, but belong to the highest beds of the

coal-field.
’

Along the southern boundary, as along that on the north from Kuldiha and

Dandidih, there are small patches of Talchirs brought up by the fault. At Oopardaha

is a good section in the Khakoo Nuddi.

A ridge of the boulder bed crosses the stream and separates the metamorphics

from the Barakars as in sketch PI. VII, fig. 3. On to the west the lower seam

re-appears at Satighat not quite naturally, but with Talchirs underlying it. From

thence to Eamnuddi and Dhobidih -going eastward the boundary is concealed by a

fault. At Ramnuddi it is natural for a short distance and then faulted. The fault

' forming the boundary there (from Ramnuddi through Moheslundih to Jogitand)

continues past the escarpment of the hills Bhadduah and Lunki and appears to run

into the faults which define the eastern boundary at Dandidih and Buriadih.

The boundary turns from Jogitand where it is natural across Mathadih (faulted)

to Bayra where it is natural and joins the northern fault at the starting point of this

description.

B
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Coal Seams.

The seams of coal, of which there are many, see Plate VI, «iay he^^fouped

thus :—r*

1. Hill seams.

2. Karharbari seams.

The first group to claim attention comprises the Plill seams so-called, because

they were first noticed, and worked in the Bhaddoah and Lunki Hills which form a

distinctive physical feature of the coal-field. It must not be supposed that because

they are called Hill seams they do not occur elsewhere. They sink into the plains

on the south and the lowest of them is at Khundiha, 200 feet in depth. There are

four distinct areas in which these seams occur, and they can be seen in the skeleton

plan, PI. 11 ,
prepared to shew the structure of the field without the topography

which obscures the details. From east to west they are :

—

On the east—

I, Khundiha, Kope, Pruthdee hill, Lunki hill, about 400 acres.

In the centre of field

—

3. Bhadooah and Agdonih and Baniadih, about 230 acres.

3. Keri hill.

On the west

—

4. Jatcoti hill and Oopardaha and Lopsadih Ghats, about 283 acres.

PI. Ill shews the sections of strata in these areas and the coal seams that occur.

These are many in number and great in thickness, though in the borings where
proved are not all good. The ash varies from 13 per pent, to 55 per cent. The
amount of ash is given in that section. The two Bhaddoah seams, which lie at the
base of these seams, have long been known, and the lower or Bhaddoah main
seam has been extensively worked by the Bengal Coal Company and East Indian
Railway. Fox many years 50,000 to 60,000 tons were raised from this seam.
The coal is easy working and the roof good. Cropping out in the hill sides, the
mines were easy of access for new and inexperienced labour ; and many hundred of

the coal-cutters were trained in this seam. The- Bhaddoah seams occupy the whole
of the areas shewn, the overlying thicker seams only occupy a portion on the south.

The sections in PI. HI shew that at Khundiha there is a total thickness of 80
feet in these seams. At Agdonih 33 feet and at Jatcoti hill 96 feet. It is probable
that some good coal will be found in such a thickness. The smallest and largest

amount of ash in each seam is figured in PI. III. The relations of the Hill seams
to the underlying Karharbari seams, and the way they crop out in the hills and
sink to the south under the plains are exemplified in the sheet of sections acro.Ss

the coal-field.— Vide Tl.-l. These sections are drawn to a small scale, so the

PI. II is drawn to 100 feet=:i inch to give detailed sections of strata on the lines

of Section A.B. C.D. E.F., and G.H.
Below the Hill seams come what I have called the Karharbari seams, viz., the

upper and lower seams. The lower seam exists in workable thickness over the
whole of the coal-field, but the upper seam is only found workable on the north of

the anticlinal at.Bhandaridih, Chaitadih, and Mowlichooah. The lower seam extends
over the whole of the Barakars which cover a space of 7 square miles. It is
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uniformly good, specimens from Sati GhM, Ramnuddi Mathadi, Jubilee Pit (600
feet deep), i6A on the east and from 23D on the north being of the same quality.

The coal is softer in some places than others, and where the seam thickens as
it does towards the east up to as much as 30 feet in thickness, the lower part of the
seam is poor. There is, however, seldom less than 12 feet of excellent coal,—^the

finest steam coal in India. The general section of the field, PI. IV, shews many
seams below the Hill seams ; they are 4 feet thick and less, and it is not to be
expected that they will receive much attention until the lower seam becomes scarce.

They are useful as guides in boring and sinking.
It will be seen that the three greatest depths to the lower seam are at or about

boring 90 where main seam is probably about 800 feet deep.

. Feet..

At Jubilee Pit, No. i
. . 700

Jatcoti Hill, No. 37 shaft . , , , . 980
Oopardaha Gh^t, No. 291 boring , . . 736

The topography and features of the Ifield are not here described, as there is

nothing to add to former memoirs. For the same reason a detailed description of
the various beds of the Talchirs and Barakars is omitted.

Terminology; Talchir—Barakars preferred to Talchir—
Karharbari beds.

It will be observed from the surface map that all the rocks below the Karhar-
bari lower seam are classified as Talchirs and all above as Barakars. This is a
return to the class'ification of Mr. .Theo. H. Hughes in his Memoir published in
Vol. VII of the Memoirs of the Geological Survey.

The proposal made by Dr. Feistmantel in 1879 and 1881 to consider part
of the coal-bearing strata as more allied to the Talchirs than the Barakars, and to
call them Talchir-Karharbari beds appears to have been made on insufficient
grounds. The chief grounds were the rarity of VertebTaria indica (though later
they were found to be present numerously in the lower seam) and the presence of
large numbers of Gangamopieris in the Karharbari upper and lower seams
(i, 2, 3 of Geological Survey).

It should be noted that the Hill seams (No. 4) were left to the Barakar sub-
division, although GangamopUris is found—it is said rarely. Apart from the fact
that the Karharbari upper and lower seams being of fine quality were opened
out in many localities and extensively worked, these seanas contain shale which
preserve fossil plants. There was therefore every likelihood of finding an abundant
flora.

The Hill seams have been less worked and the strong sandstone roof rarely
preserves fossils. The shales, too, when present are micaceous and fossil imprints
are indistinct. Further, these seams have not been worked, except the Bhaddoah'
seam, and fossils were for the above reasons few and far between. The fact that

Gangamopieris has been recognised in the Hill seams (No. 4 burnt, see Vol. Ill

of Geological Survey, Palseontologia Indica) and that Vertebraria indica is numerous
in the lower seam points to a connection between them.

B Z
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Since the above proposal was made a shaft has been sunk through the Hrll
seams down to the lower seam, and the sandstones, 600 feet thick, shew no alteration
from top to bottom. There is certainly no reason on physical grounds for taking
any point in the 600 feet of strata and classifying the rocks above as Barakars and
those below as Talchir- Karharbari beds. The lower seam forms, however, a
division between two very dissimilar series of rocks, z'zs., those lying above it and
those lying below. The sandstones, and they predominate, are all alike above the
lower seam and are different to those lying below in colour, grain and texture.
The evidence of the mineral character of the strata is strongly in favour of grouping
all the coal-bearing strata together, and the palaeontological evidence is too weak to
upset this view. The strata from the top of the Hill seams down to the lower seam
are all known. They are chiefly sandstones, all of the same character and contain
few beds of shale and other rock. Below the lower seam, at the Mathadih end of
the field, there are peculiar greeinish, yellowish loose sandstones, altogether unlike
the sandstones overlying the lower seam. At the Serampore end of the field the
lower seam rests on the blue Talchir shales.

Besides the inadequacy of the evidence for including some of the coal seams
with the Talchirs, It IS also a great convenience to have some solid land mark
ike the lower seam as the boundary between the two series— one altogether
without coal and rich in shales, and the other rich in coal and poor in shales.
or these reasons the lower seam and its ropk floor are taken as the lowestbeds of the Barakars, all below being considered Talchirs. In this coal-field there

are no examples of overlap of Talchirs by the Barakars, indicating unconformability
n s ones thin out and disappear in a few hundred feet and re-appear in as many^.For example, the thickness of sandstone between thp Karharbari lower and upp^rseams and Serampore near 16 A shaft of the East Indian Railway is over 400 fL

the 9 feet of sandstoneseparatmg the two divisions of the lower seam at i6 A sinking dies out in lessthan 300 feet. The disappearance of the Talchir sandstone in places is narallel.0 the above examples and indicates only a want of material at fte period o

snThrerm1inpHls"“”""'“ nnconformity Z alUh:'

whemv:r";t1o™mUmTs tdrtefalch^ f “
boundary, as described above, the boundary faths have
Talchirs. The total thickness of the whole of Talchirs wh

patches of the-

the Sookmed nuddi east of Bux-iriiK +1.
’ where best developed at

thickness of B^derW ifa! feet
’

d v«t
This is a proof that there wls

meet these beds all over the field,

in this field. The difference betwLn ?h
* between Talchirs and Barakars

Talchirs and Baraf^Ts howevrgrt: :“diff
justify their separation.

fferent facies of the two groups

Faults and Dykes.
Faults are numerous and are sometimes of o-reat tLmxT - 4.1.

nin more or less parallel to the boundaries of the field*^ Th
® =®^>-fiold. They

increase in throw rapidly. The same fault
o^^t rapidly and

distance away it turns to south.- Faults occur in Th
^ ^auits occui in the lower seam that do not exist



PART 3 ] SaiSE: Giridih (Karharbari) Coal-field. 91

in the upper
; and the throw of a fault in the lower seam is greater than in the upper

seam. This indicates that faulting takes place along old lines of fracture. No
cases of reverse faulting have been observed in this field. All the faults can
be read by the usual rule that the dip or hade of the fault shows the direction of

dislocation.

Dikes are not shown on the map, partly because they are laid down in the map in

Vol. VII of Memoir, and because they would crowd the plan with too many details.

The existence of dykes on the surface does not indicate the extent to which the
seams are damaged which they traverse. A dyke that crosses the seam vertically

on its way upwards damages o.nly a.few feet. As a rule, the greatest damage is

done when the trap intrudes into the seam coking and charring thousands of tons
of coal and yet never showing on the surface of the ground.

Two examples are here given from the lower seam (PI. VI, figs. 4, 5);

—

23 E. Sinking. ' 23 D

Jhama
Roof.
2-0 Jhama

Sandstone roof.
1-4

Trap I-O Trap 3
Jhama 2^6 Jhama 3-0
Trap 1-6 Trap 2-4
Jhama 2-0 Jhama 6-0
Trap 2-0 Coal 8-0
Jhama
Shale
Sandstone

2-0
4-0

« « •

Fire-clay floor.

Jhama is the native term for coked or charred coal. It is interesting to note

that natives have got to understand the relations of dyke matter to the burnt coal.

The traps in the above examples are mica peridotites. .

There appear to be two or three kinds of trap in the field and a bed just under
the Khundiha seam that looks like tuffa. As Mr. T. H. Holland of the Geological

Survey has this matter in hand, no more is said here on the subject. An
interesting chapter will doubtless be the result of his investigations.

One point seems worthy of attention, and that is the probability that the faulting

that formed the field contributed at great depths to the production of the trap.

An interesting example of a boulder brought up in a trap dyke right through the

Talchirs into the Karharbari lower seam was found in 23 B shaft. The
boulder was about 3 feet in diameter and was from the metamorphic rocks under-

lying the coal-field.

Economic Summary.

The main source of mineral wealth of the field is the lower seam which is of

uniformly good quality and considerable thickness. The quantity of ash in the

coal varies from 3*5 per cent, to 12 per cent, but the average composition .may be

taken as under :

—

Fixed carbon ......... 66-84

Volatile matter . . , « , . - . . 24-42

Ash 9*«5

Specific gravity • . . . . . . . - *'35

The coal cokes easily, both in open kilns and in closed ovens, both of which are

at work in the coal-field. The outturn of coke is not inconsiderable and probably

amounts to 30,000 tons per year, which quantity finds a ready sale and is used largely
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on the East Indian Railway. The foundry coke made from this seam is very dense

-and will not float in water. The excellent steaming power of the coal may be seen

from the results of its use by the East Indian Railway Company. The high speed

of the mail service by the chord line shews that the fuel is good.

The area occupied by the lower seam is 7 square miles or 4.485 acres exactly.

The average thickness of this seam is 15 feet 4 inches (see Plate V). The quantity

of coal in this seam is therefore 112,836,712 tons.

The upper seam is also a coal of excellent quality but of limited extent. It will

be seen in the shaft and boring sections that except on the north of the anticlinal in

the area drained by 23D shaft of the East Indian Railway Company, it is so thin

as hbt to attract attention. The composition of this coal is as under

Fixed carbon * . . . • . . • . 60*46

Volatile matter ... . . • , . • • 28*11

Ash . . . . 1196

Specific gravity , . .... ... i *33

This seam is worked over an area of 150 acres. In Plate V, it will be seen that

the average thickness is 6 feet. This means a tonnage of 1,452,600 tons. The
seam will be exhausted in about five years’ time.

The Bhaddoah main seam, formerly extensively worked, is now left unworked.

The following are two analyses of the seam where it was largely worked

Fixed carbon . • • . . . .61*03 61*45

Volatile matter , . ..... 25*37 20*46

Sulphur . . . « . . • • 0*80 ...

Ash . X3'6o 18*08

The specific gravity is . • « • ft 2 ••• 1*40

This seam is not so persistent in quality as the Karharbari upper and lower

seams. It extends over 913 acres but we may take only 400 acres to allow for

variations in quality. The average thickness is 6 feet {yide Plate V). This means a
tonnage of 4,083,840 tons.

Of the rest of the hill seams it is difficult to formd conclusion. The total average
thickness, excluding Bhaddoah main seam, is 66 feet, and this over an area of 200
acres, which is probably the total area covered by these thick seams, there would
be 22,461,120 tons. As much of this is bad, it would not be wise to take all this into
account in computing the available coal in the field. Much of it, however, contains
20 per cent, to 25 per cent, of ash only, and this can be worked and sold especially
in times of heavy demands. The coal can be cheaply worked and sold cheap*
It is proposed therefore to consider that a quarter of this amount is available or

5,61 5,250 tons.

Summing up, we have coal in

—

Tons.
Lower seam 112,836,712
Upper seam 1,412,600
Bhaddoah main seam ... . . . . . 4,083,840
^Other Hill seams . 5,615,250

’

123,988,402
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For faults, trap, intrusions, and loss in working allow 25
per cent . . . ... , . . , 30,997,100

93,991 1302

Tons.
Already raised from 1857 to Decetnber 1893 . 9,358,000

Probably lost in working . . , . . 1,000,000
— 10,358,000

52,633,303

The present output from this field is about 600,000 tons per annum. At this
rate the life of the field may be taken at 138 years.

Amount of coal owned The East Indian Railway Company own 3,341 acres
by East Indian Railway of the Barakar series and the quantity of coal in the lower
Company. seam and upper seam is

—

Tons.
Lower seam . . ....... 84,055,064
Upper seam .........i ,453,600

Total . 85,507,664

Less 25 per cent, for faults, traps, dykes and loss in working 21,376,916

Net . 64,130,748 .

wDedwci—already worked ....... 5,858,000

58,272.748

which, at an output of 400,000 tons per annum, means a life of 145 years. The
lower and upper seams only are taken into account as the hill seams will not work
to the high standard required by the Locomotive Department of that Railway.

In 1861, in his paper on the Ranigunj coal-field, Mr. W. T. Blanford de-
scribes the method of mining in that field. This may be taken as typical of the

system in vogue in India at that time ; so it may be as well to describe the methods
in use in the year 1894 in the Karharbari Coal-field. It will show that in 33 years

considerable advance has been made in mining methods and appliances.

The field is owned by the East Indian Railway Company, the Bengal Coal Com-
pany, the Ranigunj Coal Association, the Equitable Coal
Company, and a few native owners.

There are no open workings and very few shallow ones. Inclines are still used

to let the men walk to their v^ork even when the working

places are 500 feet deep from surface. The miner and his

wife like the comparative freedom that follows from this mode of ingress and egress

as compared with shafts when people can only be raised when coal winding ceases,

Efforts are therefore made to preserve these incline roads, as it is a matter of im-

portance to please the miners

These vary in depth from 80 feet to 650 feet and are of varying sizes from 10 feet

, , to 14 feet diameter. In the East Indian Railway collieries
FilS or sii&Litis

ihe favourite shape is elliptical and the sizes are 15 x 13 and

13 X II. The number of shafts in the field is large, but sinking is not expensive

Owners.

Coll leriea.
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and the shaft never requires lining except near the surface or in a fatilted stretch of
ground. The faulted nature of the field has also increased the number of shafts, as
Indian stone-cutters are first-rate sinkers but slow drifters, and it is a quicker |ob
to sink a pit than to cut a fault in cases where coal is shallow. Shafts arc sunk by
natives who have learnt to use dynamite and electric firing

; the average rate of
.sinking has risen to about 15 to 30 feet a week.

Coal is drawn out of shafts in cages in iron and wooden tubs holding from

Methods of drawing
^

coal.
guides of rope or rails or wood, and handsome pit-heads of
lattice iron work or teak wood have taken the place of the

gin pillars of 20 years ago. Winding engines vary from direct acting (Bengal
Coal Company) to second motion engines, and no gins are now at work in the field
for raising coal. There are still a comparatively large number of shafts at which
small quantities of coal are raised, but the increasing depth of new winnings will
lead in a few years to concentration of output to fewer shafts ; and machinery camble
of pulling out 400 to 500 tons per day will be required.

Coal is also hauled out by hauling-engines, the roads being of i* f gauge and
number of tubs hauled in a journey 6 to 8.

Is done by powerful pumps—
1
5" plunger sets— 12'' lifting and 9’ lifting and

Draining.
Tangye s specials. The East Indian Railway Conii>any has
a pumping engine, by Hathorn Davey, that raises i.aoo

gallons per minute from a depth of 420 feet.

The broad guage (5' 6") line is carried into each of the three Companies* col-

Carriage of coat.
Heries

^

to a convenient spot— where coal is loaded into
mam line wagons. Metre gauge and smaller lines are in

use for conveying coal to these wharves.
The mines are free from gas. One or two explosions have occurred, Imi as

Gas.
kerosine oil was used in the places, it is not conclusive that
the explosion was due to fire damp and not to kerosine oil.

Ventilation is good, the number of shafts making it easy to create and main.
Ventilation.

Currents. There are many furnaces in ih : coal-
field for ventilating purposes.

The. mines are pleasant, the average temperature being about So*" F.. but as the

Temperature.
temperature in the shade on the surface rises to 1 1

3“ F. in
the hot weather, this is not excessive.

Underground the coal is loaded into tubs by women and lads, and the tubs arc

Sending coni under- u'l
ground. horses. Self-acting inclines for rise coal and hatilinc

engines for dip are in common use. The gunges of iimler-
ground tramways vary from i' 9'» to 2' 0*^ and the rails from 15 to u> Ih per yard
The underground tubs are of iron or steel, or wood with steel wheels 0" or 13*
diameter.

' ^

Systems of work.
The general system in use is the pillar and stall,

size, from 12 feet square, in thin seams with strong coal
square in the thick Siam with soft coal and strong roof.

The pillars are of varying
and strong roof, to it>o feet
The galleries arc usually



PART 3,] Saise: Giridih (Karharbari) Coal-neld. 95

10 feet or 12 feet in width. In the thick coal only the upper 7 feet is worked first, the
bottom coal being left to strengthen the pillars. The tramways are all laid on the
bottom coal and this leads to the inconvenience that when the bottom of the seam
is cut up, the coal has to be carried up to the tram line. The pillars are worked out
and the following is a description of the methods adopted to suit varying sizes of
pillars and qualities of coal and roof.

Taking thin seams first. The coal has been divided into pillars of from 12

In fKJn square in a seam 6 feet to 10 feet thick, the
coal being strong and the roof good. The galleries vary

from 12 to 15 feet in width and were cut without any special trouble; and the
roof being good, accidents were very unfrequent. In taking the pillars out
the system has been to set chocks 10 feet square (of dressed timber) as in sketch
(,vtde Plate VII, fig. 6). The row of pillars, three or four only, are then rubbed
off until a small stump of 4 feet square is left. The chocks are then taken out-
These* stumps are valuable indicators of weight, as their cracking foretells a fall,

and as the roof is very solid, the fall is always heavy, and violent air-blasts

occasionally cause accidents. When the indicators give notice iholi-deta, as
natives say), the work is stopped on the next row of pillars until the roof is safely in.

In some mines, the section is as under. (See Plate VII, figs. 7, 8.)

The 10 feet seam has been cut up into pillars and when they are taken out the ob-
ject is to get the 2 feet 6 inches of coal overlying it—^this being a solid bed, two
pillars are taken out in one operation. The band of stone, 2 feet to 3 feet thick,

between the coal seams is jointed, and all the cleats in the coal run through it.

The two pillars are cut out until there are two stumps, 6 feet square each, and
the place is timbered with props 3 feet apart and with several lo feet square
chocks, when the stumps are reduced to 6 feet, square holes are bored in them and
charged with dynamite and prepared fuses and detonators, and cotton-wick,
soaked in kerosine, fastened on the fuses. The timber is then drawn by
two Europeans, the cotton-wick is lighted by torches at end of long bamboos
and the stumps blown out. The band of stone and roof coal fall. The
main roof being thus newly exposed, is generally good, and after careful sounding it

is generally found possible to load up all the fallen coal without timbering.

The above system is also applied to the upper seam when it has the section

shewn in PI. VII, Fig. 9. The 4 feet is sub-divided into pillars and the top coal

is dropped in the goaf and loaded out.

When the main roof has fallen, a row of pillars or a rib 10 ft. thick of the roof
is left to take the broken edge and a new face started as in fig. 10, PI. VII.

In the following section (Figs, ii, 12, PI. VII) the coal has been divided into

In thick seams pillars in cach seam from 20 feet to 40 feet square by roads,

from lo feet to 12 feet in width. The* pillars in the upper
division are exactly over those in the lower division. The roads were first driven

in the upper division and boreholes put through at the junctions of the roads as a
guide to the coal-cutters in the bed below. These holes are used as guides in

setting cogs or chocks when pillars are to be taken out, so that each cog in upper
bed is directly over one in the lower.

The places are well timbered in each seam and then the pillars, one or two at

a time, are reduced to 6 feet square. The timber is then drawn in each bed
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commencing in the upper bed. One row of props is drawn in upper bed and then

one in the lower, until all the timber that can be safely got is taken out. The roof

soon follows the timber drawing and the 6 feet square stumps left give early notice

of a weight.

As many as three divisions have been worked this way. It was found on trial

that the coal could not be gotten in the goaf, as described in previous case—roof

followed too quickly, so the whole of the sub-divisions were worked into pillars,

pared down, and the stumps c? blown out and remainder of coal falls.

In the thick seams, varying from la feet to a a feet of coal without partings and
with a solid sandstone roof 30 feet thick up to next parting, the following system

has been in use.

The seam is divided into pillars in the upper part of the seam, the floor being

left solid so as not to weaken the pillars. The pillars are from 30 feet to 100 feet

square. When the time comes to take out the pillars, a row of five oJr six, either dia-

gonally or in a line, is taken and the bottom coal is cut up all round each of them.
If the coal is strong, they are undergone in the lowest part as in sketch (Fig. 16,

PI. VII). A road or jenkin is driven through the pillar towards the goaf. The
half pillar next the goaf is undercut and timbered with props, except two knobs B
and B, 4 or 5 feet square. The timber is then drawn and these knobs blown out

and the top coal dropped and loaded up. The remaining half of the pillar is got
by widening out the jenkin as at C, timbering with 5 feet Props 3 feet apart.

Where the pillars are crushed and old the pillars are taken out in a line. The
bottom coal is cut along Gallery A.B. C.D. and A.H., B.G., C.P., and D.E. Slices

are then taken off the pillars as in sketch (Figs. 13, 14, PL VII), commencing at

the top of pillar until all is removed. Chocks of 10 feet squared timber and roller

(round props 7 inch diameter) are put up where needed.
Sometimes, in fact, always, until the main roof starts to work, the whole of the

coal can be taken out. After a heavy fall of main roof a row of pillars or half pillars

is left against the broken edge as in sketch (Fig. 15, PI. Vlf). Several rows can
then be taken out completely. The pillars then left afford valuable indications of

coming weight, and each morning before work and hourly through the day the

officials listen for the cracking of these indicators.

Some falls are very heavy—-400 feet x 150 feet in area and about 30 feet in

thickness. They cause heavy blasts of wind which put out all the lights in the
mine and sometimes blow out doors and stoppings. When the indicators give
warning of an approaching fall, all work people are stopped until the fall is down
and all quiet. Sometimes the stoppage of work lasts a week.

Where the roof breaks up readily in consequence of shale or thin coal bands
over the main coal, another system is in vogue, see fig, 17, PL, VII. The pillars
are split as at A. and? galleries widened out, timbering as required until two knol>s
6 feet square are left on goaf edge. The timber is drawn and these knobs blown
out and roof dropped.

An important modification has been in work for a few years, the principle of

New system of work.
is not to divide the coal into pillars in any of the

seams, but to divide the area to be worked to any particular
shaft into large blocks or districts by roads driven to the boundary of the district
and then to take the coal out. By this system the danger of losing a large area of
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pillars by creep is altogether avoided. The very strong roof over the Karharbari

lower seam is very liable to creep and the thickness of the seam and friability of

the coal greatly assists this movement.
In a seam 18 feet thick, the system is as in sketch, fig. 18, A series of faces

en echelon are each 100 feet in length. Two pillars, 40 feet x 30 feet are cut

out as shewn in sketch, fig. 19 in the floor of the seam, the roads forming them
being 10 feet wide. These roads are made 5 feet 6 inches high. The pillars are

then pared off until there are three stumps 6 feet square, two of them being in

the corner pillar next the goaf, and one in the other pillar. Props are set 3 feet to

4 feet apart all over the place. When all is ready the props are drawn and the

stumps or knobs being blown out, the roof coal falls and is loaded out. The roof

being freshly disclosed is good and does not fall for weeks. When a main fall

occurs a rib is cut off about 10 feet thick, the full height of the seam. This steadies

the roof and indicates the coming of the next main roof fall. See sketch fig. 20.

This system has so many distinct advantages that it will probably supersede

the pillar method altogether. There is no fear of fire ; there is no area of pillars to

creep and there is no worry about watching pillars to prevent miners robbing them
and reducing their size and strength ; and if a fire occurs the mine is not lost, as a

few stoppings will shut the district off, whereas in pillars and stall workings the

mine is practically all roads.

In sinking, the jumper is used of i-J steel octagonal. The shorter ones are

pointed and used for cutting and dressing sides.. The long ones are chisebended

for drilling holes. These crowbars or sadels or jumpers vaiy from 6 feet to 12 feet

in length. The coal measure sandstone is easy to sink in and fairly rapid pro-

gress can be made.
There are two systems of sinking. One is to cut a trench (or khanjd) round

the edge, and in this way defining the size and shape of the shaft (Pi. VIII, fig. i).

This trench is cut 2 feet deep and in it w'ater collects. The holes are bored to

blow off the core left and powder or dynamite used for the purpose. This is a
slow process, but it leaves the sides of shaft perfect.

The other and quicker method is to blow out the centre of shaft by sumping
shots fired simultaneously and then to blow off the sides until full size of shaft is

reached. By this means 4 feet a day can be done, but the sides of shaft are rough
and require constant examination during, the progress of sinking. The sinkers

have got used to dynamite and electric firing and understand that during a thunder-

storm it is unsafe to charge the holes for electric blasting.

The same jumpers are used for underground work even in making overhead

holes, the drill and hammer have never come into general use.. In coal cutting

the picks used are shown in sketch (PI. VIII, figs. 2, 3). Fig. 2 shows the 31b

Hardy Universal pick a great favourite in India, and fig. 8 a pick used
largely in East Indian Railway collieries. The helves are made of sfil wood,
and the picks and handles are supplied to the miners by the colliery owners. The
rest of his tools are kamcha, a piece of bent sheet iron, see sketch (PI. VII,

fig. 4) for scraping with both hands the slack and dust together to load into the

root or bamboo basket in which it is carried to the tub or tram. This kamcha is

preferred to the shovel even when the tub is close to the face. With the kamcha
a person works sitting or squatting, only rising when basket is full to empty it

into the tub, whereas with a shovel he has to stand and use it.
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Lighting.

Where castor oil is burnt as in the East Indian Railway collieries, the miners

use a lipped earthenware chiragh or lamp 3'' diameter. This is supported by a wire

suspender, see sketch (PI. VIII, fig. 5). A length of fencing wire is stolen or

begged, and the strands at one end opened out and passed round the earthenware

chiragh. Some of them have a wire chain with tongs attached to trim the wicks.

This lamp will stand on the floor, or can be hung against a prop or on road side.

The lamp is first soaked in water when new to prevent absorption of oil on first day

of use. A little cotton waste is laid from the lip inwards and oil dropped on the

wick. As oil burns up it is replaced from the store. The chiragks never have

much oil in them, so that in case of accident little is wasted.

Where kerosine oil is used, tin lamps “ dihia'^ are in use. One is shewn in the

sketch (PI VIII, fig. 6). The kerosine oil is kept and carried in beer or wine bot-

tles. The flame from this oil is smoky and disagreeable, and in mines with limited

ventilation must be dangerous. The writer remembers a case where, against the

rules, some pump men used kerosine oil and upset the oil on the water they were
engaged in pumping. It there either exploded or simply lighted, but it burnt two
men severely and it was reported as an outburst of gas. Enquiry showed it to be
kerosine oil.

Labour.—The greatest misconception exists regarding the labour employed iri

this eoal-field.

The Rawris, who were introduced some twenty years ago to teach the local

labour, have to a large extent left and taken their bad habits with them.
The labour is composed of :—

•

1. Mahowedans,—Julas, etc., about .

2. Hinduized aborigines.—Ghatooars, Kahars,
Dosadhs, Masahurs, Tooris Chamars, Raj-
wars and Bawris.

3. Aborigines, Kols and Santals

A list of the various castes is given at the end, and those interested in such
matters can get full information as to the social and religious customs of these
people from that excellent publication, “ The tribes and castes of Bengal by H.
Risley.”

These people make good steady miners, are not given to excessive drinking, are
mostly well-to-do, and the majority are not dependent wholly on mining, but
cultivate plots of land and own cattle.

The various companies have attracted labour by easy leases of land.
As cultivation (rice) takes only a few months of the year (3 months), the rest

of the time can be spent in colliery work. Most of the miners, the writer knows, can
do without colliery work for many months together, and they are in an incomparably
better position than miners in England, who have not yet gone beyond, and some
have hardly reached^ a living wage. As long as the Indian miner sticks to his
cultivation and declines to become a collier only, he has a good time before him
as he can fix his own terms of wages and period of work. There are few or no
quarrels between employers and labour ; one finds that the men are dissatisfied by
their non-appearance at work and then negociations take place.

The labour is paid weekly either oh Saturday evenings or Sunday mornings.

3o7o

1
607.

io7.
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This is a point to be noticed, as in the Ranigunj and Jherriah Coal-fields the pay-

ments are made daily. Wages are always paid in cash and, except in cases of

contractors, the truck system is unknown. Even amongst contractors the “truck ”

system is a modified one. It consists in providing food from a certain shopkeeper

who puts the price on a bit. This system is in vogue among the new arrivals who

have not settled down comfortably, or to the few unfortunates who never can save.

Payment to miners is made by the tub or tram or bucket, and varies according

to nature of the coal arid the system of work. For cutting
Wages. solid and on pillars the rates vary from 2 annas

6 pies to 4 annas per bucket or tram for large coal, and 6 pies to 9 pies per bucket

or tram for small coals. In dropped coal the rate for small and large is the same,

viz., from i anna 6 pies to i anna 9 pies per bucket or tram, as the coal has simply

to be loaded up. These prices include leading to either shaft bottom or to some

station in the mine. This depends on the size of the mine.

The average wages of miners is Ri-i-o per head per gang per week. Thus a

man and his wife alone will earn R2-2-0 per week. Three members of a family

count R3-3-0 for their total earnings per week. This is excellent pay compared

with wages in the district and is better than daily wage work on the surface which

is 2 annas 6 pies per day per man and i anna 6 pies per day per woman. The

chief charm of the coal cutters’ position is that he has not to work to time. He gets

up early, attends to his own affairs, has a good square meal and goes to work at

8 A.M. At 4 p,M. he is out again to wash and go home. Daily labour works to the

bell or whistle, and is in harness from 6 a.m. to 6 p.m. with intervals for rest.

Wages are so good that the main body of coal cutters never work on Mondays.

They take all the other holidays they can, but they are willing to sacrifice some

holidays if work be emergent and coal wanted badly. The vcages of coal cutters

decide the rest of the wages paid; coal cutters get the best wages ;
stone cutters and

sinkers come next. The latter, however, prefer the cleanliness of stone work to

dirty coal getting. Ordinary labour is the worst paid.
^ . • .u v

'1 he main source of food supply and of news of friends and relatives is the big

Whitty-bazaar founded by the East Indian Railway

Bazaar. Company : over 30,000 persons resort weekly on Sundays to

this bazaar to buy food and gossip ;
and never a stroke of work is done on

Sundays in the Karharbari Coal-field.
. . r no

Every article from a small tooth-comb (a favorite requisite of wom^), Santas

feeding bottles (the Indian mother has learnt its use), slate pencils,^ Manchester

goods, shoes : in fact everything the people want and don t want can be P^J^chased

Lre. It is not too much to say that the founding of this bazaar did more to settle

'labour than anything that was done ; and making it a Sunday bazaar gave the rest of

the week to work.

At this bazaar the people lay in their weekly wants and the women (who receive

the pay from their husbands) give a share to their men and Sunday sees a good deal

of drinking, but there are few sots and few cases of ruin to families through drink.

Education has taken root in this coal-field"; and over 1,500 children attend

schools where they receive a thorough but elementary education. The demand

for educated men is on the increase, as mining sirdars and foremen are now

expected to write reports on their work as in English collieries. Rules for signalling
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conduct of the mines etc., can be seen posted up in the field and if the men them
selves cannot all read them they are pleased to hear their children do so.

lists of castes engaged in collieries in the Giridih (Karhaibari) Coal-field.

Mahombdams

—

1. Julahas.

a. Fathans.

3. Sheikhs.

4. Kalal.

Hindus and H induized aborigines—
1 • Brahmans . \

2 . Kaisthas and Kaiths }
S°Porioi posts.

3. Ghatowars or |3huiyas,

4. Kahars.

5. Mposahars (also called Bhuiya)-*-not to be confounded with 3,
6. Dosadhs.

7. Chamars.
8. Tooriea.

9. Bawris.

10. Rajooars.

11. Gopes or Goalas (4 castes).

I a. jMohoIis.

13. Coomars.

14. Burhis.

15. Koeris,

16. Dhoby,

1 7. Hazam or Nowa.
18. Morrick.

19. Teli.

20. Beldar.

21. Pasi.

22. Sonar.

23. Lohars.

24. Sundi.

2 5. Poojahar.

26. Kurmi.
27. Malla,

28. Hari.

29. Gosae.

30. Halowai,

Aborigines

—

1. Santals.

2. Kols.

Christians

—

r, Europeans.

2. Native Converts.

3. Do. (Santals and Kols).
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On the Occurrence of Chipped (?) Flints in the Upper Miocene of Burma.

By Dr. Fritz Noetling, F.G.S., Palaeontologist, Geological Survey

of India. (With a Plate .)

While engaged in mapping out a part of the Yenangyoung oil-field my attention

was particularly directed to the collecting of vertebrate remains, which are rather

common in certain strata around Yenangyoung. One of the most conspicuous beds,

palseontologically as well as petrographically, is a ferruginous conglomerate, up-

wards of ten feet in thickness. This bed may be distinguished a long distance off

as a dull-red band, running, in a continuous line, across ravines and hills. Besides

numerous other vertebrate remains, such as Rhinoceros perimensCf etc., one of the

commonest species is Hippotherium anielopinum Caut. and Falc. of which numerous

isolated teeth can be found. .

While stooping to pick up the fine lower molar which is figured in the accom-

panying plate, my attention was drawn to some curiously shaped flints partly imbed-

ded in the ferruginous conglomerate. Next to the molar just mentioned, I found

the fine specimen figure 2, — ; and on looking further about I found about a

dozen or so of other flints, some of which are figured on the same plate.

Before discussing the geological position in which these flints were discovered,

it will be useful to describe shortly their appearance. As regards their general

shape, we may distinguish three types, viz.

:

—
(a) Irregularly shaped flat flakes.

(5) More or less triangularly shaped flakes.

(c) A rectangular flake.

(a) Irregularly! shaped flakes,—^These are generally flat, more or less square

flakes, up to about 40 mm. in length, which are thicker in the centre than near the

edges ; edges sharp and cutting. Flakes of this kind are frequently found.

(25) Triangular flakes.—These show a roughly triangular shape
; one side being

generally flat, the opposite one being more or less rounded, so that a cross section

has an irregular triangular or wedge-shaped outline. The . lateral edges are straight,

sharp and cutting ; figures 3, 4 and 5 show good samples of this kind
; particularly

figures 3 and 4. Figure 5 is particularly remarkable, it shows that the upper face

must have been produced by the repeated chipping off of thin flakes,

(f) A rectangular flake.—I found only one specimen of this kind, in fact it was

through this specimen that my attention was directed to these flints. It is of a

somewhat irregular rectangular shape and slightly curved ; the length being 45 mm.,
the breadth 20 mm., both faces are roof like, so that a rhomboidal section is pro-

duced. The two long edges run nearly parallel and are sharp and cutting. This
flake affords particular interest in as much as the two faces must have been pro-

duced by an action, which is difl&cult to explain by natural causes. Let us consider

the convex face first
;

it will be seen that one side is smooth, apparently produced

by the chipping off of a single flake, while the other side shows that at least four

smaller flakes have been chipped off at a right angle to the first one. The con-

cave face which is however much damaged at one side must have been produced

by the chipping off of two longitudinal flakes.
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The shape of this specimen reminds me very much of the chipped flint described

in Volume I of the Records, Geological Survey of India, and discovered in the

pleistocene of the Nerbudda river, the artificial origin of which nobody seems to

have ever doubted.

As regards the geological position in which these flakes were found, I mentioned
above that they were imbedded in a ferruginous conglomerate. It remains now to

be explained what position this bed holds in the sequence of the teitimries near

Yenangyoung, According to my researches, which will be published in detail at

a later period, three distinct groups can be distinguished in the Yenangyoung
tertiaries, namely, in descending order ;

—

3. Group C.--Cons 1 #tlng chiefly of light coloured, yellow siincietones or toft yellnw

sand-rocks with hard siliceous concretions, alternating with beda ol

light brown clay. Silicifled wood very common, besides Iragments
of terrestrial and fresh-water animals. Measured thickness not )«•«

than 4,630 feet,

3. Group B.—Consisting of brown and red sandstones snd light brown clays, eontslnlng

numerous crystals of selenite, and locally countless numbers of BatiMBm

era^fttrdi, Noatl., terminating In a bed of ferruginous conglomerate

with numerous remains of terrestrial animals, amcmg which
thBrtum anittopinum, Caut. and Palo., and HkimitetrtB /urrsliisea## pre-

ponderate; chipped flints locally not rare. Measured thickness of the
whole group 1,105 feet. ^

I. Group A.—Consisting of a series of blue clays alternating with beds of grey sand-

stone, which contain locally targe quantities of petroleum. Fossils

are scarce, but such as have been found consist ohiefly of true sett

water fossils with some roiled fragments of bones and some teeth of

terrestrial animals. Thickness not less than t,cK>o feet.

It is apparently quite clear that this succession of strata exhibits the gradual

change from true marine strata, deposited somewhere near a coast, through
estuarine deposits as represented by the strata containing Balism sraw/mrdit Noell.

to fresh water deposits containing the remains of terrestrial and fresh water animals
as represented by Group C. A superficial examination of the vertebrate remains
shows that the fauna is nearly identical with that of the Siwaliks, or in other

words, that Group C (probably inclusive of Group B) must l>e of upper miocene if

not pliocene age. We must therefore claim either pliocene or at the latest uf^r
miocene age for the ferruginous conglomerate in which the chipped flints have Ixccn

found. But whatsoever their particular age be, it is certain that a con»i«krable
amount of time must have lapsed since the deposit of a series of strata of more than

4,620 feet thickness, containing numerous genera of animals wiiich arc now-a*daj s

either entirely extinct, or at least no longer living in India, which resin ujion it.

Having now described the geological po.sition of the strata in which iho
chipped flints were found, there still remains the question to be disciissetl

Whether they were really found in sUu, or not. To this I can only answer ih.u to
the best of my knowledge they were really found in situ, ami that I most pruli.Mily

would not have discovered them, if I had not stooped to pick «p ilie molar of
Hippotkerium antdopimini, figure 6. The exact spot where the flints were fduitil i«

marked on my geological map of the Yenangyoung oil-field with No. 4q and ii

situated on the steep eastern slope of a ravine, high above its bottom, but
the edge in such a position that it is inconceivable how the flints should have been
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brought there by any foreign agency. There is no room for any dwelling place in
this narrow gorge, nor was there ever any ; it is further impossible from the way in
which the flints were found that they could have been brought to that place by a
flood. If I weigh all the evidence, quite apart from the fact that I actually dug them
out ,of the bed, it is- my strong belief that they were niu when found.*

As to their nature whether artificial or not, I do not want to express an opinion ;

all I can say is, that if flints of this shape can be produced by natural causes,

a ^ood many chipped flints hitherto considered as undoubtedly artificial products
are open to grave doubt as to their origin,

EXPLANATION OF PLATE.

Fig. I. Rectangular flint flake, top view-

Fig. la. ,, ,, „ lower view.

Fig. lb. „ ,, „ side view.

Fig. 2, , Triangular flint flake, top view.

Fig. ,, ,, lower view'.

Fig. 2b. „ „ ,, side view.

Fig* 3. Trian§ula.r flint flake, top view.

Fig. 3a. ,, ,, ,, lower view.

3^- II II side view.

Fig. 4. Triangular flint flake, top view.

Fig. 4a. „ „ lower view.

Fig. 4b. ,, „ „ side view.

Fig. 5- Triangular flint flake, top view.

Fig. t» n n ower view.

F 5 g- Si- II If If side view.

Fig. 6. Left upper rriolar of Hippotherium antelojpinum^ Caut. and Falc.

Twice the natural siae.

on the Occurrence q/ Velates schmideliana, Chemn. and Provel-
ATES GRANDIS, Sow sp.^ in Tertiary Formation India and Burma.
JBy Dr. Fritz NoetLING, F.G.S,, Palesontologist^ Geological Survey

of India. (With 2 Plates,)

While describing a number of fossils collected by me in the Upper Tertiary

formation of Burma, near Minbu and Yenangyat, some further specimens which

had been collected on the eastern slopes of the Arrakan Yoma, near the village

of Napeh, about 40 miles west of Minbu, were presented by Mr. Way, Engineer

in-Chief
,
Aeng Pass Railway, to the Geological Department. No particulars were

given about the geological position of these fossils, but from my knowledge

of the country 1 think that they come from strata older than those containing

the marine fauna of Minbu and Yenangyat. The most characteristic and at the

same time numerous among these fossils, was one kind that I recognized at once as

belonging to the genus Velates, Mont. Now, considering the important position this
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genus holds in the Tertiary formation of Western India, where it is restricted to the

Jtanihot and Khirtar group, having its chief development in the latter,^ I thought

it advisable to compare the specimens from Burma with those from^ Western India,

in order to establish the identity or to prove their difference, If identical, a most

important fact would be established in regard to the correlation of the Tertiary strata

of Burma and Western India. We know that Velates schmideltana does not reach

beyond the Khirtar group in Sind ;
if therefore the species from Burma were identical

with that from India, the important fact would be proved that the beds containing

Velates schmideltana in Burma would be e<juivalent to tho Ranikot or Khirtar

group in Western India, most probably ’ to the latter one, and therefore the whole

series of the strata above that bed would represent the equivalents of the Nari, Gaj

and Manchhar groups. Thus a most important step in the knowledge of the Tertiary

formation of Burma would be gained—a fact which cannot be under-estimated, be-

cause the fossil here in question can be easily recognized in the field, and the

geologist working in the remote jungly hills skirting the Arrakan Yoma would al-

ways have a guide to lead him, when the thickness of the jungle hides the closed

sequence of the strata.

It was with this object in view that I took in hand the examination of the speci-

mens from Burma, at the same time comparing the Indian Velates schmideltana

with a typical specimen from Europe in order to make sure as to their identity.

On taking up the subject I found almost at once that there exist in Western India

two genera which at the first sight might easily be confused
j
the one is represented

by a typical Velates, the other by the new genus Provelates, which resembles a
cast of Velates so closely that I am perfectly certain that it has frequently been
mistaken for it.

In fact the mistake-begins almost immediately with the description of Tertiary

fossils from India; in 1840 James de Carle Sowerby^ mentions a fossil as Neritina

grandis from Wag6-Ki-pudda, in Cutch, which he describes as follows : Short,

conical, smooth
; spire concealed

; aperture very large ; base convex, its margin round-
ed. Diameter 3 inches; height inch. This resembles iV. schmideltana, but has

a larger aperture in proportion and a less eccentric apex, it is also higher. The
specimen is little more than a cast, and does not exhibit the edge of the inner lip,

but still it shows the attachment of the ligament projecting from the lower surface,

and that the aperture occupied more than half the base.”

Now we have, in the Survey Museum, from Sind several specimens of a shell

which are undoubtedly identical with Neritina grandis, ss we shall presently see,

but which are certainly different from Velates schmideliana with which they have
been identified by Messrs. d’Archiac and Haime.^ The specimens figured and
described by them undoubtedly represent a true Velaies, but this form is not
identical with Neritina grandis. Sow., as the authors supposed.

Before going however into the details of the description of the Indian forms, it

will be useful to recall the characters of the type Velaies schmideliana, Chemn. sp.,

* Distribution of the fossils described by Messrs d’Arch. and Haime, Memoirs, Geological
Survey of India, Vol. XVII, 1880, page 205.

® Transactions of the Geological Society, 2nd ser., Vol. V, plate XXIV, fig. g.

® D’Archiac and Haime, Dese. des Anim, foss. du groupe nummulitique de I’Incle, page
2^78, plate XXV, fig, 3.a, 4, 5, non. plate XXVIl, fig. i, b,
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and then starting frona this form to examine how the Indian types can be compared
with it.

Velates scHMinstiANA, Chemn. sp.

1786. Nerii. schmideliana, Chemn. Conch. Cab., Vol. 9, page 130, plate 114, figs.

975. 976.

zSio. Velates canoideus, Denys de Montfort, Conchyl. Syst., Vol. II, page 354.
1853. Nerita schmideliana,!^'htchiAC&nA Haime, Desc. des. Anim fossil, du group®

nummulitique de I’lnde, page 278, plate XXV, fig. 3, 3a, 4, S, non. plate XXVIIi
fig, I, lb, ic.

As a list of synonyms is given by d’Archiac it is useless to repeat it here. The
chief character of the shell consists in the feature that the last whorl expands sud-

denly and rapidly in such a way as to form an enormous body chamber, and by
producing an enormous callosity on the spire, which partly envelopes the earlier

whorls. The last whorl is therefore conical in shape, the apex of the cone being

represented by the spire, the base by the aperture
;

its shape might perhaps be com-
pared with a Phrygian cap. The surface of the last whorl is covered with fine

irregular striae of growth, which in the peripheral part run parallel to the circum-

ference, that is to say, they form complete circles, while in the central part they form

only semi-circles. The outline of the early shape is always more or less marked by

a deep furrow, running obliquely from the centre towards the lower edge of the last

whorl; the base of the last whorl is sub-orbicular, and formed by a broad and inflated

callosity which is supported from inside by a strong septum
; the aperture is

semi-circular ; the inner lip deeply denticulated, the outer lip. sharp.

It is therefore clear that for the specific differences we must chiefly look to the

shape of the last whorl ; we have therefore to examine the Indian specimens whether

they show any marked differences from the type specimens in that regard or not.

The genus Velaies has been found in the Indian Tertiaries at the following locali-

ties :— •

1. Kharguzant hill near Laki (Sind), Khirtar group..

2. Two unknown localities in Sind.

3. Napeh in Upper Burma.

The best preserved specimens are those under No. i, then follow those from

Burma, while those under No. 2 are casts which in all probability belong to the

genus Velates ; the latter may be disposed of at once, not only because the exact

locality and position where they were found are unknown, but also because as casts:

no fair idea can be formed as to their original shape. It remains therefore a

question to be decided in the future whether they may perhaps represent a new

species or not.
. , , , „ j

As regards the specimens from Khargurzani hill, they are tolerably well preserve ,

but none of them shows the base or the aperture sufficiently well; this is rather un-

fortunate, as it may be supposed that the character of the aperture differs in both

species For the present we must leave it to the future to decide this; but as regards

ihc outer side of the last whorl, I cannot detect the slightest difference between the

Indian and the French specimen; so unless some very distinguishing features would

be brought to light as regards the feature of the aperture, we must consider the

Indian form identical with Chemn.
^ j 1

The specimens from Burma were apparently somewhat roughly handled and also

exposed for a long time to weathering, but all the same I cannot discover any difference
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either in shape or surface sculpture of the last whorl. Neither does the aperture which
can be fairly seen in some of the specimens exhibit any different characters. We
must therefore consider that the Burma species is also identical with Velaies schriiid-
eliana, Chemn.

However, in order to show that not only the external features agree^ I have
measured two specimens from France, five from Burma, and five from India, the
dimensions of which are given in the subjoined table.

French type specimens.

Indian specimens

Burma specimens

French specimens the proportions are

—

Diameter : L'^ngth r5:65:6
The proportions of the Indian specimens are as follows :

—

Diameter of Length of Height of
last whorl. last whorl. last whorl.*

75 mm. 90 mm. 56 mm.
75 85 S*
62 p 39
45 p 29
56 65 38
52 62 ?

49
‘

60 P
62 78 45
51 68 41
? 88 58
83 f 59
57 P 44

denominator, we find that in the two

And in the Burma specimens

5
5

5

5

5

5

5
P

5

5

?

?

6

6
6

6-5

7
6-5

P

?

Height.
3-6

3‘3

3‘3

3 3

33

4
4
4
4
4We see therefore that the French type and the Indian specimeris agree very well a»

Ofthe last whorl; .he specimens frcn .LZZl.
Nol T ^ whor' is a little longer and a liltle higherNow I do not want to lay too much weight on this fact, particularly as regardf the

consider thalthe
locality; this might only be expected if we

l thickness
; on the other hanT

fFfim ah
^ ^ importance if the circumference of the last whorl as seeir

we Vo"'^'''^*'
*”^^*^'* of sub-Orbicnlar as with the type Velalcs

.f we, however, examine Velate, ichmideliana, we find that at some
‘ This .includes the visible part of the spire.
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time of its life the last whorl was also of elliptical circumference now the largest
specimen from’ Burma, which is unfortunately damaged, had apparently a sub-orbicu-
lar circumference, and unless it is proved by comparing numerous specimens of
the various types that the Burma type differs materially in the shape of the last

whorl from the others, we must consider it as identical with the Indian form and
the French type specimen Velates schmideliana^ Chemn.

The area of distribution of this remarkable species is therefore much wider
than was supposed by d’Archiac : from France, it ranges through Italy, Egypt,
Persia, Cucch, Sind, as far as Western Burma, or, roughly speaking, from 0° Long,
to 94° Long ;

and as to our knowledge, Velates schmideliana is restricted to the
same limited horizon in the early Tertiaries, we may say indeed, that at one time
during the Tertiary era, Velates schmideliana was distributed over an area extending
over at least one-quarter of the globe in length without however reaching beyond a
certain northern latitude.

After having proved the identity of the Indian tj'pes of Velates with the well-

known European species, it now remains to turn our attention to the VelatesA.i\.Q

shell, that has been mistaken for Velates itself. As I have sketched the history of

this form in the beginning of this paper it now remains to describe and fix the

new genus.

Order : Prosobranchiata, Cuv.
Sub-order ; Aspidobranchiata, Cuv.

Family ; Nerifcidae, Gray,
Genus ; Provelates, Noetling.

Spire invisible, perfectly involved by the last whorl, which is of a considerable

size, and of sub-conical shape, separated on the upper side by a deep furrow which

runs from the apex to the posterior end of the aperture, representing the

suture
;
aperture, large semi-lunar, outer lip sharp, inner lip not perfectly known,

but apparently callous and probably not denticulated ; not quite covering a deep

umbilicus. Shell thin, and covered with fine strige of growth which become rather

effaced on full grown specimens but which are very regular on young ones.

So far as known for the present this genus is restricted to the Khirtar group.

The only species known is Provelates grandis, Sow*.

Mr. Blanford collected this species in the gorge of the Baran River (Sind),

from where figures 6 and 7 came
;
figures 8 and 9 come from the hills east of Trok

in Kohistan, where it was collected by Mr. Fedden, The younger specimens

resemble very much an ordinary Natica, only that the suture becomes indistinct

and as if it were covered with a second layer of shell substance. The largest

specimen measures 54 mm. from the edge of the outer lip to the opposite side,

while its height was not more than z6 mm.
Full grown specimens, particularly when they have partly lost the shell, resemble

in appearance very much casts of Velates schmideliana^ but they may always be

distinguished by the large aperture which was not denticulated, and the traces of ah

umbilicus ; if the casts which I have mentioned above really represent casts of

Velates schmideliana^ then the latter would be distinguished by having the last part of

the last whorl partly separated from the former whorls and the traces of a denticulated

* Neritina grandis, Sow., Transact, of the Geol. Soc., 2nd ser., vol. V, plate XXIV, fig. 9.
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inner lip. ' On both specimens there exists a sharp ridge at that place where in

the Provelates grandis the limit of the callosity is marked on the earlier whorls,

but inasmuch as there is a similar sharp ridge on the inside of the last whorl of

Velates schmideliana^ where it forms the continuation of the perpendicular septum

on the lower part of the callosity, which naturally must leave the same mark on

the cast, we are left as before in the dark regarding the identity of these casts.

Of course the whole question could be decided at once if I could manufacture a

cast of Velates schmideliana

;

but unfortunately my material does not allow this,

so we shall have to wait until a favourable opportunity arrives for doing so.

EXPLANATION OF PLATES.

Plate i.

Fig. 1. Velates schmideliana^ Chemn. sp. Sables inf^rieures, Cuisse Lamotte, upper side.

Fig. 10. „ „ j, ,, left side view.

Fig‘
II II „ ,1 base.

Fig. ic. „ „ „ „ last whorl & spire.

Fig. 2. Velates schmideliana, Chemn. sp. Khirtar Group, Kharguzani Hill (Sind), upper aide.

Fig. 20. „ „ „ „ last whorl &
spire.

P’g* „ „ ,, „ left .side view.
Fig. 3. Velates schmideliana^ Chemn. sp. Khirtar Group, Napeh (Burma), left side view.
Fig. 30. ,, „ ^ upper side.

3 ^* II ,1 „ „ base & aperture.

Plate 2.

Fig. 1. Velates schmideliana, Chemn. sp. Khirtar Group, Napeh (Burma), left side view.
Fig* 18 * II „ ,, „ upper side.

^ „ „ . jj upper side.
Fig. 20. „ „ view.
Fig, 3. Provelates grandis, Sow, sp. Khirtar Group (Gorge of Baran river), upper side,
Pjg* 38 - I* II „ „ left side view,

3 ^' »• II „ „ base.
Fig. 4^ Provelates grandis, Sow. sp. Khirtar Group, Gorge of Bat an river, upper side.
Fig. 40, „ view,

Jg»
4^* i» >» i» „ base

Fig. S. Provelates grandis, Sow. sp. Khirtar Group, Truk (Kohistan) upper side.
Fig. 6. „ .

,

** ” 11 .. „ upper side.
Fig. 60.

91

M

V

If

5 |

»» sculpture enlarged.
Fig. 7. Velates schmideliana, Chemn. sp. (?) cast, Khirtar group (?) Sind, upper side,

^g* 78»
^

II „ lower side.If
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 20.—Ending 31ST July 1894.

Directorh Office, Calcutta, 31st July 18^4.

Dr. XCinGj R.A., D.Sc.) F.G.S., Iste Director of the Geological Sur-
vey of India, obtained his early Geological training amongst the Permian rocks
and the coal-measures of Durham and Northumberland, and afterwards whilst as
student at Queen's College, Galway, amongst the crystalline rocks and the carboni-
ferous limestone of that part of Ireland, in all of which he had the teaching and
guidance of his father, the eminent Professor William King.

He graduated in the Queen's University in Ireland in 1854 and completed the
course of Civil Engineering in his College. He was selected for the Geological
Survey of India by Dr. Oldham, then Director, and

j
oined his appointment in Cal-

cutta on the 4th March 1857, In May of that year he proceeded to Madras with
the first geological surveying party for Southern India under Mr. H. F. Blanford
and ultimately became Superintendent for the; survey in that Presidency in r 868*
The greater part of his field-work was in Southern and Central India, and he was
engaged in joining up his surveys in the latter province with the geological maps
of the western parts of Chota Nagpur, when, in 1887, he was ordered to proceed
to Calcutta to take over the Directorship from Mr. Medlicott.

He is the author of numerous valuable papers dealing with the Geology of India,

chiefly of the southern and central parts of it, for a complete list of which I refer

to the Bibliography of Indian Geology," compiled by Mr. Oldham and published

in 1888,—and the pages of the subsequent “ Records."

Dr, King retired from the Directorship of the Department on the i6th of this

month and was succeeded by Mr. Griesbach, the senior Superintendent, Mr.
Hughes being incapacitated in consequence of a serious accident which took place

some lime ago.

The field-work

Mr^ OHciihach^
Mr* Smiih,
J,ata KUhen Singh.

in Baluchistan under Mr. Griesbach as Superintendent, with

Mr. F. H. Smith and Lala Kishen Singh, was continued to

about the middle of June, and the result of this season’s

work is a large addition to the geologically ex^ored area

of Baluchi.stan, being chiefly parts of the southern extension of the Sulaiman range

wdth the Mari hills adjoining, the Western Zhob valley and parts of the Kojak range

wkh patche.s left unexplored during the previous season in the Quetta District?

One of the mo.st intere.sting facts elucidated, consists in the establishment of the

geological age of the Kojak shales and their ea-stern prolongation into the Zhob,

which l)y their fossil contents are now showrf to be intermediate in age between

upper cretaceous and upper eocene, and to form a more or less continuous facies

closely a.ssociaictl with a variety of igneous I'Ocks.

Mr. Smith has gone on short privilege leave and Lala Kishen Singh on a year’s

furlough.
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A/r* Oldham^

Mr^ LaTouche.

With the sanction of the Secretary of State, Mr. Oidhanoi was specially deputed,
•whilst on furlough in Europe, to study certain oil-fields in

the province of Galicia in Austria-Hungary, and it is to be
hoped that the experience which he has thus gained may lead to a more success-
ful search for productive oil-wells in India.

The Madras party, consisting of Mr. Middlemiss and Dr. Warth, returned into

•
,

recess in Ootacamund and Bangalore respectively to pre-

pare reports on the past season's work. Dr. Warth,. how-
ever, will be recalled to Calcutta for the remainder of the

recess season to assist in the arrangement of the Museum at head-quarters.
The officers engaged last season in Central India, Messrs. Bose and Datta,

Mr. Bose. have returned some time ago into recess ; the former has
Mr, Datta. gone On three months’ privilege leave, whilst the latter has

prepared his progress report on the last season's work.
The trial-boring at Sukkur was continued under the superintendence of Mr.

LaTouche ; the depth, when last reported, reached some
500 feet, where many difficulties are being encountere.d

owing to the nature of the strata reached, which are soft shales with much
gypsum in veins and nests. Bituminous traces have been observed, which might be
a hopeful sign, if it were not known that the middle eocene strata into which the
boring descends are often full of bituminous matter in the neighbouring area
of Baluchistan, without in the majority of cases showing any oil-supplies.

Has returned to Calcutta where he has since been engaged in drawing up his
report on the inspection of mines in India during the year
ending on the 30th June, which is finished and has been

printed.

After finishing his report on the Gohna landslip and the condition of the hill-

Dr. NoetUng, Sides of Naini Tal, Mr. Holland returned with Lala Hira
Mr. Holland. Lai to head-quarters to continue his studies of Indian rocks.
Lola Hira Lai,

Lala Hira Lai has now availed himself of 'three months'
privilege leave.

Dr. Noetling is engaged on important palaeontological work, the result of which*
will be published in the “Records” and “Memoirs.”

A/r. Grundy*

List of .Assays and Examinations made in the Laboratory^ Geological
Survey of India, during the months of May, June, and July

Substance, For whom
1

Result.

1 Specimen of quartz,
with iron pyrites and
fine gold, from the
Chowkpazat mine
Mawnaing. Township,

,Katha District, Upper
Burma.

C M. P. Wright, Wuntho,
Upper Burma.

Assayed for gold.
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Hisf of Assays and Exuniinations made in the Laboratory
^

Geological
Survey of India, during the months of May, June, and July
i8g4—continued.

3

Sub8tancc- For whom.

Specimens o! lime- Thomas Skone^
stone, from Routkela Singbhum.
quarry, Bisra quarry,
and Sonna quarry.

Result.

Amda, Analysed for*;

—

Insoluble residue*
Ferric oxide and alumina.
Carbonate of lime.
Carbonate of magnesia.

1 Specimen of coal, from
the Jherria coal-field,
Manbhum.

2 Specimens of man-
ganese ore, from the
Central Provinces.

X Specimen of coal, from
an outcrop in Jammd
Territory*

I Specimen of powdered
sand, from Hajmehal,
and I of powdered quartz,'

from Mihijnm*

Q Specimens of coal,
from Cachar.

4 Specimens of decom-
posed crushed quartz-
rock, from Mr* Watson*H
Estate in the Tavoy
district.

1 Specimen of coal, from
the Jherria coal-field,

Manbhflm.

I Specimen of coal*

Finlay Muir &: Co., Cal-
cutta.

P. N. Datta, Geological
Survey o£ India.

Charles Tickell, Director
of Public Works, Jammd
and Kashmir State,
Srinagar.

Voigt & Co., (Pioneer
Glass Manufacturing
Co., Ld,,) Calcutta.

Grindlay & Co., Calcutta.

H. M- S. Mathews, Offg-
Director of the Depart-
ment of Land Records
and Agriculture,
Burma.

H. H. Macleod, Bengal
Coal Co*, Ld*, Calcutta.

H* A. B.Evatt, Calcutta.

Proximate analysis.

I. Brauntie^ from Beemasoor peak,
Chicklah, Chandpur Pargana, Bhan-
dara.

Quantity recei*ved^ 4 Ib.

Moisture (hygroscopic) * "04%
Manganese (Mn) . • 63*71%
Phosphoric acid (Pj^Os) * 2*24%

12, Brauniie^ from Kuchee, i mile S. by
W. of Silora on the Kunhun River,
Chindwara^

Quantity recei'oed^ j Ib.

Moisture (hygroscopic) • *26%
Manganese (Mn) . . S3

* 2S'^/o
Phosphoric acid (PaOs) . 2*io°/d

Proximate analysis.

Silica percentage determined.

Proximate analysis.

No. I. Quantity received .

,1 2 . ,, *

II 3 * ii •

11 4 * 11 *

24^5 *

22tb.

I9B5.

9lh.

Proximate analysis, with calorific

power.

Proximate analysis.

P

Contains

no

gold.
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List of Assays and Examinations made in the Laboratory^ Geological
Survey of India^ during the months of May, June, and fuly
i8g4—concluded.

Substance.

a Small stones, from
Shamsanderpur, Ban-
kura District*.

I Specimen of clay.

S Specimens of rockSj for
determination.

S Specimens oE minerals
for determination.

A specimen from Hazari-
bagh for determination.

For whom.

Raja Saurindra Mohan
Tagore, C. 1 . E., Patha-
ria Ghata Rajbati.

E, G. Barton, District
Engineer, B. N. Ry.
Co., Ld., Purulia.

G. A. Savielle, Execu-
tive Engineer, B. B. &
C. 1 . Railway, Mount
Abu.

Wm. Farquhar, care of
Post Office, Bombay.

Balmer, Lawrie & Co.,
Calcutta.

Result.

No, t, l^inel^Ruby.
No. zircon#

Refractory nature tested*

No, 7 . Chambat^ Eine^grained glomerrt
porphyritic basalt*

No. 2, Sipra. Fine-grained basalt*
No, 3. DuUt Dania. Quartzite.
No. 4, Nalisind. Quartalte*
No, 5. Hingu Mou Slightly cakareoii^
clay^

No. X, Khotfi^ Rajpuianm, Steatite.
No. 2 . Khttri^ Impure
Erubescite and Pynte*

No. 3. Ood0ypuit TerfUoty^ Ch&ia N*f^*
pur* Plumose amphibole and qunrix*

No. 4. Tavoy^ Burma*, Galena*
No. 5. Ceylon. Moonstone*
H ornblende-schist*

Notifcation by the Government of India during the months of May, fune,
and July i8§4, published in the ‘-'Gazette of India/' Ran I.-^
Appointment, Confirmation, Promotion, Reversion and Retirement

Department,
i

No. of order
and date.

Name of
officer. From To

Nature of
appointment,

etc,
i

With ctfcct
frttin

j

Rkmashu*

Revenue
and Agri-
c u 1 tu r a 1

D e p a r t-

ment#

2058^— Surrey?,

dated 20th
July 1894.

C. L. Gries-
bach.

Superin-
tendent,
Geologi-
cal Sur-
vey of

India.

Director,
Geologi-
cal Sur-
vey of
India.

Substan-
tive,

p erm a-
nent.

17th July
1894,

¥ * *

m7.7 ^ of India during the months of Feb

I -ll eav^'^
2'^ the “ Gazette of India/ Part

nepartment.

Revenue a n
Agricultural
I^epartment.

No. of Order and
date, Name of officer. Nature of

leave.
With eflcct

from
Date of

rctxirn. R«makk«*

i2l£ c
i2g’ Surveys,

•dated 13th
July 1894.

|h. B. W. - Gar-
rick, Artist,

Geological
Survey of
India.

Furlough. iSth J-u’y

1894, or
subse-
quent
date.

... • * *
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Notijicationhy the Geological Survey of India during the months of May

^

Juite, and July published in the “Gazette of India/^ PartJI.

—

Leave.

1

j

Department. No. of order and
date. Name of officer.

Nature of
leave.

With effect
from

Date of
return. Remarks.

Geological
Survey Depart-
ment.

1034, dated 7th
May 1894.

P. N* Bose, Offg.
Superintendent,
Geological Sur-
vey of India.

Privilege. 1st June
1894.

Do. 1497, dated yth
July 1894.

F. H. Smith,
Assistant Su-
perintendent,
Geological Sur-
vey of India.

Do. 25th July
1894, or
subse-
quent
date.

• • t

i

f • *

Do. •

iS33i dated
19th July
1894.

T. H. D. La-
Touche, . Offg.
Superintendent,
Geological Sur-
vey of India.

1

Do. 1 8th July
1894.

« • •

Postal and Telegraphic addresses of Ojfcers.

Name of Officer. Postal address. Nearest Telegraph Office,

T. W. H. Hughes <» • On furlough 4 m • • •

«

R. D. Oldham . • « On furlough • • •

T. H. D, LaTouche • On privilege leave *

P. N. Bose . . • • On privilege leave <

«

C. S. Middlemiss • • Ootacamund « • « Ootacamund.

P. N. Datta • • Calcutta • m Calcutta,

T. H. Holland . « • * Calcutta • • 4 m Calcutta.

W. B. D, Edwards * « » On furlough • . •

F. H . Smith « % Quetta , • • * Quetta.

F. NoetHng • • Calcutta . Calcutta.

Hira Lai « On privilege leave • •••

Kishen Singh • • On furlough • •
i

« . •
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DONATIONS TO THE MUSEUM.

From ist May to 31ST July 1894.

Meteorite (stony), weighing 8617 grammes, fell about 4 p.m. on Wednesday, gth May
1894, in village BoRi, Lat. 22°, Long. 78° 6''' East, about 12 miles N.-E. of Badnur,
Betul District, Central Provinces.

Sent by Col. J. W. Macdougall,
Deputy Commissioner, Betul,

Three specimens of Cobalt ore ; one of Steatite, and one of impure Erubescite and Pyrife,

from Khetri, Rajputana ; one specimen of Plumose amphibole and quartz, from
Oodeypur Territory, Chota Nagpur ; one specimen of Galena, from Tavoy, Burmah
and one specimen of moonstone, from Ceylon.

Presented by Wm. Farguhar.

Several specimens of spinels, from Shamsunderpur, Bankura District.

Presented by Raja Saurindra Mohan Tagore, c.j.e.,

Patharia Grata Rajbati.

ADDITIONS TO THE LIBRARY.

From ist April to 30TH June 1894.

TitUs of Books, Donors.

Blake, J. F .—Annals of British Geology, 1890-91*92. 8° Londen, 1894.

Bronn, Dr. jff. G,— Klas sen nnd ordnungen des Thier-Reichs. Band II, Abth. II.,

lief 9—to and IV, lief 33—35- Leipzig, 1894.

Klein, Dr. i/. y.—Jabrbuch der Astronoraie und Geophysik. Jahrg, IV, 1893. 8

Leipzig, 1893.

I.yall, Sir Alfred.—Asiatic Studies, religious and social. 8° London, 1884.

Pal«5onlologie Franjaise ire. serie, Animaux Invertebres. Terrains Terliaries, Eocene,

Echinides. Tome ll,livr. 32, 8® Paris, 189.

SuESS, Prof, The future of Silver. 8® Washington, 1893.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. XI, Nos. 3—4 and XIII, No. 2. 8° Minueapolls, 1894.

American Journal of Science. Vol. XLVII, Nos. 279““2^^* New Haven, 1894-

American Naturalist. Vol. XXVIII, Nos. 327—329. 8® Philadelphia, 1894.

Annalen der Ph3^sik und Chemie. Namen register, 1874—1893. 8° Leipzig, 1894.

Annalen der Physik und Chemie. Neue Folge, Band LI, heft 3-4 ; and LII, heft I-2

8° Leipzig, 1894.

Annales de Geologie et de Paleontologie. Livr, 12—13. 4° Palerme, 1894.

Annals and Magazine of I'^atural History. 6th series, Vol. XIII, Nos. 76 78. 8°

London, 1894.

Athenocum. Nos. 3463—347^' 4° London, 189 p ^ ^

Beibliittcr zu den Annalen der Physik und Chemie. Band XVIII, Nos. 3—5. 8" Leipzig,

1894*

21
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Ttile of Books. Do/torti.

Chemical News. Vol. LXIX, Nos. 1789—1802. 4® I.ondon, *894.

Colliery guardian. Vol. LXVII, Nos. 1732—1745. Fol. London, 1B94.

Geological Magazine. New series. Decade IV, Vol. I, Nos. 4—6. 8“ LontUin, 1891.

Indian Engineering, Vol. XV, Nos, 12—25. Fisc* Calcutta, 1894,

Industries and Iron, Vol. XVI, Nos, 1104— 1x17. 4® London, 1894,

Journal of Geology, Vol. II, No. x. 8^ Chicago, 1894.

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Srience. 5th
series, Vol. XXXVII, Nos. 237—239, 8* London, 1894.

Mining Journal. Vol. LXIV, Nos. 3054—3067, Fol. London, 18(44.

Natural Science. Vol. IV, Nos. 24— 25. 8° London and New York, 1894,

Nature. Vol. XLIX, Nos. 1271—1284. 4® London, 1894,

Neues Jahrbuch fiir Mineralogie, Geologie und Palieontologte, Band L, heft 3 -•3,
8° Stuttgart, 1894.

Oil and Colourman’s Journal. Vol. XV, Nos. 164—166. 4® London, 1894.
Palzeontographica. Band XL, lief. 5—6. 4® Stuttgart, 1894.

PalzBontologische Abhandlun^en. Neue Folge, Band II, heft 3, 4*^ Jena, 1893.
Petermann's Geographischer Mittheilungen. Band XL, Nos. 3*™-5. 4 ' Golha, 1H94.

Thk Iujitok,
Scientific American. Vol. LXX, Nos. 8—21. Fol. New York, 1894,
Scientific American. Supplement. Vol. XXXVII, Nos. 947—960, Fol. New York

1894.

The Indian Engineer. Vol. XIX, No. 363 to XXI, No. 376. Fol. Calcutta, 1844.
Tschermak’s Mineralogische und Petrographische Mittheilungen, Band XBI, heft 6.

8° Wien, 1894.

Zeitschrift fur Krystallographie und Mineralogie. Band XXM I, heft i—3. 8’ Letpitg,
1894.

Zeitschrift fiir praktische Geologie. Jahrg. 1893, l^eft x— X3j and 1894, htdi 1—4 and
6. 4® Berlin, 1893-1894.

GOVERNMENT SELECTIONS, REPORTS, kti*.

Bombay.—Bombay Gazetteer. Vol. XXVL 8" Bombay, 1894. Bomiuv tUtX HHHUMur.
„ Selections from the Records of the Bombay Clovermnent. New .Series.

Nos. 274 275. Else. Bombay, 1893. GovKUNMitvr t,i« Bomhay
India.—

A

nnual Statement of the Trade and Navigation of British India with Ftm-ign
Countries and of the coasting trade of the sevcr.d I Vct»tilr«t ies .and
Provinces for the years ending 31st March 1887 to 189.1. 4 C.dcntta,
1887 1892. GovkUNMUNI- op iNUtA.

,, Census of India, 1891.
General Tables, Vol. 11 . Fisc. London, 1894.

Revenue and Aokiuulx uhal D rpartmeni’*
Mysore, Vol. XXV, Parts I—11 . Fisc. Bangalore, iHy^.

„ ReHIDKNT, ItlYEOIiP,
N.W.-Provinces and Oudh, Vols. XVI to XVIIL Fisc. AU.dmb.id,

Revenue and Agri cueturai. Dp.par i mpnt.
General Report on the operations of the Survey of India Deiiartment for

1892*93. Fisc. Calcutta, 1894. Survey of India Dkeartment.
22
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.

Tttle of Books, Donors.
India. List of Civil Officers holding Gazetted appointments under the Government of

India in the Home, Legislative, Foreign and Revenue and Agricultural
Departments, corrected to ist January 1894. 8° Calcutta, 1894.

Home Department-

„ Indian Meteorological Memoirs. Vol. VI, Part i. 4° Calcutta, 1894.
Meteorological Reporter to Government op India.

„ Monthly Weather Review. November 1893 to February 1894. 4° Calcutta,

1893-1894.

Meteorological Reporter to the Government of India.

,» Register of original observations, reduced and corrected, November 1893 to
February 1894. 4° Calcutta, 1893-1894.

Meteorological Reporter to Government op India.

Madras.—Madras Meridian Circle Observations, 1880 to 1882. Vol. VII. 4° Madras.
1894 Madras Government.

Punjab,—Final Report of the Revised Settlement of the Gurdaspur District in the
Punjab. Fisc. Lahore, 1894. Punjab Government.

„ Final Report On the Revision of Settlement, 1889-91, of the Muktsar Pargana
and Mamdat Jsgir of the Ferozepore District in the Punjab. Fisc.

Lahore, 1894. Punjab Government.

„ Gazetteer of the Amritsar District, 1892-93. Revised Edition, 8° Lahore,

1894. Punjab Government.

TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES, SURVEYS, etc.

Ballarat.

—

The Ballarat School of Mines Calendar for 1894 and Annual Report for
1893. 8° Ballarat, 1894. The School op Mines.

Baltimore.—Johns Hopkins University Circulars. Vol. XIII, No. 110. 4® Balti-
more, 1894. Johns Hopkins University.

Batavia.— Naturkundig Tijdschrift voor Nederlandsch-Indie. Deel LII and LIII, 8”

Batavia, 1888—1891. . Batavian Society
Belfa.st.'

—

Report and Proceedings of the Belfast Natural History and Philosophical
Society, Session 1S92— 1893. 8“^ Belfast, 1894. The Society.

Berlin.

—

Verhandlungen der Gesellschaft fiir Erdkunde zu Berlin. Band XXI,
Nos. I—5. 8“ Berlin, 1894.

Bombay.—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVIlI.
Extra No. 49A. and No. 50. 8.® Bombay, 1893. The Society.

,, Journal of the Bombay Natural History Society. Vol. VIII, No. 4. 8°

Bombay, 1894. The Society-

Brussels.—Bulltin de la Societe Royale Beige de Geographic. Annee XVII, No. 6*

8° Bruxelles, 1894.

Budapest.—Termeszetrajzi Fiizetek. Vol. XVI, Nos. 3—4. 8° Budapest, 1894.

The Hungarian National Museum.
Calcutta.—Eplgraphia Indica of the Archmlogical Survey of India. Vol. II, parts

14— 15. 4® Calcutta, 1888—1891. Government of India.

„ Journal of the Asiatic Society of Bengal. Vol. LXII, Parti, No. 4»
LXIII, Part I, No. 15 and title page and Index for 1893. 8° Cal-

cutta, 1893—1894. The Society.
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Title of Boohs. Donors.

Calcutta.—Proceeding's of the Asiatic Society of Bengal, Nos. i—^4. 8° Calcutta,
'S94-* The Society.

« Proceedings and Journal of the Agricultural and Horticultural Society of

India. January to March 1894. 8° Calcutta, 1894.

The Society.

n Records of the Geological Survey of India. Volume XXVII, parts. 1—2.
8® Calcutta, 1894- GEOtoaiCAL Survey of India*

n Survey of India Department Notes for March and April 1894. Fisc, Cal-
cutta, 1894. ' Survey of India Department.

Cambridge.—Transactions of the Cambridge Philosophical Society, Vol. XV, part 4.
4“ Cambridge. 1893-1894. The Society.

„ Twenty-eighth Annual Report of the Museums and Lecture Rooms
Syndicate, Cambridge University, for 1893. 8® Cambridge, 1894.

The University.
Cambridge, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XXV,

Nos. 5

—

6. 8.° Cambridge, Mass., 1893-1894. The Museum.
Dresden. Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesells-

chaft, Isis in Dresden. Jahrg. 1893, Ju^y to December. 8“ Dres-
‘ den, 1894. Isis Society.

Edinburgh.—Scottish Geographical Magazine. Vol. X, Nos. 3— 6. 8® Edinburgh,
1894* The Society.

pRANKFORT.—Abhandlungen von der Senckenbergischen Naturforschenden Gesells.

chaft. Band XVII I, heft 2. 4° Frankfort—A— M., 1894.
Gottingen.—Nachrichten von der KonigHchen Gesellschaft der Wissenschaften zu Gdt-

tingen. Nos. 15—21 (1893) j and No. i (1894), 8° Gdttingen, 1893

—

1894- The Society.
Lausaune.— Bulletin de la Societe Vaudoisedes Sciences Naturalles. smeserle. Vol.

XXVI, No. 102, and XXIX, No. 113. 8" Lausanne, 1893-1894.

,
The Society.

Leipzig. Mittheilungen des Vereins fiir Erdkunde zu Leipzig, 1893. 8° Leipzig.

1894. • The Society.
,» Verhandlungender K. K. Geologischen Reichsanstalt. Nos. i—^4. 8®

Leipzig, 1894. The Institute.
Liege.-Annales de la Societe Geologique de Belgique, Tome XXI, livr. 1—2. 8° Liege,

_

1893-1894. The Society.
Lisbon.—Direction des Travaux Geologiques du Portugal. Description de la Faune

Jurassique du Portugal. Classe des Cephalopodes par Paul Choffat.
1st series. 4® Lisbonne, 1893. The Commission.

London.—Journal of the Chemical Society. Vol. LXV, No. 376 to LXVL, No. 378.
8 London, 1894.

,1 Journal cf the Society of Arts, Vol, XLII, Nos. 2135 and 2154—2168, 8®
London, 1894. The Society,

M Mineralogical Magazipe and Jouirnal of the Mineralogical Society. Vol. X
No. 47, 8° London, 1894.

’

„ Proceedings of the Royal Institution of Great Britain. Vol.xiV, Part I,

No. 87. 8° London, 1894. The Institution.
Proceedings of the Royal Society. Vol. LIV, Nos. 330-332. 8“ London,

1893-1894, Society.
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Donors*

Lonoon.—

P

roceedings of the Zoological Society of London. Parts 1 (i8gi> and 3 (1894).
8° London, 1891 and 1894. The SociETy.

,, Transactions of the Zoological Society of London. Vol. XIII, part 8. 4°
London, 1894. The Society.

,, Quarterly Journal of the Geological Society. Vol. L, part II, No. 198. 8°
London, 1894. The Society.

, The Geogi-aphical Journal. Vol. Ill, Nos. 4—6. 8® London, 1893-1894.
Royal Geographical Society.

Madrid.— Boletin de la Sociedad Geografica de Madrid. Tome XXXV, Nos. 4—6, and
XXXVI, Nos. I—4. 8° Madrid, 1894. The Society,

MANCHESTER.—Transactions of the Manchester Geological Society. Vol. XXII, parts
15— 18. 8° Manchester, 1894. The Society.

Melbourne.—Proceedings of the Royal Society of Victoria. New. series, Vol. VI. 8°

Melbourne, 1894. The Society.
Milan.—Atti della Societa Italiana de Scienze Natural!. Vol. XXXIV, fasc. 4. 8°

Milano, 1894. The Society,
Moscow.— Bulletin de la Societe I tnperiale des Naturalistes de Moscow. Annde 1893,

No. 4. 8° Moscou, 1894. ' The Society.

Naples.—Rendiconto dell’ Accademia delle Scienze Fisiche E Matematiche. Series II.,

Vol. VIII, anno XXXIII, fasc, i—2', 4® Napoli, 1894.

The Academy.
New'CAStle-upon-Tyne.'—Transactions of the Federated ^Institution of Mining

Engineers. Vols. VI, and VII, parts i—2. 8° Newcastle-upon-Tyne,

1894.

Oxford.—Catalogue of Books in the Radcliffe Library, Oxford University Museum,
during the year 1893. Oxford, 1894. The Museum.

Paris.— Annales des Mines. 9"'“ serie, Tome V, livr. i. 8° Paris, 1893-1894.

Department of Mines, Paris.

„ Annuaire Geologique Universel. Tome IX, fasc. 3. 8° Paris, 1894.

The Editor.

,, Bulletin de la Societe de Geographie. 7™“ serie. Tome XIV, Nos. 3—4. 8®

Paris, 1894. The Society.

Comptes Rendus des Seances de la Societe de Geographie, Nos. 4— 12. 8°

Paris, 1894. The Society.

Bulletin de la Societe Mineralogique de France. Tome I to XV. 8° Paris,

1879 to 1892.

Penxance.—Transactions of the Royal Geological Society of Cornwall. Vol. XI, part 8.

8® Penzance, 1894. .
The Society.

Philadelphia.—Journal of the Franklin Institute. Vol, CXXXVII, Nos. 3—5. 8®

Philadelphia, 1894. The Institute.

Pi,y,v. Atti della Societa Toscana di Scienzi Natural!. Memorie, Vol. XIII. 8° Pisa,

1894. The Society,

„ Atti della Societa Toscana di Scienze Natural!. Process! Verbali, Vol. VI,

pp. 73—82 ; VII, pp. 81—234J and IX, p.p. 1—62. 8° Pisa, 1888—1894.
The Society.

Rome.—Atti della Reale Accademia dei Lincei. Rendiconti, Serie V, Semestre I,

Vol. Ill, fasc, 4—8- 8“ Roma, 1894. The Academy.
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nth of Boohs.
Donors.

Salem, Mass.—-Bulletin of the Essex Institute, Vol. XXV, Nos. 10—12, and XXVI,
Nos. I—3. 8° Salem, Mass, 1893.

_

The Institute.

San Francisco.—Memoirs of the California Academy of Sciences. Vol. II, No. 3.

8° San Francisco, 1893-1894. * The Academy.

Stockholm.—Bihang Till Kongl. Svenska Vetenskaps-Akademiens. Handlingar.

Band XIV to XVI II. 8° Stockholm, 1889 to 1893. The Academy.

„ Kongl. Svenska Vetenskaps Akademiens. Handlingar, Bandet XXII
to XXIV. 4° Stockholm, 1886— 1891. The Academy.

„ Meteorologiska lakttagelser I’ Sverige. Serien 2A, Band XIII to

XVI. 4° Stockholm, 1885—1888, The Academy.

St. Petersburg.—Verhandlungen der Russisch—Kaiserlichen Mineralogischen Gesells-

chaft zu St. Petersburg. Serie II, Band XXX. 8° St, Peters-

bourg, 1894. The Society.

SYDNEY.—Annual Report of the Departmeent of Mines and Agriculture, New South

Wales, for the year 1893.. Fisc. Sydney, 1894.

Dept, of Mines, N. S. Wales.

„ Catalogue of the Australian Birds in the Australian Museum, Sydney. Part

IV. 8° Sydney, 1894. The Museum.

,, Proceedings of the Linnean Society of New South Wales. 2" serie, Vol.

VIII, pts. 2— 3. 8° Sydney, 1893-1894. The Society.

Tokio.—Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde Osta-

siens in Tokio. Band VI, heft 53. 8° Tokio, 1894. The Society,

Toronto.

—

Seventh Annual Report of the Canadian Institute, Session 1893-94, 8°

Toronto, 1894. The Institute.

„ Transactions of the Canadian Institute, Vol. IV, Part I, No. 7. 8°. Toronto,

1894. The Institute.

Turin.—Atti della R. Accademia delle Scienze di Torino, Vol., XXIX, disp. i—4. 8“

Torino, 1893-1894. The Academy.
Venice.—Atti del R. Istituto Veneto di Scienze, Lettere ed Arti. 6™“ serie, Tomo LII,

disp. 3, and 2" Appendix to Tome L, disp. 10. 8° Venezia, 1893-1894.

The Institute.

Vienna.—Annalen des K. K. Naturhistbrischen Hofmuseums. Band VIII. Nos. i—4.

8“ Wien, 1893. The Museum.
„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band Cl, Abth. I, heft 8—10.

9) lla, ,)
6—10.

99 99 99 lib, „ 6— 10.

99 99 99 in , » 6—.10.

8® Wien, 1892. The Academy,
Washington.—-Bulletin of the United States National Museum. Nos. 44—46. 8°

Washington, 1894. The Museum.
„ Proceedings of the United States National Museum. Vol. XV. 8° Wash-

ington, 1893. The Museum.
York.—Annual Report of the Yorkshire Philosophical Society for 1893. York.

1894. The Society.
Zurich.—Neujahrsblatt herausgegeben vender Naturforschenden Gesellschaft. Jahrg.

1893, No, 95. 4° Zurich, 1894- . The Society.
„ Vierteliahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXIX, heft 1.

8° Zurich, 1894. The Society,
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RECORDS
OF

THE GEOLOGICAL SURVEY OF INDIA.

Part 4..] 1894. [November.

Note on the Geology of Wuntho in Upper Burma, by Fritz Noetling,
Ph.D., F. G. S., Palaeontologist^ Geological Survey of IndtUy -with a

map, *

Geographicalfeatures.—^The area described in the following pages comprises

part of the Wuntho sub-division of the Katha district in Upper Burma, It extends,

roughly speaking, between Htygaing on the Irrawaddi, and the Mu valley
;
in its

eastern part only low hills rise from the surrounding plains, but in its western part

the large massive of the Maingthong bills form a tract of approximately 75 miles in

length.

The Maingthong hills, which I partly examined begin near Tat. 23° 45' and Bbng.

90® 20' near the junction of the Daungyu Choung with the Mu river. Frorn this

point the hills extend in a nearly northerly direction, the tract widening out gradual-

ly till it reaches its greatest breadth of 30 to 35 miles near Lat. 24° 5'.

It may be said to be limited by the broad valleys of the Mu and its tributary the

Nam-Maw in the west, but its eastern boundary is less sharply defined. In the

southern part the broad Wuntho valley forms the boundary, but further towards

north the low hills to east come quite close up to the central massive 'forming for

some distance a low watershed between the Meza and Mu river. North of these

low hills the eastern boundary is again well defined being formed by the broad

valley of the Meza river.

The highest point in this hilly tract is Maingthong hill (5,510 feet), the south-

western spurs of which have been geologically examined.

The Toung-thon-lon (5,565 feet) at Lat. 24* 56' and Long. 95® 52' may possibly

form the northern continuation of the Maingthong tract, but it was not visited.

Geologicalfeatures .—I can only give a rough outline of the geological features

of this area, owing to the almost unsurmountable difficulties, which the -dense,

nearly impenetrable jungle places in to the way of geological researches. Here and

there a rock protrudes from under the thick vegetable mould which everywhere

covers the ground. But nothing can be seen of the dip and strike of the strata.

The trained eye, however, learns very soon to judge from the difference of the sur-

face soil, whether a change in the nature of the underlying rocks has taken place.

For instance, it is always easy to distinguish whether there are tertiary strata or

diorite in situ below the surface soil, but the exact boundary lines must be guessed

at. Even the valleys afford little opportunities for the geologist, owing to the im-

penetrable jungle.

B
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As far as I could ascertain only eruptive rocks take part in the formation of the

Maingthon hill tract whilst the surrounding low hills to the east, south and west of

the eruptive mass consist of miocene beds, both of the lower or Chindwin and
the upper or Irrawaddi group. Older formations occur only close to the Irrawaddi

river, where the low ridge which runs almost due north, near Htygain^, is formed

by mica schists, with an easterly dip ;
some traces of metamorphized carboniferous

limestone raay be seen on the eastern side of the ridge which forms the watershed

between the Meza and Mu river, the crest of which is formed by an extensive ser-

pentine dyke.

A.—Eruptive Rocks.

1, Quartz Dioriie.—The rock which is chiefly developed in the Maingthong hill

tract is a crystalline rock which from its outward appearance must be placed

between granitites and quartz diorites.

So far as it is known the quartz diorite occupies chiefly the central part of the

tract ; it is well seen on the road from Wuntho to Pinlebu, between the villages of

Myelin and Hethat, that this is so may be seen on the footpath which leads from
Wuntho %o Myelin, but the locality where I found it best developed is the Tayaw-
choung, a feeder of the Yn river ; here enormous masses may be seen in rounded
forms covering the slopes.

There is sufficient reason to believe that the quartz diorite is not only developed

in the shape of a central mass, but that numerous dykes radiate frbm the centre,

which show a considerable difference from the central mass
; such a vein may be seen

in the Nam-Maw ravine east of Mawteik where it undoubtedly penetrates the

black rock (aphanite). Occasionally veins of white quartz may be seen in the

diorite, but so far as I know they are not metalliferous.

2. In close connection with the diorite occurs a hard black rock which is deve-

loped either in homogenous masses or is well stratified. This mode of occurrence

may be seen in the Nam-Maw ravine, east of Mawteik ; after having passed Mawteik
where a truly intrusive rock of the trap type can be seen, an exceedingly hard dark

rock forms the bed of the river ; for about half an hour this rock may be traced without

any apparent change being noticed, excepting occasional fissures
; then the rock dis-

appears beneath the jungle, and when it crops out again, it is apparently of the same
type, but now well stratified. The strike is 45“ N. E.-S.W. and the dip 45® W.
It is crossed by a system of jointing, running 340° N. N.-W.-S. S. E, and dipping
62® E,

Mr. Holland describes this rock as follows :—A compact bluish-green rock
breaking with a semi-conchoidal fracture, studded with minute grains of magnetite
pyrites and pyrrhotite, the last-named minerals occurring also in irregular patches.
Specific gravity 2-86. Under the microscope the rock presents the characters of m,

volcanic agglomerate rather than an ordinary lava or a dyke rock. Fragments of
plagioclase felspars, hornblende and augite in all stages of decomposition are mixed
with opaque grains of magnetite and pyrites in a microlithic groundmass- It con-
tains a trace of gold but not enough for estimation.

Mr. Holland further remarks that only the occurrence in the field can decide
exactly the origin of the rock, but from the microscope alone it seems to be a con-
solidated volcanic ash.
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Mr. Holland’s supposition is perfectly correct ; when I first discov'ered this rock
it struck me at once as not being of truly sedimentary origin, although being perfect-
ly stratified. In fact the bedding goes so far that the grains and patches of mag-
netite pyrites run parallel to it. My first idea was that this must be a cdnsolid-
ated volcanic ash, very probably deposited in water. At all events under this cir-
cumstance the hard bluish rock mentioned above is also a cemented and hard-
ened volcanic ash on the top of the stratified beds.

This hardened volcanic ash may be seen all along the outskirts of the Maing-
thong hill tract forming particularly the surrounding region ; I first noticed it

near Padeingon,'about 15 miles in a straight line north of Wuntho, and from there
I traced it all along the lower hills which form the outskirts Pinion, Kyaungon,
as far as Wuntho ;

on the road from Wuntho to Pinlebu between the 7th and 8th

mile where there are extensive bid gold-diggings, this hardened volcanic ash shows,

according to Mr. Holland, exactly the same composition as that from Mawteik
which is not less than 28 miles in a straight line distant from that place. Here
the simultaneous occurrence of the stratified and the non-stratified beds can also

be seen, and the first are apparently the lower
;
a sample of the non-stratified rock

exhibits the following characters A coarser grained rock than that from Mawteik,
presenting the characters of a compact and altered agglomerate. There is a con-

siderable development of epidote at the expense of the decomposing felspathic

material which is in large quantities. Fragments of amygdaloidal andesite are

occasionally found ihcluded and undergoing the general decomposition. Specific

gravity 2*884. I need hardly add that it also contains numerous specks • of

magnetite pyrites.

To me it seems most probable that the diorite and the volcanic ash are in

generic connection, although this has not been actually proved yet; the probably

sub-marine diorite eruptions were accompanied by large showers of ash which

form now these pseudo-sedimentary rocks. Undoubtedly, subsequent eruptions

liroduced dykes, which intruded into the surrounding ash masses and these dykes

chiefly attract our attention. They were of two types—one, closely allied in com-

position to the diorite ;
the second, chiefly consisting of felspathic quartz which

contains a more or less considerable quantity of auriferous pyrites,

(a) Pyritic veins {auriferous.')

The known pyritic veins are only found on the eastern side of the Maingthofig

bill tract, but I have not the slightest doubt, that subsequently they will be

found at other places within the ash-girdle. Beginning from the north the fol-

lowing localities are known where these veins occur ;

—

1. Gwegyi.

2. Toungiii near Padeingon.

3. Chouk-paza-doung, close to Padeingon.

4. Theindoo-choung, near Pinion.

5. Mayutha.

All these places are quite close to each other, the distance from Mayutha to

Gwegyi being not more than I2 miles in a bee-line. So far as it has been observed

the veins do not run in any particular direction, but I may be wrong here. Any-

how the small holes in which the veins were exposed, did not permit a definite

opinion ;
only when their extent is known, can this question be decided. The

B 2
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veins naturally vary in thickness, as well as in the quantity of pyritic ore which they

contain. The thickest vein which I have seen is that of Toungni; the ore contain-

ed a comparatively small quantity of pyrites ; on assay it yielded 4 dwt. 1 5 grs. of

gold to the ton. The ore from Chouk-paza-doung which occurs in a vein of about

9 to 1 3 inches in thickness is much richer in pyrites, but it yielded only 1 dwt.

7 grs. of gold.

At Pinion, of which Mayutha is probably only the continuation, the vein is

about 4 inches in thickness, but consists nearly throughout of pyrites. On assay it

yielded only a trace of gold, although there is seemingly a connection between
the quantity of pyrites and gold contained in the ore

;
that is to say, the richer in

pyrites the poorer in gold, this supposition requires however a great deal more con-
firmation before it can be accepted.

However it is not only the quartz veins to which the occurrence of auriferous

pyrites is limited, much more frequently it is largely dispersed in small crystals

through the ash ; in fact we may say the occurrence in veins is only a concentrated

form of the occurrence of the auriferous pyrites in the ash. Pinion offers a good
example of this ; as above mentioned, there is a comparatively thin vein of pyrites

traversing the volcanic ash, which itself shows not race of pyrites, at a distance

of about 200 yards from the above place the ash, however, shows numerous
small pyritic crystals and old diggings prove that the natives have been
working here for gold. Typical localities of the second mode of occurrence of the
pyrites are

—

1. Gotama hill near Wepone, north of Wuntho.
2. Kyoukpyu, between the VIl and Vlll mile on the road from Wuntho

to Pinlebu.

3. Nam-Maw east of Mawteik, Pinlebu Sub-division,

Besides the above there are undoubtedly numerous other places
; for instance

the frequent occurrence of crystals of pyrites in the streams near Gyodoung (north

of Wuntho) prove that it must be found west of that place.

(J>) Galeniferous veins {argentiferous').

Besides the pyritic ore there occurs on the western side of the Maingthon hill

tract a galeniferous vein of Cerussite under very similar circumstances. The first

locality where I found it is called Kaydwin (Kay-lead, dwin-mine) situated in the

ravine of the Nam-Maw, east of Mawteik and still further to the east from the place

where the pyritic ash had been observed. As far as I was able to ascertain without

making extensive diggings it is a vein of, as Mr. Holland describes it, an igneous
rock of the aphariite group being composed principally of lath-shaped plagioclase

felspars, hornblende, and relics of augites with considerable quantities of granular

magnetite. The whole rock has been considerably decomposed
; epidote has form-

ed and veins of other produces of decomposition occur. The strike of the vein is

apparently N. N. E.-S. S. W.; but owing to the unfavourable position of the outcrop
this could not be ascertained. The thickness varies, but in the average it is not less

than 4 feet. The cracks of this vein are filled with veins of Cerussite, which forms
thin layers encrusting the rock. According to Mr, Holland it yielded 69*1
per cent, of lead and 33 oz. 16. dwt. 4 grs. of silver to the ton of lead.

Following up the direction of the strike in a south-westerly direction at a
distance* oi about six miles in a straight line, another locality called Mawkwin
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exists where the natives have been digging for lead. The mode of occurrence

being the same, it is undoubtedly that this place represents the southern continua-

tion of the Kaydwin outcrop.

(c) Salt springs ^

Another most remarkable occurrence within the area of the volcanic ash on the

western side of Mainthong hill tract, is that of salt springs.

They are usually found in the bed of the streams where the brine oozes oat

from the rock. Such places are :

—

Kyatngat in the Natnmaw ravine.

Kaydwin „ „ 1,

Taungmaw „ » ».

Natdaw „ „ „
Mangyi „ „ »,

Mawkwin in the Tayaw ravine,

Senan f, t> >1

Sagyin

Magyibin

Kya-wut-maw
Sinsamaw
Zibinmaw
Nayaungbinmaw

If the situation of these salt springs is fixed on the map it seems that they occur

along a line which runs about north-north-west and that they are chiefly found

at such places where the erosion of the streams has cut across it. It is therefore

highly probable that these salt springs follow a line of fault, which seems in the

main to run parallel to the Cerussite vein.

^Nam of stream unknown, but close to the above.

B.—The younger formations.
,

Maingthon hill tract is surrounded on all sides by tertiary strata, which in no

way differ from those observed elsewhere in Burma. Yellowish soft sandstones and

brown clays form the upper beds, and blue clays with ferruginous concretions, ^nd

grey sandstones, are predominant in the lower part. The tertiary strato come up

quite close to Maingthon hill tract
;
in fact, they form part of it, and on its western

side they compose the lowest spurs. Whether there is a line of disturbance between

the tertiaries and the eruptive centreis difficult to say.

On the western sid'^ the older tertiaries or Chindwin group may be traced for a

long distance ;
these beds are of small thickness comparatively, and form a narrow

band which skirts the central massiv ;
it is followed by the upper tertiaries, the

Irrawaddi sandstone, which is easily recognizable by its characterstic escarpments,

facing east ;
there is no doubt that the Irrawaddi sandstone extends to the west as

far as the Chindwin.

The general dip of the tertiaries is towards west.
*

On the eastern side the Chindwin sandstone has not been observed yet, but

there is every reason to believe that it may yet be found. General dip towards east.

The way in which the tertiaries follow the contours of the central massiv con-

vinces me that they were not only deposited along it, but that they once covered it

entirely. The older eruptive massiv was only laid bare by the same action which
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resulted in the folding of the tertiaries. Once laid ophn to denudation the softer

tertiary strata were of course washed away easier than the hard diorite. As a result

of this denudation the central diorite massiv protrudes in the form of a high, hilly

tract from the surrounding low-lands of tertiary *age. On the eastern side there are
numerous outcrops of coal seams, which, beginning north, run as follows :

—

1. Choukpyachoung between Mansigale and Pinmu.
The coal is exposed in the bed of a small stream

; it forms two seams separated
by a clayey parting ; the following is the section in descending order :—

j

7 Clay.

6 Shaly coal, i8 inches.

5 Brown soft clay, i2 inches.

4 Shaly coal, lo inches.

3 Good hard coal, 3 inches.

2 Shaly coal, 3 inches.

I Clay of unknown thickness.

The coal, except the thin layer of 4 inch, is of very inferior quality, brittle, and
very shaly ; in fact, it can hardly be considered as more than a bituminous shale.

2, Tabawda-Choung a feeder of the Tayaw-Choung, about three miles south-
west of Mansigale.

The coal seam crops out in a narrow, nearly inace ssible ravine
5

the seam
dips west at an angle of about 10°. The following is the section in descending
•order :

—

9 Clay.

8 Shaly coal, 14 inches.

7 Brown bituminous clay, 12 inches.
6 Shaly coal, 7 inches.

5 Good coal, 6 inches*

4 Shaly coal, i inch.

3 Good coal, 6 inches.

2 Shaly coal, i inch.

I Bluish clay of unknown thickness.

The coal is of good quality, but not of sufficient thickness to pay working.

3.

Milaunggon, east of Pinlebu.

Here an outcrop of coaly shale, apparently in disturbed position, may be ob-
served ; it is absolutely of no commercial value.

4- Subokom, about the 34th mile from Wuntho.
The outcrop IS found in the bed of a very narrow ravine, unfortunately muchcovered by jungle

; unless exposed by trenches, not much can be said about thisout-crop
; but judging from the others, it is not very probable that it will prove of

particular value. The seam dips west at an angle of apparently lo^ The follow-mg is the analysis of a sample of this coal :

Moisture , . . ,

Volatile matter
Fixed carbon , , ^

Asb
^ ^

According to this analysis, the coal
exists in sufficient quantity.

• • • . . 7*68
• • • • « 34’42
• • • • 53*58
• • • • 4*32

should form a very good fuel provided it
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5. Moungaw Streaiil, near Yuyinbyet village, south of Pinlebu.

Two outcrops can be seen here : the lower one is a seam of shaly,|brittle coal of

about two feet thickness imbedded in clay, the second shows a seam of 4 to 5 f©®*-

good coal covered by about 8 inch of shaly coal ; the out-crop was unfortunately

partly covered with water, which prevented further examination. Dip about 10°

towards west. The following is the analysis of a sample of this coal :

—

Moisture

Volatile matter . , . . , . . . 34‘^4

Fixed carbon S3'22

Ash . . ro4

The coal is so exactly similar in composition to that from Subokom, that, consi-

dering the position of the two localities, it is highly probable that both belong to

one and the same seam, of which the Moungaw out-crop is the southern continua-

tion.

6 . Wetabin-Choung, about i mile west of Engwe village on the Yu river.

I discovered only a seam of shaly coal here which closely resembled that of

Milaunggon. However, another seam must be zn situ in the same stream, which

is hidden under the detritus, for fragments of good hard coal have been washed out

and prove its existence higher up. According to the analysis it contained—

Moisture . . ... • • • •

Volatile matter . . . . . • • • 36’l4

Fixed carbon , . . . • • • • 4®'58

Ash . . . . • • • • • , 700 ,;! 1

It is therefore in no way inferior to the coal of the above narhed two places;

C.—Economic value of the minerals in the Maingthong Hill

TRACT.

I.—General Conditions.

Before going into the details of the value of the minerals mentioned in Section

B., it will be useful to discuss such questions first, which would apply generally

to all mining operations in Wuntho, namely, accessibility, labour, water and fuel-

supply.

As regards accessibility, there can be no doubt that the opening of the railway

line to Wuntho has greatly facilitated mining enterprise in those parts of Burma.

Without the railway, mining in such a country would be out of the question alto-

gether j the forty odd miles from Htygaing, the nearest river station, to Wuntho, across

a country which is a swamp for the greater part of the year, would never permit any

mining enterprise. But even supposing the necessary tool and plant having

safely arrived by rail at Wuntho, there still remains good distance to be covered

by carts. The pyrites mines are more favourably situated, the railway line

running nearly parallel to the eastern spurs of the Maingthong hill tract; but

there are still, in the most favourable case of Theindoo-choung and Mayutha

at least 10 to 12 miles of very difficult country to be traversed by road ; in the case

of the other mines, the distance is greater still. It may b® said, however, that,

although the cost of transport is great, it would not be prohibitive in the case of

the pyritic veins.

As regards the coal-mines, the nearest outcrop is 32 miles over a much broken

country, from the railway station, a distance which in itself would render it an
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unprofitable undertaking to work these mines, considering the favourable

position of the Kabwet colliery, which is open to communication either by river or

rail. The lead-mines are still more unfavourably situated, there is a cart road

from Pinlebu to Wuntho (at present, however, only practicable during the dry

season) j but beyond Pinlebu, communication is rather difficult j the total distance

from the railway station to the Kaydwin being not less than 68 miles over very

broken country, which in my opinion will enhance the cost of transport so much

as to make it a most unprofitable concern even if the ore contained 33 ounces

of silver to the ton.

With regard to labour, it may at once be said, that to rely on local supply

would wreck any mining enterprise from the very beginning. Probably one or

the other local coolie, attracted perhaps by high wages, will for some time work

in a mine, but it is more? than doubtful whether they would take up the work

in any number, and, what is the most important point, would persevere in it.

The population consists chiefly, if not entirely, of agriculturists, who are not likely

to give up their comparatively easy work, which affords them a sufficient if not

ample livelihood, with plenty of spare time. If they could be induced to take

up working in a mine, they would most probably only do so during the off season,

and return to the cultivation of their fields when their presence is required.

Labour must therefore be imported at undoubtedly considerable expense, if ever

mining operations were started in those parts of Burma. Finally, another point

must not be overlooked ;
Wuntho, in fact the whole of the Maingthong hill tract,

is an excessively unhealthy and feverish country, as I have experienced myself.

The death-rate amongst the coolies would be sure to rise to such a point that

exorbitant wages would have to be paid to the labourers to induce them to stay

on. The sanitary conditions would undoubtedly improve immediately the jungles

were being cleared and the coolies fairly housed, but at the beginning thfe

death-rate would certainly be a high one. There is plenty of water all the year

round, an important matter, if it were to come to the setting up of stamping

batteries, and there would be no lack of fuel, at any rate within the first twenty-

five years, the country being thickly stocked with wood.

To sum up, accessibility in all cases, except the coal and lead mines, fairly

good. Water and fuel plentiful j local supply of labour next to none,

2.—^Value of the minerals.

Having dealt with the general conditions, on which mining enterprise in

Wuntho will depend, it remains to discuss the value of the different minerals which
are likely to be exploited. These are

—

1. Auriferous pyrites.

2. Argentiferous Cerussite*

3 . Coal.

4. Salt.

I. Auriferous Parties.— It must be understood that all the gold found in the

Maingthong hill tract has been derived from the decomposition of iron pyrites,

whether gold be found in specks, in the surface soil, or in small grains inclosed
in the quartz. The sooner it is understood that the gold found in the quartz
is not primary, but a residue of a chemical process, i. e.y the decomposition of the
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iron-pyrites, the more will the difficulties he realized which will have to be encoun-
tered when exploiting these auriferous ores. I do not doubt that at the outcrop
of the pyrites-veins metallic gold has been found, although I did not find it

myself; the Choukpaza lode for instance shows unmistakeable signs that its outcrop
had been worked by some body and for some purpose, and if the natives state

that this purpose was the extraction of gold this statement is probably correct.

I have also no doubt that the same may be the case with other localities, for

instance, Toungni near Padeingon or Gwegyi. But my opinion is, that I do not
believe that the occurrence of metallic gold at the outcrop of these lodes will con-
tinue to any great depth. Sooner or later it will disappear, and be replaced by un-
decomposed iron-pyrites. Then the difficulty of dealing with a refractory ” ore

will have to be faced. This is the point which I want to put stress upon. We
have, therefore, to answer the question : does the iron-pyrites contain a sufficient

percentage of gold, so as to make its extraction a profitable business ? This may be
answered with no^ as far as our present knowledge enables us to form a judgment.

The richest ore contained a little over 4 dwt. of gold to the ton ;
but although as

small a quantity as 3 dwts. is suflicient to pay some of the Australian mines,

it is hardly beyond a doubt that in Wuntho the expenses will be too high to make
gold-mining a payable concern, unless a higher percentage of gold to the ton of

pyrites ore could be proved, I quite believe that should gold-mining be really

started some of the mines would pay a srnall .dividend during a couple of years

or so, but when the small supply of metallic gold, prepared in the chemical

laboratory of nature, has been exploited, and when it comes to extract the goijd

from the pyrites, which holds it with an iron grip, every single one of the mining

concerns will ingloriously break down. It may be argued that the natives have

extracted gold at various localities in the Maingthong hill tract. True enough,

and countless old and deserted diggings prove that they actually did, but it must

not be forgotten that a native feels himself amply paid if he gets a few annas

weight of gold after a month of hard work. The native does not employ expensive

mechanical labour, and an equally expensive staff; a primitive pickaxe, a wooden

shovel and a pan made on the spot, an ample supply of water is all he requires.

With that outfit he sets to work, diligently, day per day ; and when he thinks

he has exhausted one place, he moves on to another. Small as his earnings may

be there is no question that they sum up, if we suppose, that this work has been

steadily going on for years and years. The gold which eventually comes to the

market is perhaps the accumulated result of years of work. But if the same

quantity were to be obtained within a short period of time, the working expenses

would simply be higher than the value of the gold extracted,

2. A-rgetitifeTOUs Cefussiie*—The results of the analysis prove that this is a

highly valuable ore, and so far as I have observed there is a large quantity still

available, but as I have already said, it must remain doubtful whether under

the present conditions of railway communication and costly labour these ores could

be worked profitably.
, ^

2 Coal According to the analysis the coal is of good quality; but not

largely in excess of that from Kabwet or the Chindwin. It is in fact up to the

average coal from the Burmese Territories, which makes a fairly good fuel, provided

there is a sufficient quantity of it. But so far my examination of several localities
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where suclt coal exists, does not warrant a very hopeful view, and in fact, except

at one or two places, the seams are of wretchedly poor quality, consisting chiefly

of coaly shale.

4. Salt.—In conclusion I may mention in few words how the natives utilize the

salt springs. I have already stated that these springs are almost always found
along the stream beds j and the natives have overcome the difficulty of obtaining

a strong brine for evaporation in a most ingenious way. A fairly sized log of

wood is hollowed ont in the centre, and driven into the bed of the stream over

the spring, whilst the space between this hollow cylinder and the rock is safely

plugged with clay. A bamboo-wicker work is then placed round the wooden
cylinder and the space between the two filled with clay, well rammed in; a few
heavy boulders, on the top protect the clay from being washed away. The brine

then rises in the wooden tube sometimes above the level of the surrounding stream.
It is pumped out in the ordinary way by means of a pot, and then boiled down, in

the way as described by me in a previous note on a salt spring near Bawgyo in the

Shan States.

Preliminary notice on the 'Echinoids from the Upper Cretaceous System of Bahrch-
istdn, hy Fritz Noetling, Ph.D., F.G.S., Palceontologist^ Geological Survey
of India. '

The fine collection of fossils, which Messrs. Griesbach and Oldham have ob-
tained from the cretaceous rocks of Baluchistan, contains, amongst others, num-
erous well-preserved

,
several of which I recognised to belong to the

genus Hemipneusies Agass. The occurrence of this genus seemed to indicate the
existence of the dtage Danien in Baluchistdn—a fact which, if proved with certainty
would be of considerable interest. The closer examination of the JEchinoids has
elicited some more interesting facts, which I publish now, because a considerable
time must lapse before the examination of the whole fauna can be completed.

It is unfortunate that no figures of the new species can be given here, and, for
the time being, the conclusions I base on the species mentioned below must be
accepted in good faith, but I hope that the publication of the whole of the creta-
ceous fauna of Baluchistan will not be delayed much longer. On the other hand,
I think that the results of the examination of the JEchinoids will be of some assist-
ance to the field geologists who are working now in Baluchistdn, and it may he
hoped that these notes will help to elucidate further facts concerning the develop-
ment of the Upper Cretaceous system in Baluchistdn.

From a paper in the “ Records’’ 1 it appears that Mr. Oldham divides the strata
below the Ghazij beds (Eocene) into three groups, which in descending order are
as follows :

—

3. Dungfhan group.
2. Belemnite beds.

I. Massive limestone.

An unconformable break is said to exist just above the Belemnite beds. Ttmight then be expected that a considerable difference in the fauna of the Belemnite
Geology ol Thai Chotiali, Records, Geological Survey of India, Vol. XXV., P. 18,
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beds and the Dunghan group would be met with, a view which had been fully

borne out by the facts. However, Mr. Oldham, unfortunately, was led into a
mistake, further elaborated in the 2nd Edition of the “Manual,” p. 291, to assume
that the Dunghan group contained an anomalous fauna, and that Nummuliles were
associated with cretaceous forms.

Mr. Oldham continues ; “Under these circumstances it must remain an open
question whether we are to regard the Dunghan group as oldest tertiary or newest

secondary in age ... If the top of the Dunghan group represents the lower limit

of the tertiaries, we have to acknowledge an extreme abundance of the genus Num-
mulina in beds of cretaceous age ; if the bottom, then the Ammonoidea are re-

presented in beds of tertiary age by several genera and species. A third interpre-

tation is open, and probably it will prove the true one, that the Dunghan group

represents the gap between ihe Secondary and Tertiary period in Europe.”

Supposing Mr. Oldham’s observations were correct, they would contain nothing

new, because true Nummuliies have been discovered in the Eastern Pyrenees in

strata which have been considered by Mr. Seunes^ as belonging to the ^tage Danien.

7'hese strata are said to pass gradually into limestones which contain large Num^
mtulitts (A. perfcratd).

It is to be regretted that Mr. Oldham advanced such far-reaching theories on
paleontological evidence which cannot be considered^ as conclusive. I have ex-

amined the “ Nummulina ” of the Dunghan group in, Mr. Oldham’s collection, and
have found that Mr. Oldham had mistaken a species of the genus Orhiioliies for

Nummulina^ and as the form is a typical cretaceous genus, the anomaly disappears.*

Mr. Griesbach has lately been over the sections described by Mr, Oldham in

the paper quoted, and has found that there are three distinct series of rocks

represented in that part of Baluchistdn ; the lowest (Mr. Oldham’s “ massive lime-

stone”) contains a number of fossils, which I am now engaged in working out. 1

found that they chiefly belong to the genera Macrocepkaliies, Zitt., and Perisphinc-

Waag., and that several forms from Each, such as M. Waag., and A/.

pftlpphimus, Waag., are represented amongst them. The “ massive limestone” is

therefore of Jurassic age, and represents probably the Kelloway group.

Above the massive limestone follows a series of beds, which are distinguished
'

by an abundance of specimens of Belemnites. Locally the Behmnite beds may

be divided into various horizons, but it seems doubtful whether such horizons

could be traced over more than a very limited area. The examination of these forms

has proved, that the Belemnite-beds must be considered to be of Neocomian age.

Above the Bdemnite beds follow the calcareous beds (locally often sandstones)

which contain a rich fauna, amongst which the genera Sphenodiscus, Zitt., and

Orlniohtes^ must be specially mentioned. These beds are also characterised

by the witlely distributed Cardiia heaumonii, D’Arch., which in Sind also occurs in

the uppermost Cretaceous,

* Seunes, Observations sur le Cr^tac^ supiSriewr des PyrdneSa occidentales. Bull, de la

Soc. C.«5ol. de France, 3rd aer., vol. xvJi, p. 803.
. , ,

® I need not dwell here on the controversy that has been going on tor a long time

regarding the age o£ Leymerie’s dtage Garumnien. It is sufficient to say that Mr. Leymerie

tried to explain the presence of cretaceous Echinoids in the calcaires k Micrasier iercensis ^by

the theory of colonies— a view which might also be applied to the Dunghan group supposing,

the anomalous fauna existed.



126 Records of the Geological Stirvey of India. [voL.' XXVI i.

Above the dark-brown beds follows the white limestone of the

Eocene formation with tx\y^ Nummulites.

From the foregoing remarks it seems clear that the Sphenodiscus beds re-

present that part of Mr, Oldham’s Dunghan group which contains the cretaceous

fauna together with the so-called “ Nummulinal*

The Echinoids which have been described in the following pages have been

collected by Messrs. Griesbach and Oldham in the Sphenodiscus beds ; none come
from the massive limestone or the Belemnite beds, nor from the nummulitic

limestone above. We are therefore in a position to ascertain with great accuracy

the age of the Sphenodiscus beds.

The Echinoid fauna here described consists of ii genera with 1 6 species, of

which 8 genera are represented by one, three genera by two, and one genus by
three species, viz. :—

1. Cidaris suleimani, spec. nov.

2. Orihopsis perlata, spec. nov.

3* Cyphosoma sp.

4« Ptotechiniis pauciiuhereulatua, gen. et spec. nov.

5. Echinoeonus gigas, Cotteau.

6. Holectypus bal-uchistanensisysp^c. nov.

7. Pyrina ataxensis^ Cotteau.

S- », gigantea^ spec. nov.

g. Echinanthus griesbachi,'^ spec. nov.
10. Clypeolampas helioa,^ spec. nov.
tt. „ vishnu, spec. nov.
12. Hemipneustes pyrenaicus, Hubert.
13* II leymeriei^ Hubert.
14* ii compressus, spec, nov,
15. Hcmiaster blanfordie, spec. nov.
16. ,, oldhamif spec, nov.

Out of the 16 species, 15 have been determined specifically, and only r

generically ; out of the 15 specifically determined species, ii have been found to be
new, but 4 could be identified with well-known species from Europe ; these are

—

Echinoeonus gigas^ Cotteau,

Pyrina aiaxensis^ Cotteau.

Hemipneustes pyrenaicus, Hdbert,

,, leymeriei, Hubert.

I wish to say at once that among the 11 new species several show so close a
relationship to other European species that it is quite probable, that on actual
comparison with the type specimens they may be found identical, and that the
number of European species appearing in the cretaceous system of Baluchistdn may
in fact be much larger than stated above. However, the four species named have
been recognised with great certainty, and we may therefore say that the Echinoid
fauna of Baluchistdn exhibits a most marked European character.

* The horizon of this species is not quite certain; Mr. Oldham, who has collected it,

simply states froni " Dunghan grqup ”
; from the state of preservation I think that it has been

collected in argillaceous strata just above the Belemnite beds.
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Thl« femmre ippcan slill more remarkable if we take into consideration that
ihciMS fottr ijicciet occur principally in the 4tage Damm of the Pyrenees. We are
therefore fully Jusiified in assuming, from the evidence of the Echinoids, that the
crcmceout fauna of Baluchlttin is of European type, and showing the closest
rclaiionahip with the cretaceous fauna of the ^tage Danim of the Pyrenees. I admit
lhal this is a somewhat startling result, and I must say that for some time I felt

serious doubts as to Its correctness, considering the great geographical separation ;

but after I noted down this fact, 1 came across Mr. Cotteau's note, “Sur un
exetnplaire du Cerur/rr VU&nmm provenant de Tersakhan (Turkestan).”^ Mr.
Cotieau, whose high authority on Echinoids will hardly be doubted by anybody
clescribes in this a small echinoid, which had been presented to his brother by
General Komaroff of the Russian Army. I quote here Mr. Cotteau’s own words :-r

*• Cette es|Ace avail dt^ dans Torigine considcr^e par M. Vilanova et par moi qui

n'avais fait que suivre tea indications, comme ^ochne. De nouvelles observations

ont demonlf# que la cooche qui renferme le Coratter Vilanovos doit se placer dans

la Craie* I un niveau supifrleur. La d^couverte de cette esphee faite r^cemment par

M. &8unc« dans la Craic suji^rleure dcs Fyr^ntSes, ne laisse plus aucun doute sur

rhortson »tratigTaj«bit|Uc slu i'nrasler Vitamvm.
*• I.a pf<S»cncc de cc jiciii I^chinide, k une aussi grande distance des Pyr^n^es et

de Is province d’Alicantc, cst eatrimement inblressante et suffu pour ^tablir que les

d«t>^ts de Tersakhan, dans lesquels fl a did recudlli, font partie de la Craie

iiupdficttre, et que, sulvant toote probabllltd, lea mers ©rdtacds, qui recouvraient

cetic panic de la pdnlnsule esps^nol et dee Fyrdndes, se prolongeaient jusque dans

le Turkestan/*

There Is other evidence of the probability that the cretaceous beds of Turkestdn

tielong to the same area of deposition as those of Baluchistdn, and if an Echinoid

has i»mn discovered In the former which is identical with a form which has hitherto

only been found In the Upper Cretaceous system of the Pyrenees and Spain, it

li by no means surprising that la Baluchlstln several special have been found

which are also identical with forms occurring in the cretaceous beds of the

IVrcnees.
, . - . « ,

Mr. Coiteau's view that the sea in which the cretacous beds of the I^renees

were ilepositcci, extended to the Turkestin area, appears to be fully corroborated by

the cxatnlnalion of the Eclilnoida from Baluchistin. In fact we might assume that

Uie rrciaccott* mm in which this remarkable fauna lived had extended far to the

ftfiuth anti certainly reached iti Baluchistin.
. - j r *1,-

If we iiirn our eyes further south-east and compare the Echinoids from the

Arishmr group of Southern India with those from Baluchistdn, we observe a most

mriklng difference in the facies of the fauna and find that ® !

10 both looliiici :
In fKt the whole composition

J.'?®

Sooihetn main diners greatly from that of Baluchistdn, as will be seen from the

i...lowing table. The following genera have been found in

BaltschittSn. South*Indla.

(hth0f»in « • • » *

« • • • *

• Bumrn la Gdaloglqtw de Franco, $Td Vol. XVII, p. ISS-

X
mSk

X

X
X
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Baltichiat^n. South India.
Pseudodiadema • • • ' • * 9 • . X
MicroPedina • • * m m • . X
Protechinus • • m • ‘X
Salenia • • * • * » m . X
Holeciypus a t « • • X • X
Echiftocanus • X * • X
Nucleoliies • • • 4 • • . X
Pyrina • • • • X
Cassidulus , • • « 9 * • . X
Stigmatopygus • • • • • * . X
^otriopygus * * • • * * » . X
Caiopygus • • « • • X
Echinanihut « • X
Clypealampas • • X
Hemipneusies • • X * « V . X
Holaster • • m • p

Cardiasier • • * « m • » X
Epiasier • • • * • • a p

Hemiasier • • X • X
We. see, therefore, that out of a total of 22 genera which occur in the Arialoor

group of Southern India and in the etage Danien of Baluchistan, only five genera
are common to both areas, namely,

—

i* Cidarisy

2. OrthopsiSy

3. Molectypusy

4 . EchinoconuSy

5. Hemiastety

and probably also a sixth, the genus Hemipneusies ; but the presence of the latter in
Southern India is somewhat doubtful, because I base it on the supposition only
that the ill-preserved Cardiasier orienialis, Stol., does not belong to that genus, but
to Hemipneusies, as its poriferous zones indicate. Of the above-named five

genera, four, Cidaris, Hemiaster, Holeciypus, and JEchinoconus are widely distributed

genera, from which no conclusion can be drawn, and only Orthopsis may be said to
be limited in its vertical distribution, and this genus, together with the probable
Hemipneusies, would form the only connective links between Echinoid fauna of the
upper cretaceous beds of Southern India and Baluchistan.

It may, however, be remarked that it would have first to be proved that the
Arialoor group could be correlated with the Sphenodiscus beds in Baluchistdn,

before a comparison of their respective Echinoid fauna could be undertaken
; in fact

it might be assumed that such comparison is inadmissible if, as it is supposed, the
Arialoor group represents the etage Senonien in Southern India, whilst the Spheno-
discus beds can be correlated with the etdge Danien.

Mr. Ldvilld,^ however, has recognised the presence of the etdge Danien in South-
ern India, which he calls Ninyur group, and of which we must suppose that it was
included in the Arialoor group, and therefore a comparison of the Danien in

Baluchistan with the Arialoor group of Southern India may by no means be
incompatible with the actual facts.

It must therefore be admitted that a large faunistic difference exists in the

^ Bulletin, de la Socieie G60I. de France, srd ser.. Vol. XVIII. ia6.
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Echinoid faunas of the upper cretaceous systems of Baluchistan and Southern

India—a difference which not only concerns the species but also the genera. This
fact is the more striking if we consider the faunistic similarity between the upper

cretaceous systems of Baluchistan and the Pyrenees.

The only inference which we are able to draw from this fact is that a great

faunistic province extended from South-Western Europe towards Central Asia and
Baluchistdn—the cretaceous Mediterranean Sea,—and that this same province was

separated by a land barrier from the sea, in which were deposited the cretaceous

beds of Southern India; a view which has already been expressed by other writers,

amongst them the late Dr. Neumayr,

On Highly Phosphatic Mica-Peridotites intrusive in the Lower Gond-
w'ana Rocks of Bengal, by Thomas H. Holland, A.R.C.S., F.G.S.,

Deputy Superintendent
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I.—Introduction.

1. Besides the fact that hitherto only one or two types of ultra-basic rocks have
been described in India, a special interest attaches to the varieties of the rock
described in this paper for the following reasons :

—

/r/,—It is irrupted as dykes and sheets coking the coal and baking the
sandstones and shales of Damuda age in Bengal, thus occupying a
position similar to that of its near relative, the diamond*bearing peri-
dotite of South Africa, which breaks through the carbonaceous rocks of
the Bcca beds and Kimberley shales—strata contemporaneous in
geological age and agreeing partly in lithological characters with the
coal-bearing Damuda series of India. That diamonds have originated
by the action of peridotites on carbonaceous rocks seems to be a most
natural conclusion from their frequent occurrence either in the igneous
rock itself (South Africa)) or in localities where peridotites are intruded
into carbonaceous rocks (New South Wales, Western America). This
similarity of conditions, therefore, in the Indian coal-fields is most
Suggestive.

I

Wi—The presence of biotite and anthophyllite amongst the leading constitu-
ents of this rock considerably limits the number of its relatives amongst
the described peridotites of the world, whilst the quantity of apatite,
amounting sometimes to over ii per cent., makes it unique amongst
igneous roc Ks. Whilst apatite is about the most widely distributed of
all rock-forming minerals, I know of no case in which its proportion
amongst the rock-constituents would entitle it to be regarded other
than as an accessory, whilst in the peridotites it is comparatively scarce.

2. Mr. F. G. Brook-Fox called my attention to these rocks in 1892, and kindly
brought specimens from Giridih and Assensole. Since that date I have followed
up the subject during short holiday excursions to the coal-fields, principally in cora-
pany with Dr. Saise, Manager of the East Indian Railway Company’s collieries at
Giridih, to whom I am indebted forsome very interesting specimens and for generous
assistance in many ways. I am indebted also to Professor Judd of the Royal College
of Science, London, for having kindly examined the slides of the mica-peridotites
from the Darjiling area and for correcting my determinations.

r- 1

Lewis, “ On a diamantiferous peridotite and the genesis of the diamond.”
P. 32

;
Rep. Brit. Ass., 1887, 720. A. H. Green, “ An to the geology and physical geography of Cape Colony,” Quart. Journ. Geol. Soc.VO. XIV (1888), p. 239. The diamond-bearing peridotite of South Africa is, like theenga rock, associated with a series of intrusive sheets and dykes of dolerite, which appear tooe the underground representatives of the great sub-aerial lava^ows forming the highestsub-dmsion of the Stormberg beds (Green, loc. 25S), and thus occupying a position cor-responding to the Rajmahal traps of Bengal.

terreltrf^r"
diamonds in meteorites and in peridotites, their nearest

(1890)
8)*^^’ frequently been remarked Daubrde, Comptes Rendus^ vo\.
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II.—Previous descriptions of the " Mica Traps."

3. Dr. W. T. Blanford seems to have been the first to record the occurrence of

black mica in the dykes of igneous rock intersecting the Lower Gondwana beds of

the Raniganj area, and although in i860 he could have had no means for distin-

guishing the petrological characters of the two principal types of dyke-rocks intru-

sive in the coal-field, he distinguished two groups by their distribution amongst the

stratified rocks, describing what he thought to be the older as almost invariably de-

composed and soft, forming a red or yellow stone, frequently vesicular and with a

habit of forming sheets in the coal and sandstones. From observations which have

been greatly facilitated by mining operations since carried out in this and in the

adjoining coal-fields, I find that the dykes which are soft, buff-colcured and vesicular

at the surface can be traced in the mine-shafts to compact mica-apatite-peridotites,

whilst the basaltic dykes, which can now be proved to be younger \mde infra,

paragraph 1 4), display characteristic jointing and spheroidal weathering at the surface,

with microscopic characters that are unmistakeable.^

4. In 1866 Mr. Hughes distinguished the mica-traps, which decomposed to

yellow earth and occurred in narrow dykes in the Jherria coal-field, from the

basaltic dykes of the same area.®

5. In 1867 Dr. V, Ball described a trap-dyke, crossing tlje D^lmodar (Ddmuda)

north-east of Burobing in the Rdmgarh coal-field, as decomposed and earthy similar

to many seen in the Raniganj field.®

6. In 1868 Mr. Hughes recognised micaceous traps amongst the dykes of the

Giridih (Karharbdri) coal-field.^

7. In the Jainti coal-field (Deoghur) Mr. Hughes distinguished in 1868—70

between the micaceous and the augitic types of dyke-rocks, remarking that the

former are always in thin dykes, are more decomposed, and affect the sediment-

ary rocks to a greater extent than the latter—an observation which is confirmed by a

microscopic stud}^ of the contact effects.®

8 . The first microscopic examination of the so-called mica-traps " was made

in 18*80 by Mr. F. Rutley of the Royal College of Science, London, who described

specimens collected in the Girfdih (^K.arharbdrf) coal-field by Dr. Saise. Accord-

ing to the extract from Mr. Rutley’s note published in Dr. Saise’s paper on the coal-

field, the rocks were micaceous traps very decomposed indeed, the felspar being

replaced by carbonate of calcium.^^ lu one specimen he suspected the occurrence

of olivine.® _
9. In 1888 my colleague, Mr. P. N. Bose, described some mica-traps from Bara-

P) “On the geological structure and relations of the Raniganj coal-field, Bengal.”^ Mem.

Geol.Surv., Jnrf., vol. HI, pp. 141—149- The great Salma dyke, for instance, to which Dr.

Blanford referred as possibly a member of the younger group (p. X43)t augite-plagio-

clase rock.

® Mem., Geol. Surv., Ind., vol. V, p. 322. '

8 Ibid., Vol. VI, p. 129. '

, . 1.

* Ibid., Vol. VII, p. 239. Recently these and the other dykes of this area have been examin

ed in detail by Dr. Saise and myself and will form the subject of a separate note.

* Mem., Geol. Surv., Ind,, Vol. VII, p.

6 Trans, North Eng. Inst. Min. and Mech. Eng., Vol. XXX (1880), p. 13.

C



132 Records of the Geological Survey of India. [vOL. XXVlf,

kar and Raniganj under the names liersanton and kersantite?- From an examina-
tion of Mr. Bose’s slides and specimens, together with a large collection of fresher

rocks from this and other coal-fields in Bengal, I should not hesitate to class these

rocks with a far more basic type.

III.—Mode of Occurrence,
10. Compared with the basaltic dykes of the same area, the raica-peridbtite in-

trusions are very narrow, never, so far as seen in the Girfdfh coal-field, exceeding

about 3 feet in width; and this seems to be true also of similar intrusions in the

associated fields.® Frona dykes of this width it can be traced down to minute veins

ramifying in the most intricate manner, and even as thin films spreading between

the separate columns in the zones of burnt coal which border the dykes (d'pso).®

ri. This rock frequently occurs also as sheets intruding along the beds of coal-

bearing rocks-—a habit noticed by Dr. Blanford to be so constant that he found it

necessary to reassure himself that the igneous rocks were not interstratified lava-

flows contemporaneous with the coal.^ It has thus become to the coal-mine

owners a more formidable pest than the larger masses of basalt which occur iri

vertical dykes.

12. A further mode of occurrence is exhibited in one of the mines of the East

Indian Railway Company’s collieries in the Giridfh field (JogftJ^nd shaft, No. 7).

One of the galleries has been driven through a mass of peridotite 50 feet

thick, and numberless veins from this are found ramifying in all directions and
anastomosing amongst the coal-seams around. The other galleries of the mine
have, however, only passed through narrow dykes of trap, and they show that the

lateral limits of the large mass are, at any rate, within the area of the galleries.

There is, therefore, a boss-like expansion in this locality.

13. Representatives of the same rock, with slight local variations in structure

and mineral composition, occur in the coal-fields of Rdniganj and Bardkar, of Jher-

ria, of Deoghur, and probably of Rdmgarh. It occurs also in the Darjiling coal-

field also in sheets, with the usual contact-effects of intrusion.

Geological age.

14. According to Dr. Blanford, there is a much larger amount of trap permeat-

ing the Lower Damudas than the younger beds, and the sheets of igneous rock

intruded into the former strata appear to be alone amongst the trap-rocks of the

field which have been thrown by faults. The age of these rocks is, therefore, given

as probably Damuda and possibly Lower Darauda.® Specimens which I identify

with the mica-peridotite here described were collected by- Mr. Bose and stated by

him to be intrusive in the Raniganj series.® The uppermost members of the

1 Rec.., Geol. Surv.t Ind.yYol. XXI (1888), p. 163. See also description of the mica-traps

occurring in the Damuda rocks of Darjeeling district. Ibid., Vol. XXIII (1890), p. 241.

® For example, Jherria (Hughes), Jainti (Hughes), and Raniganj (Blanford).

® The numbers in parenthesis refer to the specimens in the Geological Museum, Calcutta,

which illustrate the features described or figured in this paper.
,

* Roc. cii., pp. 146 and 147.
* Loc, cii., pp. 148 and 149.

® Rec,f Gcol. Su-yv.y Ind,% Vol. XXI (i8S8), p. 164. (Specimen No. S’aSj).
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Damudas, therefore, must be fixed as older than this intrusion. In ^ paper hy
Dr. Saise and myself which is in course of preparation, it will be shown that the
mica-peridotite is, as Dr. Blanford suggested from more indirect evidence, older

than the associated basaltic rocks, and if we take these (as all later workers have
agreed with Dr. Blanford) as contemporaneous with the Raimahal lava flows*

the age of the mica-peridotite can be fixed between the narrow limits of Danauda on
the one side, and Rajmahal on the other, that is to say, not far from, the Trias of

Europe and the Panchet of India.

Contact effects.

1

5.

Wherever the peridotite has invaded the coal-measures the hsjS lost its

lustre, is heavier, hardened, coked and often made beautifully columnar in zop,es

of variable width along both sides of the dykes.

In an equally striking manner sandstones have been baked and even partially

fused, with the production, in the more felspathic kinds, at structures which some-
times recall the corroded quartz-crystals and crypto-crystalline fluidal matrix of a
rhyolite. These contact-effects will be described in detail in the joint paper already

referred to.t

IV.-tPETROLOGICA^ characters.

Macroscopic characters. •

16.

The most coarsely-grained varieties have been obtained in the Darjiling

district. In specimens of these the glistening scales of brown mica measuring ^ihout

2 mm. across form the most prominent feature (8'723, 9*707). The freshest

specimens have been obtained from Giridih, and appear as tough and almost black

rocks with spangles of biotite, glassy-looking phenocrysts of olivine, and large

numbers of acicular crystals of apatite (9*876). Specimens from the narrower

dykes and veins are generally dark green in colour, finer in grain, and are always

more decomposed, masses of serpentine representing the original phenocrysts of

olivine (9*104). In small veins and on the selvages of larger intrusions the rock is

compact, of a greenish tinge, weathering to a buff-coloured earth (9*1044, 9‘i045).

Sometimes the selvages present a variolitic appearance, but the structures which

represent the original varioles are now made up of secondary minerals. A similar

variolitic appearance has been recorded by Diller at points where in the peridotite

of Elliott County, Kentucky, the rock comes in contact with the strata and includes

fragments of shale.^ (See also para. 35 *)

17.

Where in breaking through the coal the rock has met a nest of iron-pyrites

there has been produced a slaggy mass with very distinct fluidal structure and

1 The late J. B. Jukes, referring in the memoir on the South Staffordshire'coal-Seld to the

distances to which the narrow veins of igneous rocks run in the coal-measures of that area,

concludes that “at the time of the injection it had a temperature not merely just sufficient to

melt it, but a much higher one, sufficient to allow of the loss of a considerable quantity of heat,

and yet for the matter to remain still molten in its passage to very considerable distances from

the volcanic focus ” (2nd edition, (1859), p. 123). I have referred above (para. 10) to the fine

ramifications and the long, yet narrow, dykes of mica-peridotite in the Bengal coal-fields, and

the conclusion that such a condition is indicative of high temperature is confirmed by the

intensity of the widely-extended results of contact metamorphism noticed by Dr. Blanford.

“ Bull.y V. S. Geol. Surv., No. 38 (1887), p. 23.

C 2
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black colour, like the artificial slags darkened by sulphides described by Percy

(9*877).^

18. In some cases, where the biotite occurs in excessive proportions, the result

of pressure at the margins of the dykes hag given rise to a rock as fissile as mica-

schist (q’io47).

19. At the surface the dykes weather to a soft buff-coloured earth in which the

partially bleached and hydrated mica frequently appears, as noticed by Dr. Blan-

ford, wrapped around small spheroidal masses, which are often hollow in the

centres and remind one again of varioles (9
-

874). In these weathered specimens

bands of cavities strongly resembling those of a scoriaceous lava frequently occur

;

they are presumably only hollows from which serpentine and other minerals have

been removed in solution (9*872).

Specific gravity.

20. As all specimens have suffered to some extent from hydration the specific

gravity of the rock has been lowered to varying degrees. The following table

shows the average specific gravity of the principal types :—

-

Rock. Sp. Gr.

9*876, The freshest specimen with porphyritic olivine, from the

centre of the large mass in No. 7 Jogitand shaft, Giridih,

Depth, 286 ft 2*99

8*723. Coarse-grained variety from the eastern branch of the Cherang
Khola, Darjfling district . . . . . . . 3*90

9*105. Fine-grained rock with olivines completely decomposed. Dyke
in No. 7 Jogitand shaft, Giridih . .... 2*80

9' 104. More decomposed and finer in grain. Same locality , . 2*71

9' 1 99. Buff-coloured and soft decomposed variety from the dyke at the

surface ... * . • ... . 2*684

Fusihility.

21. Specimens, like 9*105, in which the olivines have been hydrated into

serpentine, fuse easily before the blowpipe to a black, non-magnetic, and slightly

vesicular glass (degree 3 of von Kobell's scale). The fresher varieties containing

clear olivine are more refractory—a difference evidently due to the contained water

whose influence on the fusibility of substances is well-known from the results of the

late Prof. Guthrie,® whilst Prof. Judd, with these researches in mind, has pointed

out that rock-masses heated to within a small range of their fusion points when
dry may become molten on the introduction of water.®

22. Fragments of a partly decomposed variety fused for five minutes in a cruci-

ble gave on cooling a streaky bronze-coloured glass, which was easily decompos-
able by hydrochloric acid, and had a specific gravity of 2*895, being thus heavier

than the original rock (2*80),

23. The glass kept at a cherry-red heat for 12 hours, lost its vitreous lustre and
darkened in colour, resembling tachylyte. The fracture at the same time became
“ uneven,” and the specific gravity rose to 2*99, whilst the product was far less

easily decomposed by acid than the original glass.

1 Metallurgy (Fuel), 1875, p- 58,
’«• Phil. Mag. vol. XVIII (1884), p, 1 17.

G«ol. Mag.y dec. Ill, vol. V (1888), p. lO.
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*4. Uit«lcr the microscope the glassy form has a yellowish brown colour with
fcaihcrry tikclclon-crystals generally developed around nuclei of magnetite. The
imrily iJ,;%'ilrirjcd form, however, is so crowded with such feathery skeleton-crystals

til'd they ifiicrfcro with one another during growth. These microlitesare colourless
ill their ccniies, possess a high index of refraction, high double refraction, and in

whajm resemble those of olivine.* (Plate I, fig. 5.)

Chemical composition,

»5- ^*wt the freshest specimens effervesce with mineral acids, and the
t3nicriisco|*e confirms the presence of rhombohedral carbonates (paragraph 36). It

seem* nattiml to expect that slow oxidation of the coal by oxygen dissolved in the

circtilaiing' under-ground waters would result in the production of considerable

c|Uatittttea €»f carbonic acid and consequent formation of carbonates from thedecom-

IMiMtng fititoiies of Iron, lime and magnesia. A similar phase of alteration seems to

have iiceri noticed in most cases of igneous rocks which have intruded into coal

mcaaiirea.*

Of Bjiccinieii No. 9-876 as much as 58*23 per cent, was soluble in hydrochloric

ucid.

A remarkable feature of the rock is the large quantity of phosphoric acid,

which ihcj microscope ihowa to be in the form of apatite (Plate I, figs, i, 2 and 3).

Spccifnen No, 9*876 yielded 5*234 per cent. (equivalent to 11*426 per cent.

Ca* Pg 0,1 ), whilit the analysis of a more hydrated form (9*105) from the same

abaft, gave |ihosphoric acid equivalent to io*66 per cent, of lime phosphate. The

decomiioHitton of large quantities of this rock at the surface must contribute 8ena(ibly

III the fertility of the neighbouring soil ;
but though the quantity of lime phosphate

wouhl be coiisitlercd large enough to war|ant remark from the petrologist, it would

not Im Riinicietil to justify raising for economic purposes. Even the richest form

vvoultl be |i«>or ctimfmred with the basic Bessemer slags, and the use of these has

been Aitciieled with indifferent success.®

ay, 'Ilic proiHiriion of silica rises not only by the removal in solution of the

jNoluhlc Imucs, but in this case, where the rock invades masses of sandstones, frag-

nicni» of *|usif£i5 arc caught up and infiltrations of silica would naturally be expected.

T'lic fijllawfng results have been obtained:-—

NitUfft of the rock*

^ 4 11 jMfHy * * *

y i)U ^ tiir # * •

H 3#i4. Puck ttuich *lrcomposed, with secondary quart*

3MJ Ditto ditto

H aH3. Vc*iif'uh»r rurk containing much secondary silica

Sp* Gr. Silica per cent*

3*99 40-35

3-8o 4* *32

3-77 48-48*

2*45 51-68*

4* «
57-88*

* Cf. Koirnhutch, Micro. Phys. (Iddings) i888, p. 310
. „ t ,

* t/. tlolcsHr, Mims., 5th ser. vol. XII (1837)* P- M4
J.

B. Jukos, op.

rit !*, itfi. I.I.. Hr-Il, /’roc. Hoc., vol. XXIII (187s), p. 547- J- S. Ddler, Hull. V. S. (»eol

Vorv.* Ni». -jH £1887), p. 19- 8i- Stcchnr, Tschermak's Min. Mitt., vol. IX (1888), pp.iyo, ipS*

Pfot. Soe. liil„ vol. XV (1H88), P- *72.
. _ ,

* Ar»i)scd hy Mr.T. R. Blytb; Bose, Bcc., tiiol. Sutr ,lnd., vol. XXL, pp. 164 and 165.



136 Records of the Geological Survey of India. [VOL. XXVII.

Microscopic characters.

28. The numerous specimens which have been collected from different parts

of the coal-fields exhibit a wide variation in structure and, within small limits, a

variation in mineral composition. There is no difficulty in recognising the fact that

the selvages of the dykes are finer in grain than the portions nearer the centres,

and that the middle portions Of the larger masses are more perfectly crystalline

than the smaller veins which branch from them. But, as the face of a dyke is

generally a plane of water circulation, the selvages and—^for the same reasons-—the

Smaller veins have been in all cases much decomposed, with the destruction of the

glass which was very probably amongst the original constituents. (See para. 35.)

With the exact knowledge, however, obtainable from the undecomposed types there

is little chance of error in identifying the shapes of minerals whose places have, since

consolidation, been filled with such secondary products as quartz and rhombohedral

carbonates.

Minerals .—The minerals which enter into the composition of these rocks are as

follows :

—

Primary (approximately in order of crystallization).

—

Apatite.

Olivine.

Spinelloid iron-ores (Magnetite, Chromite) and Ilmenite.

Biotite.

AnthophyUite.

Augite.

Doubtful matrix in small quantities.

SecoWdary^
Serpentine-

Magnetite,

Perofskite.

Rhombohedral carbonates, chiefly dolomite.

Hydrated oxides of iron and clay.

Pyrites.

Prima ry m ineraIs,

29. Apailie (Plate I, figs, i, 2, and 3) occurs in slender prisms sometimes

3 mm. long and seldom measuring more than 0*15 mm. across. Basal sections are
hexagonal in shape with sharp angles, exhibiting undoubted isotropism. The centres
are often darkened by numerous cavities disposed parallel to the vertical axis and
sometimes arranged in zones (9*105). Occasionally, however, the apatites are free
of such inclusions (9*876, 8*723). Longitudinal sections are jointed transversely,
and show low double refraction polarising in characteristic greys, with unmistakeable
straight extinction. The quartz-wedge plainly shows the negative character of the
double refraction.

Treated with hydrochloric acid the crystals are dissolved, leaving empty spaces
on the slide

; the solution readily gives a yellow precipitate with ammonic molyb-
date.

Apatite occurs only in comparatively small quantities in the Darjiling speci-
mens (8*723) and is most conspicuously developed in those from Giridih (9*104,
9*105, 9*876). amounting to over.ii per cent, of the rock. It withstands decom-



137t»ART 4.] Holland ; Highly phosphatic Mica-Peridotites.

position longer than any of the constituents of the rock except biotite, and is found

in scattered needles in specimens in which the olivines have been completely

replaced by carbonates '(p'Syy^,

Apatite as usual is included by all other constituents, but most rarely by the

olivines. The excessive quantity of this mineral in view of previous descriptions

of igneous rocks, and especially
;
of peridotites, certainly ' seems surprising ;

but

chemical analysis so completely confirms the microscopic characters that there is

no question of its identity,1 I have considered it necessary to give these details

because this mineral has, apparently, been taken for plagioclase. Mr. Bose, whilst

omitting to mention the presence of apatite in specimen No. 8* 2 83, has referred to

'' lath-shaped, badly-developed crystals of plagioclase occurring as individuals and

exhibiting no twinning.”® On examination of the original slide I should not hesi-

tate to identify these crystals with apatite, whilst there is no evidence now of the

presence of plagioclase (slide No. 563).

30. Olivine (Plate I, figs, i—4) occurs as large clear phenocrysts measuring

sometimes as much as 10 mm, across (9*876), and as smaller crystals, which

are almost always serpentinised. The crystals are well-shaped, and sometimes

have sharp edges preserved. Serpentinous hydration has developed along the

characteristically irregular cracks with separation- of magnetite dust. A common

occurrence is a more or less circular crack cutting off an exterior zone, which is

cracked radially and into small fragments, from a central .mass ^hjch is cracked

more irregularly (fig. 4). The high refractive index and strong positive double

refraction are those of olivine. Cleavage is sometimes developed parallel to the

brachy-pinacoid as shown by the position of the interference figure in macro-

pinacoidal sections. Pieces taken from the clear porphyritic crystals sank in a

liquid of specific gravity 3*30. In a few types olivine still remains fresh (8 723*

0*707, hut most specimens show either complete conversion into serpentine

(9*105) or final replacement by rhombohedral carbonates (8*283), sometimes with

secondary quartz (9*877). ^ mr
31. Iron-Ores ^Magnetite, Chromite') and Ilmenite (figs. 1—3).—These are very

variable in development. In the Darjiling specimens they are either absent or rare

as primary constituents (8*723 and 9*707). In some Giridfh specimens they occur

in numerous well-shaped crystals included in the biotite, hut not in the olivine or

apatite. Some of these granules transmit light of a brown-yellow colour, pospss

a high refractive index, and are isotropic. As this rock gives decided reactions

for chromium, it is more than likely that these grains are chromite, which is so

characteristic of ultra-basic rocks.

1 Mr. Harker in describing recently the gabbros o£ CarrockFell has made the interesting

observation that whilst apatite is scarcely to be found in most specimens of the more acid

varieties of the gabbros it becomes locally abundant in the highly basic marginal rocks.

(Quart. Journ. Geol. Sac., vol. L (1894), p. 324, and plate XVII, fig. 4)-

A concretionary substance infilling joints and cracks in a compact peridotite from St.

Paul (Atlantic) contained considerable quantities of phosphate of lime, but Renard concluded

that it was formed after the manner of common mineral incrustations and is, therefore, not

comparable to the large quantities of apatite which exists as a rock-forming mineral in the

Bengal peridotites under consideration (“ Challenger” Reports. Narrative, Vol. II, Report

on the Petrology of the rocks of St. Paul (1879), pp. 16 and 2i)»

» Rec-t Qeol. Surv., Jnd.y vol. XXI (1888), p. 165.
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32. Biodie (figs, i and 2_) is preserved in all but the most decomposed varieties.

The pleochroism is very striking, changing from deep red-brown to bright yellow*

Numerous inclusions of apatite and olivine sometimes give the crystals an ophitic

aspect (9‘io5;), but occasionally clear crystal-outlines are noticeable (9'707). Th©
small optic axial angle is noticeable in basal scales.

33. Anihophylliie (fig. z).—In the Darjiling specimens, and to a less extent in some
from Giridih (9’i04, 9*105), there occur platey or divergent bundles of a mineral
exhibiting most striking pleochrdism. Cross-sections of these show prismatic
cleavages like those of amphibole, and I am indebted to Professor Judd for calling
my attention to the way in which these features can be paralleled amongst the
anthophyllites. Between crossed Nicols sections show colours always of a lower
order than the neighbouring olivines, whilst longitudinal sections show straight

extinction. Partial interference figures are obtained in the longitudinal sections
which show pleochroism from deep claret-red to gamboge-yellow. From these the
double refraction appears to be negative. Other longitudinal sections showing
pleochroism from straw-yellow to gamboge-yellow never give an interference figure
in convergent polarised light. The crystallographic relations of these features can
be made out from the cross-sections, which show the characteristic amphibole
cleavage : in these the pleochroism is claret-red (rays vibrating parallel to the
macro-diagonal) and straw-yellow, (rays vibrating parallel to the brachy- diagonal).
We see, therefore, that the rays vibrating parallel to the vertical axis, as shown in the
longitudinal sections, are gamboge-yellow, and as the interference figure is obtained
only in the sections which show the claret-red to gamboge-yellow pleochroism the
optic axial plane must be parallel to the brachy-pinacoid, and, the double refraction
being negative, we have the following optical scheme :

—

«=:a;, straw-yellow.

d^bf claret-red. Absorpiion, h^r^a-
c=zc, gamboge-yellow.

The crystals are frequently marked by bands of fine cavities which can only be
individualised under r-8th inch objective. Along the edges and into cracks there is
generally a bluish green fringe which seems to be a change to chlorite, polarising
with very much lower colours. The grains were too small and too weli;intergrown
with other minerals to permit isolation of pure material for chemical analysis ; but
rom the properties which can be tested it seems safe to refer this mineral, as Pro-
essor Judd has suggested, to the group of rhombic amphiboles. Anthophyllite is,
according to Rosenbusch, often found in serpentines.

34- Augzie (fig. 2) occurs in colourless or pale green crystals often developed
around biotite. It occurs in the Darjiling rocks in very small quantities, and itsmtim^e association with the amphibole suggests an origin for the latter. In the
Girfdih specimens its distribution is variable. It occurs with the anthophyllite
sometimes in considerable quantities (9*105), and sometimes is absent in specimens
obtained from the same shaft; in this case it is noteworthy that the amphibole is at
the same time wanting (9*876). Unless represented by the microlites of the ground-
mass it is absent also from the more compact varieties (9*109).

*

35 ' (fig. z).—In addition to the minerals described above, there occursm the Gin'dfh specimens a dirty matrix polarising with very low tints, either in small
irregular patches like a partly devitrified glass, or as a microcrystalline mosaic. In
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cie places it suggests felspar, but there are no signs of twinning or definite crys-

structures and its quantity is very small. It appears like a residuary matrix

876, 9*105). Classing this substance as an altered glassy matrix seems to be

: more justified from the occurrence in the American mica-peridotites of a glass

jsenting similar characters. In a mica-peridotite occurring as a dyke of late

‘boniferous age in Central Mew York C. H. Smyth, Jr., has recognised a glassy

ttrix which is not always devitrified.^ A brownish-grey clouded material with

lilar relations has been noticed by Diller in a mica-peridotite dyke in Kentucky,®

d similar material has been found in other peridotites, for example, in kimberlite

im South Africa (H. Carvill Lewis) and in the Elliott county peridotite in Ken-

:ky (J. S. Diller).

Secondary minerals.

36. In all specimens the processes of hydration and the production of carbo-

tes have commenced. Serpertiine^ as usual, results from the hydration of the

vine, the change being attended with the separation of dusty magnettie. In one

ecimen in which decomposition has well advanced small crystals imbedded

the serpentine exhibit the characters of pero/skite. They occur as yellow,

mded grains generally diamond or spindle-shaped, measuring up to o i mm. long

d 0’05 mm. wide. The grains when sufiiciently clear to examine with polarised

:ht show occasionally very strong double refraction which seems to be due to

rbonates filling the yellow shells. When quite brown, however, they are isotropic,

amoved from the serpentine with a sharp needle and fused with sodium-carbonate

ey gave a distinct reaction for titanium on being boiled with hydrochlonc

:idandtin. Diller has described as anatase similar grains in the serpentine

jeudomorphous after olivine in the peridotite of Elliott County, Kentucky.

. H. Williams identified perofskite in the serpentine of Syracuse, New York in

587,8 and at his suggestion Diller on re-examining the Elliott Country peridotite

und that similar grains which had been doubtfully referred to anatase were

ally perofskite.4 Similar grains in peridotites have been referred to perofskite by

. I-L Smyth (Central New York),^ by Diller (Kentucky)® and by Branner and

rackett (Arkansas).^ The carbonates, which are so common in these rocks, ^ve

:e chemical reactions for dolomite.8 These are found, sometimes with clear

condary quartz, infilling cavities from which decomposable minerals ^^f-ve
been

nnoved!! As a final stage in the processes of decomposition, the magnetic oxides

* A7neY. Journ. Sci., Ser., Vol. XLIII (1892), p. 324.

2 Ibid, 3rd Ser., Vol. XLIV (1892), pp. 287 and 288.

8 Ibid, 3rd Ser., Vol. XXXIV (1887). P- I40.

4 Ibid., 3rd Ser., Vol. XXXVII (1889), p. 219.

» Ibid., Vol. XLIII (1892), P- 324.
» Ibid., Vol. XLIV (1892), p. 287-

,

awjfe, p. 13s)*
/Ti'ii 7 /.'y r> tqI For further development of dolomite from

l«!o to contain magnesia (Diller, Zoc. p. 19;- foriurtner aeveiupi

arid^tr aee wldavaorth, Lithological atudiaa. Mu.
f
;"*-

m Tl (r884), p. 139, tnd R. D. Irving, Fifth Ann. Rep., U. S. Geol. Surv., .883-84, .=1.7.
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become oxidised and hydrated, the carbonates removed in solution, and the

aluminous minerals reduced to a soft yellow, buff-coloured or red clay at the

outcrop.
Varieties due to differences of mineral composition^

37. All the rocks originally contained olivine in large quantities, but variations

occur especially in the proportions of the augite and araphibole, and to a smaller
extent, of the apatite. These ultra-basic rocks differ only slightly from the mica-
olivine dolerites, which in the same way break through the coal-measures of the
Barakar area, but which I have not found in the Giridih coal-field.^

The following are the principal types of ultra-basic rocks represented, with
the primary minerals given in approximate order of quantity, the most abundant
first:—

(1) Olivine-mica-apatite rock, with magnetite and chromite (9*876).

(2) Olivine-apatite-mica-augite-anthophyllite rock, with small quantities of

spinellids (9*105),

(3) Olmne-mica-apatite-anthophyllite-augite rock, with spinellids (9* 104).

(4) Olivine-mica-anthophyllite-augite rock, with apatite (9*707),

(5) Mica-olivine-anthophylUte-augite rock, with apatite (8*723).

Varieties due to differences of structure*

38. The rocks vary from a fine-grained variety with a matrix probably originally

glassy to varieties composed of crystals measuring 2 or 3 mm. across with por-
phyritic crystals of olivine quite 10 mm. in diameter- In the former type pheno-
crysts of olivine occur in a pilolaxitic matrix

;
but biotite, which is so prominent in

other types, occurs in rare and small crystals ; being one of the latest minerals
formed, this is only what might be expected. The olivines are generally replaced
by rhombohedral carbonates with smaller quantities of a yellowish brown itmoniiic
product, evidently a further stage in the decomposition of the ferro-magnesian
silicates. The apatite crystals are still preserved, and by their arrangement in

directions approximately parallel to the junction with the sandstone, show the
direction of pressure to which the rock was subjected before final consolitlalion

(9*109, fig. 3). Rocks of this structure would be included under those referred toby
Professor Cole as compact peridoiites^, and are equivalent to the picrite-porp/iyritcs

of Rosenbusch and the kimberlite of Carvill Lewis.
The holocrystalline types are granitic in structure and require no further notice

under this head.

V.—Summary.
39. The so-called

“Mica, traps.'*

mica-traps ” intrusive into the coal-measures, sandstones,
and shales of Lower Gondwana age in Bengal, prove to bo
basic and highly phosphatic ultra-basic rocks (paras. 26, 27,

37)-
* The rock which for the present I have referred to as a mica-oltvine-dolerlte, is dis-

tinguished from the ultra-basic rocks by containing considerable quantities of felspar with a
very small proportion of apatite

; its magnetite also occurs in long laths instead of in granules.
On account of these peculiarities, I have provisionally separated certain compact and partly
decomposed specimens from the ultra-basic group until by fresher specimens their characters
can be traced out more fully. Specimens so separated occur so far only in the Barakar-
Raniganj coal-field.

® Aids in Pract. Geol. (1891), p. 220.
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Structure.

40. Members of the latter group invariably contain large quantities of olivine

Mineral composition hioiite with which is always abundant and some-
times forms as much as II, per cent, of the rock. Amongst

the other primary minerals, augite and pleochroic anthophyllite take a prominent
place, whilst ilmenite^ magnetite, and chromite are variable. Amongst the secondary
minerals serpentine and magnetite are the 'earliest products of alteration. These are
followed by perofshite and rhomhohedral carbonates which always contain mag-
nesia. The final result of weathering is a ferruginous, yellow, bufi-coloured

or red clay (paras. 28—36).
4t* In structure the rocks vary from the coarse holocrystalline varieties which

form the central portions of the large masses, to compact

peridotite forming the selvages of dykes and the smaller

veins. In the latter the phenocrysts of olivine, apatite, and magnetite occur

in a pilotaxitic matrix which probably originally contained some glass (paras. 16,

28, 38).

42. The rock occurs as narrow dykes and intrusive sheets in the coal-fields of

D^Srj fling, Rdnfganj, Barfkar, Jherria, Deoghur, Girfdfh and

probably Ramgarh, thus occurring in places more than 250

miles distant from one another (paras, 10—13).

43. As these dykes are younger than the R^nfganj series and older than the

Rajmah^l traps we have a petrographical province of about

P^nchet age (para. 14)-

44.

As far as can be judged from descriptions, there is an interesting analogy,

between these rocks and those intruding into the Kimberley
Analogies with South ghales of South Africa, where, in carbonaceous beds of about
ncan pen otites.

same age as the Damudas, a diamond-bearing peridot-

ite is also associated with basaltic dykes, which are the underground representatives

of the sub-aerial lava-flows capping the Stormberg beds, thus occupying a position

corresponding to the Rajmahdl traps of Bengal (para. i).

Occurrence.

•Geological age.

VI.—Explanation of Plate I.

Fig- I. Olivine-biotite-apatite rock with magnetite and chromite. Central

portion of a large mass in No. 7 Jogitand shaft, Giridih coal-neld

(9-876).

Fig. 2. Olivine-biotite-apatite-augite-anthophyllite rock with iron-ores and a

decomposed grey groundmass. The olivines in this rock are

almost completely serpentinised (9- 105)* From another dyke in the

same shaft.

Fig. 3. Compact peridotite showing fluidal structure by pressure at the selvage

of a dyke intruding into sandstone. Apatite crystals occur as

numerous rods ;
olivines mostly replaced by carbonates and

limonite ;
magnetite scattered through the pilotaxitic groundmass.

Sibpore Colliery, Assensole (9*109) (see p. 140).

Fig, 4. Crystal of olivine showing two series of cracks (9,876) (seep. 137).

Fig". 5- Microlites developed by maintaining the artificially-produced glass

of No, 9*105 at a bright red heat for 12 hours (see p. i34)«

Sp. gr. 2*99.

All magnified X45/2*



142 Records of the Geological Survey of India, [voL, XXV1E«

On a Mica-Hypersthene-Hornblende-Peridotite in Bengal— Thomas
H. Holland^ A.R.C.S., F.G.S., Deputy Superintendent

^ Geological

Survey of India,

I.—Introduction.

Taking the essential and primary constituents in their approxinnate order of

proportion, the peridotite from Mdnbhdm described in this paper may be classed as

an olivine-hornblende-biotite-hypersthene-augite rock with accessory pyrrhotite and
pyrites.

A certain amount of interest attaches to a rock of this composition

—

(1) On account of the very small number of peridotites known in which biotite

is a primary and an essential constituent.

(2) On account of the still smaller number of mica-hornblende-peridotiteB

known.

(3) On account of the presence also of hypersthene which, with primary
olivine, biotite and hornblende, forms a combination of minerals it seems
hitherto undescribed.

(4.) On account of the proximity of this rock to the Bengal coal-fields in which
mica-peridotites of a very peculiar character pierce the sedimentary
rocks in all directions.^

(/) Previously described Mica-Peridotites,

An olitine-bioHu rock with blue-green spinel, titaniferous iron, augite and
plagioclase as accessories associated with the gabbro mass’ of the Harz, was de-

scribed in 1889 by Max Koch®. This seems to have been the first mica-peridotite

described.

In 1892 C. H. Smyth described a mica-peridotiie occurring as a dyke of late

carboniferous age in Central New York.® The structure of this rock in being dis-

tinctly hemi-crystalline like kimberlite, agrees strikingly with that of some of the
varieties of mica-apatite-peridotites occurring as intrusions in the Bengal coal-fields.

Later in the same year J. S. Diller published an account of a mica-peridotite

from Kentucky describing it as a dyke-rock composed essentially of biotite, ser-

pentine and perofskite, with smaller proportions of apatite, muscovite, magnetite,

chlorite, calcite and some other secondary products. In this rock also there are
considerable quantities of a brownish grey clouded material without crystallographic

outline or such physical features as definitely indicate its origin.^ From the de-
scription it resembles the substance which in the mica-apatite-peridotites I have
referred to decomposed and devitrified residuary matrix.

^ The locality in which the rock was found is on the southern border of the Jherria
coal-field and is only 36 miles west of Raniganj. The peridotites referred to are described
in a separate note Qeol. S«r®., Ind., vol. XXVIl (1894), p. J29).

“ Zeitschr. d. Deutsch. geoU Ges., vol. XLl (1889), p. 163.

® Amer. Jo-urn. Sci.^ 3rd ser., vol, XLIII (1892), p. 322.

* Amer. Journ. Sci.y 3rd ser., vol. XLIV (1892), p. 286.
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{2) Premously-descrihed Mica^Hornhlende-Peridoiiies.

The- well-known Schillerfels of Schriesheim in Baden described by Cohen is a

hornblende-peridotite (hudsonite, cortlandtite) with mica, which apparently is less

prominent than in the M^nbhdm peridotite.^

The nearest ally to the Mdnbhdm specimens seems to be the rock described as

scveWe (mica-hornblende-picrite) from Caithness by Professor Judd. In this rock,

however, the pyroxenes which once existed have been completely changed to am-
phibole.^

Amongst the peridotites of the Cortlandt series near Peekskill, New York, the

late Prof. G. H. Williams described as hornblende-peridotite {corilandtiti) a type in

which, besides the essential constituents hornblende and olivine, there occur hy-

persthene, augite, biotite, felspar, spine llids and pyrrhotite in subordinate quantities.®

This rock, therefore, very nearly approaches the Mdinbhdm peridotite, but the biotite

again appears to be far less prominent.

In 1892 Messrs. Dakyns and Teall described an emiaiiie-diallage-hornllende-

hioiiie-oUvine rock from amongst the plutonic intrusions near the head of Loch
Lomond in Scotland.'^ In this rock the small quantity of both biotite and olivine

remove it from the Mdnbhdm type.

The rock described in 1880 by Sir Archibald Geikie as a ficrite from the Island

of Inchcolm, Firth of Forth, contains olivine and its serpentinous products, augite,

biotite, plagioclase and its secondary products, and iron-ores with, according to

Mr. Teal], hornblende and apatite. The hornblende, however, is variable and

sometimes absent, whilst the biotite occurs only as occasional long scales and

according to Mr. Teall is possibly of secondary origin.®

Other described peridotites contain subordinate quantities of brown mica, for

example, Pen-y-Carnisiog Anglesey (Bonney),® Gipp’s Land (Bonney),'^ Pike

county, Arkansas (Branner and Brackett)®, Elliott county, Kentucky (Diller)®

Taberg, Sweden (Tornebohm),^® but in these cases there is an absence of the

pyroxene, or hornblende, or both. I know of no case, therefore, similar to that of

the Mdnbhdm peridotite,

II.— Mode of occurrence.

Specimens of this rock, labelled “hornblende rock” (No. 3’22), were collected

by the late Mr. Fedden in the season 1865-66 near the Ijfi river, west of Bhurro

(Lat. 23° 37'N., Long. 86° 30' E.J in the Mdnbhdm district. It is associated with the

other crystalline rocks near Chypabad and Palkuree, and according to Mr. Fedden

* Neues yakrb. fur Min.., 1885, vol. l, p, 242.

* Quart, fourn. Geol. Soc., vol. XLI (l88S), p. 401, plate XIII, fig. 8.

® Amer. fourn. Sci.. 3rd ser., vol. XXXI (i886), p.sap.

* Quart, fourn. Geol, Soc., vol. XLVIII (1892), p. 112.

® Geikie, Tram. Roy. Soc. Ed., vol. XXIX (1880), pp. 506—508. Teall, Brit. Petro-

graphy, 1888, pp. 94—96, and plate IV,*fig. 2.

* Quart, fourn. Geol. Soc., vol. XXXVII (1881), p. 138.
7 Min. Mag. ', vol. VI (1884), p. 54.
® .ilwej'. yowm. 5c*., 3rd ser., vol. XXXVIIL(i889), p. 50.
® Ibid., 3rd ser., vol. XXXII, (1886), p. I2I, and Bull, V. S. Geol. Surv., No. 38, 1887.
^ Neues fahrb. Min. (1882), vol. II, p. 66.
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can be traced westward through Futtoodeeto Bagoolah, where it forms a large mass^

Between Hotoopathar and Partand, 6 miles west-north-west, it is exposed in a mass-

running north-west and cropping out at right angles to the mica-schists and

gneisses.^

III.—Petrological characters.

The specimens exhibit in a striking manner the lustre-mottling which is so-

characteristic of hornblende peridotites ; and in this case the structure is due to the

bright cleavage-faces of the hornblendes and the ophitieally disposed scales of

biotite, which often determine the fracture of the rock. The specific gravity ia

3
'

234 -

Under the microscope the following minerals are distinguished :

—

Apatite.

Olivine.

Pyroxene (Hypersthene and Augite).

Biotite.

Hornblende.

Magnetite,

Pyrite and Pyrrhotite.

Felspar.

Apatite occurs in sparsely distributed crystals measuring up to 0‘2 5 mm.
in diameter. Rod-shaped cavities are arranged parallel to the vertical axis.

Olivine, colourless and without crystalline form, is included by all the other

minerals. A striking feature in this mineral is the separation of magnetite in

stellar and dendritic markings reaching sometimes 0*1 mm. long, like those de-

scribed by Professor Judd in the olivines of a picrite from Halival, Isle of Rum.®

In the olivines of this rock also the branches of the dendrites frequently exhibit

rectilinear limits as if bounded by the edges of negative crystals in the olivines,

and these straight lines are always parallel to a direction of extinction; they are

parallel, therefore, to one of the crystallographic axes. In sections cut at right

angles to these inclusions they appear as lines and rows of dots : on examining these

sections with a quartz wedge there is an appearance of thinning when the axis of

the wedge is placed parallel to the inclusions ; the inclusions therefore cannot lie

in the brachypinacoid.s As only one set of inclusions is present they are presum-

ably not parallel to the prism faces; they are, therefore, either parallel to the

macropinacoid or the basal plane. Several sections approximately parallel to the

inclusions have been made, and these invariably give at least a partial interference

figure
;
as the optic axial, plane is parallel to the basal plane in olivines, it may be

concluded that the sections parallel to the inclusions are macropinacoidal.*

Irregular cracks traverse the olivines in all directions and sometimes cross the

* Fedden, MS. report on parts of Mdnbhdm and Hazarib^gh, 1865-66.

* Quart. Journ, Geol. Soc., vol. XLI (1885), p. 381, and plate XII, figs. 2-7.

® In olivine with positive double refraction (as shown by this mineral)—a— i, b—

e

and X:«=a.

^ No crystallographic faces or trustworthy cleavage cracks being exhibited, this statement

has to be made without the confirmation desirable. Tabular inclusions parallel to the macro-

pinacoid are curiously like the shapes of fayalite crystals,
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dendritic plates. These cracks are also filled with black material which is often
arranged in a dendritic fashion

j but these lie in irregular positions, and the dendritic
growths are analogous to those of the well-known manganese-oxide infiltrations
in the joint-planes of rocks. There are other cavities irregular iii shape and often
joined to one another by tortuous canals ; these are generally partially filled with
black stones.

The olivines in this rock show scarcely a trace of serpentinisation, and in this
respect present a striking contrast to those of the mica-peridotites in the adjacent
coal-fields. It is noteworthy also that in the latter rocks the dendritic products of
schillerization are quite wanting.

Pyroxems.—When free of inclusions the shows a distinct pleo-
chroism in thin sections (pale pink to almost colourless). The majority of the crystals
are schillerised, the plates lying, as in that from St. Paul, parallel to a direction of
extinction. The colours between crossed Nicols are low. Polarisation-effects of a
di stinctly higher order are exhibited by a colourless mineral occurring in granular
aggregates and less often as isolated crystals. In these crystals the rod-like inclu-

sions crossing one another nearly at right angles are so numerous that a satisfactory

determination of the optical properties of the mineral could not be made. All extinc-

tions from the directions of the inclusions, as well as from the cracks occasionally

presented, are oblique, and as the mineral is unaffected by hydrochloric acid, it has
been taken for colourless augite, which would not be remarkable in this association.

The crystals, too, are patched all over with green hornblende which has apparently

developed by paramorphism.

Hornblende occurs in two forms—a brown variety in crystals 40 mm. or

more in length and including all the other minerals in the rock except biotite, and
a green variety of later development, being the result of the paramorphism of

augite and occurring in isolated patches with the granular aggregates of this latter

mineral, as well as on the margins of, and in optical continuity with, the larger brown

hornblendes. The extinction-angle of the large crystals is noticeably wide, the

maximum measurement being 22°. The quartz-wedge placed along the direction

of extinction in clinopinacoidal sections gives (with crossed Nicols arranged at

45° to the quartz-wedge) an appearance of thickening. Taking this direction as

the axis of optical elasticity c we have the pleochroism :—

-

jc= deep brown.

a= very pale brown with a tinge of green

;

and from cross-scctions showing the characteristic prismatic cleavage,

J(j deep greenish brown.

Sections, therefore, parallel to Jb and a are not strikingly pleochroic. Minute

rod-like inclusions arranged parallel to the cleavage-cracks appear sparsely distribut-

ed through the longitudinal sections. The green hornblende calls for no special

remark.
Biotite, by its cleavage, often determines the direction of fracture in

.

the rock. It is intergrown with hornblende, and apparently is of later development

than any of the other primary constituents. Basal plates show a very narrow

optic-axial angle, and in the same sections numbers of brown and black plates,

sometimes hexagonal in shape, are arfanged parallel to the cleavage-plates. I

have not been able to discover thatjthese have any definite crystallographic disposal
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of their edges ’with reference to the percussion-figure. Associated with the plates

are fine hairs which are often arranged at angles of 60° to one another. These are

generally referred to sagenitic rutile, but a careful chemical examination of a number

of flakes gave no reactions for titanium. Whether a portion or the whole of these

inclusions are primary or secondary cannot be decided by this specimen alone, but

the fact that distinct schillerization with definite crystallographic disposal of the

secondary products is exhibited by the other minerals in the rock, points to a

similar origin for the blemishes in the biotite.

Iron-ores .—The magnetite is almost wholly secondary, the olivines being some-

times almost opaque from the separation of this mineral. Granules of pvrrhotite

and measuring up to 5 mm. in diameter are sparsely scattered through the

rock. A test for metallic iron gave negative results.

Plagioclase occurs in very small quantity apparently infilling cavities as if

of secondary origin. The crystals are clear, unschillerized and generally twinned.

Simultaneous extinction occurs in patches separated by distances of 2 mm. or more.

The extinction-angles agree with those of labradorite.

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

No. 21.—Ending 31ST October 1894.

Director's Office, Calcutta, ^isi October

The programme for the next field season (i 894"
95 ) been arranged as

follows :

—

Scientific.

Central India.—Mr. R. D. Oldham, Superintendent.

Mr. P. N. Datta, Assistant Superintendent, and an Assistant Superintendent
about to be appointed by the Secretary of State.

Central Provinces.—lAx. P, N. Bose, Superintendent.

Madras.— C. S. Middlemiss, Deputy Superintendent.

Burma.—-Dx. Fritz Noetling, Palaeontologist,

Baluchistan.—Mx. F. H. Smith, Assistant Superintendent.
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Economic.

Sukkur Experimental Borings and Economic Geology of Baluchistan ',—

—

Mr, T. D. La Touche, Superintendent.

Lala Hira Lai.

Afadras and Dr. H. Warth.

Chota Nagpore.—A specialist about to be appointed by the Secretary of State.

The Director and Mr. Holland will be at Headquarters during the coming
season.

Mr. Hughes, Superintendent, is still on sick leave ; Mr. Oldham re-joined his

appointment on the 1 7th instant from furlough, during which he had occasion

to visit the Galician oilfields .with permission of the Secretary of State. Lala Kishen

Singh is on furlough and Lala Hira Lai on privilege leave, which he re-joined on
the 1 6th instant.

During the last three months most of the officers have been in recess-quarters

for the purpose of working up their maps and notes, and all have sent in their

progress reports for the last field-season.

Important work has been done and is still in progress in the Laboratory under

Mr. Holland, who is ably assisted by Mr. Blyth, the Museum Assistant. The
re-arrangement and cataloguing of the mineral and rock collection is a work of

paramount importance, and it is hoped will be completed during the coming

cold weather.

Dr. Noetling was engaged for several months past in working out and describing

some important collections of fossils. The tertiary fossils of the Yenangyoung oil-

tract have been described and figured and will shortly appear as patt|r of Vol.XXVI
of the Memoirs, A still more important suite of fossils, namely those collected by

the survey in Baluchistan, has been subjected to critical examination, and the first

instalment of a new “ series ” of the Palseontologia Indica will be published as

soon as the plates belonging to it are lithographed in the office. It will contain

the jurassic fossils of Baluchistan.

The overflow of the Gohna Lake.—It will be remembered that a landslip occur-

red early in September 1893 and dammed up the Birahi Ganga which drained 90

square miles above Gohna. The locality was examined by Mr. Holland early in

March .894, when the lake was nearly 3 miles long with a maximum width of i

mile. Mr. Holland’s report described (i) the geographical and geological features

of the Birahi Ganga valley, (2) a description of the landslip and lake, and (3) a

discussion of the causes which led to the landslip.

With regard to the second point he predicted :

—

(1) That the lake would be full and would overflow the barrier about

the middle of August.

(2) That the dam was strong enough to resist the pressure of the water

before overflow,

(3) That after overflow the lake would be reduced to one about 3J miles

long, and that this would remain permanent for some time.

(4) That landslips would occur into the lake.

D
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Assays and Examinatibns made, in ihe Laboratory^ Geological
Survey of India, during ike months of August, September, and
October i8g^—continued.

Substance,

I specimen from near
Goona,^ Gxvkiidr, for ex-
amination,

Roeks frorfi the Sohe
Valley, Rewah State.

For whom. Result*

% 8
S

003^
rj

c •

ti

Ifp B
O ^U hj]

cu

CoT. D/G. Pitcher, Direc-

tor of Land Records,
Gwalior State,

p\ N. Bosk, Geological
SurVe'y of India*

Fibrous Calcite.

slide X299.

From the Sone, Rampurwa, Ramnagar
Tahsil.

BiOTITE-GNEISS WITH LEPTYNITE VEINS

—

The hand-specimen shows black-mica gneiss
with bands of lepfcynite arranged paral-
lel to the direction of foliation* Under
the microscope the structure is granulitic
to granitic. The minerals are ij- Q uartsi
in bands of granules with liquid-bearing
cavities in rows. Felspar, sometimes
showing lamellar twinning. The cen-
tral portions of the crystals are grey or
brown by the abundance of kaoli-
nized products. The margins are clear
and appear sometimes to be of second-

growth. Biotite in irregular highly

pleochroic bundles a = greenish-yel-

low i /3 and y =* dark-green with al-

most complete absorption. Seldom
fringed with chlorite. Colourless mica
occurs in very small quantity. Apatite
in sparse stumpy crystals. Iron-ores
occur very rarely. Epidote is deve-
loped in large quantities.

1051
Slide 1300,

From the Sone at Rampurwa, Ramnagar
iTashfl.

D 2
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India., during the months of August, September, and
October 18^4—continued.

Substance^ For whom. Result*

j

1

i

f

1

1

Aphanite—
Occurs in contact with ^nelssose gfranite^
The section under the microscope appears

like a net-work of finely, granular
green hornblende enclosing almost
colourless augite^ plagioclase felspar
and possibly qu artz* Granular iron-
ores appear to be a product of the
change of the augite.

tS'J's* Slide 1301-
Sukha river, north of Sidi, Sahaol Tahsil*

Aphanite

—

Occurs penetrating granite*
The rock is composed almost entirely of

actinolitic hornblende and decomposed
felspary with mesh- like patches of zVow-
ores. By parallel arrangement of the
fibres the actinolite sometimes shows
simultaneous extinction over consitier-
able areas. Originally the J rock was
probably an augite-plagioclase rock.

xhss Slide 1302.
Marka, Sahaol Tahsil.
Quartz-Aphanite, intrusive in the tran-

sitions.

Differs from the last only in the introduc-
tion of quartz and in the numerous
needles of apatite*

Slide 1303.
Deora, Sahaol Tahsil.
Decomposed^ amygdaloidal andesite, in-

terbedded in tne Bijawars.
The cavities arranged in parallel bands
have been infilled with calcite and
chlorite^ Under the microscope, there
is a ground -mass of felted microlites
of two minerals, which, from their dif-
ferent double refractions, appear to be
hornblende andfelspar. Opaque white
patches scattered through the ground-
mass could not be detfrmined. Well-
shaped and sometimes twinned crystals
of ^idete form the most striking feature
in the sections.

Slide 1306.
BIOTITE-GNEISS WITH LEPTYNITB VEINS

like No, slide 1299, from the Sone,
Rampurwa, Rewah State.

4^, Slide 1305.
Amphibolite

—

Satnara, south-east of Sidi, Sahaol Tahsil.
Dark-green tough rock with bright pheno-

crysts of hornblende measuring up to
5 mm. long. Ragged masses of magne-
tite in fair quantity are made out under
the microscope, but the large] ;rystals of
hornblende make up the priypipal mass

.1
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JLtsi of Jtxsajfs ##f«f mat^e in ike Laboratory^ Geological
Survey of indict', during the months oj" August, September, and
Uetohrr concludrdi.

For whom* Reault.

of the rook. These are imbedded in a
nne-grmined matrix of green hornblende
and microcrystalline aggregate of
quartm mxAfehpar in small quantities.

Slide 1307>
MiCA-SvBNiTS. Harbora, Sahaol Tahsil.
Pink fyispar and small quantities of
quartm with dark<^reen hornblando and
chltrrit* are easily seen with the naked
eye. Under the microscope the tollow-
ing minerals are distinguished c—

Apatitdt dark-green hornblandt, hiotita
almost completely changed to chloritt,
frhpar principally orthoclase, sometimes
plagioclase always kaolini8ed,and quaria
In small quantities showing a feeble
attempt at micrographic mtergrowth
with the felspar.

Slid# t3<%4^s
KUKiTc Mevitrified rhyolite approach-
ing syemtCHfeteite).

Ponn, east of Kua, Ramnagar Tahsil.
The hand specimen is compact^ has a

conchoidal fracture and grey colour
tike many eurites. Phenocrysts of
felapar are more common than those
of qumrtm which occur in small granules.
Some of the felspar is plagioclase.
The matrix is microcrystalline and
shows fluidbU structure.

Notifications issued by the Geological Survey of India during the

months of August, September, and October x8g4, published in the

Oajtcflle fif Ifirlm,’* Part i/^-^Leave-,

1
Nm, *»l n*4i'f ami

i

Name of oflicer.
Nature of
leave.

With effect
from

Date of
return.

Remarks.

semf

9*"47, 4»l*4 ^ist
'

Srp|eml»«f
tJr. II. Waith,
tlftputy Super*
i fit an dent

,

Grolnfftrat Sur*
¥«y dfIndia.

Privilege. aard Sep-
tember
t£l94<

» e« eee
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Annual increments to graded officers sanctioned by the Government of

India during August, September, and October i8g4.

Name of officer. From To With effect
from

No- and date of
sanction*

F. Smithy Assistant
Superintendent, Geo-
logical Survey of

R
410

R
440 ist August

1894.

Revenue and Agri-
cultural Depart-
ment No.*V!JV> Sur-
veys, dated 30th
August 1894.

T. H. D. LaTouche,

.

Superintendent, Qeo^lo-

gicad Survey of India.

s

800 850 ist April
1893.

Do. No.*VW» Surveys,
dated 4th October
1894.

Ditto 850 » $>00 1st April
1894.

Ditto

P. N. Bose, Officiating*

Superinteridenh Geblo-
j^kal Survey 6f india.

950
' 1,000 Do Do. No.V^% Sur-

veys, datedl 4tn
October 1894.

Notifications issued by the Government of India during the months oj

Auirust, September, and October 1894, published m the “ Gazette of

India,” Part 1.—Appointment, Confirmation, Promotion, Reversion

and Retirement.

Department.

Revenue and
Agricultural
Department

Ditto

Ditto

Ditto

Ditto

No. of order 1

and date.
From To

Nature of
appoint-
ment, etc.

With effect
from

Remarks.

2~,Surveys, T. H. D. La Officiating
Supe r i n-

Superin- Substantive, 17th July • 4 «

Touche. tendent ,
permanent. 1S94.

dated 2 ist tendent. Geologi-
A u gust Geological cal Sur-

1894. Survey of vey of

India. India.
Ditto DittoDo. T. H. Hoi- Assistant Deputy *« •

land. Sup e r i n- Superin-
tendent. tendent.
Geological Geologi-
Survey of cal Sur-
India. vey of

India.
Ditto

-ff'.Surveys,
P. N. Bose. Deputy

Supe r i n-
Superin-
tendent,

Otliciating-

dated i lih tendent. Geologi-
October Geological cal Sur-

1894- Survey of vey of

India- India. 1

Do. C. S. Middle- Ditto Ditto . Ditto 1,
Ditto • ...

miss.

Do. P. N. Datta. Assistant Deputy Ditto Ditto ,

Supe r i n Superin-
tendent. tendent,
Geological Geologi-
Survey of cal Sur-
India. vey of

India.
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Postal and Telegraphic addresses of Officers.

153

Name of Officer,

T. W. H. Hughes . ,

R.D. Oldham . ,

T. H. D. LaTouche . ,

P.N.Bosb. . . .

C. S. Middlbmiss . ,

H. Warth . .

T. H, Holland . . .

P, N. Datta . .

W. B. D. Edwards . ,

F.H. Smith . . ,

Postal address.

. On furlough ,

, Rewa . .

. Sukkur ,

. Raipur .

, Ootacamund

, On privilege leave

. Calcutta . ,

Rewa •

, On furlough .

.
Quetta . .

. Calcutta .

. Sukkur . .

• On furlough .

Nearest Telegraph Office,

• *11

Rewa.

. Sukkur.

. Raipur.

. Ootacamund.

«

. Calcutta.

. Rewa.

,
Quetta.

. Calcutta.

. Sukkur,

F. Noetlino . .

HiraLal . . ,

K18HEN Singh . . I I





PART 4,] Donations to the Museum.

DONATIONS TO THE MUSEUM.

From ist August to 31ST October 1894.

A core of Barakar sandstone from Giridih (Karharbari) coal-6eld, 300 feet below

surface of ground, and 600 feet above lower coal'seam.

Presented by Dr. W. Saise, A.R.S.M., F.G.S.,

Managert E. I. Ry, Collieries.

Specimens of the crystalline rocks in the neighbourhood of the Giridih coal-field.

Presented by Dr. W. Saise, A.R.S.M., F.G.S.,

Manager^ E. /. Ry. Collieries.

Specimens of mica-peridotites and dolerites from dykes in the neighbourhood of

Asansol.

Presented by Dr, W. Saise, A.R.S.M., F.G.S.,

Manager, E. 1. Ry. Collieries.

Specimens of mica-peridotite and dolerite from Dhadka, Asansol.

Presented by S. Heslop, F.G.S.

Specimens of coal altered by intrusions of peridotite, Cheranpore, Asansol.

Presented by F. J. Aoabbo.

ADDITIONS TO THE LIBRARY.

From ist Judy to 30TH September 1894.
Titles ofBoohs. Donors^

Beck, Dr. Ludwig.-~-'D\e Geschichte des Eisens. Abth, II, lief. 2-—5. 8® Braunsch-

weig, 1893.

Behrens, Prof.H.—A manual of micro-chemical analysis. 8® London, 1894.

Bronn, Dr. G. H.—Klassen und ordnungen des Thier-Reichs. Band III, lief. 2-3,

and 10— 14. 8°. Leipzig, 1894.

Bruhe, Carl Bernhard.—Das Skelet der Krokodiliner. 4® Wien^ 1862.

CooEEY*s Cyclopoedia of practical receipts. 7th Edition. Edited by W. North, Vols.

I—II, 8° London, 1892.

Cotteau, <?.— Echinides Nouveaux ou peu connus. Series I, Nos, i— 16, and II,

Nos. I—12. 8° Paris, 1858— 1878.

DAUBR]dE, A.—Les Regions Invisibles der Globe et des Espaces Celestes. Deuxi^me
Edition, Vol. LXII. 8° Paris, 1892.

Davies, E. H.—Machinery for Metalliferous Mines, 8° London, 1894,

Foster, C. Le Neve.—A Text-Book of Ore and Stone Mining. 8° London, 1894.

HuiiZ,, E.—Book on Mount Seir, Sinai and Western Palestine. 8° London, 1889.

,, Memoir on the Geology and Geography of Western Palestine. 8® London,

1889.

„ Volcanoes : past and present. 8° London, 1892.

Johnston, Prof.— Elements of Agricultural Chemistry and Geology. 8° London,

1894.

Kelvin, Baron W. T.—Popular lectures and addresses. Vol. II. 8° London, 1894.

Lartbt, Louis.—Exploration Gdologique de la Mer Morte. 4° Paris, 1877.
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Titles of Books. Donors.

Levy, A. Structures .et classiAcatipp des JSlpqhes Eruptjves. 8° Paris, 1889.

Liversidge, i4.— Origfin of Moss Gold. 8° Pam., London, 1893. The Author.
l^ovxSy Henry.—Handbook of .Gold-milling, with illustrations. 8^ London, 1894.

Mallard, M. jE'.—'J'raite de Cristallographie Geometrique et Physique. Tome I-II,

and Atlas. 8® P^ris, 1879.

Meunier, 5*.—Les M^thodes de Synthase en Mineralogie. 8® Paris, 1891.

Meyer, L .—Outlines of Theoretical Chemistry, translated from the German by P- P.,

Bedson and W. C. Williams. 8® London, 1892.

Murray, d. H.-rrA New English Dictionary on historical principles. Part of

flf, and Part Vl.ll, Section i. 4° Pxfor^, 189371894.

j4?.T“Riv^r Himalayas. 8® Pam., Manchester, 1894.

The Author.

Peroh, Alphonse.—Description des Brachiopodes, Bryozoaires et autres invertebr^s

fossiles id®s terrains crftac^s de la Region sud des Hauts-Plateaux

de la Tunisie, and Illustrations. 8° and 4° Paris, 1893.

Pii-AR, Dr. G .—Grundzuge der Abyssodynamik. 8® Agram, 1881.

Return of Mineral Production in India for 1891. Fisc. Pam., Calcutta, 1898.

Revenue and Aoricueturai. Department,

Review of Mineral Productions in India for 1S93. Else. 'Pani , Calcutta, 1894.

Revenue and Agricultural Department.

Roberts-Al'Sten, W. C.— Introduction to the study of Metallurgy. 3rd Edition. 8®

London, 1894.

Rose, T. Kirke .—The Metallurgy,of Gipld. 8° London, 1:894..

Rothwell, i?. P.—The Mineral Industry ; its Statistics, Technology and trade, in

the Upifed ^fvd ojtljer qppntric^, fyom the j^arliest times to the

end of 1892 : being the annual statistical supplement of Eugip.eer-

ing atud ^inlpg Journal. y,Orl. jl. ,8® Ne^ iSpS.*

SoHN, Charles E.—Dictionary of the active principles of Plants. 8° London, 1894.

Tarr, Ralph S.— EcQxipfDlc Geplqgy pf they9ited,%ates,sv'ith briefer ^entipp of foreigp

l^iner^l Pr.oc^ucts. Lppdqp ^nd New York, 1894.

Valentin, W. G .—A Course of Practical phenaistry an^ Qualitative Chemical Analysis.

Edited revised by Dr. W,. p. Hqdgkinsqn. 8th E<iition. 8°

London^ 1894.

Walmesley, O.—Guide to the Mining Laws of the World. 8® London, 1894.

Woods. H.—-Elementary Palaeontology—Invertebrata. 8® London, 1893.

fERIpDICALS, SERIALS^ ETC.

American Qjeologist- Vqh Nq?- 4—65 ^^dll. Nos. j.-rS ; and X|Y/ No.-

• Minneapoilig, j394.'

Ajmerican Journal of Science, Yo|. J^LVII, No, 385? tq iNo. ?84. 8® New
Haven, 1894.

American Naturalist. Vol. XXVIII, Nos. 33Q-r-332, 8® Philadelphia, 1
(894 -

Annaien der Physik und Chemie. N.eue Folge, Band LIJ, h.eft 3-4 • a.nd LI If, heft i-tf.

8° Leipzig, 1894.

Annf,ls aqd Mag’^zine qf Natural BistiPry- -6th ^ries, Vql. ^IV, Nos. /gTrr.Si. Loh-
4,otJ, 1 894.

M



PfRT 4.] ^dditwn^ tQ the Library.

Titles of Books. Dop-ors.
Athense^im. Nos. 3477—^349,9. 4° London, 1894.
Beiblatter zu den Anna^^ Physik unid Chemie. Band. XVIJI, Nos. 6—8. 8°

Leipzig, 1894.
Ghemical News. Vol. iLXIX, No. 1803 to ^LXX, No. 1815. 8° London, 1894.
GoHiery Guardian. Vol. LXVII, No. 1746 to LXVIII, No. 1758. Fol. London,

1894.
..Geograpliisohe Abhandlungen. Band V, heft 4. 8° Wien, 1894.
Geological Magfizino.. New .^\es, PjCCfide jiy, Vol. I, Nop. 7-r?9. London,

^994-
Indian Engin,eering. yoU XV, No. 2.^, ^nd XVL N9S. i—>7, Plsc- pajcptta, 1894.

Pat. Doyle.
Industries and y9l. Xy.L No. jii8 to Xyil, N9. 1 130. 4° Loudon, 1,8,94.

Journal of Geology. Vol. II, No. 2. 8° GJtiicago, 1894.
London, Edinbur^j^, and Duhljn Philosophical Magazine a,nd Journal of Science. 5th

series, Vol. XXXV III, Nos. 230—232. 8° London, 1894.

Mining Journal. Vol. LXIV, Nos. 3068—3080. Fol. London, 1894.
Natural Science. YoL IV, No. 26 ,to V, No. 29. 8° London and New York,

1894.’

Nature. Vol, L, Nos. 1285—1297. 8° London, 1894.
Neues Jahrbuch fiir Mineralogie, Gdologie und Palaeontologie. Band II, heft 1-2. 8°

Stuttgart, 1894.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage—Band IX, heft

i. 8° -Stuttgart, 1894.
Oil and Golourman’s Journal. Vol. XV, Nos. 167—169. 4® London, 1894.
Palaeontographica. Baud X LI, lief. 1-2. 4? Stuttgart, 1894.
Ps-laeontologische Abhandlungen. Neue Folge, Band II, heft 4. 4° Jena, 1894.
Petermann’s Geographischer Mittheilungen. Band XL, Nos. 7-8. 4° Gotha, 1894.

The Editor.

Scientific American. Vol. LXX, Nos. 22— 25, and LXXI, Nos. i—8. Fol. New York,

1894.
Scientific American. Supplement. Vol. XXXVII, No, 961 to XXXVIil, No. 973.

Fol. New York, 1 8,94.

The Indian Empire : its peoples, history and products. By Sir W. W. Hunter. 8®

London, i894’

The Indiau Engineer, yol. XXI, Nos. 377—389^ a,.9d Speeij^J Ifsi^e, No. i. 4® Calcutta,

1894, The Editor.

Tscheriuak’s Mineral ogi.sche und Petrographische Mittheilungen. Band XIV, heft 1-2.
8® Wien, 1894-

' ' '' '

Zeitschrift fiir Krystallographte und Mineralogie. Band XXjlll^ ,heft 3. 8® Leipzig,

1 894.
Zeitschrift fur praktische Geologie. Jahrg, 1894, heft 7-8. 8® Berlin, 1894.

GOyERNMENT SELECTIONS, REPORTS, etc.

Bombay.—S^lectjoijf from t|ie Repords of the ?pries, I^Qf.
229—232, and 276-277. Fisc. Bombay, 1894. B<b5ii^A.y Government.

29



Records of the Geological Survey of India, [vOL. XXVlll.

Titles of Boohs. Donors
India.—Administration Report of the Marine Survey of India for 1893-94. Fisc. Bombay,

1894. Bombay Govbrnment.

„ Administration Report on Railways in India for 1893-94. Parti. Fisc. Simla,

1894. Government of India.

,, Government of India Civil Budget Estimates for 1894-95. Fisc. Calcutta, 1894.

Government of India.

,, India Weather Review. Annual Summary, 1893. 4° Calcutta, 1894.

Meteorologicai. Reporter to Government of India.

„ Monthly Weather Review, March to May 1894. 4° Calcutta, 1894.

Meteorologicai. Reporter to Government of India.

„ Meteorological Observations recorded at 7 stations in India in the year 1893,
corrected and reduced. 4° Calcutta, 1894.

Meteorological Reporter to Government of India.

„ Register of original observations, reduced and corrected, March to May 1894.
4° Calcutta, 1894.

Meteorological Reporter to Government of India.

Rainfall data of India, 1893. Fisc. Calcutta, 1894.

Meteorological Reporter to Government of India.

Punjab.—Gazetteer of the Guzerat District, 1892-93. 2nd Edition. 8° Lahore, 1894.
Punjab Government.

„ Settlement Report of Ambala District, 1893. Fisc. Lahore, 1893,
Punjab Government.

„ Settlement Report of Karnal-Ambala, 1891. Fisc. Lahore, 1891.

Punjab Government.

TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc.

Albany.—New York State Museum Annual Report. Nos. 45-46. 8'’ Albany, 1892-1893.
The Museum.

Baltimore.—American Chemical Journal. Vol. XIV, No. 8, and XV, Nos. i

—

7. 8®

Baltimore, 1892-1893. Johns Hopkins University-

,, American Journal of Mathematics. Vol. XIV, No. 4, and XV, Nos. i—4.

4° Baltimore, 1892-1893. Johns Hopkins University.

„ American Journal of Philology. Vol. XIII, No. 4, and XIV, Nos. i—3.

8° Baltimore, 1892-1893, Johns Hopkins University,

„ Johns Hopkins University Circulars. Vol. XIII, Nos. 112 and 114. 4®

Baltimore, 1894. Johns Hopkins University.

„ Johns Hopkins University Studies in Historical and Political Science.

Series X, No. 12, & XI, Nos. i—10. 8" Baltimore, 1892-1893.

Johns Hopkins University.

Studies from the Biological Laboratory'. Vol. V, Nos. 2—^4. 8® Balti-

more, 1893. Johns Hopkins University.

Basel,—Verhandlungen der Naturforschenden Gesellschaft. Band X, heft i. 8®

Basel, 1892. The Society.
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Titles of Books, Donors,

Berlin.—Abbandlungen der Koniglichen Akademie der Wissenschaften zu Berlin.
4* Berlin, 1892. The Academy.

„ Sitzungsb'erichte der Konig. Preuss. Akad. der Wissenschaften zu Berlin.

Nos. XXVI to XXXVIII. 8® Berlin, 1893. The Academy.
„ Abbandlungen der KonigHch Preussischen Geologischen Landesanstalt.

Neue Folge, Heft 2 and Atlas; Heft 9, theil II ; and Heft 12—15. 8°

Berlin, 1892. The Institute.

„ Abbandlungen zur geologischen specialkarte von Preussen und den Thvirin-

gischen Staaten. Band IX, beft 4 to X, heft 5. 8° Berlin, 1892-1893.

The Institute.

,, Jahrbuch der Koniglich Preussischen Geologischen Landesanstalt und Berga-
kademie zu Berlin. Band XIII. 8° Berlin. 1893. The Institute.

„ Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XXI, No. 6.
8° Berlin, 1894.

Bombay.—Journal of the Bombay Natural History Society. Vol. VIII, No. 3. 8°

Bombay, 1894. The Society.

Bordeaux.—Actes de la Socidtd Linneenne de Bordeaux. 7“* serie. Tome V. 8° Bor-
deaux, 1893. The Society.

Boston.—Geology of the Boston Basin. Vol. I, part I. 8" Boston, 1893.

Boston Society op Natural History.

„ Memoirs of the Boston Society of Natural History. Vol. IV, No. 11. 4°

Boston, 1893. The Society.

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, part I.

8° Boston, 1893. The Society.

„ Proceedings of the American Academy of Arts and Sciences. New series,

Vol. XX. 8® Boston, 1894. The Academy.
Breslau.—Jahresbericht der Schlesischen Gesellschaft fur Vaterlandische Cultur.

No. 71. 8° Breslau, 1894. The Society.
Brussels.—Bulletin de la Societe Royale Beige de Geograpbie. Annee XVIII, No- i.

8° Bruxelles, 1894. The Society.
Budapest.—Termeszetrajzi Fuzetek. Vol. XVII, Nos. 1-2. 8°. Budapest, 1894.

The Hungarian National Museum.
Buenos Aires.—Boletin de la Academia Nacional de Ciencias en Cordoba. Tome

XII, No. I, 8® Buenos Aires, 1890. The Academy.
CAEN.~Memoires de la Societe Linneenne de Normandie. Vol. VIII, fasc. i. 4°

Caen, 1891 The Society.

Calcutta.—Journal of the Asiatic Society of Bengal. Vol. LXIII, Part I, Nos. 1-2,

and Part II. 8° Calcutta, 1894. The Society.

Proceedings of the Asiatic Society of Bengal. Nos. 5— 7. 8° Calcutta,

1894. The Society.

Proceedings and Journal of the Agricultural and Horticultural Society of

India. Vol. X. 8° Calcutta, 1894. The Society.

Records of the Geological Survey of India. Vol. XXVII, part 3,
8®

Calcutta, 1894. Geological Survey op India.

Survey of India Department Notes for May to August 1894. Fisc.

Calcutta, 1894. Survey OF India Department.
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Cassbl.—BericKt des Vereiris' fiir r^aturk’u'nde z'u I^assel. No. 39. 8® Kassel, 1894.
The Society.

CVNciwiiATi.—-Journal of the Cincinnati Society of I^a^ural History. Vol.„ KVI, No. 4.
8° Cincinnati, i894.‘ The Society.

CopitifHAGEN.--Oyer^igt over dCt Koii^elige Da'nskO yidenSkafe’nt-iTies Selskabs For-
Wandlingef. Nok. 3 ^1893) and i (1894). 8° Kobenhaven, 1893

—

1894. TiiE Academy.
0jE^ M‘oi»i'E^.—First AnWiial Report of tbc Ib\va GebTo^ical Sufve'yV Vol. I for 1892.

8“ I>es Kloines, 1894. The Survey.

DtfBLiw.—-Proceedings of the Royal Irish Academy. Vol. Ill, No. 2. 8° Dublin,

^894. The Academy.

„ Transactions of fKe f^oyal Irish .^cademyl Vol. XiJtX, part 12. 4® Dublin,

1894. The Academy.

„ Scientific Proceedings of the Royal Dublin Society. Vol. Vll. part 5, and
VIII, parts 1—2. 8® Dublin, 1893. The Society.

„ Scientific Transactions of the Royal Dublin Society, Series II, Vol. IV, No.
14, and V, Nos. i—4. 4°. Dublin, 1894. The Society.

Edinburgh.—The Scottish Geographical Magazine. Vol. X, Nos. 7

—

9* 8® Edinburgh>
1894. The Society.

Gdasgow.—Glasgow University Calendar for 1894*95, 8®. Glasgow, 1894.

The University.

Gottingen.—Nachrichten von der Konigh Gesellschaft der Wissenschaften zu
Gottingen. Mathematisch—physikalische Klasse, N o. 2> and Geschaft-
liche Mittheilungen, No. i. 8® Gottingen, 1894.

The Society.

Hadle.—

K

atalog der Bibliothek der KaiserHchen Leopoldinisch—Carolinischen
Deutschen Akademie der. N aturforscher. Band II, lief. i. 8° Halle,

1893. The Academy.
„ Leopoldma. ^^ef£ XXVlII. 4®. Halle, 1892. The Academy.
,, Nova Acta Acadetniae Caesareae Leopoldino'—Carolinae Germanicae Naturae

Curiosorum. Tome LVII—L^III. 4° Halle, 1892-1893.

The Academy.
Havre.—Bulletin de la Socidt4 Geologique de Normandie. Annees 1887— 18S9, Tome

XIII. 8® Havre, 1890. The Society.

Konigsberg.—Schriften der Physikalisch—okonomischen Gesellschaft. Jahrg. XXXIV.
4°. Konigsberg, 1894. The Society.

Lausanne.—Bulletin de la Soci^td Vaudoise des Sciences Naturelles. 3™* sirie. Vol.
XXX, No. 114. 8® Lausanne, 1894. The Society.

London.—Catalogue of the Mesozoic Plants in the Department of Geology, British
Museum. Part I. 8® London, 1894. The Museum.

„ Journal of the Chemical Society. Nos. 297—^349 (1887—1891); and 379

—

381 (1894). 8“ .London, 1887—1891 and 1894.

„ Journal of the Iron and Steel Institute. Vol. XLIV. 8° London, 1894.
The Institute.

„ Journal of the Society of Arts. Vol. XLII, Nos. 2169—2181. 8° London,
1894. The Society.
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LbNBO'iSrl—Phiiosbphital T ransactloris of the Royal Soiciefy of tohdori. t^oK iff4, parts

A and & j and List of Fellows; 4° Londorij 1894. The Society.

Proceedings of tRe Rdyal^ Society. Vol LV, I^os; s^rid' 333. 8“

London, 1894.

Proheedings of^ the Zoological Society of Lohdori.

1894-

The Society.

Part 11 . 8° London,
The Society.

„ Quarterly Journal of the Geological Society. Vol. L, part 3. 8° London,

1894. The Society,

,v Report of the 63rd Meeting of the British Association for the advancement
of Science held at Nottingham in September 1893. 8" London, 1S94.

The Geographical Journal. Vol. fV, Nos. i—3. 8° London, 1894.

RoYAt. Geographical Society.

Madrid^—

B

oletin de la Sociedad Geograpfica de Madrid; Tome XXXVI, Nos 5—8.

8® Madrid,- 1894. The Society.

Makchester.—Memoirs and Proceedings of: the Manchester Literary and Philosophi-

cal Society. Vol. VIII, No. 2. 8® Manchester, 1894. The Society.

Melbourne.—Annual Report of the Secretary for Mines, Victoria, during 1893. Fisc.

MelbournOj 1894. D epartm bnt of Mines, Victoria.

Moscow.—Bulletin de la Societe Iinperiale des Naturalistes- de Moscow. Anned 1894,
No. i.‘ 8® Moscou, 1894. The Society.

MifNioH.-i^'A'bhandlungee der Math. Phys; GlaSse der Konig. Bayerische Akademie der
Wissens. Band XVIII, Abth. i. 4° Munich, 1893. The Acajoemy.

„ Sitzungsberichte der Mathematisch-physikalischen classe der K. b. Aka-
demie der Wissenschaften Band XXII-; heft 3 (1892), and XXIII,
heft 1-2 (1893). 8° Munchen, 1893-. The Academy.

Naples.-!- Rendiconto dell* Accademia delle Scienze Fisiche E Matematiche. Series II,

Vol- VIII, fasc. 3-7. 4° Napoli, 1894.' The Academy.Napoli, 1894.

New York.—Annals of the New York Academy of Sciences. Index to Vol. VI ;

Vol. VI I,- Nos. 6—12, and VIII, Nos. i—3. 8® New York, 1893-1894.

The Academy.
„• Transactions of the New York Academy, of Sciences. Vol. XII. 8“

New York, 1892-93. The Academy.
Newcastle-upon-Tyne.—An account of the strata of Northumberland and Durham

as proved by borings and sinkings S-T. 8° Newcastle-upon-Tyne,
1894. The Institute.

„ Transactions of the North of England Institute of Mining
and Mechanical Engineers. Vol. XLIII, parts 2—-5. 8° Newcastle-
upon-Tyne, 1893. The Institute.

Paris.—Annales des Mines. 9*"® sdrie, Tome IV,-,Iivr. 12, and V, livr. 2—6. 8® Paris,

1893. Department of Mines, Paris-

,, Annuaire Geologique Universel. Tome IX, fasc. 4, and X, fasc. i. 8° Paris,

The Editor.
„ Bulletin de la Society de Gdographie. 7”® serie. Tome XV,. No. i. 8° Paris,

*894. The Society.
„ Comptes Rendus des Seances de la Societd de Geographie. Nos. 13-14. 8°

Paris, 1894. The Society,
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Paris.—Bulletin de la Societe Geologique de France. 3“* s4rie. Tome XXI, Nos. 2 and

4—7, and XXII, Nos. i—4. 8° Paris, 1894. The Society.

Memoires de la Societe G^ologique de France. Pal^ontologie. Tome IV, fasc. i.

40 Paris, 1893. The Society.

Bulletin de la Societe Mineralogique de France. Tome XVI, Nos. i—8, and
XXVII, Nos. I—5. 8° Paris, 1893.

„ Ministere des Travaux Publics Carte Geologique de la France et des Topo-

graphies Soutteraines. 8° Paris, 1893. The Mihistry.

Philadelphia.—Journal of the Academy of Natural Sciences. and series, Vol. X,
part I. 4° Philadelphia, 1894. The Academy.

„ Proceedings of the Academy of Natural Sciences. Part III. 8° Phi-

ladelphia, 1894. The Academy.

,, Journal of the Franklin Institute. Vol. CXXXVII, No. 6; and

CXXXVIII, Nos. 1—2. 8® Philadelphia, 1894. The Institute.

,, Proceedings of the American Philosophical Society. Vol. XXXI,
Nos. 143 and 144. 8“ Philadelphia, 1894* The Society.

Pisa.— Atti della Societa Toscana di Scienze Natural!. Process! Verbal!. Vol. IX,

pp. 63—132. 8® Pisa, 1894. The Society.

Rochester.—Bulletin of the Geological Society of America. Vol. IV, pp- i

—

4S 7 *
8"

Rochester, 1893. The Society.

Rome. Atti della Reale Accademia dei Lincei. Rendiconti, S^rie V, Semestre I, Vol,

III, fasc. 9—12, and Semestre II, Vol. HI, fasc. i—^4. 8® Roma, 1894.

The Academy.

San Francisco.—Occasional papers of the California Academy of Sciences. Vol.

IV. 8® San Francisco, 1893. The Academy.

„ Proceedings of the California Academy of Sciences. Vol. III. 8®

San Francisco, 1893. The Academy.

Springfield.—Bulletin of the Illinois State Museum of Natural History. No. 3. 8°

Springfield, 1893. The Museum.

Stockholm.—Forteckning i Kongl. Svenska Vetenskaps Akademiens. Af Ewald

Ahrling. 8® Stockholm, 1885. The Academy.

Lefnadsteckningar of ver Kongl. Svenska Vetenskaps Akademiens.

Band III, hafte i. 8® Stockholm, 1891. The Academy.

„ Meteorolog iska I akttagelser i Sverige. Serien 2 A., Band XVII. 4®

Stockholm, 1889. The Academy.

Ofversigt af Kongl. Vetenskaps Akademiens Forhandlingar. Vols. XLVI
to L. 8" Stockholm, 1893. The Academy.

Stuttgart.—Jahreshefte des Vereins fiir Vaterlandische Naturkunde in Wiirttemberg.

Jahrg. L. 8° Stuttgart, 1894.

Sydney.—Journal and Proceedings of the Royal Society of New South Wales. Vol.

XXVII. 8® Sydney, 1894. The Society.

Mlemoirs of the Geological Survey of New South ^Vales. No. S- 4

Sydney, 1884. The Survey.

Records of the Geological Survey of New South Wales. Vol. IV, part

I ; and Contents and Index to Vol. III. 8° Sydney, 189+.

The Survey,

99

99
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Sydney.—Proceedings of the Linnean Society > of New South Wales. 2nd series,

Vol. VI II, part 4. 8® Sydney, 1894. The Society,

,, Report of the Trustees of the Australian Museum for 1893. Fisc.

Sydney, 1893. The Museum.
Tokio.—Mittheilungen der Deutschen Gesellschaft fiir Natur und Volkerkunde Osta-

siens in Tokio. Band VI, Supplement heft i j and heft 54. 4° Tokio,

1894. The Society.

Turin.—Alti della R. Accademia delle Scienze di Torino. Vol. XXIX, disp. 5— 9.

8“ Torino, 1893-1894. The Academy.

Memorie della Reale Accademia delle Scienze de Torino. 2nd series. Tome
XLIII. 4° Torino, 1893. The Academy.

Osservazioni Meteorologiche fatte nell’ anno 1893 all’ Osservatorio della R.

Universita di Torino. 8° Torino, 1894. The Academy*
-Abhandlungen der K. K. Geologischen Reichsanstalt. Band XV, heft 4-5,

and XVII, heft 3. 4° Wien, 1893. The Institute.

Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Jahrg. 1893,
Band X LIU, heft 1-2. 8° Wien, 1893. The Institute.

Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 5—g. 8°

Wien, 1894. The Institute.

,, Denkschriften der Kaiserlichen Akademie der Wis^enschaften. Band LIX.
The Academy.

„ Register zu den Banden 97 bis 100 der Sitzungsberichte der Mathematisch—
Naturwissenschaftlichen classe der Kaiserlichen Akademie der Wis-
senschaften. 8“ Wien, 1892. The Academy.

„ Sitzungsberichte der Kais. Akademie der Wissenschaften.

Band CII, Abth Ila, heft i— 7.

J5 >J » f f it

,, ,, ,, Illb, „

-Twelfth Annual Report of

1889-1890. Parts I and II.

Bulletin of the United States National Museum,
ington, 1894.

The Academy.

Washington.-

»»

I—7-

I—7. 8“ Wien, 1893.

the United States Geological Survey,
8° Washington, 1891. The Survey.

No. 43. 8“ Wash-
The Museum.

„ ^

Report of the United States National Museum for the year ending 30th
June 1891. 8° Washington, 1892. The Museum.

„ Memoirs of the National Academy of Sciences. Vol. VI. 4° Wash-
ington, 1893. The Academy.

„ Smithsonian Gontributions to Knowledge. No. 884. The Internal

work of the wind by S. P. Langley. 4® Washington, 1S94.

The Institute.

Wellington.—^Transactions and Proceedings of the New Zealand Institute. Vol.
XXVI. 8® Wellington, 1894. The Institute.

Yokohama.—The Seismological Journal of Japarl. Vol. III.' 8° Yokohama, 1894.

The Society.

,, Transactions of theAsiatic Society of Japan. \''ol. XII, part I. 8° Yoko-
hama, 1894* The Society.
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ZURICH.—Netijahrsblatt herausgegeben von der Naturforschenden Gesellschaft. Jahrg.

i8go. No. 92. 8° Ziirich, 1890. The Sogiett.

„ Vierteljahrschrift der Naturforschenden Gesellschaft. Jahrg. XXXIV, heft

3-4; XXXV, heft I—4; XXXVI. heft 1-2 ; and XXXIX, heft 2.

8°. Zurich, 1S94. The Society.

MAP.

Ber<»haus, Dr. Hermann.—Atlas der Geologie, Fisc. Geotha, 1892.

m
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