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RECORDS

OF THE

GLOLOGICAL SURVEY OF INDIA.

Part 1] 1883. [February.

ANNUAL RepoRT OF THE (FEOLOGICAL SURVEY OF INDIA, AND OF THE (GEOLOGICAL
MuseumM, CALCUTTA, FOR THE YEAR 1882.

TaB most important result of .the past season’s work has been the proving of
Sourm Rawam: Umagra the mew coal field of Umaria at the west end of the
COAL FIELD. South Rewah Gondwéna basin, within 34 miles of Katni
Mr. Hughes. Station on the East Indian Railway. This field was men-
tioned in the last annual report, and Mr. Hughes had given a notice of it, in
the Records for 1881 (Vol. XIV, pt. 4). The actual area of exposed coal mea~
sures is small (about 5 square miles), in an angle between the gmeissic rocks
and the great spread of newer Gondwina sandstone to the north.east. The out-
crop of coal had been known for many years, but its appearance at the surface
was not promising. All this area had been surveyed in 1872 by Mr. Hacket,
without distinguishing the true coal measures; but, from what I had seen of
the ground (in March 1869), on a preliminary inspection between Raniganj and
Jabalpur, I was aware that further examination would be necessary before
anything could be published. Mr. Hughes’ success was then no chance find;
he recognised a difference between the Umaria sandstone and that of the adjoin-
ing area, and he had close search made for fossils, from the evidence of which
there was no longer any doubt of these rocks being on the horizon of the
regular coal measures. He then at once marked sites for trial borings; and these
were carried out with very commendable expedition by the local authorities. The
results as to the extent, thickness, and quality of the coal are very promising.
A notice of these borings was given by Mr. Hughes in the Records for August
last. Railway surveys are now being made for a line from Katni to the coal
field.
The field thus opened to enterprise is very extensive. Umaria is the nearest
possible source of coal for the North-Western Provinces; and immediately east
of it lies the immense coal field of Sohigpur, which district is also rich in
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agricultural produce and the natural entrepdt for the surrounding forest tracts.
From Sobdgpur southwards lies the least difficult line of communication between
northern and southern India, into the plains of Chhattisgarh, leading down
the Mihénadi valley to Cuttack, and up it over the plateau of Bastar to
Vizagapatam.
Not the least important result of this new opening is the opportunity it gives
~for successful iron manufacture. I know of no spot in India where there is
such an abundant supply of a variety of first class iron ores as in the neighbour-
hood of Katni. Much of the lime now used in Calcutta comes from Katni, and
other requisites will probably be forthcoming, if the coal fulfils our expectations.
Mr. Hughes extended his survey of the Sohdgpur coal field eastwards into
Sirgujah. He reports in very encouraging terms of the services rendered by
Sub-Assistant Hira Lal.
In the annual report for 1877 (Rec. XI, p. 7) a nolice was given of the
SHAHPUR COAD explorations for coal in the Sitpura region carried on
BORINGS, by the Central Provinces Government under my advice ;
and the concluding operations of those trials are given at
page 97 of the Records for 1879 (Vol. XII). Most of those trials were near
the northern edge of the basin close to the Narbada valley, and four of
them were in interior valleys. In every case the object was to find the coal
measures themselves, for the borings all started in rocks known to be of later
formation, and in one case only, that close to Mohpéni, was there an outcrop of
the coal measures anywhere near. None of them were successful ; and it was
then pointed out that the nearest ground where there was a direct prospect of
coal was in the Shahpur field on the south side of the basin. The coal outcrops
there had been reported on separately by three officers of the Survey (in 1859,
1866, and 1875), but none held out any promise of valuable seams. The latest of
these surveys was by me (published with a map in Vol. VIII of the Records),
and T then marked three sites for borings in different parts of the field, in view
of future experimental exploration. These trials were taken up in February
1881, by the Public Works Department of the Central Provinces, and the last
of them was closed on the 11th of October 1882 under my instructions. Two
of them were made to a depth of 400 feet, and the third to 539 feet, They all
passed through several coaly seams, with some thin bands of coal ; but none
were of sufficient promise to recommend the sinking of a trial shaft. I
believe that all the coal-bearing measures were passed through in each boring,
but the seams are even poorer than at their outcrops. The coal prospects in
the Sétpura basin are thus for the present reduced (besides the Mohpéni
mines) to the Pench valley field, of which Mr. Blanford gave a very encouraging
report in 1866 (Records, Vol. XV, pt. 2, 1882). This field has naturally been left
to the last on account of its comparative inaccessibility ; but the engineering
difficulties to be overcome are nothing like so great as those on the new Indore and
Bhopal State Railways, and a line from Itarsi up the Tawa valloy to the
Pench would be in every respect the most favourable for crossing the Sitpura
range between the Narbada valley and Négpur. Such a line would pass along
the Shahpur coal field, and might lead to a further exploration of those measures.
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The cretaccous coal field of Daranggiri in the Géro hills, reported on by Mr.
Assax : Dananggrar  LaTouche (Records, Vol. XV, pt.3) during last season,
COAL FIELD, proved quite as good as was expected ; the quantity is very
Mr. LaTouche, considerable and the quality very serviceable ; but if the
company now engaged in opening out the coal fields of Upper Assam achieves
anything like the service it proposes, it would scarcely pay to work the much
inferior coal of Daranggiri. Mr. LaTouche is now engaged in tracing the coal of
the Jaintia hills eastwards, with reference to a project for a railway through
North Cachar.
Mr. Foote was engaged in the districts of Mddura and Tinnevelly, principally
SOUTHERN 1NDIA. in completing his map of the coastal region, and joining
Mr. Foote. this work with that of Mr. King in Travancore. The
principal features of the ground had been examined in
previous seasons, so there is nothing particular to be noticed. A detailed account
of this large area will be published during the current year. Late in the season
Mr. Foote made a traverse across part of the Mysore gold fields, an account of
which is published in the Records for November.
An object of much interest has long been awaiting investigation in the Madras
Presidency, in the osseous cave-deposits of the Karnil
Buiza-Sonaax Caves. district. Xl'hls interest is more than geological ; at least,
for a large section of the intelligent public early pre-historic man is their only
link with geological studies. India has been a focus of great expectation in this
matter, upon the assumed evolutional principle that the natural conditions in
tropical or sub-tropical regions were most favourable for organic development, and
because the earliest known civilisations had arisen in such regions. Nine years
ago, in 1873, there was a momentary confirmation of those hopes, when an un-
doubtedly manufactured stone implement was found by Mr. Hacket in the beds of
the Narbada valley containing remains of extinct varieties of mammals, deposits
which had been considered by Falkoner and Dr. Oldham on pala:ontological grounds
as of pliocene age. This ‘find’ (the word ‘discovery’ might well be reserved for
the fruits of mental effort) gave fresh interest to the question of age of the
Narbada osseous gravels, and from a purely geological (stratigraphical) discussion
I gave reasons (Records, Vol. VI, pt. 3) showing that they are probably of late
post-tertiary time—a view that has since been adopted. At the same time I
ventured to impugn the & priori doctrine as to the birth-place of mankind, sug-
gesting that, although the remains of the most man-like monkey might be found in
tropical regions, we might rather expect to find traces of the most monkey-like
man where now the least monkey-like men are found to flourish, taking mind as
the characteristic. The early civilised peoples of tropical countries were probably
not indigenous.

The cave-test has still to be applied. Some of the most interesting early
human remains have been found in cave-deposits ; and under the inspiration of
the doctrine aforesaid, a party was got up a couple of years ago at private ex-
pense to explore caves in Borneo ; but the success has not fulfilled the expectations.
Apart the human question altogether (the special urgency of which is now rather
popular than scientific), great biological interest attaches to any rich deposit of
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mammalian remains, and I am strongly urged to take some steps to have the
Karniil caves explored, for there can be no doubt of the information regarding
them as announced by the distingnished pioneer of geology in Southern India,
Captain Newbold, F.R.S. I have never failed to appreciate the importance of
this matter, though I am aware of an impression abroad that I disregard paleon-
tological interests, for which supposition there can be no better foundation than
that I have never cared to dabble in matters that can only be profitably handled by
experts. In October 1876, within six months of my taking charge of the Survey,
I made official inquiries regarding the Billa-Surgam caves, as no notice was made
of their whereabouts in the memoir and map descriptive of the Kadapa and
Karniil basin by Messrs. King and Foote. I intended that Mr. Lydekker shounld
visit the caves and report with a view to further exploration. The Madras
famine supervened, and no later opportunity offered without too great a sacrifice of
current work.

Mr. Blanford makes conspicuous mention of these caves in the Manual of
the Geology of India (page 381). Captain Newbold in 1844 described them as
situated in latitude 15° 25, longitude 78° 15, which should be, as taken from a
map of that date (Indian Atlas, Sheet No. 76, of 1842), about 7 miles to north-by-
west from Banaganpilli. In the answer I received (dated 10th January 1877)
from the Collector of Karnil, this officer says :—* There is no place near Banagan-
pilli which goes by the name of Billa-Surgam and noted for any caves containing
fossil stones. There is, however, a village called Bilum, 7 miles south-east
of Owk in the Koilkuuntla taluk, containing some caves, but the Deputy Collector
who inspected them says they contain only slate stones.” This position would be
about 12 miles to south-by-west of Banaganpilli. Both these spots are in the
Jamalmadgu limestone, of Messrs. King and Foote’s classification, described by
Newbold as the ¢ diamond limestone.’

It is most unlikely that an error of 18 miles would occur in his descrip-
tion of the position, but the coincidence of the similar name and the caves gives a
strong presumption that Bilum is Newbold's locality, and that there is a printer’s
error in the statement of the latitude. He describes the mouths of the caves as
from 46 to 60 feet high, falling rapidly to passages which it is mecessary to
traverse on hands and knees. This obscurity as to the occurrence of the caves
offers some explanation of the omission of any mention of them in the published
description of that ground ; but I would notice the circumstance as an illustration
of the condition of our work in India, the imperative object being to furnish in
the first instance and as soon as possible a good general sketch of the geology of
India. Had our geologists taken in ¢ cave-hunting’ and the like, the map and
manual published in 1879 might have appeared about the year 3000. There is,
however, no failure of apprehension as to the supreme importance to advanced
science of more detailed researches, and I hope to find an early opportunity for the
exploration of the Billa-Surgam caves.

Mr. Bose’s second season’s work in this ground has not added much to the
EHNANDESH ; fossil evidence upon which he indicated a correlation of the
CRRTACEOUS : upper beds with the threefold division of the cretaceous

Mr. Bose. rocks of Southern India, relegating the underlying Nimir
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sandstone to a lower cretaceous horizon, as mentioned in last year’s annual
report ; nor is there any fresh observation to disturb that suggested arrange-
ment. He gives some interesting facts showing the association of the Lameta
beds with agglomerates of the trappean period ; and his microscopic examination
of the traps themselves has thrown new light upon the constitution of some of their
subordinate varieties. When Mr. Bose was sent to that ground, it was hoped
(without anthority) that the new maps coutaining the north-western and south-
western extensions of the cretaceous deposits in the Rewa-Kinta country would
be available, so that the geological region might be described in one memoir,
As there is even now no mneur prospect of those topographical maps being
completed, Mr. Bose’s work will be published up to date.

In extension of his previous survey, Mr. Hacket took up work in the wilder

RAJPUTANA ; parts of the Arvali range in southern Meywar, but in the

My, Hacket. end of January he was warned by the Political Agent
that it would not be safe for him to continue in that part of the country on
account of the unquiet state of the Bhils. Mr. Hacket employed the rest of the
season very usefully in examining some intricate features along the Vindyan
boundary to the north-east of Neemuch.

Sub-Assistant Kishen Singh has mapped a large area of the platean of
Milwa trap and Vindhyans about and north of Goona. The boundaries are,
I believe, sufficiently approximate for those formatious, and for present purposes ;
but little or no information is given regarding the rock features upon which a
description of the area could be given.

Mr. Fedden surveyed a large area along the coastal region, from Bh4vndgar

KATTYWAR; to Madhapur, mostly of trap and post-tertiary rocks, with

Mr. Fodden. & remnant of tertiary beds on the western sea-margin.
A few fossils were obtained from these at Piram (Perim) Island. The ossiferous
conglomerates of this well-known locality are the highest beds of the section;
but Mr. Fedden considers them to be closely associated with the deposits con-
taining marine shells forming the adjoining coast, which he correlates with the
G4j horizon (of Sind). At Goghs, a little north of Piram, a boring was once
made in these strata to a depth of 355 feet, stiff blue clay being the prevailing
rock in the lower portion.

The principal object of Mr. Blanford’s work in the field season 1881-82 was

Trs NorTH-WEST to endeavour to trace northward the well-marked series
FronTIER; of tertiaryrocks found in Sind, and to follow the continua-
Mr. Blanford. tion of them, if possible, into the Punjab, where there is

not the same clue to classification in the presence of marine beds above the
eocene.

Before taking up this work, Mr. Blanford was called upon to report again upon
the coal deposits to the west of Sibi; so he marched by the Bolin pass to Quetta,
examining the coal seams of Mach on the road. From Quetta to Sibi he
returned by the Harnai route, and visited the Sharag (or Sharigh) coal locality.
From Sibi he skirted the western boundary of the Bhugti Hills, and then marched
from Jacobabad to Harrand in the Punjab, through the heart of the Bhugti
country. From Harrand he proceeded northward along the eastern flank of the
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Sulimédn range, to some distance north of Dera Ghézi Khin. Here, in the
middle of February, a severe attack of fever and liver compelled him to leave the
field, and he shortly afterwards returned to Calcutta and was obliged to go to
Europe on medical certificate.

A note, containing the results of Mr. Blanford's examination of the coal seams
at Mach and Sharag was published in Part 3 of the Records for 1882. He con-
siders the quality of the coal fair, but the quantity is insufficient for commercial
purposes. The other results of his season’s observations have been, besides
making some important alterations in Mr. Griesbach’s work about Quetta, to
effect a preliminary exploration of the country from Quetta to Dera Ghizi Khén,
and to show that the post-eocene marine deposits of Sind do not continue north
to the Punjab border. One of the unfossiliferous groups, however,—the Upper
Nari,—is apparently persistent, and the uppermost system, Siwilik or Manchar,
can be sub-divided, so that it is practicable to classify the rocks to a certain extent.
It was found that the main chain of the Sulimén is composed of hard whitish
sandstones, apparently cretaceous, overlying limestones and limestone-shales, with
a few fossils belonging to the same system.

Had the work not been interrupted by illness mear Dera Gh4zi Khén, Mr.
Blanford would only have been able to examine the Sulimin range for about 30
miles further north. The whole of the area examined was beyond the British
frontier ; but, whereas, up to a certain point, a little north of that reached, access
was practicable with the aid of the district officers and a small escort, further
north the country is inhabited by Afghans, and is consequently inaccessible
to Europeans. It may, consequently, be considered that the greater portion of
the gap between Sind and the Punjab has been bridged over, so far as is practi-
cable.

Some interesting fossils, mammalian and molluscan,  were obtained from Lower
Siwalik beds, at localities discovered by Captain Vicary nearly 40 years ago in
the Bhugti hills. Mr. Blanford’s descriptive memoir, with a map, will be published
shortly.

OZ the termination of his short leave in England Mr. Griesbach obtained

permission to visit some places on the Continent, in order
Mippre HIMALAYA: ¢, geq what process would be best for the reproduction of

Mr. Griesbaod. his views of Himalayan sections ; but chiefly thiat he might
examine certain foreign collections of fossils from the Himalaya and other
parts of Asia for comparison with his own collection. On both points his
trip was very serviceable ; the collections made in Armenia by Staatsrath von
Abich proved especially interesting, as having close relation to the fossils from
certain zones in the Himalayan sections. Owing to some unforeseen official
delays Mr. Griesbach was a little late in returning to India, which caused him
much discomfort in having to cross the outer ranges of mountains after the
rains had set in. With the Bhoteas of the frontier Mr. Griesbach experienced
the usual difficulties in making arrangements for transport in the high unin-
habited regions where his work principally lies. All his endeavours were in this
way frustrated to cross the Mana pass, so he had to cover all the ground he could
reach in that direction from the Niti pass, and then move to Nilang, where he had
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better success in making excursions northwards. The season was so far advanced
that the Tibetan guards had left their stations beyond the passes, so this obstruc-
tion was removed, but the cold was intense.

Mr. Oldham accomplished all that could be expected from his excursion with
the Manipur-Burma Boundary Commission, having made
a complete traverse of the main range into the great
alluvial and tertiary basin of the Ningthi (? Namtonai
of older maps) or Chindwin (Kyen.dwen), which seems to be a principal
tributary of the Irrawadi. If there is any disappointment in the result, the
credit (or discredit) of it must be set down to mistaken imagination, and I must
confess to having made that mistake. I had, I may say, hoped that the Aracan
Yoma of Mr. Theobald’s Pegu Report would expand northwards as it approached
the Himalayan massif ; and that a deeper rock-section would be exposed, with
perhaps a core of crystalline rocks, having their roots, even in outcrop, conflu-
ent with those of the great Himalayan elevation. The fact is just the reverse.
Here, too, no fossils were found ; but the rocks are with great probability identi-
fiable with those 400 miles to the south, even to the serpentinous intrusive
masses. Mr. Oldham supplemented his east-west traverse by marching from
_ Manipur northward to Kohima in the Néga Hills, returning by the Assam
Valley, and he found that newer tertiary rocks encroach more and more towards
the axis of the range; so that it seems as if the older rocks may soon be alto-
gether suppressed in that direction. It thus appears that this range is altogether
a secondary one, a mere fender of the great Malayan crystalline axis. I need
hardly add that Tam more satisfied than if my prognostic had proved correct.
Mr. Oldham’s report has been ready since July, but there is some delay in
procuring a map of the topographical survey of the new ground.

Publications.—Two parts of Volume XIX of the Memoirs were published
during the year. The first i3 a description, with numerous illustrations, of the
Cachar earthquake of 1869. The descriptive part was written shortly after
the event by the late Dr. Oldham, from observations made by himself on the
spot. The discussion of the data was supplied, and the whole edited, by Mr.
R. D. Oldham. Part 2 is a descriptive catalogue of the thermal springs of
India, and Part 3 (now in the Press) is a descriptive catalogue of Indian earth-
quakes. These also were compiled by Dr. Oldham ; the data have now been
revised and illustrative maps prepared by Mr. R. D. Oldham. These publica-
tions form a good starting point for seismological observation in India, pre-
parations for which on a small scale are now in hand. Several other memoirs
are well advanced towards publication, by Mr. Blanford, on the country between
Quetta and Dera-Ghazi-Khén ; by Mr. Foote on a large area between Trichinopoli
and Cape Comorin; and by Mr. Oldham on parts of Manipor and the Niga
Hills.
Volume XYV of the Records for 1882 contains numerous (28) papers of more
or less practical importance or of scientific interest.

Five fasciculi of the Paleontologia Indica were brought out during the year:—
Part 1, Vol. IV, of the Gondwéna Flora by Dr. Feistmantel gives a description of

MANIPUR:
Myr. Oldham.
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the fossil-flora of the south Rewah basin. Mr. Lydekker describes the Siwslik
and Narbada Equid in Vol. II, part 3 of the Tertiary Vertebrata series. Dr.
Waagen’s first fasciculus on the Brachiopoda of the Productus-limestone in the
Salt-range is but a small instalment of this section of his work; but I have
already received 30 plates of the sequel. The Brachiopoda form the most numerous
and most intricate portion of this group of fossils, and the exhaustive study Dr.
Waagen is giving of them will, I have no doubt, be gratefully acknowledged
by all paleontologists. Two fasciculi on the fossil Echinoidea of Sind are
contributed by Dr. Martin Duncan and Mr. Percy Sladen, to whom the Survey
is greatly indebted for their voluntary assistance in this important branch of
palmontological research.

Museum.—Of all field work in progress, the corresponding collections of speci-
mens have been kept up todate. A full descriptive catalogue of the systematic
series of minerals by Mr. Mallet is nearly through the Press.

Library.—The additions to the library were 1,461 volumes or parts of Vo-
lames ; 665 by purchase and 796 by donation or exchange. The titles of all these
books as received are published regularly in the Quarterly Records. I think I
can promise that the catalogue will be in print by the end of the present year.
The preparation of it can only be carried on in the intervals of current work.

Mining Records.—One mining plan was received during the year, from the
Raniganj Coal Association.

Seismological Observations.—Proposals have been made before now to estab-
lish seismometers in certain parts of India that are subject to comparatively fre-
quent earthquakes. A chief difficulty has been, and must continue to be, to
find competent and trustworthy observers at the suitable places. A small
expenditure for the purpore has now been sanctioned, enough to set up some
simple seismometers at a few stations in mnorth-east Bengal and Assam where
meteorological stations are already established, through which agency it is hoped
some observations may be secured,

Personnel.—Mr. Blanford was obliged to take sick leave to Europe on the 25th
of April, and, under medical advice, he has since been compelled to retire from
the service, as no longer able to endure the exposure and fatigue required of the
field geologist in India. After 27 years of so arduous a life this result is not
surprising ; he joined his appointment in India on the 1st of October 1855. From
the beginning of his service, Mr. Blanford took a leading part in the work of
the Survey ; his report on the Talchir coal field is the first paper in our Memoirs,
which have now extended to 19 volumes, containing numerous contributions from
him. Besides his regular geological labours Mr. Blanford has done much work
for the zoology of India, on which he is now a leading authority. He was twice
deputed on missions out of India,—with the army to Abyssinia, and with the
Seistan Boundary Commission to Persia. Of his researches in both countries he
published a full account. He was twice (in 1878 and 1879) elected President of the
Asiatic Society of Bengal, an honour never previously conferred on an officer of
his standing. So long ago as 1874, he was elected (at his first nomination) a
Fellow of the Royal Socicty, which is the highest non-official distinction an
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Englishman can receive. In 1876, Dr. Oldham, on retirement, recommended
Mzr. Blanford to be his successor as Superintendent of the Geological Survey of
India; of this he was only deprived by a small matter of seniority, and in recog-
nition of his high claims Government rewarded him with a special personal re-
muneration above the pay of his appointment. Personally, as well as profession-
ally, Mr. Blanford’s departure will be much regretted by his colleagnes in the
Survey.

Mr. King was absent on furlough for the whole year. Mr. Wynne was
obliged to take successive extensions of sick leave, and is still absent. Mr. Hughes
obtained six months’ leave on urgent private affairs on the 8th June, which has
been extended in England for three months. Mr. Hacket left on furlough for
two years on the 20th November. Mr. Lydekker was granted six months’ leave
on urgent private affairs from the 2nd March, and subsequently by the Secretary
of Btate an extension for one year without pay. Privilege leave for various
periods was granted: Mr. Mallet 42 days, Dr. Feistmantel 40 days, and
Mr. Medlicott 3 months.
' H. B. MEDLICOTT,
Superintendent, Geological Survey of Indiu.
CALCUTTA, '
The 23rd of January 1883.

List of Societies and othe} Institutions from which Publications have been received
tn donation or exchange for the Library of the Geological Survey of India
during the year 1882,

AusterpaM.—Netherlands Colonial Department.
BaseL —Natural History Society.
Batavia.—Batavian Society of Arts and Sciences.
» Royal Natural History Society, Netherlands.
BeLrast.—Natural History Society.
BerLIN.—German Geological Society.
» Royal Prussian Academy of Science.
BoLogxA.~Academy of Sciences.
BoyBav.—Meteorological Department, Western India.
BosToN.—American Academy of Arts and Sciences.
” Society of Natural History.
Brestav.—Silesian Society of Natural History.
BristoL.—Bristol Museum.
” » Naturalists’ Society.
BrusseLs.—Geological Survey of Belgium.
» Royal Geographical Society of Belgium.,
» Royal Malacological Society.
» Royal Natural History Museum of Belgium.
BuparesT.—Geological Institute, Hungary.
BurraLo.—Society of Natural Sciences.
Caen.—Linnean Society of Normandy.
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Cavrcourta.~—Agricultural and Horticultural Society.
» Asiatic Society of Bengal.
»” Marine Survey.
” Meteorological Department, Government of India.
CauBripGE (Mass.).—Museum of Comparative Zoology.
CasserL.—Society of Natural History.
CurisTiaNIA.~Editorial Committee, Norwegian North Atlantic Expedi.
tion. :
” L’ Association Géodésique Internationale Commission de la
Norvége.
CoreNnaGEN.—Royal Danish Academy.
DrespEN.—Isis Society.
DusLix.—Royal Geological Society of Ireland.
» Royal Dublin Society.
” Royal Irish Academy.
EpinBURGH.—Royal Scottish Society of Arts.
» Royal Society of Edinburgh.
» Signet Library.
GENEvA.—Physical and Natural History Society.
Graseow.—Geological Society.
” Philosophical Society.
GorringeN.—Royal Society.
HarrLe—Natural History Society.
Harr1sBURG.—Geological Survey of Pennsylvania.
Lavsanne.—Vandois Society of Natural Science.
Liece.—Geological Society of Belgium.
Loxpon.—Geological Society.
” Iron and Steel Institute.
»  Linnean Society.
» Royal Asiatic Society.
»” Royal Geographical Society.
” Royal Institute of Great Britain,
” Royal Society.
» Society of Arts.
» Zoological Society.
Lyoxs.—Museum of Natural Science.
Mapisox.~—~Superintendent of Public Property.
Maprip.—Geographical Society.
MancrEsTER.—Geological Society.
MEeLBoURNE.—Mining Department, Victoria.
” Royal Society of Victoria.
Mirax.—Italian Society of Natural Science.
» Royal Institute of Lombardy.
MonTrEAL.—Geological Survey of Canada.
Moscow.—Imperial Society of Naturalists.
Nagrur.—Nagpur Museum.
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NevucHATEL.—Society of Natural Sciences.
NEwcasTLE-ON-TYNE—North of England Institute of Mining and Mechanical
. Engineers.
New HaveN.—Connecticut Academy.
American Journal of Science.
Paris.—Academy of Sciences.
s Geological Society of France.
» Indo-Chinese Society.
» Mining Department.
Pexzance.—Royal Geological Society of Cornwall.
PHILADELPHIA.—Academy of Natural Sciences.
” American Philosophical Society.
»» Franklin Institute.
Pisa.—Society of Natural Sciences, Tuscany.
Roue.—Royal Geological Commission of Italy.
» Royal Academy, ’
RoorkEE.—Thomason College of Civil Engineering.
Sarxt Pererssura.—Imperial Academy of Sciences.
” Imperial Russian Mineralogical Society.
SaLeM (Mass.)—American Association for the Advancement of Science.
» Essex Institute.
SHANGHAL—North China Branch, Royal Asiatic Society.
SiNGAPORE.—Straits Branch, Royal Asiatic Society,
SYpNEY.—Australian Museum. 4
»  Department of Mines, New South Wales,
» Royal Society of New South Wales.
ToroxTo.—Canadian Institute.
Turin.—Royal Academy of Science.
Venice.—Royal Institute of Science, &c.
ViEnNA.—Imperial Academy of Sciences.
» Imperial Geological Institute.
‘WASHINGTON.—Smithsonian Institute. )
United States Geographical Survey west of the 100th
Meridian,
‘WELLINGTON.—New Zealapd Institute.
YoxronAMA.—Asiatic Society of Japan.
» German Naturalists’ Society.
The Governments of Bombay, Madras, North-Western Provinees and Oudh
and the Punjab.
Chief Commissioners of Assam, British Burma, Central Provinces, and Coorg.
The Commissioner of Inland Customs.
The Residents at Hyderabad and Mysore.
The Sarveyor General of India. .
Departments of Finance and Commerce, Revenue and Agriculture, Foreign,
Forest, and Home.

»
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On the Genus Richthofenia, Kays, (Anomia Lawrenciana, Koninck,) by WiLLiam
Wasgexn, Pa.D,, F.G.S. (With 2 plates).

IN one of the later numbers of the * Zeitschrift der Deutschen Geologischen
Gesellschaft,” M. E. Kayser publishes some notes on the fossils of the car-
boniferous limestone of Lo-ping in China, collected by Baron Richthofen, which
fossils seem to be rather similar in type to those of the Productus-limestone of the
Salt-range, the description of which is now in progress. He mentions one
fossil in particular, the Anomia Lawrenciana of deKoninck, for which he pro-
poses the generic denomination of Richthofenia.

M. Kayser regards this fossil as belonging to the Brachiopods, very likely
somewhere near Productus, and this approximately agrees with what I considered
it to be. I expressed this opinion in the last remarks appended to the third
part of my * Salt-range Fossils” (p. 328); only I was at that time doubtful
whether the fossil might not as well be considered a coral.

While preparing the description of the Brachiopods of the Salt-range Pro-
ductus-limestone, I was obliged also to examine the Anomia Lawrenciana more in
detail ; and the result of this examination was so remarkable that I think it worth
while to give a preliminary notice of this fossil, together with such figures as
will be necessary to understand the description.

The fossil consists, as has been described already by deKoninck, of two
valves, one larger and one smaller (Pl. II, f. 7, 8,9). The larger valve is of
a conical shape, with the apex fastened to some foreign body (PL I, f. 9). The
smaller valve is flat, a little sunk into the larger one. The two valves articulate
by a rather short straight hinge.line. This hinge-line, however, does not show in
the outer appearance of the conical valve; it is only marked inside it. On both
sides of the hinge-line, the smaller valve is cut out in a semi-circle to receive thick-
ened parts of the shell of the larger valve. The outer side of the larger valve is
rugose, provided with many concentric wrinkles, and bears a variable number
of hollow, depressed, diverging, tortuous tubes, which, on the one hand,
resemble the root-like appendages of some rugose corals, and, on the other, can bo
compared to the hollow spines of some Producti. The resemblance to the latter
is chiefly striking because of the silky lustre of the shell-substance of which they
are composed. On the whole, the shell of the fossil is dull when quite intact, and
of a silky lustre when the outmost layer of the shell is worn off. Then also
appears a very close punctation, similar to that occurring in the shell of Pro-
ductus, which is barely visible to the naked eye.

The punctures are not all equal; some larger ones are disseminated irregu-
larly between great numbers of smaller ones (Pl I, f. 3). Ashas been mentioned
above, the punctures appear only when the outermost layers of the shell are
removed. The punctured part does not lie immediately below the epidermoidal
shell-layer, but succeeds a very thin layer, also already exhibiting a silky lustre,
which shows a very close vertical striation, and is composed of numerous very
fine excavated lines (Pl, II, f. 8b). Sometimes this striation is even visible on

B
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the outermost dull layer of the shell. Both these layers, the dull one as well
as the striated one, are entirely lost in the greater number of specimens,

On the smaller (flat) valve the hollow tubes, which are so very characteristic
of the larger valve, are altogether absent. When the shell-substance of this
valve is perfeotly preserved, it is strewn over with very numerous small papille
which project slightly from the surface of the shell (Pl IIf. 9).

On its interior side this smaller valve bears a distinct, but not very high,
median septum, which extends from near the margin opposite the hinge-
line, to nearly the middle of the valve. Here, in most specimens, it is re-
placed by two parallel ridges, which in other specimens, however, are combined
in one broader septum. On both sides of these ridges large, more or less rounded
impressions appear, which are very strongly marked, and distinetly indented on
the side nearest the hinge-line; on the side opposite to it they are less strongly
marked, but seem to be also indented (Pl I, f. 1c.; PL II, f. 2). On the hinge-
line itself there are, vertical to it, two short, thick and prominent parallel ridges,
not dissimilar to hinge-teeth, which are, however, about equally high through
their whole extent. They are not in connection with the median septum, but
are separated from it by a smooth space. They do not protrude much above
the hinge-line. On the whole, they might possibly be compared to the very
developed cardinal process of the smaller valve of Productus, but the similarity
is, in fact, only a very distant one. On both sides of these ridges not a trace of
dental grooves can be observed. Neither the reniform bodies, which are such
prominent features in the smaller valve of Productus, nor distinct dental grooves
exist on the sides of the short ridges on the hinge-line. Near the outer margin
of this smaller valve there are thorny processes, more or less numerous, directed
towards the interior of the shell, similar to those seen in some Product: (Pl. II:

. 2).

d Far more complicated is the structure of the larger valve. It consists of two
different parts; the lower, from the apex of the valve up to about the middle of
its height, being composed of very numerous narrow water-chambers, divided off
by very thin shelly partitions, and the upper forming a large hollow for the
reception of the animal. The partitions in the lower part of the shell are very
irregular, exactly like the partitions existing in rugose corals. They are, on the
whole, convex below, and concave above ; not so, however, for their whole extent,
as about in their middle they are bent upwards, forming something like a

columella, such as exists in many corals. This formation of a columella is caused .
by the presence of three vertical septa (PL I, f. 2, 4, 5), which extend from the

apex of the shell, through all the partitions, up to the body chamber. By these

septa a vertical triangular space is divided off within the larger valve of this

fossil, the base of the triangle being formed by the hinge-line, whilst its apex

lies in the middle of the shell, where the three vertical septa, which converge

towards this centre from both ends of the hinge.line, unite. The median of the

three vertical septa extends from the centre towards the hinge-line, without,

however, ever uniting with it. All the space between the vertical septa and the

hinge-line is also filled up by shelly partitions.

The animal chamber (P1. I, f. 1) is tolerably large ; the bottom of it is, however,
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situated at very different levels. The triangular space marked off by the vertical
septa is much more shallow than the remainder of the chamber; but the latter
also is not even, as from the centre of the shell a rounded crest extends, forming
a shallow saddle, to the wall opposite the hinge.line. On each side of this crest
is a deep hollow which occupies the whole lateral parts of the body chamber. The
whole bottom is covered by irregular tolerably minate grooving.

The three vertical septa project into the body chamber as three high upright
plates, which converge towards the centre of the shell and are highest near
this centre. Their upper margins are denticulate. They do not unite, but
remain somewhat apart from each other. On the other side, between them and
the hinge-line, there is an ascending plane, none of the plates thus reaching
the hinge-line. Of these plates or septa, the median one is the highest. The two
lateral are limited on their inner side by very deep marrow grooves; from the
median one, on the contrary, on both sides start some low secondary septa, which
show, on the whole, a pinnate arrangement. They disappear again, however,
before reaching the grooves mentioned above.

The hinge-line is quite straight, and shows only in the middle a slight round-
ed sinuation for the reception of the two thick terminating branches of the
median septum in the smaller valve. Not a trace of any kind of teeth for
articulation with the smaller valve is observable.

The inside of the outer walls of the body chamber is provided at very irreg-
ular and unequal distances, with tolerably broad and sharp, but not very promi-
nent vertical septa, some of which begin a short distance below the upper border
of the chamber, and disappear before reaching the bottom, whilst others begin
lower down and then reach down to the bottom of the chamber. The upper
termination of each of them bears a round foramen, which forms the entrance to
the hollow tubes which can be observed on the outer side of the shell and have
been mentioned above (PL I, fig. 2). This foramen, however, does not pierce
the wall directly, but the tube descends nearly vertically and appears only
in the vicinity of the apex at the outer side of the shell.

All round the upper border of the animal-chamber a thickened margin can
be observed, which has some similarity to a pallial impression (PL. I, figs. 1, 8).
Of muscular scars nothing can be observed either on the bottom or on the walls
of the chamber.

The substance of the shell is of a very singular structure. It is composed in
the larger conical valve of three layers. The outer one is very thin, dull and
compact outside, and of a silky lustre inside, provided with the characteristic
striation and punctation mentioned above. The median layer, the thickest of
all, though very irregular in its thickness, is composed of approximately hemi-
spherical cells, such as can be observed in many rugose corals when the radial
septa have been obliterated (Pl I, figs. 2, 7; Pl II, figs. 1, 5). These cells
are arranged in ascending radial rows, and are interrupted at intervals by per-
fectly straight, radial, very pointedly conical shelly parts (PL 11, fig. 4)
which require further explanation. They begin on the outer shell-layer with a
slightly broader base, and extend, in a more or less ascending direction, towards
the inner portions of the shell. They are not round but polygonal. All do not
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with their sharply pointed ends reach the innermost shell-layers; indeed, most
of them stop about half-way. Nor doall of them originate on the outer shell-layer,
for some start from the wall of some cell in the median layer of the shell. They
seem to be hollow and to form tubes, which apparently communicate with the
larger pores, disseminated between the more minute punctation of the shell as
described above; but I am not quite certain on these latter points. The hollow
tubes which terminate in root-like processes as mentioned above penetrate this
median part of the shell in & nearly vertical direction. The innermost layer
of the shell is somewhat thicker than the outer one, but otherwise similar to it.
The median and the outer layers of the shell fall off easily, and then internal casts
of a strange description, which preserve the inner shell-layer, are produced
(PL I, fig. 8).

In the flat smaller valve the median shell-layer is absent.

Under the microscope, with a magnifying power of 100 diameters and upwards,
the whole shell can be seen to be composed of very thin lamellss, which disunite for
the formation of the cells and join together again in the outer layer of the shell.
They are mostly vertical in the inner layer of the shell, bent nearly horizontal
but irregularly outward in the median layer, and again vertically upward in the
outer one.

Each lamella shows a very distinct striation vertical to its planes, caused ap-
parently by prisms of which it is composed. These prisms are thus placed
horizontally in the inner shell-layer from the inside of the shell to the outer, in
the median layer vertically, and in the outer layer again horizontally.

Besides this striation fine canals can also be distinctly traced, which originate
on the inner side of the shell and pierce the different lamellee of which the shell
is composed, causing thus the fine punctation of the inner shell-layer, similar to
that occurring in Productus. The canals are, however, not simple, but distinctly
and manifoldly ramified, and thus absolutely different from those occurring in
Productus. They are more similar to the canals which pierce the shell of Crania.
I donot think that these canals may be the work of boring Thallophyta. They
seem to exhibit another character than the borings of those organisms. I shall,
however, give detailed figures of these canals in my large work on the * Salt-
range Fossils.”

Thefossil is gregarious in its occarrence in natare, and the individuals are
often so closely packed together that the root-like appendages of one individual
are fastened to the individuals around, but I never found two individuals entirely
grown together.

These are the facts I have been able to ascertain relating to the structure
of this fossil; it remains now to deduce from them the systematic position the
fossil ought to occupy. As I have already formerly indicated, I was from the
beginning doubtful whether the fossil ought rather to be considered a coral or
a Brachiopod, and the views of palemontologists to whom I showed the speci-
mens were quite equally divided between the two classes. Mons. Barrande, as
well as Professor Valérin and Moller, were of opinion that this fossil was rather
more related to the corals than to any other class of animals, whilst Professor
Zittel and Professor Lindstrom seemed to be more in favour of the view which
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places it among the Brachiopods. The characters exhibited by the fossil are,
indeed, of such & conflicting nature that it becomes extremely difficult to assign
to it any place in the system. ,

In favour of the view which inclines to consider the fossil as a Brachiopod,
the microscopic structure of the shell can be adduced above all. Its silky lustre
is absolutely identical with that of the shell of Productus, though this lustre
seems not to be effected in both cases by the same means. In the shell of Productus
it is caused by obliquely ascending prisms, whilst in Richthofenia it depends
apparently on the fine lamination of the shell as in Placuna or similar genera.
Of great importance is the prismatic structure of the single lamin® of which
the shell of Richthofenia is composed. Such a prismatic structure is, as far
as I am aware, chiefly characteristic of molluscs or molluscoids. I certainly
have not as yet observed this structure in corals. In Calceola sandalina, which
seems the most kindred form among the corals, a microscopic section through
the larger valve showed beautifully its construction of radial septa, but these
septa exhibited all a granular, not a prismatic structure.

The punctation of the shell is also very similar to that of Productus, and so
are the hollow root-like tubes which penetrate the shell-substance of the larger
valve, and adhere to other bodies.

The smaller valve can also, on the whole, be very well compared to the same
valve of Productus, though it remains doubtful whether the thick parallel ridges
on the hinge-line of this valve in Richthofenia can at all be compared to a car-
dinal process, and whether the impressions on the valve can be taken as muscular
impressions. Reniform bodies are most certainly absent.

Nevertheless, among all the Brachiopods the Productide are the only ones
to which the genus Richthofenia might stand in any relation; other Brachi-
opods are certainly considerably less related to the present genus than the
Productide.

But, though all the points indicated may be in favour of the Brachiopod
nature of the present fossil, yet it cannot be denied that there exist -also certain
points of resemblance between Richthofenia and rugose corals. Any one who
looks only for a moment at Pl. I, fig. 2, will be convinced of this similarity. The
irregular partitions in the lower part of the larger valve; the columella-like
part which is divided off by three vertical septa; these septa themselves, which
can very well be compared with the primary and the two lateral septa of &
rugose coral ; the cellular structure of the shell; the septa-like ridges on the
outer wall of the animal chambers which are in connection with the hollow canals
which pierce the substance of the shell; and the tortnous tubes themselves into
which the canals are prolonged on the outer side of the larger valve: all these
characters remind one strongly of a rugose coral. There can be no doubt that
on a first inspection, ignoring the silky lustre of the shell, one would far more
likely be led to regard this fossil as a coral than as a Brachiopod.

There is, however, yet another character to be pointed out, which is even more
counflicting than those hitherto adduced; this is the existence of something like
a pallial impression round the upper margin of the larger valve, as figured in Pl.
1, figs. 1b and 8a.
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This character, as well as the very peculiar appearance of the partial cast as
represented in Pl. I, fig. 8, and the longitudinal section, PL II, fig. 5, induced
me to take yet another group of fossils into consideration for comparison; and
these are the Rudista in a restricted sense, as defined by Stoliczka in his work
on the cretaceous bivalves.

It is a very curious fact that with the Rudista the same difficulty prevailed
as to their classification as with the present fossil. They had been considered
by L. v. Buch as corals, by d’Orbigny as Brachiopods, and recently they are
placed by most men of science in the bivalves.

The points of similarity between Richthofenia and the Rudista, chiefly Hip-
purites, are mot very numerous, it is trme. It is chiefly the section which
may be compared. If we cut open a specimen of Richthofenia from the hinge-
line to the opposite wall, so as just to touch the median vertical septum (Plate
I, fig. 5), we get a figure very similar to that which we obtain when we cut
through a Hippurites so as to touch the first columellar fold (the hinge-fold and
the second columellar fold being left untouched), Plate II, fig. 10. The par-
titions presented are very similar in both cases. They are bent up in the middle
to form a kind of columella, and are separated from the outer walls of the shell
by asharp line in both cases. It is due to this latter circumstance in bcth
cases that the outer walls of the shell fall off easily, and that such strange
partial internal casts are formed.

Another point of similarity consists in the direction of the prisms, of which
the substance of the shell is composed. The Rudista differ from all the other
groups of Pelecypoda in having the prisms of their outer shell arranged verti-
cally, that is to say, longitudinally to the whole extension of the shell. Just the
same is the case in the median shell layer of Richthofenia, as has been explain-
ed above.

A third point of similarity of great importance exists in the pallial impres-
sion, which is common to Richthofenia and the Rudista; and, finally, it is not
quite- certain that the sinuations of the large valve of Richthofenia on both
sides of the hinge-line, which stand in so close a connection to the lateral vertical
septa may not be regarded as the beginning of the infoldings of the shell, which
are so very characteristic for the Rudista.

All these points of similarity between the Rudista and Richthofenia are im-
portant, a8 they are in connection with the most striking characters of both
fossils; and it cannot as yet be positively denied that Richthofenia might
be a predecessor of the Rudista. To say anything positive on this point is at
present impossible. The distance in time between Richthofenia, which comes
probably from the limits between the carboniferous and permian formations,
and the Rudiste, which are for the greater part upper cretaceous, is so enormous,
and every connecting link is as yet absent, that a very close affinity betwecn
the paleozoic and the cretaceous forms cannot be expected, and thus it will only
be possible to prove the connection between the present fossil and the Rudista,
if futher members of such a developmental series should be discovered.

As the case now stands, it will probably be most prudent in accordance with
the microscopic structure of the shell to consider the fossil as something like a

c
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Brachiopod. As far as my opinion goes, I am convinced that Richthofenia is a
member of a series, which, branching off somewhere from the rugose corals,
has reached in Richthofenia a Brachiopod-like stage, and is going to terminate
its career as a Pelecypod, asone of the Rudista. But opinion is nothing in science,
and proofs are everything. I hope that these lines will give an impulse to the
elucidation of the very obscure relations of the fossil which has been the
object of this paper.

EXPLANATION OF PLATES.

PLATE I

RicarHOFENIA LaAwRENCIANA, Kon. sp.

Fig. 1. Silicified specimen from the upper region of the Middle Productus-
limestone of Musa Kheyl. la, view of the bodychamber straight
from above; 1b, the same slightly oblique from the front ; 1c, interior
side of the smaller valve of the same specimen : all natural size.

» 2. Natural section through aspecimen from the coral beds of the Middle
Productus-limestone of Virgal ; the section being parallel to the hinge-
line and just touching the termination of the three vertical septa.
The cells in the walls of the animal chamber are not quite correctly
represented.

» 3. Portion of the shell surface enlarged 4 to 5 times to show the puncta-
tion, in a specimen from the upper region of the Middle Productus-
limestone of Musa Kheyl.

» 4. Fragmentary specimen from the Middle Productus-limestone of the
Chittawén ; 4a, natural section through the lower part of the animal
chamber, showing the section of the three upright blades ; 4b, artificial
section, very oblique, lower down through the partitioned part of the
shell, showing the vertical septa and the space that is limited off
by them.

» 9. Artificial transverse section through a specimen from the Lower Pro-
ductus-limestone of Amb. The two lateral vertical septa unite in the
middle. ,

,» 6. One of the partitions of the larger valve seen from below on a broken
specimen from the Middle Productus-limestone of the Chittawan,

,» 7. Fragmentary specimen, showing the cellular structure of the median
shell-layer, the outer layers having been removed by weathering;
from the Middle Productus-limestone near Khura.

,» 8. Partial internal cast of a specimen from Musa Kheyl; a, view from
the hinge-line ; 8b, view from the smaller valve.

» 9. Small specimen from the lowest beds of the Middle Productus-lime-
stone of Katta from below, showing the point by which it has been
fastened to the bottom of the sea. '
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PLATE II.

Figs. 1—9. RicHTHOFENIA LAWRENCIANA, Kon. sp.
Fig. 10. HirpURITES, Sp.

. Section through the shell of a specimen from the Lower Productus-

limestone of Amb enlarged four times, To the right the outer, to
the left the inner, side of the shell, at the lower extremity one of the
shelly cones which traverse the shell substance; prisms slightly
indicated.

. Internal cast of the smaller valve of a specimen from the Middle Pro-

ductus.-limestone of Musa Kheyl. The spines on the inside of the
valve appear as deep grooves.

. Fragmentary specimen from the Middle Productus-limestone of the

Chittawdn, viewed from below, to show the irregularity of the par-
titions, the one figured being made up of five pieces.

. Fragment of the shell of a specimen from the Upper Productus-limestone

(Cephalopoda bed) of Jabi, very obliquely weathered and enlarged
about four times, to show the cells and the, in this case exceptionally
numerous, shelly cones which are between them.

. Artificial section through aspecimen from the Lower Productus.-lime-

stone of Amb. The section is vertical to the hinge-line, just missing
the median vertical septum, but yet hitting at the upper end of the
columella the secondary septa which are joined to the median one.
Mineral matter partly intercalated between the partitions, as in all
sections (Pl. I, fig. 2 ; and PL II, fig. 6).

. Artificial section through a specimen from the Lower Productus-lime-

stone of Amb, the section being parallel to the hinge-line, missing the
three vertical septa altogether.

External view of a fragmentary but tolerably large specimen from the
Middle Productus-limestone of the Chittaw4n.

. Specimen with exceptionally well preserved external surface of the

larger valve, showing the longitudinal striation from the Lower Pro-
ductus-limestone of Amb. 84, lateral view, obliquely to the hinge-linc ;
8b, portion of the surface enlarged.

. Specimen from the Lower Productus-limestone of Amb; view fromabove

to show the smaller valve and the fine granulations by which this as
well as the bent over parts of the larger valve is covered.

Section through Hippurites sp. from the Gosaun formation of the Neue
Welt near Vienna, figured for comparison with fig. 5. (Property of
the K. K. Geologische Reichsanstalt in Vienna.) -
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On the Qeology of South Travancore, by R. Bruce FooTE, F.a.8., Deputy Superin-
tendent, Geological Survey of India. (With a plate and a map.)

My colleague, Dr. King, was from various causes obliged to leave the survey
of South Travancore, from Trevandrum to Cape Comorin, very unfinished, and
it devolved upon me to close up the gap left, so as to join the general survey of
this State with the work I had done in Tinnevelly district. The small map which
accompanies this paper shows the tract omitted in Dr. King’s map, appended to
his two papers relating to Travancore, published last year (1882)!. The notes I
have to offer refer mainly to the tract lying between the coast and the high road
leading from Trevandrum into Tinnevelly district throngh the Arambuli (Ara-
munny) pass.

The topographical features of South Travancore differ as greatly from those
of the adjacent part of South Tinnevelly as do the climates of the two districts.
The flat, sandy, and often barren plains of Tinnevelly are replaced by a very
broken, rugged country, out of which rise numerous hills and rocky ridges, the
whole thickly covered by rich vegetation. With the exception of a couple of score
of square miles immediately to the north of Cape Comorin, the whole of South
Travancore lies westward of the watershed along the Southern Ghits, which
mountain range causes both the moist climate of Travancore and the dry climate
of Tinnevelly, by intercepting from the latter practically the whole supply of
rain brought by the south-west monsoon, and causing it to fall on their western
slopes. A small tract around Cape Comorin, in the extreme south-east corner
of Travancore, has a climate and shows a flora corresponding to the dry one of
Tinnevelly. But within a very little distance to the westward a great change
begins, and the climate and flora both assume an intermediate character, which
may be traced over a tract extending from the Cape like a narrow wedge (in
plan), having a base of some 20 to 25 miles along the coast, with its northern angle
in the Arambuli pass. Close to the main mass of the mountains the change of
climate and flora is far more abrupt, and really takes place within a distance of
a very few miles, e. g., near Mahendragiri, the most southerly high mass of the
Ghits (5,455 feet), where the change takes place in about 2 miles.

The country owes its shape tothe erosion of theold crystalline rocks which has
taken place on the most gigantic scale, proofs of which will be adduced further
on. Dr. King, in his general sketch of the Travancore country, points out
(p. 88) the quasi-terraced arrangement the country shows, descending by steps,
as it were, from the mountains to the coast. This terrace arrangement is much
less well marked, however, in South Travancore than further to the north-west.
The several terrace steps are marked by the existence of some ridges near the
coast higher than the general surface of the country furtherinland. The most
conspicuous of these is a considerable mountain mass lying north and north-east
of the old fort of Udagiri (Oodagerry).

1 See a.—General sketch of the geology of Travancore State. By W. King, D. Sc., Deputy
Superintendent (Madras), Geological Survey of India.

b.—The Warkilli beds and reported associated deposits at Quilon, in Travancore. By W. King,
D. Sc., &c., (with a map). Recordg, Geological Survey of Iudia, Vol. XV, pp. 87—102.
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The real southern termination of the Southern Ghats occurs in north latitude
8° 15, where the high mountains sink down into the Arambuli pass. Southward
of the pass rises the perfectly detached Kathadi Malai, a fine rocky mass between
2,000 and 3,000 feet high, which sends off a rocky spur extending southwards with
two breuks, for a distance of 7 or 8 miles, and terminating in the bold Murtawa
hill, 4 miles north-west of Cape Comorin. The Cape itself consists of low
gneiss rocks, backed up by a palm-grown sand-hill, about 100 feet high. A pair
of very small rocky islands rise out of the sea a few hundred yards east of the
Cape, but they are not shown in Atlas-sheet 63, any more than are various other
rocks occurring off the coast opposite Muttum!, Kolachel (Colachull), and Mel
Madelatorai (Maila Muddalathoray), which are [the culminating points of reefs
formed by ridges of gneiss running parallel with the coast. At Kolachel, whichis -
the seaport of South Travancore, the lie of the rocks is such that it would be eagy
to connect them by short rubble breakwaters, and thus to form a very useful
little harbour in which coasting craft could easily lie up during the south-west
monsoon.

It will be seen by the mup that a broken band of younger rocks occupies a
very great part of the tract lying between the coast and the Trevandrum-
Tinnevelly high road above referred to. There can be no doubt that these
younger rocks not very long since, geologically speaking, formed an unbroken
belt which extended considerably further inland than at present. The denudation
they have undergone has been very great, both vertically and laterally, and the
remnants of them left are in various places of such trifling thickness that all
traces of their former existence will soon be effaced. They show most in the
western part of the area under description, where they form small plateaux, which
are well marked, except to the north, on which side they lap on to the rising
surface of the gneiss and thin out, or are lost sight of, in the Kabuk or pseudo-
laterite formation, a rock resulting from the decomposition of ferruginous beds of
gueiss. The surface of the plateaux, where not greatly eroded, is gently un-
dulating and often supports a very dense and varied vegetation. The less compact
portions of plateau surfaces are often cut into small, but very deep, rain gullies
which render many places impassable for any but foot passengers.

The most striking feature in theflora of South Travancore is the immenseforest
of fan palms (Borassus flabelliformis), which covers great part of the country.
The fan palms, or palmyras, attain here to much greater height than they generally
do elsewhere, Trees measuring from 90 to 100 feet in height are not uncommon
in places, and, with their stems greatly covered by white, or silvery, grey lichens
they present a much finer appearance than the comparatively stunted specimens
one is accastomed to see in the Carnatic, or on the Mysore and Deccan plateaux.
Whether these Travancore trees owe any part of their greatly snperior height
to superior age, as compared with the palms in the great palmyra forest in
South Tinnevelly, I could not make out; but the white colour of their stems, added

! These rocks, aud especially one called the Crocodile rocks, were sources of great danger to
the coasting ships, but that has been removed by the ercction on tho Muttum Leadland of o light-
bouse just completed.
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to their great height, certainly gives them a much more hoary and vegerable
appearance.

To the westward of the Cooletorary river the palmyra trees are less striking
features in the landscape than to the eastward. Cashew nut trees (Anacardium
occidentale) are also very largely cultivated, and attain to greater size than any-
where in the Carnatic. Jack (Artocarpus integrifolium) and Alexandrine laurel
(Calophyllum inophyllum) are also very common trees in South Travancore.
Coco and Areca palms are commonly planted in the sides of the numerous little
narrow valleys which score the face of the country, each with a rice flat in
the bottom.

The backwaters at the mouths of the several rivers, and the canals connecting
them, are often thickly fringed with screw pine (Pandanus odoratissimus); and
a large fern, Acrostichum aurewm (Linn.), is generally very conspicuous among
the smaller bushes standing in the shallow water. One of the finest displays of
tropical vegetation I am acquainted with in South India may be seen to great
advantage by going in a canoe up the Cooletorary river for 3 or 4 miles from
its mouth at Tengapatanam (Taingupatnum). The varying effects of dense
lofty palm groves, interspersed with large forest trees and fringed with pandanus,
&c., along the water’s edge, and backed by the beautiful blue outlines of Agastya-
malai and other peaks of the Southern Ghéts cannot fail to delight the eye capable
of appreciating a series of perfect landscapes. Near the upper end of the navigable
reach the beauty of the scene is increased by the presence of great granite gneiss
rocks towering up here and there in the forest on either side of the river. Two
other views, specially worth seeing, should be mentioned when describing the topo-
graphy of this picturesque country. The first of these is due north from the
bar at Mannagudi, 4 miles west of Cape Comorin. The eye here ranges across
a large sheet of fresh water, set among palms, making a glorious foreground to the
mountains which rise to the north, Mahendragiri and the great mass of the
Mutukulivayal plateau standing out boldly. The second view to which I wish
to draw attention is to be seen from the white rock spit about 1} mile north-
eastward of Cape Comorin. From here the south end of the ghats is seen across
a lovely bay, with broken rocks and surf in the immediate foreground. The bright
blue waters of the bay set off the fine tints of the nearer mountains to perfection,
while the noble outlines of Mahendragiri and its companion peaks form a back
ground of wonderful beauty. The view on a good day far surpasses the best of
the views across Bombay harbour, about which so much has been written. From
the Cape itself the mountains are not seen at all, being shut out by sand-hills,
topped by a forest of palmyras.

In the foreground of the view from white rock spit the most characteristic
trees are umbrella trees (dcacta planifrons), the most typical trees of the arid
Tinnevelly plains, which are seen across the bay stretching away far to the
north-east. A few miles to the west of the Cape these trees become very rare
or have disappeared entirely.

Very conspicuous features in the landscape of South Travancore, as seen from
the deck of a vessel passing off the coast, arc scveral patches of intensely red rock
or sand standing close to the beach, but perched up at a considerable heighi
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above -the water’s edge.” These are feris, or red blown sands, capping cliffs of red
sandstone, both of which formations will be referred to at length further on.

The various geological formations to be found in South Travancore may, for
convenience of reference, be arranged in a tabular scheme as below :—

Blown sands : the red (teris), and the white (coast dunes).
RECENT ... {Soils; kankar deposits ; ferruginous breccias (lateritic).
Marine and estuarine beds.
TERTIARY P Sands and clays (Warkilli beds, ? Cuddalore sandstone.)
Azo10 «« Gneissic series,

The Gneissic Sertes.

In no part of the peninsula, perhaps, is there a greater and finer display of the
ancient crystalline rocks than in the Southern Ghéts in their southern half, and
in the great spurs and outlying masses on their western or southern side. The
disposition of the beds in South Travancore, when laid down on the map, shows
the existence of a great synclinal curve, probably an ellipse, the major axis of
which passes through, or very near to, the great mass of Mahendragiri ; while the
north-western focus (if the ellipse be & complete one) will be found somewhere
to the north-eastward of Allepy. Ihad inferred the existence of this great synclinal
ellipse from studying the course of the great gneiss beds on the eastern foot and
flanks of the mountains southward of Courtallum, and Mr. King’s examination of
the gneiss country across the Shenkotta pass and southward to Travancore indepen-
dently demonstrated the existence of the central part of this huge synclinal fold.
The topographical shape of the ground, as shown in Atlas-sheet 63, points strongly
to the fold being a true ellipse, the extreme north-western extremity of which
is probably hidden under the alluvial bed north of Allepy, while the extreme
south-eastern apex lies most likely in the sea to the E-N.E of Cape Comorin. The
curve of the coast from Cape Comorin north-westward to close up to Trevandrum
coincides with the south side of the great synclinal, and the different ridges inland
also coincide absolutely with the strike of the harder beds of the series. Several
southerly dips were noted in the rocks on the coast westward of Kolachel, which
looks as if the axis of an anticlinal had there been exposed, but they may possibly
only represent trifling Vandyke-shaped bends or crumples, in the side of the great
synclinal. To the north of the area under comsideration the rocks roll over
northward into a great anticlinal fold.

The true bedding of the gneiss on a large scaleis extremely well displayed
in the great outlying mass known as the Udagiri or *“ Murroovattoor”’ mountain.
Both strike and dip are admirably seen from the travellers’ bungalow at Nagar
Kovil. One of the finest examples of a sheer naked wall of rock to be seen
in South India is shown in the tremendous cliff forming the S. E. front of the
Tiruvana Malai, the great eastern spur of Mahendragiri. This bare precipice
must be fully 2,000 feet or more in height, many hundred feet in the central part
being absolutely vertical, or even overhanging a little. As might be expected,
this great mass has attracted much notice; it forms the Cape Comorin of some
sailors, and of Daniel’s famous view of that cape, though in reality some 16 miles
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from the nearest point on the coast and 28 miles from the cape itself. Even the
Hindu mind, generally so stolid about the beaunties of landscape scenery, have
connected this noble mountain with the name of Hanuman, the famous monkey
god, who is said to have planted one foot on each of the two Peaks and to have
jumped across the Gulf of Manar and alighted on Adam’s Peak, a standing
jump of 220 miles odd being a trifle for the long-tailed divinity.

Another grand precipice occurs on the south-east face of the Taduga Malai,
at tho western end of the Arambuli pass. The cliff-faces in both these splendid
scarps coincide with great planes of jointing.

The predominant character of the gneiss rocks in this quarter is that of a
well-bedded massive, quartzo-felspathic granite gneiss,with a very variable quantity
of (generally black) mica and very numerous small red or pinkish garnets. This
is the characteristic rock at Cape Comorin, and very generally thronghout South
Travancore, and Tinnevelly district as well.

Scattered grains of magnetic iron are commouly met with in the weathered
rocks. No beds of magnetic iron were noted by me, but some may very likely
occur, and would go far to account for the enormous quantities of black magnetite
sand cast up on the beach at frequent intervals along the coast and of which the
source i8 at present unknown, unless it has been brought by the south.westerly
current prevailing during the south-west monsoon. The source of the garnets
which form the crimson sand, which is of nearly equally common occurrence, is
not far to seek, for it is hardly possible to find a bed of rock which does not abound
in garnets. The so-called “ fossil rice ” found at the extreme point of land close
to the cape is merely a local variation of the quartz grains set free by degradation
of the rock. They assume the “rice” shape after undergoing partial trituration
in the heavy surf which beats incessantly on the southern coast.

The sub-atrial decomposition of the felspatho-ferruginous varieties of the
gneiss produces in the presence of much iron a pseudo-laterite rock very largely
developed over the gneissic area described by Dr. King in his Sketch of the
Geology of Travancore under the name of lateritised gneiss, a rock which is po-
pularly called laterite in Travancore and kabuk in Ceylon. Innumberless places
this peculiar decomposition of the gneiss, which is pre-eminently characteristic
of very moist climates, has altered the rock in situ to variable, but often consider-
able, depths, and the original quartz lamine of the gneiss remain in their pris-
tine position, and often to all appearance unaltered, enclosed in a ferruginous argil-
laceous mass formed by the alteration of the original felspar, mica, garnets, and
magnetic iron. The colour of this generally soft mass varies exceedingly, from
pale whitish pink to purple, red and many shades of reddish brown and brown
according to the percentage of iron and the degree of oxidation the iron has un-
dergone. The bright colours are seen in the freshly exposed kabuk or pseundo-
laterite, but the mass becomes darker and mostly much harder as the hematite is
converted into limonite by hydration, and more ferruginous matter is deposited, as
very frequently happens, by infiltration. The pseudo-laterite formed by accumula-
tion of decomposing argillo-ferruginous materials derived from distant points is to
be distinguished generally by the absence of the quartz lamine® as such. The
quartz grains are generally much smaller, and are scattered generally through the
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whole mass of new formed rock. One excellent example of the pseudo-laterite
formed by the decomposition in situ is to be seen in a steep bank in the zoological
gardens in Trevandrum, close to the Tapirs’ den. Equally good examples are
very common in many of the cuttings along the high road east of Trevandrum.

The washed-down form of pseudo-laterite often forms a rock intermediate
in character between a true sub-aérial deposit and a true sedimentary one, and
consequently by no means easy to classify properly. Infact,ina country subject to
such a tremendous rainfall, the sub-aérial rocks must, here and there, graduate into
sedimentary ones through a form which may be called “pluvio-detrital.” Such
plavio-detrital forms occur very largely in South Travancore, but it is impos-
sible in wost cases to separate them from the true sedimentary formations they are
in contact with.

The Warkills or Cuddalore Sandstone Series.

The Cuddalore sandstone series, first distinguished on stratigraphical grounds
as a separate geological group by Mr. H. F. Blanford, were by him supposed to
be very probably of tertiary age. In the absence of sufficient palsontological
evidence it was impossible to assign any more approximate position to these
rocks, the'silicified exogenous tree stems found at Tiruva-Karai, near Pondicherry,
not being deemed of sufficient importance.

Other similar sandstone formations subsequently examined near Madras, in
Rajahmundry district and on the Travancore coast near Quilon could, in the
absence of all fossils, be assigned by myself and Dr. King only in a provisional
way to the age of the Cuddalore rocks. Lithologically and petrologically these
several sets of sandstones and associated clays, &c., show great resemblance,
and their relative positions on or near the existing coast lines further justified their
being provisionally associated, though separated by such great distances.

A very careful examination of the beds near Quilon by Dr. King, who had
the advantage of seeing the fresh cutting made through plateaux of these rocks in
‘connection with the new tunnel at Warkilli has unfortunately thrown no positive
light on their true geological position. The ‘vegetable remains associated with
the lignite beds at base of the series proved insufficient to allow of determination
of their own character, and consequently most unsuitable to assist in settling the
homotaxy of the strata they occurred in. The sedimentary beds forming the
belt of small plateanx fringing the coast of South Travancore must, on petrological
grounds, be unhesitatingly regarded as extensions of the Quilen beds, or Warkilli
beds of Dr. King. None of these formations which I traced from Villenjam,
9 miles south-east of Trevandrum, down to Cape Comorin, afforded the faintest
trace of an organic body : thus, no light was thrown on the question of the geo-
logical age or homotaxy, but somewhat similar sandstones and grits are found
on the Tinnevelly side of the extreme south end of the Ghéts range, and in a
coarse gritty sandstone, much resembling some of the beds in Travancore, a bed of
clay is intercalated, in which occur numerous specimens of Arca rugosa and a
Cytherea of a living species. The locality where these fossils of recent species
were found occurs on the right bank of the Nambi-Ar, about 2 miles above its
mouth and a few hundred yards from the bank of the main stream. All the

D
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sub-fossil shells I found here are of living species; hence the deposits enclosing
them cannot be regarded as tertiary ; and if the agreement of these Nambi-Ar beds
with the Warkilli and South Travancore beds on the one hand, and the Cuddalore,
Madras, and Rajahmundry beds, be assumed, as they must be on petrological
grounds, the Cuddalore sandstones and their equivalents elsewhere must be
accepted as of post-tertiary age. As far as it goes, the evidence is clear and
distinct; but more evidence is required as to the age of some of the intermediate
connecting beds, such as those south and east of Kudan-Kulam.

The typical section of the Warkilli rocks near Quilon, given by Dr. King,
shows the following series:—

Feet.

Laterite . . . . . . 30 to 40

Sands and sandy cluyl or hthomurge . 68

Alumclays . . . - . . . 25

Lignite beds e e e . . .« . 7t015
Sands . .

Toran ... 120 to 138

with which we may compare the series seen in the fine section formed by the
beautiful cliffs in Karruchel bay, 11 miles south-east of Trevandrum.
The section here exposed shows the following scries of formations:—

Feet.
4. Soil—dark red, sandy loam, lateritic at base . . . . 8tolo
8. Sandstone—hard, gritty, purplish or blackish . ?

2, Sandstone—gritty, rather soft, false bedded, often clayey in ps.rts
(lithomargic), variegated ; in colour red, reddish-brown, purplish-
white-yellow . . . 40 to 60

1. Sandstone—gritty, rather soft false bedded rcd p\u'ple, pmk whxte
variegated ; shows many white clay galls producmg a eonglo-
meratic appearance in section . . . . . 40

Base not seen, hidden by sandy beach.,

The total thickness of these beds I estimated at about 100 feet; the upper
part is obscure, from pluvial action washing down the red soil over the dark
grits. The middle and lower parts of the section are extremely distinct, and the
colouring of the beds very vivid and beautlfnl but the beds are by no means
sharply defined.

The beds dip north-easterly (inland), and from the slope of the ground on the
top of the cliff the angle of dip may be inferred to be from 25° to 30°. Further
inland, near Pinnacolum, the dark gritty sandstones lic horizontally, at a con-
siderably lower level than at the top of the Karruchel cliffs, but rise again east-
ward. The middle gritty series is exposed along the western side of the Karru-
chel lagoon, but is highly lateritised by weather action. Three miles, or so, to the
north of the lagoon, purplish gritty beds show strongly and form a small well-
marked plateau overlooking the valley in which lies the village of Cotukall.
That the gritty beds are sometimes replaced by clays is shown by the materials
turned out of two deep wells sunk into this plateau at two points several miles
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apart; one of these wells lies rather more than half a mile to the northward of
Mullur (Mooltoor of sheet 63). Here the section, which is from 80 to 100 feet
deep, passes through mottled gritty sandstone and into blue and white mottled clay.
The other section revealing clays below the gritty beds is in a well sunk close to
the new road from Valrampur (Vaulrampoor) to Puar (Powar), and some distance
south of the place shown in the map as Vunpoyal', The clay here is of a similar’
white and blue mottled colour.

A section in the low cliff forming the small bay immediately east of Villenjam
shows a mottled vermiculated clayey rock showing mostly no bedding at all.
Traces of bedding are, however, revealed as the cliff is followed southward by the
appearance of thin bands of grit near the base of the section which rests on the
underlying quartzo-felspathic garnetiferous gneiss. This mottled clayey rock
I believe to represent the bluish-white-mottled clay turned out of the lower
parts of the well section near Mullur before referred to. 1t is locally considerably
discoloured and stained by the percolation of water through the overlying pseudo-
lateritic, dark-red sand. As will be seen by any one who follows the coast line
these Warkilli sandstones rest upon a very rugged and broken gneiss surface.
Many great tors and knolls of granite gneiss protrude through the sandstone
plateaux or tower over them from adjacent higher ridges, which have been com-
pletely denuded of the younger rocks.

The greater part of the surface of the tract occupied by these Warkilli
beds west of the Neyar is thickly covered by sandy loam, generally of dark
red colour, which conceals the sub-rock very effectually, excepting where the
loam is deeply eroded. A well-marked patch of purplish grit forms a knoll,
about a mile soauth-west of Valrampur. Traces of the former, more easterly,
extension of these beds are to be seen at intervals along and to the north
of the Trevandrum-Tinnevelly road between Valrampur and Neyatam Karai.

In the tract lying east of the Neyap few sectioms exhibiting the grits, &c., were
met with, and all were small and unsatisfactory. The surface of the country is
either largely covered with the deep red soil, or else the extremely broken surface
of the gritty beds is extensively lateritised. The appearance of the country when
seen from elevated points is, however, characteristically very different from the
gneiss and kabuk tract lying to the northward. This may be well s-en from Colatoor
trigonometrical station hill, as also from the high ground close to Cauracode, but
yet more strikingly from the Kodalam Pothia, a hill 2 miles west-north-west of
Paurashalay. Sections in which the true character of the rock is to be seen occur
on the high ground close to the junction of the new roads leading from Puar
(Powaur) and Martanda Putentorai respectively to Paurashalay, also to the
southward near Shoolaul (of map), where a large rain gully cuts deeply into the
grits and underlying clayey beds; also along the ridge of high ground north and

1] failed utterly in identifying this aud many other of the village names given on the map
(sheet 63). It was very difficult to localise the positions of many phenomena I wished to record,
even if landmarks existed on which to take bearings, owing to the extreme inadequacy of the map.
The fact that the villages and hamlets generally straggle far and widely over the face of the
country, instead of coinciding with any points indicated on the map, does not at all assist one in
fixing one’s whereabouts in the absence of landinarks.
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north-east of the Yeldaseput of the map. Traces of the former eastward extension
of the grits were noted on the eastern flank of the Kodalam Pothai, and on high
ground half a mile or so to the northward of the cutcherry at Paurashalay. The
beds composing this patch of Warkilli rocks have undergone greater superficial
denudation than those in the Karruchel patch to the north-west.

In the small patch lying east of the Kuletorai (Cooletoray) river some in-
structive sections of hard dark grits and underlying clayey grits of the usual
reddish, bluish, and white mottled colour are to be seen south of Killiur (Killioor).
Some of the sections show regular miniature ‘ cafions’ 15’ to 20’ deep, with vertical
sides and numerous well formed pot-holes. Hard purplish grits show on the
surface between Killioun and Pudukaddi (Poodoocudday) and soft mottled grits
in a well section close east of the little D, P. W. bungalow at Tengapatnam,
(Taingaputnum). At the southermmost point of this Killiur patch the grits
become coarsely conglomeratic over a small area. A little to the north of this
the grits, when resting on the basset edge of a bed of granular quartz rock,
present the characters of a perfect arkose, made up of the angular gneiss debris.
In places this arkose might be most easily mistaken for a granitic rock.

A distinctly conglomeratic character is shown by the grit beds close to
Madalam (Muddanlum), This Madalam patch of Warkilli sandstones is on its
southern side deeply cut into by a gully which exposes regular cliffs with from
35 to 40 feet of coarse or conglomeratic mottled grits, capped by thick red soil.
The grits contain many large clay galls and lumps of blue or mottled colour.

Inthe Kolachel (Collachull) patch the grits are extremely well exposed in
deep cuttings (miniature cafions) made by the stream rising just west of Neyur.
They are of the usual mottled description. Where seen at the eastern side of
the patch near the Eranil (Yerraneel) cutcherry they are quite conglomeratic.

They are exposed also in agully crossing the road which runs north from
Kolachel to join the main road, and in a well-section on the high ground a mile
north-eastward of the little town. The south-eastern part of the patch is
entirely obscured by a great thickness of dark red soil. They peep out, however,
below the red soil at the western end of the great tank 3 miles south of Eranil
(Yerraneel). '

A very thin bed of conglomeratic grit underlies the feri, or red sand-hill,
capping the high ground north of the Muttum (Moottum) headland. Further
east a few poor sections only of whitish or mottled grit prove the extension
of the Warkilli beds in that direction, nor are they well seen again till close
into Kotar, where they show in various wells and tanks, but are still better seen
in.a deep rain gully south of the travellers’ bungalow at Nagar Koil, and in
a broad cutting immediately to the east of the bungalow. The variegated gritty
sandstones here seen are very characteristic, and strongly resemble some of
the typical varieties in South Arcot and Madras districts.

To the south of Kotar the grits are to be seen in streambeds opening to the
Purrakay tank, and in a series of deep rain gullies on the eastern slope of a large
red soil plateau to the south-west of Purrakay.

A small patch of gritty sandstones of similar character to the above occurs
immediately north and north-west of Cape Comorin. As a rule, they are badly
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exposed, being much masked by the red-blown sand of a small teri. The most
accessible section is a small one seen in the bottom of a good-sized bowrie, a little
south of the junction of the roads coming from Trevandrum and Palamcotta.
This section can only be seen when the water in the bowrie is low. A consider-
able spread of similar greyish or slightly mottled grits is exposed about half a
mile to the north-east of Cova Colum, and 1j miles north-west of the Cape.
Lying between the two exposures just mentioned, but separated from either by
spreads of blown sand, is a different looking vermiculated mottled grit of much
softer character. This is extensively exposed in the banks of a nullah and head-
water gullies falling into the Agusteshwar. The colour of this soft grit ranges
from red, through buff to whitish. The beds roll to the northward. This grit
is full of vermicular cavities filled with white or reddish kankar (impure
carbonate of lime). The grit seems to graduate upward into a thick red gritty
soil full of small whitish red, impure (gritty) calcareous concretions. There is
good reason, however, for thinking that thisgraduation is merelyapparent,and that
the red gritty soil is only the base of a red sand-hill, or teri, undergoing change
by percolation of calciferous water. A hard brown grit is exposed for a few square
yards just north of the junctionof the two roads above referred to. This rock has,
except in colours, considerable resemblance to the red.white grit just described,
and both probably overlie the pale mottled grits near Covacolum.

The last patch of grits to be ment-ion'ed forms almost the extreme easterly
angle of the Travancore territory, and lies tothe eastward of the southernmost
group of hills and along its base. Not many sections of the grit are here exposed
owing to a thick red soil formation which laps round the base of the hills, and is
only cut through here and there by a deep rain gully ora well. The grits here seen
are like those exposed near the travellers’ bungalow at Nagar Koil, but show
much more bedding and are almost shaly in parts. The colour of the grit is
white, pale drab or grey mottled with red and brown in various shades. They
lie in depressions in the gneiss, and were either always of much less importance
and thickness than the beds to the west, or else have been denuded to a far
greater extent. They are best seen in gullies to the south-west and west of
Russhun Kristnapur, 7 miles north of Cape Comorin, and in the beds of the
small nullahs west and north-west of Comaravaram opposite the mouth of the
Arambuli pass. None of these Warkilli grit beds occurring between Trevandraum
and Cape Comorin have yielded any organic remains as far as my research has
gone, and I fear none will be obtained by subsequent explorers. The alum shales
occurring in Dr. King’s Warkilli section have not been traced in South Travancore,
and I had not the good fortune to come across any lignite. It is said to occur
not unfrequently to the south of Kolachel, and to be turned up by the people
when ploughing their fields. I'have no reason to doubt this, for it is extremely
probable that some of the clayey beds should contain lignite. From the configura-
tion of the ground, too, the paddy flatalong the southern boundary of the Kola-
cbel grit patch would coincide in position with some of the clayey beds near the
base of the series which are lignitiferous at Warkilli ; and why not at Kolachel ?

The recent discovery of lignite in the Cuddalore sandstones at Pondicherry
adds greatly to the probability of the correctness of Dr. King’s and my conclusion
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(arrived at by us separately and independently before we had an opportunity of
comparing notes) that this gritty bed in Tinnevelly and Travancore should be
regarded on the grounds of petrological resemblance and identity of geographical
position as equivalents of the Cuddalore sandstones of the Coromandel coast.

The question of the age of these Cuddalore or Rajahmundry or Warkilli
sandstones I propose to examine in the Memoir on the Geology of the Coastal
region of Tinnevelly and Madura districts which I am now preparing.

The Marine Beds.

At Cape Comorin and two other places along the coast to the northward are
formations of small extent but very considerable interest, which, by their mineral
constitution and by the abundance of fossil marine shells they enclose, show them-
selves to be of marine origin, and thus prove that the coast line of the peninsula
has undergone some little upheaval since they were deposited. These beds are to
be seen close to the Cape at the base of asmall cliff which occurs immediately
south of the Residency bungalow, and only about 200 yards west of the Cape
itself. The annexed plate is a truthful sketch of the little cliff, taken from a
mass of gneiss rock projecting some little distance out to the south. The rocks
geen in the surf, and immediately behind it on the beach, are all gneiss. The base
of the small cliff is composed of friable gritty calcareous sandstone, full of com-
minuted shells. The base was not expoged at the time I examined this section, some
heavy gale having piled up the beach sand against the foot of the cliff, and for this
reason it was impossible to trace the probable connection of this sandstone with
another exposed at a slightly lower level at a few yards distance to the west and
just beyond the left-hand limit of the sketch. This lower bed is similar in
mineral character, but very hard and tough, and offers great resistance to the surf,
but has nevertheless been deeply honeycombed and in places quite undermined.
The roof of the miniature caves thus formed have in some cases fallen in, but
have been partly re-cemented by deposition of calcareous matter in the lines
of fracture. To return to the cliff section, the basement sandstone is overlaid by
a similar but slightly harder yellowish friable bed, which contains many unbroken
shells (all of living species), in addition to a great quantity of comminuted ones.
The base of the lower bed is hidden by sands, but from the proximity of the gneiss
it cannot exceed 5 or 6 feet in thickness, while the overlying shelly bed measures
about the same. It is overlaid in its turn by a massive bed, 6 to 10 feet thick
locally, of a kind of travertine formed of altered blown sand, composed mainly of
fully comminuted shells. This travertine contains immense numbers of shells and
casts of Helir vittata, the commonest landshell in the south; it will be described
specially further on. Owing to the soft character of the marine sandstones, tho
cliff has been much undermined by the tremendous surf which breaks on this
coast in bad weather, and great masses of the hard travertine of the Helix bed
have fallen on to the beach, as shown in the sketch, forming a partial break-
water against the inroads of the sea.

The shells contained in the upper sandstone bed were all found to be of living
species, where sufficiently well preserved to admit of identification, the majority
of the specimens are too ill preserved for specific identification. Four miles north-
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north-east from * the Cape,” as it is locally termed, stands the little stone-built fort
of Watta Kotai (Wutta Kotha), which is built upon a small patch of calcareous
sandstone, full of marine shells, exposed in the moat along the north face of the
long curtain wall which joins Watta Kotai fort with the extensive series of fortifi-
cations known as * the Travancore lines.” The marine limestone may be traced for
nearly half a mile inland in the bottom of the moat. This marine bed is overlaid
by a very thin bed of travertine limestone full of Heliz vitiatn; it has been cut
through in the formation of the moat. The thickness of the shelly marine bed is
unknown, but the Helix bed is not seen to exceed 10" or 1’ in thickness. As far as
seen in the very small exposure, both formations lie nearly horizontally. Another
small exposure of the marine bed occurs at the western end of a little backwater
(not shown in the map) to the north of the port. The sandstone here contains
many well preserved marine shells, all of living species ; but further west, where
the bed is exposed below theHelix bed in the moat the enclosed shells are all broken
and comminuted. The surface of sandstone, as seen at the end of the little back-
water, is raised but a very little distance above the sea level, probably not more
than 4 or 5 feet at the outside. The rise of the ground along the moat is ex-
tremely small, and even at the furthest point from the sea at which the sandstones
are exposed the elevation is probably not more than 10 or 12 feet at most, which
would correspond with the top of the sandstones as seen in the little cliff at Cape
Comorin.

About 2 miles north-east-by-north of Wattakotai fort a small patch of white
shelly limestone occurs peeping out of the low belt of blown sand which fringes
the coast at that spot. The village of Kanakapur which lies immediately to tho
north is the last within the Travancore boundary. 'The limestone only stands
out a few inches above the surface of the surrounding sands, and no section could be
found to show its thickmess, but in point of elevation above the sea level it agrees
perfectly with the Watta Kotai and Cape Comorin beds. The limestone which
is fairly hard is quarried for economic purposes, and unless a good deal more of
the bed than now meets the eye remains hidden under the sands, it will, before
many years are over, have been removed by human agency.

The shell-remains occur as impressions and casts of great beauty and perfect-
ness, but the shelly matter has disappeared entirely, being probably slightly more
soluble than the enclosing limestone. The limestone contains a large number of
specimens of Heliz vittata which were evidently carried out to sea and there
entombed in a shallow water formation. To any one who has noticed the enor-
mous numbers of this Helix living in this neighbourhood, and in the southern
districts generally, the large number of it occurring fossil in this marine bed
will be a matter of no surprise.

The Blown Sands.

Two very marked varieties of Aolian rocks occur along or near the coast of
South Travancore, as well as along that of Tinnevelly ; they are the red sands,
forming the well known teris of Tinnevelly, where they are developed on a far
hrger scale, and the white sands forming the coast dunes. In South Travancore,
as far as my observation went, the red sand hills are no longer forming ; all are
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undergoing the process of degradation by atmospheric agencies, at varions rates
of speed. The red sands have in many places ceased to yield tothe influence ot
the winds and have arrived at a condition of fixity and compaction caused by the
action of rain falling upon the loose sands percolating through them and during
heavy showers flowing over their surfaces and washing the lighter clayey and
smaller, though heavier, ferruginous particles. down the slopes of the hills or into
hollows on the surface, where, on drying, a fairly hard, often slightly glazed, sur-
face of dark red loam has been formed. This loam is very fairly fertile and soon
becomes covered with vegetation, which further tends to bind the mass together
and render the surface secure from wind action. The loose sand, deprived of
the clayey and finer ferruginous particles, would, unless unusually coarse in grain,
be carried off by high winds elsewhere or remain in barren patches on the surface.
I believe this process has gone on extensively over many parts of South Travan-
core, and explains the existence, on the surface of the country and resting indis-
criminately on the gneiss and the younger rocks as the Warkilli sandstone, of the
great thick sheets of pure red loam which have not been brought there by
ordinary aqueous deposition nor formed in situ by the decomposition of the under-
lying rocks. The percolation of the rain.water through the mass has in many
places given rise to the formation of concretionary ferruginous masses, which are
often strongly lateritoid in their aspect. The quantity of clayey matter and of
iron ore in the form of magnetic iron is very great in the sand of many of the
teris. The greater quantity of the water falling on the teris, as on other blown
sand surfaces, escapes by percolation, and it is a common phenomenon to find springs
issuing around the footof the sand mass during the rainy season and becoming
dry in the hot or rainless season.

The teris in South Travancore which still retain their character as accumula-
tions of moving red sands are fourin number and all very small, the largest not
measuring one square mile in area. They are all close to the coast and with one
exception stand high and conspicuous to ships passing along at a fair distance.
The largest and most conspicuous is that at Muttum which caps the high ground
with the new light-house. The process of fixation has gone on here largely and the
moving sands cover a much smaller space than does the fixed portion!. The same
may be said of the teri resting on the south-eastern extremity of the Kolache
(Colachul) sandstone plateau. To the north-west of Kolachel are two much smaller
teris at the distances of 3 and 5} miles respectively. In both of these also the
area of the fixed sand far exceeds that of the loose. Especially is this the case
in the more northerly teri near Mel Madalatorai (Maila Maddalaitoray). Here
the fixed part has undergone tremendous erosion and is traversed by long and deep
rain gullies, with vertical sides up to 20 or 25 feet high. Gullies on a yet larger
scale are to be seen at the south-east corner of the Kolachel sandstone patch and
at the eastern side of the Muttum patch. Very large but shallower gullies are to
be seen at the south-east corner of the Nagarcoil patch, where there is a very large
fixed teri,

! 1 have shown the extent of the unfixed or moving teris on the map; the fixed part. I have
treated as a soil and ignored accordingly.
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The small teri immediately behind Cape Comorin is a very poor specimen
of its kind, and, in fact, hardly deserves to rank as one owing to its pale colour
and poverty in iron sand, but it will not do to class it as a coast duue, as it con-
gists mainly of silicious sand, while the true dunes at the Cape consist mainly
of calcareous sand composed of comminuted shells, corallines, nullipores, &c.

The sand of the typical teris is silicious or ferruginous (magnetic iron), the
former being well rounded and coated with a film of red oxide of irom, which
is removeable by boiling in nitric acid for a few seconds. Common as garnet
sand is on the beaches of South Travancore, I never yet found a grain of it in
the teri sand, where the latter was pure and had not been mixed with beach sand.
Much difficulty exists as to the source whence the red sand was derived ; but I will
not attempt to discuss this question here, as I hope to treat it at much greater
length than I could now, in & Memoir on the Geology of Tinnevelly and Madura
districts which I bave in preparation.

The coast dunes of South Travancore are, except close to the Cape, in no way
remarkable. A large patch of small hillocks to the north-west of the mouth
of the Kuletorai (Cooletoray) river was caused by the wind shifting a great mass
of sand turned out wheu the new canal was dug and heaped up on the north
bank of the canal,

Some tolerably high ridges occur 3 miles south-west of Kolachel. The sand
here contains so much fine magnetic iron that it looks in parts of a dark grey
colour, shading here and there almost into absolute black.

A considerable quantity of blown sand fringes the coast from the Muttum
headland eastward to Cape Comorin, and between Pullum and Culladevella forms
some considerable hills. At Covacolum the highly calcareous beach sand which
forms many low hillocks has been solidified in several places into coarse shelly
limestone. The Helix bed at Cape Comorin already referred to, when treating
of the Marine-beds, is really an altered sand dume, the calcarecous matter of
which has, by percolation of aeidulated water, been-dissolved and re-deposited, on
evaporation of the water, as a subaerial travertine. Countless thonsands of Heliz
viltata, and a considerable number of shells of Nanina tranquebarica, the two
commonest land shells in this part of India, have been inclosed and fossilised in
the formation of this travertine, which is evidently in constant progress. The
immense wealth of shellfish of all kinds, added to large quantities of corallines
- and nullipores, incessantly thrown up by the surf, furnishes an abundant supply
of calcareous sand for the formation of this travertine, which forms a bank more
than a mile long and rising some 80 feet or more above the sea at its highest
point. Its inland extent cannot be ascertained, as it is covered by loose sands.
It probably only extends 300 to 400 yards inland and abuts against a low ridge of
gneiss.

Ooral Reefs.

A few tiny fringing reefs are to be seen half to three-fourths of a mile west of the
Cape, half in the surf at low tide, and wholly in it at high tide. They are now to
be considered as dead reefs, abandoned by the polypes that built them. I examined
most of them carefully, without finding any live coral, and was inclined to doubt
the correctness of my inference, drawn from their tabular shape and many shal-

E
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low basin.like cavities; but later on, when examining some identical fringing
reefs off the Tinnevelly coast to the south of Kudung Kulam trigonometrical
station (the south point of the Cape Comorin base-line), I found a considerable
quantity of live coral lining the sides of the little basins, and equally large
quantities of coral quite recently dead in adjoining basins.

A great deal of shell debris, sand and broken stone, is included in the mass
of the reefs which in several places have formed around masses of rock standing
in rather shallow water, and joined up many loose blocks of stone tossed on to
them by the surf into tremendously coarse conglomerates. Some similar reefs,
but of rather larger size, occur along the coast to north-east of Cape Comorin;
in these the tabular mass extends from 10 to 40 and 50 feet in width, from the
shore to the constantly surf-beaten outer edge. In one or two places parts of the
reef had evidently been founded on sand, which had been washed away, leaving
an unsupported surface of many square yards in extent, which the surf of the
next high tide or first gale of wind would either break up or else again support
with sand washed under it. These little reefs are worthy of much closer ex-
amination than I was able to bestow upon them.

The coral fauna of the Cape Comorin sea is on the whole a remarkably poor
one, as far as one may judge by what is to be found thrown up on the beach.
Dredging might reveal much more, but unfortunately no boats are to be found there,
only Kattumarams (Catamarans), which would not be the most convenient form
of craft from which to carry on scientific observations. The sea here is, however,
go very rich in animal life in many forms, that it would assuredly afford a rich
reward to any one having a suitable vessel at command. I obtained in a very

short time a far larger number of species of shells here than at any other place on
the Indian coast.

. Sotls.

The prevalent soils are red ones, varying in the quantity of their ferruginous
element. The red soils seen inland near the main trunk road are chiefly formed
of gneissic debris by subaerial decomposition. The origin of the deep red sandy or
clayey loams has already been discussed (ante, page 32). They occupy no in-
considerable area. True alluvial soils occur very rarely, if at all, now-a-days; those
which fill the bottoms of the many valleys and creeks in which paddy is cultivated
being greatly altered from their original condition by centuries of cultivation, and
the addition of various mineral, vegetable, and animal manures. Estuarine beds
full of subfossil shells, Oytherea, Pottamides, Melania, &c., of living species are
exposed in the salt pans at the mouth of the Kolachel nullah.

The alluvium in the valley of the Paleyar, which flows south from the west
flank of Mahendragiri past Nagurkoil, is, where pure, a coarse gritty silt.

Economic Geology.

Valuable minerals and metals are conspicuous by their absence in the part of
South Travancore I had the pleasure of exploring. I came across no sign of
any mineral industry, except the preparation of sea-salt in the pans near Kolachel,
and traces of an old iron smelling industry carried on formerly at foot of the now
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bare and rocky hills east and north-east of Myladdy and some 7 miles north-west-
by-north of Cape Comorin. Judging from the large quantity of iron slag here
remaining, the smelting industry must have been an important one for native
workmen. I could get no information about it on the spot. I met with no existing
iron smelting industry in the villages I traversed, probably because of the absence of
rich supplies of iron ores. The supply of beautiful building stone is practically un-
limited, but not much use seem to have been made of it. Travancore architects
seeming to prefer the use of wood, the chief large stone buildings are the extensive
fortifications erected to bar the way into the country from the eastward, and known
a8 the Travancore lines. They are mostly built of gneiss, Wattakotai port already
referred to being a very fine example of excellent well-cut masonry. At the
extreme south end of the lines, where they abut on the sea near Cape Comorin,
blocks of the marine sandstone have been employed in the walls to some extent,
but have been much affected by weathering. The old fort at Udagiri (Oodagerry)
is another extensive stone building,

Of the temples, which are usually fine specimens of stone work in South India,
I have nothing to say. Non-Hindus may not approach them for fear of rousing
the fury of the ultra-bigoted Brahmans, who unfortunately retain far too much
power in Travancore, and exercise it to the detriment of the country generally.

Some of the hard sandstones of the Warkilli series have been used for build-
ing to a limited extent, and I noticed not far from Puar a good example, perfectly
new, of a stone cattle-trough cut out of homogeneous pale, purple and white, hard
lithomarge of very jaspideous appearance. I did not see a similar rock in sity,
but it evidently came from some bed belonging to the Warkilli series.

Some notes on the Geology of Chamba by CorLoner C. A. McManow, F.G.S.

I propose, in the present paper, to give the results of some tours in the moun-
tains adjoining Chamba, in continuation of my papers “on the geology of
Dalhousie,” and “on the section from Dalhousie to Pangi”; and I pre-suppose,
on the part of the reader, a knowledge of the facts recorded in those papers.

In the first instance, I shall ask the reader to accompany me from Basaoli,
over the Bénjal (Banjil) and Chattar Dh4r passes, to Bhadarwir (Badrawar).

Leaving Basaoli, the Siwaliks continue with a steady N.-E. 5° E. dip all
the way to Bhond (Pood). About half-way to the latter village, the coarse
conglomerates of this series give way to red clays and massive sandstones, which
in their turn are succeeded, near Bhond, by a fine-grained conglomerate, corre-
sponding to the topmost Siwalik beds of the Danera-Dalhousie section.

At Bhond, the Siwaliks dip under indurated red clays and fine-grained
sandstones of dark-grey colour. Both the clays and the sandstones are full of
fine specks of a silvery mica. These rocks, I presume, represent the Dagshai and
Kasauli groups of the Sirmur series. They dip N. 11° E,, and extend as far as
Seloo.

These beds are followed by a massive quartzite of whitish colour, dipping east
and then by the slates and limestones of the carbo-triassic series, which have also
an easterly dip. The limestones are the ribbed variety previously described, and
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they continue to the top of the B4njal pass, the elevation of which is, according to
my aneroid barometer, 6,325 feet above the sea. At the top of the pass the rocks
dip S.-W. 11° 8., but the dip is high and nearly vertical. The carboniferous
slates become very black as the gneiss is neared.

About 2 miles below the top of the pass, on the northern side, the first out-
crop of gneiss appears. The rock, as seen in this section, is a thoroughly crys-
talline gmeiss, but it is never granitoid. Its dip is nearly perpendicular. The
gneiss continues down to the Sewa river,—the river that flows from the Chattar
Dhér into the Ravi,—and as the stream is approached the dip becomes more
moderate.

On the descent to the Sewa there is a bed or dyke of fissile trap, about 20
feet wide, in the gneiss. It appearsto be a decomposed diabase. It is of greenish-
grey colour and its specific gravity is 2°95. Under the blowpipe it fuses readily
to a black magnetic bead. The microscope reveals pieces of still unaltered
angite here and there. Felspar may be traced in it, but it is greatly altered.
A banded, or pseudo-foliated appearance, observable in this rock, is due probably
to the infiltration of water along lines of cleavage due to traction or pressure.
Along these lines minute granules of quartz—some of them of elongated form—
are visible. This mineral is doubtless a secondary product. The quartz does
not contain any fluid cavities which are very abundant in the quartz of the
gneiss.

At the point where the road strikes the Sewa, the gneiss is succeeded by
blue, micaceous slate, and as Bani is neared, the dip of the strata reverts to
N. 11°W. The schistose rocks are of a type commonly seen in the neighbour-
hood of Dalhousie (as, for instance, on the road to Chudri), crumbling to a soft
bluish-white powder, suggestive of french-chalk.

The outer band of gneiss is, in this section, some thousands of feet thick.

I observed no outcrop of the trappean zone in this section ; it has apparently
either thinned out, or has been cut off by a fault.

Schistose rocks, dipping N.-E. 15° N, all of which could be matched in the
Dalhousie area, continue from Bani to Loong, where the “ central gneiss " crops
out on the right bank of the Sewa. It runs thence in a nearly straight line,
following the direction of the river and keeping on the right bank through
Chunchli (Chounchli), and crosses the Sewa some distance above the last-named

At first the slates, in contact with the ‘‘central gneiss,” dipped E.11° N,
away from the granitic rock, but afterwards they became perpendicular.

The granitoid gneiss here is a porphyritic and perfectly granitic rock, much
traversed by joints, but I could not make out any bedding. At one place I
noticed that it had intrnded between the bedding of the slates. It continues for
some miles, when the slates re-appear, dipping N.-E. 11° E. away from the
granite. The road, from this point, runs, almost along the boundary of the
granite and slates, up to the top of the pass (elevation 9,650'). The granite is
never far from the road, on the right bank of the stream ; whilst the slates are
seen on the left bank all the way up.

The granitoid gneiss continues to be seen on the left of the road for about
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21 miles down the north side of the pass. From this point the slates continue
down to Bhadarwir. The dip remains unchanged.

The Kund Kaplés (Koond Kaplas), in many respects, seems to be an analogne
of the Chor mountain of the Simla area. It is 14,241 feet high, the elevation
of the Chor being 11,982 feet ; and like the Chor it abuts on the plains and appears
to be formed of “central gneiss.” It will be seen from the observations made on
this tour, that the ¢ central gneiss ” suddenly expands to a great width of outcrop
a8 the “ Kund Kaplas ” is neared.

My route now leads back over the Padri! pass. The rocks seen en route are
slates, and on the ascent of the pass they are quite typical * Simla slates;”’
dip, N.-E, 5° N.

About two-thirds of the way between Thanala (Tenala) and the top of the
pass (elevation of top 9,700'), I encountered my old friend, the “ Blaini conglo-
merate.” It is quite typically developed, and the detailed description given of
it in my paper on the Dalhousie and Péngi section applies equally well to the
rock seen in this section. On the conglomerate there rests, 975 feet below the
summit of the pass, about 50 or 60 feet of pale-blue limestone. Above the
limestones slates re-appear.

On the descent of the pass, going east, the slates are vertical, or nearly so,
having & very high dip, sometimes in the normal, or north-easterly direction,
and sometimes in the reverse direction. This variable underlie prevails, along
the line of strike, in an easterly direction, as far, at any rate, as Manjir,

The conglomerate re-appears on the road side, about half a mile below the top
of the pass. It runs thence to near Langera (Langaira), almost in a line with
the road, cropping up on the road side more than once. Near Langera the out-
crop is of great thickmess.

Where the road, near Langera, descends to within a few yards of the river, the
conglomerate contains a boulder of granitoid gmeiss 1' 3" long. Mr. Lydekker
has already noted the presence of granitoid gneiss? boulders in the slates of
the Péngi-Lahoul valley; and the discovery of a similar boulder in the silurian
conglomerate, on this side of the snowy range, is interesting and important.

1 saw numerous blocks of pale-blue limestone, weathering buff, in the vicinity
of the conglomerate, between the top of the pass and Bhéndal (Baundal), but
I doubt if any of them were in situ. They probably indicate the presence of
the carbo-triassic series in the mountains which bound the north-eastern side of
the Siul3 valley.

The conglomerate continues in the same general direction as the river the
whole way to Bhédndal. I counted ten outcrops of it, in sifs, on the road side,
between Langera and Bhéndal. Some of these outcrops run with the road for
& considerable distance. '

1 This word is not Pidri, but Padri, which means flat.

* The presence of granite, or syenite, boulders in the conglomerate at Gurais, in Kashmir, is
also noted by Mr. Lydekker at p. 24, Vol. XII, Records.

* Kundi Marfl (Kandi Marl), the name entered on the map, is not the name of the valley, as
one would suppose, or the name of the river that runs through it, but the name of an encamping
ground, where the peg to which a Raja’s horse was tied is said to have grown miraculously into a
big tree. Hence the name.
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A calcareous band (weathering buff!) crops out about 4 miles to the S.-E. of
Prangal (Prungli), and re-appears several times afterwards.

To the east of Bhindal the conglomerate runs with the road for some
distance.

It will, perhaps, conduce to clearness, if I note in this place the several out-
crops of this rock which I have, up to date, noted along the line of its strike in
an easterly direction. On the ascent of the ridge between Dihur (Duire) and
Manjir, the conglomerate crops out on the road side, aund, crossing the ridge with
the road, descends to the river between Manjir and Kandla.

In my paper on the Dalhousie and Péngi section, I did not note the occurrence
of the conglomerate on the left bank of the river to the east of Manjir, as, owing
probably to the predominance of vegetation, I did not see any outcrop in situ;
but the conglomerate, I doubt not, in its eastward extension, passes somewhere
in the neighbourhood of Balore.

I came across another good outcrop of the rock in the mouth of the Hulh
(Hul) valley, (immediately north of Chamba), between the villages of Baroar and
Chambi. Proceeding eastwards from Chamba up the Ravi river, the conglomerate
again appears on the road side at the bend of the river, a little to the east of Gun
(Guar). It continues thence in a nearly straight line to Chitrdli (Chitralri)
and Sowals, and curving round above Naukuls, it passes a little above Aulansa
(Hulans), and thence a little to the north of Grima, onwards through Suchai
and Bauri (near Barmaor) to Poulda and Kund.

I have noted numerous outcrops along the line indicated, but it seems needless
to describe them in detail. The country between the outcrops near Manjir and
in the Hulh valley, and between the latter and Gun on the Ravi, I have not yet
explored. I have, also, not been to the east of Harser, as the route I followed
took me towards the sacred lake of Man Mhaish (Manimais).

It is interesting to note the continmous outcrop of the upper-silurian con-
glomerate along a line parallel to the granitoid gneiss, as it confirms the conclu-
sion previously arrived at, that we have in the Dalhousie-Chamba section a
normal sequence of silurian rocks resting on the granitoid gneiss.

Between Chamba and Dancho the dip is north-easterly. Near Harser, the
dip, which had previously been moderate, becomes vertical, but between Harser
and Dancho it again subsides into a N. E. dip.

Between Chamba and Mahila (Maila), the granitoid gneiss crosses to the right
bank of the Ravi, at the bend of the river ander Tandola, re-crossing to the left
bank near Bania. It passes to the right bank, again, beyond Bania, and then
continuing its course under Dalgara and above Korauh, it finally leaves the river
near Mahila.

At the junction of the granitoid gneiss and the slates, the former is granitic
and the latter is indurated, and sometimes silicious and massive. Under Dan-
gera (Dalgara), near the junction of the two rocks, the slates are contorted, and
there is a sudden reversal of dip, with more or less local faulting. At the actual

1 Blue limestones, weathering buff, is a peculiarity which appears to be common to several
bands of the carbo-triassic series and the Blaini limestone, It does not help to distinguish the
two series,
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junction the dip of the slates is normal. The plane of division between the
schistose slates and the granitoid gneiss is not sharp, but the granitoid gneiss
appears to be blended into the slates by imperfect intrusion.

I now ask the reader to return with me to Cha.mba,, and accompany me up
the Hulh valley.

Up to the outcrop of the conglomerate, between Baraur and Chambi, the
rocks are silurians and the dip normal. After Chambi, the path (there is no
made road, and consequently no good road-side sections) lies along a fertile and
well-wooded valley. Vegetation is rich, and rocks, in situ, are only to be seen
here and there. I saw no outcrop of limestone.

A little to the north of Hulh, I came upon trap resembling the Dalhousie rock,
and it extended to about the level of Bhaloth (Balote). AsI am not, at present,
sure whether this outcrop of trap occurs to the north or to the south of the carbo-
triassic series seen in force south of Kalel (Kalail), on the Chamba and Tisa road,
I reserve further remarks on this section until I can explore the mountains round
the Rundhurst station.

My route now lay up the Hulh valley, over the high ridge at its head, and
thence down to Kalel. I was able to trace the boundary of the carbo-triassic series
and the conglomerate. The latter runs a little to the north of Sairu, and con-
tinues parallel to the river, striking towards the ridge that terminates at the
bifurcation of the stream. Numerous blocks of typlca.l conglomerate fill the bed
of the stream.

The section from Kalel to Tikri has been already described. My route now
lay from Tikri to Himgiri (Himgir), and thence round the Himgiri station to
Digi and Dihur, and back again along the river to Himgiri. The rocks about
Tikri are silurians—micaceous schistose rocks, crumbling to a whitish soapy
powder.

The northern boundary of the conglomerates runs a little south of Tikri (not
the village above alluded to, but another village of the same name under Himgiri),
and thence to Laura towards the Himgiri station, which it leaves a little on its
right. The southern boundary of the conglomerate crosses the ridge west of
Kalel at Dhar, and continues thence up the Gulel (Gulail) valley. I met with
typical outcrops of the rock on the ridge east of Bila (under the Himgiri sta-
tion), and again along the ridge above Gulel. I found another good outcrop on
the ridge between Gulel and Tiloga.

The dip is normal until Himgiri is neared, when a S.-S.-W, dip sets in.
To the west of Himgiri, this changes to a S.-W. 11° W. dip, and then becomes
nearly perpendicular. Beyond this, the dip reverts to the N-E, Further on,
it becomes high and wavers occasionally to the south-west, but eventually
settles down to a N.-E. dip.

In contact with the conglomerate, a trap, similar in its general appearance!
to the Dalhousie rock, crops up along the ridge dividing the Gulel from the
Tiloga valley. The outcropis of considerable thickness, and in its 8 -W. extension

11 have not as yet examined thin slices of it under the microscope.
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it dominates the ridge running down to Dihur, in the neighbourhood of which
village it either dies out or is cut off by a fault. The outcrop appears to widen in
its northerly extension, and it is evidently present in force along the high ridge
N. E. of Bhandal, the streams flowing down from which are full of boulders of
trap. The western boundary of the trap runs a little to the east of the villages
of Tiloga, Baroga, Kalsara, and Chikotra,

Following the road from Dihur to Himgiri, I found that where the road
crosses it the outcrop is still of considerable width. It crops out at no great
distance from Dihur, and extends to near the village of Dalui. On following a
low-level path, near the river, as far as the stream to the north of Banjwar,
however, I found that the trap does not extend as far east as this village.

Along the south-western boundary of the trap, the latter is in sharp contact
with the limestones of the carbo-triassic series. This is well seen on the road
leading from Dihur to Himgiri, where the limestones, which dip about N. N.
E., arein great force. Both the trap and the limestones are typically deve-
loped, and the latter do not appear to be at all altered at their junction with
the trap.

The limestone series is also well seen along the crest of the ridge north of
Manjir. It crops out a little south of Nandla, and extends as far as Dhar. The
dip, which is variable when the limestones first appear on the crest of the ridge
soon settles down to a N..E, 5° N. dip. Some of the limestones are pale-blue,
some creamy-white, and a few are of a deep dark-blue colour. Some of them
weather to a rusty buff. I saw numerous blocks of limestone along this ridge
crowded with crinoid stems, but I did not observe any #n situ.

In connection with the trap above described, a variety occurs, which I
have not observed elsewhere in the Himalayas, but which probably represents
the porphyritic trap of Kashmir described by Mr. Lydekker. It is a felspar
porphyry, an intensely hard rock ; so hard that it was with extreme difficulty
that I could obtain hand specimens of it. Boulders of it are brought down by
the stream from the ridge N. E. of Bhéndal, together with boulders of the
ordinary variety of the trap. I have not yet seen it in situ.

Oonclusion.—The observations made this season confirm the conclusion pre-
viously arrived at, that we have, in the Dalhousie-Chamba section, a normal
sequence of silurian rocks resting on the ‘‘central gneiss.” The “ Blaini” con-
glomerate (upper-silurian) and the “Simla slates,” of the Simla region, are
both represented in Dalhousie-Chamba area ; the conglomerate cropping out in
& continuous line parallel to the granitoid gneiss.

The upper-silurian conglomerate is followed, in the Bhéndal-Dihur region,
by the carbo-triassic series, resting apparently conformably onm it; but if the
view taken of the age of the trap in the Dalhousie area in my paper on the
geology of that region is sound, the boundary between the two series must really
be a faulted one. The thinness of the conglomerates on the south side of the
carbo-triassic limestones, as compared with their great development on the northern
side of the limestone outcrop, is a fact which, to some extent, favours the fault
hypothesis.
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In the Bhéndal-Dihur area, under consideration, the carbo-triassic limestones
are followed by trap, and the latter by the upper-silurian conglomerate and a
normal sequence of silurian rocks in inverse order.

In the Dalhousie area, the trap comes in between the carbo-triassic series
and the tertiary rocks. In the Bhéndal-Dihur area, it comes in between the
carbo-triassic series and the upper-silurian conglomerate.

In my paper on the geology of Dalhousie, I adopted the hypothesis that the
trap is of upper-silurian or pre-carboniferous age. I see nothing in the facts
recorded in this paper inconsistent with that hypothesis. Indeed, I may say that
when I formed my views regarding the age of the trap, I had distinctly before
my mind’s eye the possibility that trap might be found in the Bhéndul-Dibur
area, where I have since found it. I thought this possible from the fact that
the Siul river under Manjir is full of trap boulders,

In both the Dalhousie and the Bhéndal-Dihur areas the trap is found in con-
tact with the carbo-triassic series; whilst in the latter section, it is in sharp
contact with the upper-silurian conglomerate on the one side, and the carbo-
triassic limestones on the other.

The fact that, in the Bhéndal-Dihur section, the trap does not occur between
the carbo-triassic series and the upper-silurian conglomerate, on both sides of the
limestone outcrop, may I think be explained by the hypothesis of a faunlt between
the limestones and the southern outcrop of the conglomerate.

The Bhéndal-Dihur section, from the granitoid gneiss, south of Bhéndal, to
the lower-silurians, north of Bhéndal, seems to me to be a crushed synclinal
fold, complicated with faulting. That there is a fault somewhere seems self-
evident. Whether the trap is of pre-carboniferous or of post-carboniferous age ;
in either case there must be a fault between it and the upper-silurian conglome-
rate.

The simplest mode of explaining the section, it seems to me, is to put a faunlt
between the southern boundary of the limestone outcrop and the southern outcrop
of the conglomerates; we should then have a normal ascending series of rocks from
the “central gneiss” to the upper-silurian conglomerate, and a descending series
of rocks from the carbo-traissic limestones to the lower-silurian schists. In
short, I believe that we have in this section a crushed synclinal fold, with a fanlt
along its axis, the compression of the folded strata having been great enough to
produce a general conformity of dip.

In the Hulh section, I have some grounds for suspecting that the trap occurs
between the southern outcrop of the conglomerate and the carbo-triassic lime-
stones ; but should this surmise prove correct, the point is immaterial as far as
the hypothesis above propounded is concerned.

The observations made this season show that the outcrops of trap are not
continnous ; but whether this is due to faulting or to thinning out, I am not at
present in a position to say. Either supposition seems equally probable.

The discovery of a boulder of granitoid gneiss in the upper-silurian conglome-
rate of the Bhéndal region, taken in connection with the discovery by Mr. Lydekker
of similar granitoid gneiss boulders in the silurian slates of the P&ngi-Lahoul
area, is another indication of the connection between the rocks of the two regions ;

F
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and, on the supposition that the granitoid gneiss boulders were derived from the
“ central gneiss,” which Mr. Lydekker apparently does not now doubt!, the
fact supports the conclusion I arrived at for the Simla area, that a hidden
unconformity exists between the silurian and the “central gneiss” series, A
similar conclusion was drawn by Mr, Lydekker in his fifth paper on the geology
of Kashmir.*

On the Basalts of Bombay, by CoroNer C. A. McManox, F.G. 8.
(with two plates).

During my last visit to Bombay, I made a carefully selected collection of
typical specimens of the lavas exposed at different parts of the island, and I
have since studied thin slices of them under the microscope.

I think it will be worth while to give a brief description of these; partly as
the first contribution towards a better knowledge of the Deccan traps, regard-
ing which our petrological information is at present very deficient; and partly
because the description of the very typical lavas of Bombay may be useful
as a standard with which to compare more doubtful basic igneous rocks in other
parts of India.

I arranged the specimens which I am about to describe with sole reference
to their colour. They range from iron black through less and less dark shades
of grey to a greenish-grey colour.

In specific gravity the specimens vary very little, ranging from 2:80 to
2:85, their average being 2:'82. They are all remarkable for the absence of
olivine. Augite, plagioclase, and magnetite are present in each slice. All contain
a few crystals of sanidine, but it occupies an extremely subordinate position.

No. 1.—A dark-grey, alinost black, compact rock. Sp. G. 2:82.

M.3—This slice consists of anet-work of very small felspar prisms, and minute
granules of augite, starred about in a partially devitrified glassy base, with
moderately large crystals of felspar and augite sparsely scattered through it.
The base is brownish-green, dappled with white, in reflected light, and olive-green
in transmitted light. The white opaque material is, I think, leucoxene, a
secondary product resulting from the decomposition of ilmenite, though in the
particular slice there is no direct evidence of its connection with that mineral.

The felspar prisms, for the most part, present very sharp outlines, and the
great ymajority of them are seen to be triclinic. They contain numerous glass
cavities, many of which have fixed bubbles. Some of these glass enclosures are
elongated, others are in rounded forms. The presence of such cavities is con-
sidered by Dr. Sorby to indicate the true volcanic origin of the rock containing
them (Q. J. G. S. XXXVI, 49,53). In one of the prisms, the glass enclosures
have ranged themselves roughly in a zone conforming to the shape of the prism,
Other prisms contain portions of the glassy base caught up in them.

! Records, XIV. 42. L (X
3 In thisand following papers M stands for microscopic aspect.
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Anugite crystals are extremely abundant, and most of them are of very minute
size. Among the larger crystals twinning is common, and some are well shaped.
In transmitted light the augites exhibit a faint tint varying from greenish-
yellow to yellowish-brown, but so faint as to be almost white. This is the pre-
dominant colour of the augite in all the slices.

The augite and felspar appear, on the whole, to have crystallised at the same
time, though some individuals have formed before the others. In fig. 1,
plate II, I have given a sketch of a couple of augite crystals of irregular shape,
joined together in a manner suggestive of twinning, which have formed round
a felspar prism; whilst in fig. 2, plate IL, I have depicted a group of triclinic
felspar prisms, which have formed upon, and partially enclosed, a cracked
augite crystal. :

The augite and felspar in this slice are remarkably fresh. This is a charac.
teristic of the augite in all the Bombay slices.

Magnetite is present in some abundance, both in regunlar shaped crystals and
in the skeleton forms described in my paper on the Darang traps. Some titanic
iron (ilmenite) appears to be also present. ,

In fig. 1, plate I, I have given s sketch of a portion of this slice, as seen in
the field of the microscope, under a magnifying power of 60 diameters, The
outline of the felspar crystals is generally sharp,—an indication I think that the
lava was in a very fluid condition. Towards the centre of the field a rather large
augite crystal is represented. On three sides the prismatic faces may be traced,
though they are not well depicted ; whilst the crystal may be seen to be traversed
by rather irregular prismatic cleavage lines. kas are sometimes of use and
furnish indications, in a general way, of the direction of the cleavage. A large
crack in the crystal under consideration affords an illustration of this. For
some distance it follows the direction of one set of cleavage lines, and then
changing its course follows the direction of the second set, which crosses the first
at an angle (87° §’) approximating that of a right angle.

A crack traverses the slice and appears to have been filled up by an
exfiltration process ; the material it contains being cryptocrystalline,

No. 2.—A compadt, dark-grey, almost black rock, closely resembling the last
’ Sp. G. 2:82.

Under the pocket lens it has a somewhat vitreous lustre, and small facets of
felspar are to be seen in it here and there.

M.—This slice is 8o like the last one that it hardly requires a separate descrip-
tion. The glassy base is whitish in reflected, and brown in transmitted light.
Here and there it has been altered to a dull olive-green substance, which, when
a single nicol only is used, transmits little light. In places it is stained brown.
yellow to orange colour,—a result doubtless of the decomposition of magnetite.

Felspar ‘is even more abundant than in the last slice; and here and there crys-
tals of it are of comparatively large size. (Hlass and stone cavities are common
in the felspar, but I discovered no bubbles in them. :

Angite is fairly abundant. It shape is irregular, but twinning is common.

L LY S — . - ——
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Magnetite is very abundant, both in regular crystals and in skeleton forms in
the glassy base. In the latter, as in the case of the augite in the pitchstones of
Arran!, the crystallization of the magnetite has resulted in a sort of halo being
formed round the crystals,—the latter having in the act of crystallization drawn
the colouring matter out of the base, leaving a comparatively colourless glass in
their immediate vicinity.

No. 3.—A4 dark-grey, almost black, compact rock. Sp. G. 2'83.

M.—This slice consists of a profusion of augite, felspar, and magnetite crys-
tals, scattered about in a glassy base.

The magnetite crystals are of good size, and are fairly well formed. The
felspar and augite crystals are of two sizes; in the case of both minerals the
majority are of small size (the augites being very minute); whilst here and
there are others of comparatively large size. The majority of the felspar prisms
are distinctly triclinic. Many of the augites are twinned.

Stellate groups of felspar, similar to those described in my paper on the
Darang traps?, are to be met with in all the Bombay slices. One of them from
this specimen is shown in fig. 3, plate II, and another from No. 8 is given in
fig. 10, plate II. The latter, which is quite accurately drawn, looks like a cross
seen in part profile.

In my paper on the Darang traps I noted how crystals are often cramped at
the time of their formation by adjoining crystals. In fig. 4, plate II, I have
sketched a twinned augite which has attempted to crystallize in the midst of a
perfect barricade of felspar prisms, and its outward symmetry of form has con-
sequently suffered considerably. In such cases, however, thongh the external
shape is deformed, the plane of twinning almost invariably exhibits a rigid
straight line, and the internal symmetry, on which the optical properties of the
mineral depends, sustains no injury.

In J. D. Danas’ Manual of Mineralogy (1873), p. 152, angite crystals are said
to be “usually stout and thick, and none have the slender bladed form common with
hornblende.” In lavas, however, as seen under the microscope, augite crystals
sometimes take the form of aciculur microliths, and not unfrequently assume the
form of elongated prisms. A prismof this character occurs in the slice under con-
sideration, and is represented in fig. 5, plate IL.; (a) (d) is a long prism of aungite
which has grown up side by side with one of triclinic felspar. From (c) to (d) the
augite is twinned, the twinning plane running with the length of the prism
From (c) to (a) the prism is made up of a crystal not in optical continuity with
either of the twins below it. The augite in the course of its formation has
enclosed the ends of small felspar prisms, which may be seen sticking, like
parasites, into its side. The adjoining felspar prism appears to have grown tran-
quilly by the side of the angite up to (b), when the supply of felspathic material
appears to have been less plentiful than that of the constituents of the augite
and magnetite (three crystals of which are indicated at this point), and its

! Allport. Geological Magrzine, Vol. IX, p. 2.
* Supra, Vol. XV, p. 165,
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symmetry was greatly marred by the intervention of crystals of augite and
magnetite (b). The ill-shaped felspar at the top (see sketch) is no doubt a
portion, or what. ought to have been a portion, of the prism seen below. The
molecules of felspathic matter did their best, I take it, to keep the alignment of
the felspar prism, and they are in optical continuity with it, but the augite and
magnetite crystals got in the way, and the shape of the felspar prism was marred.

This, and the previously noted illustrations, will, I think, enable us to under-
stand how the external symmetry, and the regular development of crystals in an
igneous rock, are seriously interfered with by the contemporaneous formation of
other minerals in close proximity to them, or by the presence and pressure of
previously formed crystals,

No. 4.—A4 dark-grey compact rock. Sp. G. 2°82.

M.—The felspar and augite crystals are set in a glassy base, which is sufficiently
abundant to entitle the rock to be classed as a magma basalt, The base is, for
the most part, of light vandyke-brown colour, but is here and there altered to a
substance olive-green in transmitted light. The base is crowded with microliths
of magnetite in its rod-like form ; it occurs also in large and rather well-shaped
crystals and as a fringe round augite.

Almost all the felspar is visibly triclinic, and radiating groups are common.

Augite is very abundant, and very fresh, but its outward shape is rarely good
and never perfect. Twinning is common, and the intersection of the prismatic
cleavage lines is sometimes well seen.

In fig. 2, plate I, T have given a representation of a portion of this slice. Some
of the felspar crystals therein figured present sharp and characteristic outlines;
others again are very irregular. On the right hand of the illustration, two
augite crystals are seen embracing two curiously shaped crystals of felspar. To
the left also a large block, formed of a congeries of shapeless augite crystals, has
more or less enclosed a radiating groupof very irregularly shaped masses of felspar.!
The partial enclosure of felspar by angite is very common in these slices, especi-
ally in the one under consideration. This, and the enclosure of augite by felspar
noted in connection with slice No. 1, seems to indicate that the lava was at first
in a very fluid state, in which free molecular action was possible ; but that it cooled
with such rapidity that the minerals were unable to disengage themselves from
each other, and their crystallization was arrested before the symmetry of their
external form was complete. Small peculiarities of structure of this kind are,
I think, of value. The volcanic origin of the Bombay basalts being well known,
structural characters observed in them may aid us to interpret rocks of more
doubtful character in other regions.

Professor Geikie, in his paper on the Carboniferous Volcanic Rocks of the
Basin of the Firth of Forth,? has described similar instances of felspar prisms

! Some of these scem to approach those “ complez fan-shaped brushes” which Dr. Sorby
describes as forming the terminations of felspar prisms in artificially melted rocks, and which he

. met with in a natural rock from a dyke near Beaumaris. Opening address, Geology Section of the
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British Association, 1880,
? Transactions, Roy. Soc., Edinburgh, Vol. XXIX, p. 437.
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“ ghooting "’ through erystals of angite, and severing the angite into two parts in
such a way that “not uncommonly it might be supposed to have been penetrated
across its figure by intrusive prisms of felspar;” an appearance which Professor
Geikie attributes to augite having * formed round and enclosed the already com-
pleted net-work of triclinic felspar prisms.”

These partial enclosures of the one mineral by the other are described as
occurring in the rocks which he classes as diabases and dolerites. The latter
term he proposes to restrict to intrusive sheets and dykes which consolidated
beneath the ground, retaining the word ‘basalt’ for interbedded augitic lavas
which consolidated at the surface.

It is to be noted, however, that a glassy base does not appear to be entirely
absent from either Professor Geikie’s diabases or dolerites; and although I do
not intend to infer from the preceding remarks that the intersection of small or
moderate-sized crystals of augite by prisms of felspar, or of felspar prisms by
augite, is an exclusive characteristic of rocks which have consolidated at the
surface of the earth’s crust; or that it would enable us to distingnish the latter
from intrusive sheets or dykes; still, it is a structural peculiarity of basic vol-
canic rocks which is worth noting, and it may help us to distingunish basic lavas
from basic plutonic rocks. Acid igneous rocks have characteristic features of
their own.

The slice under consideration is of larger grain than any of the preceding
ones.

No. 5.—A dark-grey compact rock. Sp. G. 283.

M.—This is a very fine-grained rock, and so closely resembles those first
described that a detailed account of it is not necessary. The magnetite is well
formed. The augite is for the most part very small, and twinning is common
in the larger crystals.

At fig. 6, plate II, I have sketched an illustration of the way the forma-
tion of minerals went on side by side, in these Bombay basalts, at almost the
same time. The illustration represents a crystal of magnetite and two crystals
of augite. The growth of the lower augite and that of the magnetite appears
to have gone on side by side, and, at first, at very much the same pace. The
magnetite then gained on the augite and finally partially surrounded it. The
formation of the second aungite then began and went on so rs.pldly that it
enclosed a portion of the magnetite in its embrace.

No. 6.—A perfectly compact dark-grey rock with a dull green tint in it. It wea-
thers brown. Sp. G. 280.

M.—This is a fine-grained magma basalt. The base consists of a brown
glass, here and there converted into a green amorphous substance. Augite crys-
tals are abundant in this slice. Most of them are very minute, and, in polarised
light with crossed nicols, they stand out from the black background like stars
on a clear night. Some are of fairly large size. Twinning is common, and a
few of the augites are well shaped.
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Felspar is abundant and is chiefly in small prisms, Most of it gives
decided evidence of belonging to the triclinic system.

Magnetite is for the most part well shaped and of good size, but it is also to
be seen in elongated stalk-like microliths in the glassy base.

Fig. 7, plate II, is an illustration taken from this slice showing the way
minerals, in the process of crystallization, catch up, enclose, and become entan
gled with other minerals. An angite orystal is there seen to have enclosed
several crystals of maguetite, and to have partially surrounded crystals of tri-
clinic felspar; whilst other crystals of magnetite have formed on it.

The microscope enables one to understand how it is that the chemical analy-
sis of minerals often yields such divergent results. Fig. 7, will, I think,
suggest the explanation of how this takes place.

No. 7.—A compact greenish-grey rock. Sp. G. 2:85.

M.—The grain is larger than that of the preceding slices. Augite is abun-
dant. Much of the felspar exhibits the twinning peculiar to triclinic felspar, and
is in characteristic prisms. Felspar also occurs in large crystals and in shapeless
masses, some of which are certainly sanidine. .

The glassy base is of green colour. Here and there minute portions of it
have been converted into delessite, and the whole of it is more or less changed.
The rock is passing into the condition of the Darang traps (i c.). In these
slices, however, the glassy base can still be distinctly recognised as such. = Very
little magnetite is left in the rock.

At fig. 3, plate I, I have given a sketch of a portion of this slice. The
very dark portion is the glassy base. The less dark portion is augite, and the
white is felspar.

At fig. 9, plate IL, T have sketched a group of augite crystals in polarised
light under crossed nicols. It is impossible, in simple black and white, to indi-
cate the various colours in which the crystals polarise ; but the different shades
of black will, perhaps, suffice to show the want of optical continuity between the
different members of the group. The two small crystals at the upper left hand
are seen to be twinned, the twinning plane being a sharp straight line, and the
two halves of each twin polarising in complimentary colours. The others are
crystals of different sizes and of very irregular shape. The various crystals of
which this and similar groups are composed, began to crystallize, apparently,
much about the same time from independent centres, and from want of space
interfered with each other’s growth and development. One micro-augite is
enclosed in a large crystal, whilst another augite contains a gas bubble.

The group appears to have been rapidly formed, for along the npper margin
a tongue of the glassy buse (a) is partially enclosed in it.

1 have depicted another characteristic group in fig. 8, plate IT, taken from slice
No. 10. One augite crystal, at the right hand, is seen to be nearly surrounded
by a larger crystal of the same mineral. The shapes of all the members of the
group are very irregular, and they have evidently interfered seriously with each
other's development. The finishing off of the group has been hurried in its last
stages, a3 along the outer margin a zone of cavities is to be seen,—a not
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uncommon feature in the augite of volcanic rocks. These cavities, the irregular
shapes of the crystals, and the confused association of imperfectly formed augites,
are, I think, indications of the rapidity with which the rock cooled.

The large felspar crystals are not at all homogeneous in their internal struc-
ture, and they enclose irregunlar-shaped augite crystals and patches of viridite.

No. 8.— A4 greenish compact rock. Sp. G. 2'4.

M.—This slice very much resembles the last. The glassy base has been
converted into a greenish substance which contains in it minute embryonic
crystals of epidote. Alteration has been set up in the felspars. Magnetite is
not abundant, and is mostly in skeleton forms.

No. 9.—A greenish-grey compact rock. Sp. G. 2:85.

M.—In this slice augite is very abundant. The glassy base is still recog-
nisable, but it has passed into an alteration product, olive green in transmitted
light, which is in part, at any rate, delessite. A radiating structure is often
apparent in it, and all of it is feebly dichroic when the polariser alone is used.

This slica contains a good many sanidine prisms exhibiting the simple
twinning of the Carlsbad type, but they are quite subordinate to the plagioclase.

In one case water has clearly gained access to the rock, and & thin undulating
ring of quartz has been left behind to mark its passage.

Augite crystals often partially enclose crystals of felspars, and felspars occa-
sionally enclose fragments of the glassy base.

No. 10.—A4 grey compact rock. Sp. G. 2:81.

M.—The glassy base is still to be seen here and there, but in most cases it
has been replaced by delessite, and in a few cases by chalcedony. It gives clear
evidence of the invasion of water. The latter has often left castellated water-
marks behind it, and has partially rounded the margins of the channels through
which it flowed, so that in some cases these altered portions of the base have
the appearance of amygdules plugging amygdaloidal cavities. I think that the
results above described may be accounted for on the supposition that the uncrys-
tallized glassy base yielded more readily to the solvent powers of heated water
than the minerals that had crystallized out of it.

It is important to note the tendency, here evidenced, of acid water passing
through a rock to excavate rounded cavities; the removal of olivine and leucite,
and the rounding of the edges of the matrix in which they were buried, might
lead to the formation of a pseudo-amygdaloid, and prevent the secondary
minerals, substituted for olivine and leucite, being recognised as pseudomorphs
of those minerals.

The felspar is more or less altered, but the augite is quite fresh. The slice
contains some prisms of sanidine which exhibit characteristic Carlsbad twinning.

No. 11.—A greenish-grey compact rock. Sp. G. 2:81

M.—This slice closely resembles the last. The magnetite or titaniferous:
iron is a good deal decomposed, and much of it has passed into leucoxenme. A
study of these slices confirms the view taken of the origin of the opaque white
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material formed in connection with the Darang basalts. The white opacity
diffused in & nebulous way through the latter is, I think, due in many cases,
not to the decomposition of large regular crystals of ilmenite, but to the
minute dendritic forms of iron disseminated through the base.

This rock generally is passing into a stage of alteration like that described in
the traps of Darang (l.c.)

Conclusion.

T have not detected olivine in any of these slices either fresh or in analtered
condition.

Olivine, though a very characteristic mineral, usually present in basalts,
does not appear to be universally so abundant as to be invariably visible in
every thin slice made for microscopic examination.

Forchhammer states that it does not occur at all in the basaltic rocks of
the Faroe Islands;' whilst Professor Geikie, in his paper on the microscopic
characters of the basalts of the Firth of Forth, ® notes that it “ varies much in
quantity;” and though it is * usually discernible in every thin slice,” in some
basalts it appears only in occasional “ rare and small pieces.” Zirkel notes
(Microscopical Petrography of the Fortieth Parallel, p. 219) that in rocks
“closely allied ”” to the * proper or genuine felspar (i.e., plagioclase) basalts,” and
which he classes as a sub-division of the basalts, olivine is generally wanting. In
some of the Deccan traps from other localities, specimens of which the Super-
intendent of the Geological Survey of India has kindly allowed me to see, it is
very abundant. Olivine may possibly not be altogether absent from the Bombay
lavas; bat, if present, it must be sparsely disseminated through them.

In view of the absence, or sparseness, of olivine, the question arises
whether these rocks should be classed as basalts at all. In mineral composition
they approximate closely to the quartzless-augite-andesites, in which olivine is
rarely met with.3

The specific gravity of andesites ranges from 2:70 to 2'85; whilst the Bom-
bay lavas, judging from the specimens now described, range from 2:80 to 2:85.
In view, therefore, of the absence of olivine, a good case might be made out for
classing the Bombay rocks with augite-andesites rather than with basalts.

But, on the whole, it will, I think, be better to retain the name by which
the Bombay rocks have hitherto been known, and to continue to call them
basalts ; for I think it will conduce to clearness and simplicity if we restrict
the term ‘andesite’ to tbe lava form of diorite and retain the words ‘basalt’ and
‘dolerite’ for basic augitic lavas. The term ‘augite-andesite’ seems a suitable one
for intermediate forms between the two in which augite and hornblende are
both present; and I prefer not to use it for the Bombay rocks because they
contain no trace of the latter mineral.

As the Bombay basalts are very typical volcanic rocks, it may be useful, and
may aid us to determine more doubtful rocks in other localities, to sum up the
indications they afford of being superficial lava streams.

1 Bischof’s Chemical Geology, II, p. 356.

3 Loc. cit., p. 506.
3 Rutley’s Study of Rocks, p. 236.
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The following points, I think, afford evidence of rapid cooling, though some
of them are more cogent than others :—

1. The presence of a glassy base.

9. Skeleton, dendritic, and rod-like forms, of magnetite and (?) ilmenite.

8. The presence of glass enclosures, and gas bubbles, in augite and felspar
crystals.! ‘

4. The abundance of felspar prisms of small size, the longer axis of which
usually points in all directions.?

5, The abundance of granular® and minute crystals of augite.

6. Clusters of irregular-shaped augite crystals.

7. Imperfectly-formed and feathery felspar crystals.*

8. The penetration of augite by felspar and of felspar by augite.

EXPLANATION OF PLATES.

Prate 1.

Figs. 1, 2, and 3.—Thin slices of Bombay basalts as seen under the micro-
scope.

" Prate IL

Fig. 1.—Partial enclosure of felspar by augite.
Fig. 2.—Partial enclosure of angite by felspar.
" Fig. 3.—Stellate prisms of felspar. ,
Fig. 4—A twinned augite and felspar prism.
Fig. 5.—Anugite and felspar prisms formed side by side.
Fig. 6.—Augite and magnetite formed at nearly the same time.
Fig. 7.—Augite enclosing magnetite and felspar.
Figs. 8 and 9.—Irregular-shaped clusters of augite crystals.
Fig. 10.—~Another stellate form of felspar.

1 Dr, Sorby, Ann, Address, Q. J. G. 8. XXXVI, 53,

3 Professor Geikie, in the paper already quoted, states that intrusive dolerite * along the line of
contact with a sandstone or other granular rock ” *becomes exceedingly close-grained, ” and the
felspar prisms “tend to range themselves parallel with the surface of the sandstone.”

® Professor Geikie, in the paper already quoted, writes of the volcanic rocks of the Firth of
Forth :—“There is one distinctive feature between the mode of occurrence of the augite in the
¢ dolerites and in the interbedded anamesites and basalts which I have found to hold good with
‘few exceptions, While in the intrusive'sheets the augite occurs either in well.marked crystals or
*in large crystalline irregularly-shaped portions, in the superficial lava-beds it is commonly present
‘in abundant small granules and in sparse definite crystals.”

4 See Dr. Sorby’s opening address, Geology section of the British Association, 1880.
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DONATIONS TO THE MUSEUM.
Donors.
A series of fossils from the silurian, carboniferous, permian, liassic and tertiary formations,
England,
De. GEORGE WaTT.
Eight specimens of Rudista (Hippurites) from the turonian between Foix and Lavelanets,
Dep. de I’Ariége, Outer Pyrenees, France.
W. T. Braxrorp, F.R.S.

ADDITIONS TO THE LIBRARY.

Frox 1st OcroBER T0 31sT DRCEMBER 1882,

Titles of Books. Donors.
AcHEPoHL, L.—Das Niederrheinisch—Westfalische Steinkohlengebirge. Atlas der fossilen

fauna und flora, lief. 7, (1882), 4th edition, Leipzig.
BrALE, Lioner S.—How to work with the Microscope, 6th edition (1880), 8vo, London.
BzronNN.—~Klassen und Ordnungen des Thier-Reiches, Band VI, Abth. III, Reptilien, Lief.

33.34, (1882), 8vo, Leipzig.
Encyclopadia Britannica, 9th edition, Vol. XIV, (1882), 4to, Edinburgh.
FisHER, REV. OsMoND.—Physics of the Earth’s Crust (1881), 8vo, London.
GEIKIE, ARCHIBALD.—Textbook of Geology, (1882), 8vo, London.
MiLNE, J.—Experiments in Observational Seismology, (1882), 8vo, Tokio.

: THR AUTHOR.
Notes on the recent Earthquakes of Yedo Plain, and their Effects on certain
buildings, (1881), 8vo, Tokio.

»”

THE AUTHOR.

” On Earth Movements, (1882), 8vo, Hertford.
THE AUTHOR.

Suggestions for the Systematic Observation of Earthquakes, (1882), 8vo, Tokio.
THE AvuTHOBR.
» The Distribution of Seismic Activity in Japan, (1881), 8vo, Tokio.
THR AvUTHOR.
Mossisovics, E v. uND NEUMAYR, M.—Beitrige zur Paliontologie Osterreich-Ungarns
und des Orients. Band II, heft 3 and 4, (1882), 4to, Wien.
Nospexskrorp, A. E.—The Voyage of the Vega round Asia and Europe, Vols. I and II,
(1881) 8vo, London.
Poozrk, Bex. Prrrey.—Congressional Directory (47th Congress, 1st Session), compiled for
the use of Congress, 2nd edition, (1882), 8vo, Washington.
. THE SMITHSONIAN INSTITUTE.
Poussiy, CH. DE Lo VirLer et RENARD, A.—Mémoire sur les Caractdres Mineralogiques
et Stratigraphiques des Roches Dites Plutoniennes de La Belgique et de
L’Ardenne Francaise, (1876), 4to, Bruxelles.

”

Revp. J. B. Duxovur,, 8.7,
Publication der Norwegischen Commission der Europiischen Gradmessung. Geoditische
Arbeiten, Heft. II, (1880), and I & III (1882). Vandstand observationer,
Heft I, med 6 Plancher, (1880 and 1882), 4to, Christiania.
TrE CoMmissiox,
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Titles of Books. Donors.
Quexstepr. F. A.»—Handbuch der Petrefaktenkunde. Auflage 3, Lief. 5, (1882), 8vo,
Tiibingen.

Ramsay, A. C.—The Physical Geology and Geography of Great Britain, 6th edition,
(1878), 8vo, London.
RosinsoN, JorN.—The Flora of Essex County, Massachusetts, (1880), Svo, Salem.

Tar Essex INSTITUTE.

Second Report of the Committee appointed for the purpose of investigating the Earthquake
Phenomena of Japan, drawn up by Prof. J. Milne, 8vo, London.

Pror. J. MILNE.

Szapo, Dr. J.—Classification Macrographique des Trachytes de la Hongrie, (1881), 8vo,
Bologne.
THE AUTHGR.
The Norwegian North Atlantic Expedition, 1876—1878—
Vol. IV, 1. Historical Account.
2. The Apparatus and How Used, by C. Wille.
Vol. V, 1. Astronomical Observations, by H. Mohn.
» 2. Magnetical Observations, by C. Wille,
» 3. Geography and Natural History, by H. Mobn.
Vol. ¥I. Holothurioidea, by D. C. Danielssen and J. Koren, with 13
plates and one map.
Vol. VIL. Annelida, by G. Hansen, with 7 plates and one map, (1882),
4to, Christiania.
Tre EpiToR1aL COMMITTEE.

PERIODICALS, SERIALS, &c.

Annalen der Physik und Chemie neue Folge, Band X VII, Nos. 10-12 (18882), 8vo, Leipzig.
Annales des Mines, 8th series, vol. I, livr. 2, (1882), 8vo, Paris.
CoxMuM. D8 MINEs.

» s Sciences Naturelles, 6™ série Botanique, tome XIII, Nos. 4—6, & XIV,
Nos. 1—3, (1882), 8vo, Paris.
w  om om Géologiques, tome XIV, No. 1, (1882), 8vo, Paris.
” w o Naturelles. Zoologie, series VI, vol. XIII, Nos. 6—6, (1882); 8vo,
Paris.
Annals and Magazine of Natural History, 5th series, vol. X, Nos. 68—60, (1882), 8vo,
London.
Archiv fiir Naturgeschichte. Jahrg XLV, heft 6, (1879), XLVIII, heft 4, (1882), und
XLIX, heft 1, (1883), 8vo, Berlin.
Athengeum, Nos. 2864—2875, (1882), 4to, London.
Beiblitter zu den Annalen der Physik und Chemie, Band VI, Nos. 9-10, (1882), 8vo,
Leipzig.
Bibliothtque Universelle. Archives des Sciences Physiques ot Naturelles, 3™ Période,
tome VII, Nos. 5—7, and VIII, No. 8, (1882), 8vo, Genave.
’ » et Revue Suisse, 3™° Période, tome XV, Nos. 43—46, (1882), 8vo,
Lausanne.
Botanisches Centralblatt. Band XI, Nos. 9—13, and XII, Nos. 1—8, (1882), 8vo, Cassel.
Chemical News, vol. XLVI, Nos. 1190—1201, (1882), 4to, London.
Colliery Guardian, vol. XLIV, Nos. 1132—1143, (1882), fol., London.
Das Ausland, Jahrg. LV, Nos. 36—48, (1882), 4to, Stuttgart.
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Titles of Books. Donors.
Geological Magazine, New series, ‘decade II, vol. IX, Nos. 10—11 (1882), 8vo, London.
Iron, vel. XX, Nos. 505—516, (1882), fol., Loudon.
Journal de Conchyliologie, 3% série, Tome XXII, No. 2, (1882), 8vo, Paris.
,» of Science, 3rd series, vol. IV, Nos. 106—107, (1882), 8vo, London.
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th series,
vol. X1V, Nos. 88-90, (1882), 8vo, London.
Mining Journal, with supplement. Vol. LII, Nos. 24565—2466, (1882), fol., London.
Nature Novitates, Nos. 17—23, (1882), 8vo, Berlin.
Nature, Vol. XX VI, Nos. 672—678, & XXVII, Nos. 679—683, (1882), 4to, London.
Neues Jahrbuch fiir Mineralogie, Geologie und Palezontologie, Jahrg. 1882. Band II, heft 3,
(1882), 8vo, Stuttgart,
Palmontographica. Band XXIX, lief 1, (1882), 4to, Cassel.
Petermann’s Geographische Mittheilungen. Band X VIII, Nos. 9—11, (1882), 4to, Gotha.
Do. do. do. Supplement. Band, No. 70, (1882), 4to, Gotha.
Professional Papers on Indian Engineering, 3rd series, No. 1, (1882), flsc., Roorkee.
THoMAsoN CoLLEGE oF CIvIL ENGINEERING.

Quarterly Journal of Microscopical Science. New series, vol. XXII, Nos. 87 and 88, (1882),
8vo, London.

GOVERNMENT SELECTIONS, &o.

AssaM.—MuzrraY, T. J.—Report on the Police Administration of the Province of Assam for
the year 1881, (1882), flsc., Shillong.
CHIEF COMMISSIONER, ASSAM,
BomBay.—~Kir7s, EusTacE J.—Report on the Census of Berar, 1881, (1882), flsc., Bombay.
REVENUR & AGRICULTURAL DEPARTMENT.

» Peansox, A. N.—Brief Sketch of the Meteorology of the Bombay Presidency in
1881, (1882), 8vo, Bombay.

“ Survey and Settlement Manual relating to the system of Revenue Survey and
Assessment and its Administration in the Bombay Presidency, (1882), 8vo,
Bombay.
BoMBAY GOVERNMENT.
CeXTRAL PROVINCES.—MoRR1s, J. H.—Report on the Administration of the Central Pro-
vinces for the year 1881.82, (1882), 8vo, Nagpur.
CH1Er CoMMISSIONER, CENTRAL PROVINCES.
INpra.—Annual Statement of the trade and navigation of British India with Foreign
countries and of the coasting trade of the several Presidencies and Pro-
vinces in the year ending 31st March 1882. Vol. L, Foreign Trade, (1882),
4to, Calcutta.
DRPARTMENT OF FINANCB AND COMMERCE.
» BaipEr-PowEeLL, B H.—A Manual of the Land Revenue Systems and Land
Tenures of British India, (1882), 8vo, Calcutta.
HoME DEPARTMENT.
»  List of Civil officers holding Gazetted appointments under the Government of India
in the Home, Legislative and Foreign Departments on 1st July 1882,
(1882), 8vo, Calcutta.
HoME DEPARTMENT.
»  Meteorological observations recorded at six stations in India in the year 1881,
corrected and reduced, (1882), 4to, Calcutta,

METEOROLOGICAL REPORTER To GOVERNMENT OF INDIA.

METBOROLOGICAL RBPORTER, WESTERN INDIA.
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Titles of Books. Donors.
INp1A.—Register of general observations in 1881, reduced and corrected, December 1881,

(1822), 4to, Calcutta.
METEROBOLOGICAL REPORTER TO GOVERNMENT OF INDIA.
Report on the Administration of the Meteorological Department of the Government -
of India in 1881-82, (1882), 4to, Calcutta.
METEOROLOGICAL REPORTER To GOVEENMENT oF INDIA.
Review of the Maritime Trade of British India with other countries for 1881-82,
(1882), flsc., Calcutta.

”

”
DEPARTMENT OF FINANCE AND COMMEERCE.

ScHLICH, PH. D., W.—Suggestions regarding the Demarcation and Management of
the Forests in Kulu, (1882), flsc., Calcutta.

HoMe DEPARTMENT.

N. W. ProviNces.—BraGRAM PaNDIT.—Report on the Census of the Province of Ajmere-
Merwara, taken on the 17th February 1881, (1882), flsc., Ajmere.

REVENUE AND AGRICULTURAL DBPARTMENT.

TRANSACTIONS, PROCEEDINGS, &c. OF SOCIETIES, SURVEYS, &c.

AMsTERDAM.—Jaarboek van het Mijnwezen in Nederlandsch Oost-Indié. Jahrg. XI,
No. 1(1882), und Register op het Jaarboek Mijnwezen, 1872.1881, (1882)
8vo, Amsterdam.

NeTHERLANDS COLONIAL DEPARTMENT,

Baser.—Abhandlungen der Schweizerischen Palidontologischen Gesellschaft, vols, VI—VII,
(1879-1881), 4to, Basel.

THR SocIRTY.

Verhandlungen der Naturforschenden Gesellschaft in Basel. Heft 1—10, (1835-

18562). New series, band I—VI (1854-1878), 8vo, Basel.

”

THE SoCIETY.

Baravia.—Natuurkundig Tijdschrift voor Nederlandsch-Indie. Deel. XLI, (1882), 8vo,
Batavia,

THE SoCIETY.

Baarin.—Abhandlungen der Kéniglichen Akademie der Wissenschaften zu Berlin, 1880-

1881, (1881-1882), 4to, Berlin.
THE ACADEMY.

Sitzungsberichte der K6niglich Preussischen Akademie der Wisenschaften zu Berlin,
Nos. XVIII—XXXVIII, (1882), 4to, Berlin.

THE ACADEMY.
Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXIV, heft. 2, (1882),

8vo, Berlin.
THE SoCIETY.
BeeN.—Beitriige zur Geologischen Karte der Schweiz. Lief. XX, Atlas only, (1880), ob.
4to, Bern.

TEE Narurar HisToRY SoCIETY, Baskr.

BoroaNA.—Accademia delle scienze dello Istituto di Bologna dala sua origine a tulto il 1880,

(1881), 8vo, Bologna.
THE ACADEMY,

Memoire della Accademia delle Scienze dell’ Istituto di Bologna, Serie IV,
tomo II, (1880), 4to, Bologna.

”»

THE ACADEMY.
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Titles of Books. Donors.
BaussgLs.—Bulletin de 1a Bociété Royale Belge de Géographie, Nos. 3—4, (1882), 8vo,
Bruxelles.
THE SOCIETY.
” Bulletin du Musée Royal d'Histoire Naturelle de Belgique. Tome 1, No. 1,
(1882), 8vo, Bruxelles.
MuseuM oF NarumaL History, Bercium.
» Extrait du Bulletin du Musée Royal d’Histoire Naturelle de Belgique. Tome I,
with planches IV to VI, (1882), 8vo, Bruxelles.
MuseuM oF NaTuraL History, Brrerum.
» Extraits des aunales de la Société Royale Malacologique de Belgique: Diestien,
Casterlien et Scaldisien. By Ernest Van Den Broeck.
» Note sur les Levés Géologiques de MM. van Ertborn et Cogels, by Ernest van
Den Broeck.
» Observations, by P. Cogels and E. van Den Broeck.

» Exposé Sommaire des Observations et Découvertes, by Ernest van Den Broeck,

(1882), 8vo, Bruxelles.
TrRr Socrery.
Carcurra.—Memoirs of the Geological Survey of India. Vol. XIX, part 2, (1882), 8vo,
Calcutta.

GEorogICAL SURVEY OF INDIA.
” Records of the Geological Survey of Indis, vol. XV, part 4, (1882), 8vo,

Calcutta.

. GEBOLOGICAL SURVEY oF INDIA.

» Proceedings of the Asiatic Society of Bengal. Nos. VII and VIII, (1882), 8vo,
Calcutta.

THE SocIETy.

CaMBBIDGB.—Memoirs of the American Academy of Arts and Sciences. Centennial
volume, Vol. XI, part 1, (1882), 4to, Cambridge.
THE AcapEMY,
" Memoirs of the Museum of Comparative Zoology, Vol. VILI, No. 2, part 2,
(1882), 4to, Cambridge.
Tee MusEuM oF COMPARATIVE ZooLoGY.
CaMBRIDGE, Miss.—Bulletin of the Museum of Comparative Zoology, Vol. VI, No. 12,
(1881), 8vo, Cambridge, Mass.
THE MuseuMm oF COMPARATIVE Z0oLOGY.
DzespEN.—PuBgoLp A.—Die Meteoriten des Konigl. Mineralogischen Museums in Dresden,
(1882), 8vo, Dresden.
Is1s Sociery, DRESDEN.
Epinsurer.—Catalogue of the Printed Books in the Library of the Society of Writers to
H. M’s Signet in Scotland. Part II, M-Z, Supplement and List of
Manuscripts, (1882), 4to, Edinburgh.
Tae WEeITERS.
Grascow.—Transactions of the Geological Society of Glasgow, Vol. VI, part 2, 1878-79 to
1879-80, (1882), 8vo, Glasgow.
. THE SocIETY.
GOTTINGEN.~Nachrichten von der k. Gesellschaft der Wissenschaften, ans dem Jahre 1881,
(1881), 8vo, Gottingen.
THE SocIETY.
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Titles of Books. Donors,
HarrLe.—Abhandlungen der Naturforschenden Gesellchaft znHalle, Band XII, heft. 3 & 4
(1873) XTI1, heft, 3 (1876), XIV, heft 3 (1878 and 1879) and XV, heft.
2—1, (1881 and 1882), 4to, Halle.
THE SocIgTY.
»  Bericht tiber die Sitzungen der Naturforschenden Gesellschaft zu Halle, im Jahre
1881, (1881), 8vo, Halle,
THR SOCIETY.
» Festschrift zur Feier des Hundertjéhrigen Bestehens der Naturforschenden
Gesellschaft in Halle, (1879), 4to, Halle.
THR Socrery.
LausaNNE.—Bulletin de la Société Vaudoise des Sciences Naturelles, 2° série, vol. X VIII,
No. 87, (1882), 8vo, Lausanne.
THE SOCIETY.
LoNpoN.—Journal of the Anthropological Institute of Great Britain and Ireland, vol.
XII, No. 1, (1882), 8vo, London.
» Journal of the Iron and Steel Institute. No. 1 (1882), 8vo, London.
TrE INSTITUTE.
” Journal of the Linnean Society, vol. XV, Zoology, Nos. 86—88, and XVI,
Nos. 89—94, and vol. XIX, Botany, Nos. 114—121, (1881-82), 8vo,
London.
, THE SOCIETY.
” Transactions of the Linnean Society of London. 2nd series, Botany, vol. II,
part 1, and Zoology, Vol, II, pts. 3—5, (1881 & 1882), 4to, London.
- THE SocIeTY.
» Proceedings of the Linnean Society of London, from November 1875, to June
1880, (1882), 8vo, London.
THE SocIETY.
" Journal of the Royal Asiatic Society of Great Britain and Ireland. New series,
Vol. XIV, pt. 3, (1882), 8vo, London.
) THER SocIETY.
” Journal of the Society of Arts, Vol. XXX, Nos. 1548 and 1556—1564, and XXXI,
Nos. 1666—1567, (1882), 8vo, London,
THR SOCIETY.
» List of the Members, Officers and Professors of the Royal Institution of Great
Britain, with the Report of the Visitors’ Statement of Accounts, and Lists of
Lectures and Donations in 1881, (1882), 8vo, London.
THE INSTITUTE.
” Proceedings of the Royal Institution of Great Britain. Vol. IX, Nos.73 & 74,
(1881 & 1882), 8vo, London.
THE INSTITUTE.
» Proceedings of the Royal Geographical Society. New series, vol. IV,
Nos. 7—10, (1882), 8vo, London.
THE SocIETY.
” Philosophical Transactions of the Royal Society of London. Vol. 172, Parts 1T,
and III, and 173, Part I, and List of Fellows of the Society. 30th November
1881, (1881 & 1882), 4to, London.
ToE SoCIETY.
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LoxpoN.—Proceeditgs of the Royal Society of Loudon. Vol. XXXIV, Nos. 220—221
(1882), 8vo, London.
THE SoCIETY.
» Proceedings of the Zoological Society of London. Parts I and IT, 1882. Index
to Do. from 1871.80. (1882), 8vo, London.
THER SOCIETY.
» Transactions of the Zoological Society of London. Vol. IX, pt. 2 (1875), 4to,
London.
TaE SoCIRTY.
» List of the Fellows of the Zoological Society of London, corrected up to 1st June
1882. (1882), 8vo, London. ‘
THE SOCIETY.
» Quarterly Journal of the Geological Society of London. Vol. XXXVIII, parts
2—38, Nos. 1560—151 (1882), 8vo, London.
THER Socrery.
Map18oN.—Atlas accompanying volume 1II, Geological Survey of Wisconsin, plates 17 to
30, (1879), fol., Madison.
SUPERINTENDENT, PuBLIc PROPERTY, MADISON.
Maipgip.—Boletin de la Sociedad Geografica de Madrid. Tomo XIII, Nos. 3—4 (1882),
8vo, Madrid.
: TaE Socrery.
MzrLBourNE.~Reports of the Mining Surveyors and Registrars for quarter ending 30th
June 1882, (1882), flsc., Melbourne.

MiNING DEPARTMENT, VICTORIA.
Mipan.—Atti della Sociéta Italiana di Scienze Naturali. Vol. XXIII, fasc. 3 and 4 (1881),
8vo, Milano.
THE SociETY,
» Reale Istituto Lombardo di Scienze e Lettere. Rendiconti, Serie II, vols. XIII
and XIV (1880 & 1881), 8vo, Milano,
THE INsTITUTE.

NxucHATEL.—Bulletin de la Société des Sciences Naturelles de Nouchatel, tome XII (1882)
8vo, Neuchatel.
THE SoCIETY.

PHILADELPHIA.—Journal of the Franklin Institute, 8rd series, vol. LXXXIV, Nos. 3—5,
(1882), 8vo, Philadelphia.
TaR INSTITUTE.
» Proceedings of the Academy of Natural Sciences, Parts I—ITI, 1881,
(1881 & 1882), 8vo, Philadelphia.
THE AcCADEMY,
P1sa.—Atti della Societa Toscana di Scienze Naturali Processi Verbaii, Vol. 1II, pp.153—
172 (1882), 8vo, Pisa.
' THE SOCIETY.
SEaNeHAL—Journal of the North China Branch of the Royal Asiatic Society. New series,
vol. XVII, pt. 1 (1882), 8vo, Shanghai.
THE SocIeTY.
H
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SiNaaPoRE—Journal of the Straits Branch of the Royal Asiatic Society, No.9, 1883,
(1882), 8vo, Singapore.
THE SOCIETY.
ST. PETEESBURG.—Beitriige zur Kenntniss des Russischen Reiches und der Angrenzenden
Linder Asiens, 2nd series, band 1V, (1881), 8vo, St. Petersbourg.
THE ACADEMY.
» Bulletin de I'Académie Impériale des Sciences de St. Pétersbourg. Tome
XXVIII, No. 1. (1882), 4to, St. Petersbourg.
THE ACADEMY.
” Mémoirs de 'Académie Impériale des Sciences de St. Pétersbourg, 7°°
série, tome XXX, Nos. 3 and 5, (1882), 4to, St. Pétersbourg.
THE ACADEMY.
» Verhandlungen der Russisch-Kaiserlichen Mineralogischen Gessellschaft
zu St. Pétersbourg, série 1L
Band I (1861)—XVII (1882), (1866— 1882), 8vo, St. Pétersbourg.
, Taz SocrETY.
VENICE.—Atti del reale Istituto veneto di scienze, Lettere ed Arti—
Serie 1V, tomo II, No 10, 1872-73.
s ¥V, » VI, , 9, 1879-80 (1872—1880), 8vo, Venezia.
o Tag INSTITUTE.
ViENNA.—Denkschriften der kais. Akad. der Wissenschaften—
Band XLIII—XLIV, (1882), 4to, Wien.
THE ACADEMY.
” Sitzungsberichte der Kais. Akademie der Wissenschaften—
Band LXXXIII, Abth. I, heft 5; Abth. II, heft 5; und
Abth, III, heft 3—5.
Band LXXXIV, Abth. I, heft 1—5; Abth. IT, heft 1—5; und
Abth, ITI, heft 1—5.
Band LXXXYV, Abth. II, heft 1—2.
(1881-82), 8vo, Wien.
THE ACADENMY.
» Verhandlangen der K. K, Geol. Reichsanstalt, Nos. 12—18 (1882), 8vo, Wien.
TaE INSTITUTE.
WasHINgTON.—Annual Report of the Board of Regents of the Smithsoniaa Institute for
1880. (1881), 8vo, Washington.
THE Ix8TITUTE.
. Bulletin of the United Stales Geological and Geographical Survey of the
Territories, vol. VI, No. 8 (1882), 8vo, Washingten.
THE SURVEY.

MAPS.
Carte Géologique de la Suisse, Blatt. 2—4, 612, 18, 16, 20, 22 and 24,
with Profil 1—11 in 8 sheets, 1—3 in one sheet, maps, Basel.
Tue NatugaL History Sociery, Basmr,
Escukr, ArNoLD.—Géologische Karte des Sentis (2 sheets) (1873), map.
Tug SOCIETY.
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EscHER, ARNOLD.—Geolog. Profile sur Sentis-Karte, Tafl. 1—2 (1873), maps.

Tae Sociery.
Geognostische Karte des St. Gothard, von Dr. Karl von Fritsch (1873), map.

THE SOCIETY.
KavurMann, F. J.—Geologische Karte des Pilatus (1866), map.

THE SoCIETY.
MozscH, C.—Geologische Karte des Umgebung von Brugg (Aargan), map.

THE SOCIETY.
REeNEVIER, E.—Carte Géologique de la partie Sud des Alpes Vandoises (1875), map.

THE SoCIRTY,

January 24th, 1883.
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Synopsis of the Fossil Vertebrata of India, by R. Lypekkee, B.A., F.G.S., F.Z.S.

INTRODUCTORY. "

Ix the “ Journal of the Asiatic Society of Bengal” for the year 1880 there
appeared a paper by the present author, under the title of a *“ Sketch of the History
of the Fossil Vertebrata of India,” in which every species of fossil vertebrate
animal then discovered in India was recorded, while there was also given a short
summary of the labours of those paleeontologists who had written on the Indian
Fossil Vertebrata. Sinco the date of publication of that paper a great in-
crease in our knowledge of the subject has been obtained, and it has accordingly
been thought advisable to republish the substance of that paper, with such ad-
ditions and alterations as are necessary to bring it up to the present state of our
knowledge. In many instances these alterations have been so extensive as to
have made it necessary to totally re-write a great portion of the original paper.
It has been thought better to omit the introductory portion, in which the names
of the chief workers in this field of enquiry are recorded, as there is no essential
alteration to be made regarding them. Some introductory observations on the
general relations of the Indian fossil vertebrates have likewise been omitted, as
well as all the references. The record of the local distribution of species, and the
places where the more remarkable specimens are preserved, form a new feature
in this memoir.

The plan of the original paper has been in the main strictly adhered to; this
consists in taking each of the classes of the vertebrata and recording their
geological distribution, from the oldest to the present time. At the end a system-
atic synopsis of all the known forms is given, arranged according to their geologi-
cal distribution ; and also an alphabetical list of the species.

Crass I.—PISCES.

Oarboniferous—The earliest fishes of which there is any record are known
merely by a few specimens of teeth and dorsal spines obtained in the palmozoic
rocks of the Salt-range in the Panjéb. The beds from which these remains were
obtained are termed the “ Productus-Limestone,” and are considered to corre-
spond roughly to the carboniferous of Europe. Among these fishes there is a new
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genus of ganoid described, upon the evidence of a single tooth, under the name of
Sigmodus dubius ; this tooth is of an elongated conical form, much resembling the
teeth of certain Saurians. Of the Qochliodontidee, here provisionally referred to
the Gtanoidei, there are two genera, each represented by a single species, namely,
Peecilodus paradozus and Psephodus indicus ; the tooth of the former is of the
flattened cestraciont type. Of the Elasmobranchii, five genera have been named,
some from the evidence of teeth, and others from spines ; but, in view of certain
modern discoveries, it is not impossible that in some cases distinct genera have
been formed from the different remains of the same animal. Of these the new
genus Helodopsis, allied to the European Helodus, has been formed for the reception
of two teeth, which have been referred to distinct species under the respective names
of H. elongata and H. abbreviata. A fragmental tooth, too imperfect for specific
determination, has been referred to the common European carboniferous genus
Psammodus. A fourth tooth, under the name of P. indicus, is referred to the
Kuropean genus Petalorhyncus, which is very doubtfully separated from Petalodus.
Of the spines, three specimens are referred to the genus Xystracanthus, of the
carboniferous of America, under the names of X. gracilts, X. major, and X. minor;
the possibility of these specimens belonging to some species of Helodopsis is, how-
ever, suggested. A fourth spine is referred to a new genus, under the name of
Thaumatacanthus blanfordi. As far as the evidence of these fishes goes, it is ap-
parent that sharks with crushing teeth were the dominant forms in the Indian
carboniferous seas, as well as in those of Europe and America. All the specimens
noticed above are in the collection of the Indian Museum.

From the same rocks there have been obtained teeth of two species of the
elasmobranch genus Acrodus, to one of which the name 4. fleming: has been ap-
plied. Other small teeth have been doubtfully referred to the ganoid genus
Saurichthys, with the name of 8. (?) indicus.

Trias-jura.—In the upper portion of the great Gondwina system, probably
corresponding as a whole to the trias and jura, remains of fishes have been found
in some abundance, the determined forms belonging to freshwater ganoids. In
the Maleri group! of this system, the fauna of which shows a rhesto-triassic facies,
three spines of the genus Ceratodus have been determined, and respectively named
C. hislopianus, C. hunterianus, and C. virapa. The latter is considered to be
closely allied to C. polymorphus of the rheetic of Bristol. At the present day the
genus inhabits the rivers of Queensland, and in Europe is found fossil from the
Keuper to the Jura. The specimens of the Maleri teeth are in the Indian Museum.
From the Kota group, sometimes classed with the Maleri group, but showing a
more distinctly liassic series of fossils, nine species of ganoids have been deter-
mined, belonging to the genera Dapedius, Lepidotus, and Tetragonolepis, all of
which occur in the secondary strata of Europe, where they range from the lias to
the eocene, Lepidotus being especially characteristic of the wealden. The majority
of the specimens on which these species are founded are, it is believed, in the
collection of the Geological Society, but there are a few in the Indian Museum ;

31 follow the Director General of the Geological Survey of Great Britain and Ireland in continu-
ing to use the term ‘group’ as subordinnte to the terms ¢system’ and *series.’—See Geikie :
“ Text-Book of Geology,” 1882, p. 635.
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in many cases they comprise nearly perfect fish. Bones, apparently of fishes,
have been obtained from the trias of Tibet, but are too imperfect for determination.

Oretaceous.—A few remains of fishes have been obtained from the middle
cretaceous Lameta group, but are not determined, though it has been suggested
that some of them may belong to the genus Sphyrenodus, of the eocene and
miocene of Europe. From the middle and upper cretaceous Trichinopoli series,
seventeen species of Elasmobranchi have been described, belonging to the genera
Coruz, Enchodus, Lamna, Odontaspis, Otodus, Ozychina, Ptychodus, and Spharodus,
and one ganoid, doubtfully referred to Pycnodus ; all these genera occur in the
cretaceous of Europe, of which period some are characteristic. Two of the
Indian species, viz., Coraz pristodontus and Ptychodus latissimus, are common
to the cretaceous of Europe. Most of these species are founded on the evidence
of teeth, some of which are in the Indian Museum and others in the collection of
the Geological Society of London.

Eocene.—From the eocene of the Andaman Islands and Ramri Island on the
Arakdn coast, there have been obtained two teeth of a large Diodon, named
D. foleys; from the occurrence of D. hysiriz off these coasts at the present time,
it may be assumed that the genus has lived there since the eocene. Remains of
a large species of this genus have been obtained from the miocene of Malta.
Undetermined cycloid scales have been obtained from the eocene of Thyetmyo
in Burma. From the eocene of the Panjéb there are other undetermined scales,
and the dental plate of a species of eagle-ray,— Myliobatis,—a genus very common
in the eocene of Europe, and widely distributed at the present day. From the
neighbourhood of Kobhit, in the Panjib, from strata of eocene or lower miocene
age, a single incisor of a sparoid fish, named Capidotus indicus, has been obtained.
The genus was previously known only from the miocene of Vienna and Silesia, and
is allied to the living Sargus. All the above specimens of teeth are in the collection
of the Indian Museum.

Pliocene.—From the Siwalik series numerous species of fishes have been
obtained, though severa lhave not been determined. Among the siluroids, we
have a large skull in the Indian Museum (originally referred to a gigantic
batrachian) belonging to the living species Bagarias yarrelli, of the larger Indian
and Burman rivers. The British Museum has the anterior portion of the skull
of a siluroid (labelled Pimelodus), belonging probably to a smaller species of the
same genus; and a smaller but nearly complete skull in the same collection be-
longs probably to this species. The survival of a pliocene fish to the present day
is a fact of much interest. The genus would seem to have been widely distri-
buted in eocene times thronghout the East, as a species has been described from
the tertiaries of Sumatra under the name of B. gigas. The posterior half of the
skull of a gigantic siluroid in the British Museum indicates another genus of this
group. Palatal teeth of a third form of siluroid, from the Panjib and Sind, and
now in the Indian Museum, probably belong to the genus Arius, now inhabiting
the rivers of India. Among the elasmobranchi a few teeth indicate a species of
Siwalik Lamna, while a single tooth in the Indian Museum from Burma belonged
to asmallspecies of Carcharodon or Oarcharias. Large squaline vertebrm, now in
the Indian Museum, have been obtained from the Siwaliks of Perim Island.
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From the tertiaries, or post-tertiaries, of the Késhmir valley a few fish-scales
have been obtained.

Crass IL.—AMPHIBIA.

Triasjura.—The oldest-known Indian amphibian is represented by askull and
part of the vertebral column, from the Bijori group of the Gondwinas, of a large
species. This fine specimen belonged to the Asiatic Society of Bengal, and was
sent to England for description about 18 years ago, since which time it has lain
unnoticed. It has recently been recovered, and the writer hopes subsequently to
give a description of it. The skull is of a triangular shape, and has been referred
to Archegosaurus and Labyrinthodon. In its restricted sense, no skull is known of
the latter genus, and it is quite possible that the Indian specimen may belong to
Mastodonsaurus or to some other genus. Provisionally, it is convenient to refer
to it as an Archegosaurus (see Note, p. 93).

From the Panchet group of the Gondwénas three genera of slender-jawed
labyrinthodonts, allied to those of the European trias, are known. The first of
these, Pachygonia, has only the one species P. incurvata, and is known by the
greater part of the mandible, and a fragment of the skull. The marking of the
former is like that of Mastodonsaurus. The second genus, Gonioglyptus, has
two species, the smaller known as G. longirostris and the larger as G. huzleyi; it
is considered to be closely allied to Tremafosaurus of the bunter-sandstome of
Germany. The third genusis known only Ly a single fragment of the mandible,
to which the name Glyptognathus fragilis hus been applied. These three genera
are peculiar to India, and all their remains are exhibited in the Indian Museum ;
the two former belong to the group Euglypta.

From the Méngli- beds of the Gondwénas, another peculiar genus of
labyrinthodont has been obtained, and is represerted by a single skull in the col-
lection of the Geological Society, to which the name Brachyops laticeps has been
applied. The genus is allied to Rhinosaurus from the jurassic of Europe, to
Micropholis of the trias of Africa, and to Bothriceps of the trias of Australia, and
with them constitutes the group Brachyopina.

From the Maleri group fragmentary jaws of a species of Pachygonia, probably
the same as the Panchet form, have been obtained, as well as simple biconcave
vertebra of considerable size, probably belonging to a labyrinthodont ; these speci-
mens are in the Indian Museum.

Tertiary.—No amphibian remains have hitherto been obtained between the
trias-jura and the tertiaries. In the lower series of the latter at Bombay there
occur numerous remains of a small frog, belonging to the genus Ozyglossus, now
living in China, Siam, and possibly India ; the fossil species is extinct, and is
known as O. pusillus: remains of a larger, but undetermined, frog are also
indicated.

Crass ITI.—~REPTILIA.

Trias-jura.—The oldest reptiles hitherto found in India belong to the orders
Dinosauria and Dicynodontia, and occur near Réniganj in lower Bengal, in
the Panchet group of the Gondwanas, probably of triassic age. The remains
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of a species of Dicynodon, belonging to the sub.genus Ptychognathus, are of
comparatively common occurrence in the coarse Panchet saudstone, and have
been described as D. orientalis, Other remains seem to indicate a second and
larger species of the genus. This order of reptiles seems to be characteristic of
the triss of India, Russia, and Africa, and to have attained its fullest development
in the latter country. The remains of the Indian forms all occur over a very
small area in one thin seam of the Panchets. The Dinosaur has been named
Ankistrodon indicus, and is the sole representative of the genus; it is known
merely by two minute compressed and trenchant teeth with serrated edges, like
those of Megalosaurus, implanted in distinct sockets. The above specimens are
in the Indian Museum. The Maleri group of the same system has yielded
numerous, though much broken, remains of a large crocodilian, constituting the
still undescribed genus Parasuchus, and bearing the manuscript specific name of
hislopi, after the late Rev. Mr. Hislop, the discoverer of the vertebrate fossils
of the Maleri group. This crocodile belonged to the amphiceelian division of
the order, and seems to have been closely allied to Belodon and Stagonolepis of
the trias of Europe, the three genera forming a group characterised by the
non-union of the pterygoids behind the palatines. The scutes referred to
Parasuchus differ from those of living crocodiles by their sculpture consisting of
ridges and furrows radiating from a sub-central point, instead of isolated irre-
gular pits. From the Denwéd group of the same system a single scale of a
gigantic crocodilian, probably belonging to the above genus, has been obtained.
The Tiki beds in South Rewd, which are not improbably the equivalent
of the Panchet group, have yielded other crocodilian remains, agreeing in
the structure of the scales with Parasuchus, but distinguished by a totally
different form of barioccipital, whence it is inferred that they probably belong
to a distinct genus. In addition to the above, the Maleri and South Rew4 rocks
have yielded remains of a large species of the lacertian genus Hyperodapedon,
originally described from the English trias. The Indian species, H. huzleys,
differs from the European, H. granti, by the greater number of the palatal teeth,
and the presence of some additional teeth on the outer surface of the mandible;
its length has been roughly estimated at 16 feet. The genus is closely allied
to the living Hatteria of New Zealand, and has been supposed to have an affinity
to Rhynchosaurus of the trias of Europe. From the Chédri group of the jura
of Kach there has been obtained a single crocodilian vertebra, not improbably
belonging to Parasuchus; and from the Umia group of the same, a fragment of
the mandible of a Plesiosaurus, described as P. indicus; the affinities of this
form cannot be fully determined from the specimen.

The whole of the remains from the trias-jura, mentioned above, are in the
collection of the Indian Museum.

Cretaceous.—From the Trichinopoli group (upper cretaceous), and probably
from the Lameta group (middle cretaceous), there have been obtained a few teeth
of aspecies of Megalosaurus, a genus whose range in Europe extends from the
jurassic to the wealden; the one tooth of the Indian form now forthcoming is
in the Indian Musenm. From the Lameta series there have also been obtained
the remains of another genus of gigantic dinosaur, to which the name T'ifano-
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saurus has been assigned. This genus is allied to Pelorosaurus of the English
wealden, and to Oetiosaurus of the jurassic, and was a long-tailed terrestrial form.
The genus was represented by two species,—~T. éndicus and T. blanfordi; the
former characterised by the centre of the caudal vertebrs being compressed,
while in the latter they are sub-cylindrical. .Numerous vertebre, chiefly caudal,
and a huge femur, nearly 4 feet in length, are preserved in the Indian Museum,
and there is a cast of one of the former, belonging to T. indicus, in the British
Museum. A few bones, in the former collection, indicate a smaller undetermined
reptile from the Lametas.

The Chelonia are known in the cretaceous merely by some broken plates, in
the collection of the Indian Museum, obtained from the Lametas, from the
infra-trappeans of Rijamahendri (Rajamundry), and from the upper cretaceous
of Sind.

The Crocodilia of the cretaceous are known only by one amphiccelian species,
apparently allied to Suchosaurus of the English wealden, of which some vertebrs
have been obtained from the upper cretaceous of Sind, and are now in the Indian
Musenm. :

A large species of Ichthyosaurus, named I, indicus, is known solely by a few
vertebree obtained from the middle cretaceous of Trichinopoli, and now in the
Indian Museum ; the range of the genus in Europe is from the lias to the chalk.

Eocene.~The only specifically determined eocene reptile has been referred to
the genus Hydraspis, under the name H. leithi. The specimen on which this
determination rests is a carapace from the inter-trappeans of Bombay. The
genus Hydraspis belongs to the Emydide, and is now confined to tropical America.
From the nummulitics of the Panjiéb numerous fragmentary remains of croco-
dilians have been obtained, but in too imperfect condition for determination,

Pliocene’ —Many of the Siwalik chelonians in the British and Indian Mu-
seums are still undescribed, and the following list must, therefore, be con-
sidered imperfect. Of the Crocodilia, a species from the Sub-Himalaya and
Perim Island has been identified with the living Indian Crocodilus palustris
(bombifrons), remains from Burma and Sind probably belonging to the same
species. Of the genus Gharialis (Leptorhynchus), a species from the Sub-Hima-~
laya, Burma, Sind, and Perim Island is identical with Gharialis gangeticus of
the Ganges and Jamna. A second species from the Sub-Himalaya, with slender
teeth, has been named G. leptodus; and & third, of gigantic dimensions, and with
shorter and stouter jaws and teeth, Q. crassidens; the latter has been obtained
from the Sub-Himalaya, Barma, and Sind. Remains of the above species are
preserved both in the British and Indian Museums.

Of the order Lacertilia only one species of Varanus is known, and named
V. sivalensis : this determination rests on the evidence of the distal extremity of
a humerus, from the Sub-Himalaya, in the British Museum. The genus Varanus

1In this memoir the fossiliferous Siwaliks of Sind (lower Manchhars) are termed earlier plio-
cene, and those of the Sub-Himalaya and other parts of India higher pliocene,—the possibility
of some of the Sind beds being of miocene age being still kept in view. The terms earlier
and higher pliocene are intended merely to indicate that the one is older than the other, and
not to indicate their correlation with the divisions of the European pliocene.
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is nmow of common occurrence, and has probably existed since the oligocene, as
the so-called Palaovaranus of the Quercy phosphorites is probably the same. ’

The Ophidia are known only by some vertebrm from the Panjib and Sind,
belonging to the genus Python, and not d:stmgmshable from those of the hvmg
Indian P. molurus; these specimens are in the Indian Museum. A species of
python (P. cadurcensis) from the Quercy phosphorites seems to have very closely
resembled P. molurus,

The Chelonia are well represented, and comprise among other land tortoises
the gigantic Colossochelys atlas from the Sub-Himalaya and Burma. This form
is stated to be mainly distingnished from Testudo by the thickening of the epi-
sternal portion of the plastron, but it is doubtful if this character is of generio
value, and the species should probably be referred to the latter genus. The
length of the restored carapace in the British Museum is 12 feet 3 inches, and
the entire animal, with the head and tail extended, is considered to have attained
the length of 22 feet. In addition to this gigantic animal there is good evidence
of the existence of other large tortoises, as the Indian Museum possesses several
specimens of the ankylosed episternals of at least two species of large tortoises.
These bones are as thick, but not as long, as those of Colossochelys, and their
extremities are shorter, but more divergent; they probably belonged to species
of Testudo, about two-thirds the size of C. atlas. A broken episternal indicates
a third, but smaller species ; while a fourth species of about the same size as the
last is represented by three episternals in the Indian Museum, which are not
bifurcated at their anterior extremities. A single carapace of & small tortoise
in the Indian Museum seems also to belong to the genus Tesiudo. Among the
hard-shelled emydine tortoises we have a species of Bellia, represented by two
carapaces in the Indian Museum, which has been named B. sivulensis, and is
considered to be closely allied to B. crassicollis, now inhabiting Tenasserim,
Siam, and Sumatra; the genus is only represented by one other living species,
B. nuchalis of Java. Another carapace in the Indian Museum, also from the
Panjib, seems to indicate a second Siwalik species of the genus. In the British
Museum there are two carapaces of Siwalik land tortoises, with three dorsal
ridges, which, although differing considerably in size, evidently belong to the
same species, and since the smaller cannot be distingunished from the living Damo-
nia hamiltoni, inhabiting Lower Bengal, they may be referred to that species;
as is frequently the case, however, the fossil form greatly exceeded the living in
size. The larger specimen was named Emys hamiltonoides in manuscript. An
imperfect carapace from the Panjib, in the collection of the Indian Museum,
seems to belong to the genus Emys. A single marginal plate, also in the Indian
Museum, has been referred, under the name of Cuautleya annuliger, to & new
genus, said to be distinguished from all other emydine tortoises by the cartilagi-
nous, in place of the osseous, union of the marginals with the adjoining plates.
Among the Bataguride, some carapaces in the British Museum indicate an
animal identical with the living Pangshura (Emys) tectum, now inhabiting Lower
Bengal ; the fossil form attained a larger size than the recent. A large species
of Batagur has been obtained in some numbers, but is not specifically determined.
A carapace of this genus in the Indian Museum, with a ridge or the vertebral
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plates, very probably belongs to a second species, Remains of a large Trionyz are
likewise not uncommon, but have not yet been specifically determined, A cara-
pace in the British Museum has been identified with the living Emyda vittata
(ceylonensis) of Central and Southern India and Ceylon, and it is;probable that
numerous other remains of this genus may be referred to the same species.

Pleistocene.—The reptiles of the pleistocene are still very imperfectly known,
but it is probable that they all belong to living Indian species. From both
the Jamns and Narbada beds specifically indeterminable remains of crocodiles
have been obtained. Two complete specimens of the carapace of Pangshura
tectum from the Narbada are in the Indian Musenm, and serve to connect the
living with the Siwalik form, and show that the range of the species once
extended over the greater part of India. A portion of the plastron of a Batagur
from the Narbada has been provisionally referred to B. dhongoka, now found in
the same river. A fragment of the carapace of a Trionyz, from the same de-
posits, probably belonged to T. gangeticus, and it is highly probable that a large
chelonian cranium in the British Museum, from the same deposits, should be
referred to the same species.

General.—The foregoing notes will show that the fossil reptiles are very few in
number, and that many are only known by very fragmentary remains. The
known mesozoic forms belong entirely to extinct genera ; the one known eocene
reptile belongs to a genus still living, but now far removed from India; the
pliocene forms (with the exception of the doubtful genus, Colossochelys) all belong
to modern Indian genera, and frequently to existing species, although their
range is now frequently restricted to the more southern parts of India; in the
pleistocene it is probable that all the forms belong to existing species, which
still inhabit the same districts as their fossil ancestors,

Crass IV.—AVES.

Pliocene.—Remains of birds have hitherto been found only in the Sub-
Himalayan Siwaliks, and in one instance in Sind; their numbers are still very
small. Some of these remains are in the British, and the others in the Indian
Museum. Among the carinates, a tarso-metatarsus has been considered to
belong to a cormorant, and is provisionally referred to the genus Graculus. A
species of pelican (Pelecanus cautleyi), somewhat smaller than the living Indian
P. mitratus, is indicated by a fragment of the ulna; while another fragment of
the same bone has been referred to a second species, under the name of P. siva-
lensis, but there is some doubt whether the generic determination is correct. A
gigantic wader has been described, from the evidence of a sternum and tibia,
under the name of Megaloscelornis sivalensis, and it is possible that the condyles
of & humerus from Sind, measuring 2 inches in diameter, may belong to the
same genus. A species of adjutant stork, which appears to have had consider-
able variations in size, has been named Argala falconeri. The Ratite appear to
have been represented by three species, one of which was a true ostrich (Struthio
asiaticus'), and is known by several bones of the leg and foot; and some cervical
vertebree. The second species is an emeu (Dromeus sivalensis,) and is indicated

? The name 8. paleindicus occurs in manuscript.
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by some toe-bones ; while the third, which is not even generically determined, is
considered to be a ‘three-toed form, intermediate between the ostrich and the
emeu, and is only known by one of the bones of the foot.

Crass V.—MAMMALIA.

Focene.—No traces of mammals have yet been detected below the eocene,
and there only some very fragmentary bones have been obtained from the Panjib.
The determinable bones consist of the distal portions of the femur and the meta-
tarsus of a perissodactylate animal, allied to, if not identical with, the paleo-
there and the astragalus of an artiodactylate. The latter was obtained above
the nummulitic clays of Fatehjang, and belonged to a (probably) ruminant
animal, in which the navicular and cuboid elements of the tarsus were united.
These specimens are in the Indian Museum.

Miocene—~The only definitely determined miocene mammal is a rhinoceros
from the G&j beds of Sind, which is apparently a variety of B. sivalensis, and has
been named v. gajensis.

Pliocene.—The primates are known merely by a few fragmentary specimens:
of upper and lower jaws, with their teeth, and by one bonme. The palate of a
female, and the upper canine of a male, have been referred to a large anthropoid
ape, under the title of Palopithecus sivalensis ; the genus seems to be allied to the
orang, but is distinguished by the narrower form of the premolars: this speci-
men is in the Indian Museum. The half of a palate, not improbably belonging
to a species of Semmopithecus, in the British Museum, has been provisionally
named 8. subhimalayanus. A lower jaw and an astragalus, the former in the
British Museum, seem probably to belong to a smaller form of Semnopithecus,
considered to be distinct from the former species. A species of Macacus, larger
than M. rhesus, is indicated by two fragments of the mandible, in the British
Museum; while a second species, smaller than M. rhesus, and known as M.
sivalensis, is represented by two fragments of the maxilla, with teeth, in the
Indian Museum.

Among the Carnivora we find a large species of tiger, characterised by its
greatly developed sagittal orest, which has accordingly been named Felis cris-
tatal; this species is represented by three crania (and limb-bones) in the British
Museum, to one of which the separate specific name F. grandicristata has been
applied, but apparently on insufficient grounds. The Indian Museum possesses
some limb-bones, and a lower carnassial tooth, which not improbably belong to
this species. A smaller species of the genus, about the size- of F. bengalensis, is
indicated by a single ramus of the mandible, in the Indian Museum. The genus
Machairodus is represented by M. sivalensis (M. falconeri, Pomel), apparently
varying in size from the dimensions of the jaguar to those of the tiger, although
it has been proposed to distinguish the larger form under the name of M. pa.-
leindicus. This species is represented by two broken skulls, and numerous
fragments of the jaws in the British Museum, and by the hinder part of a small
skull, and part of the mandible in the Indian Museum. The genus Pseud-
@lurus, distinguished from Felis by the presence of three, or occasionally four,

? The manuscript name, F. paleotigris, exists.
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in place of two lower premolars® (although the ante-penultimate premolar is
occasionally present as an abnormality in Felis), is known by a ramus of the
mandible, in the Indian Museum, named P. sivalensis; the species was about
equal in size to a small leopard. Among the civet-like animals we have a
species of Viverra, said to be closely allied to the living civet, and represented
by two skulls in the British Museum, to which the name Viverra baker: has been
applied. Ictitherium is represented by I sivalense, of which the two rami of one
mandible, a broken ramus, without teeth, of another, and a canine tooth are
known, all of which are in the Indian Museum, and came from the Panjib.
The hysnas are represented by Hymna sivalensis, said to present relationship
both to the Indian H. siriata and to the African and European H. crocuta, of
which there are numerous specimens of the skull and mandible in the British
and Indian Museums. It has been proposed to separate some of these specimens
under the name of H. felina, a so-called species said to be characterised by the
absence of the first upper premolar, and by the minute size of the last upper
true molar; a large series of specimens shows, however, a great variety in these
respects. Remains of a species of Hyana have been described from the plio-
cene of China, and referred to a distinct species. The dogs are represented by
Canis cautleyi, and C. curvipalatus ; the former closely allied to the wolf : portions
of the skulls of these species are in the British Museum, and a specifically un-
determined palate in the British Museum. The genus Amphicyon, distinguished
from Canis by its plantigrade character and by the presence of an additional
upper true molar, is represented by A. paleindicus, of which the Indian Museum
possesses several specimens of the jaws and teeth from Sind and the Panjfb.
The bears are represented by the genera Ursus and Hycmnarctos : of the former
there is a skull, without teeth, from the Sub-Himalays, and a canine from the
Irawédi, both in the collection of the Indian Museum. Of the latter there are
two species, H. sivalensis and H. palmindicus. H. sivalensis has the molars with
quadrangular crowns, and is known by a fine skull, the half of a mandible, and
some limb-bones, in the British Museum ; and by numerous specimens of the teeth
and jaws in the Indian Musenm; a single upper molar from the newer pliocene of
England much resembles the teeth of this species. H. paleindicus is known
only by a single maxilla in the Indian Museum, and is distinguished by the
triangular form of the crowns of the upper molars, which approach tho.ee of
Amphicyon. Of the subursoid carnivores, the genus Mellivora (Ursilazus) is re-
presented by M. sivalensis, known by a fragment of the mandible from fhe
Panjéb, in the Indian Museum, and apparently very closely allied to the.livmg
Indian species ; and the genus Meles by a single species, of which there is also
only a fragment of the mandible contained in the Indian Museum. Of the
otters, Lutra paleindica has been named from the evidence of a skull and lower
jaw in the British Museam ; and a second species seems to be indicated by &
lower jaw from the Panjb, in the Indian Museum. Enhydriodon, re.presented
by E. feroa, is a genus peculiar to the Siwaliks; the only known specimens are
two skulls in the British Museum, & part of the maxilla in the Museum of the
Royal College of Surgeons, and a mandible. The genus takes its name from its

3 Occasionally a tubercular true molar is preseat, and the genus then approaches Proaslurus.
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affinity to the living sea-otter (Enhydras). The living genus inhabits the
eoasts of the North Pacific during winter, and proceeds up the rivers in summer;
but it is probable that its fossil ancestor must have been entirely a river-dwelling
form.

The Proboscidia are very abundantly. represented, species of all the known
genera or sub-genera being present. The most specialised genus, Fuelephas,
is represented by E. hysudrious, of which the molars are of less complex structure
than those of E. indicus. Lozodon is represented by L. planifrons, remarkable
for being the only species of true elephant in which premolars are known to have
been developed. The genus or sub-genus Stegodon, peculiar to South-Eastern Asia,
is represented by four species. Of these the molars of 8. ganesa and 8. insignis
appear to be indistinguishable from one another; the skull of the former,
however, of which there is & magnificent specimen in the British Museum, is
distinguished by its enormons tusks; while that of the latter, of which there are
numerous specimens, by the peculiarly depressed form of the fronto-parietal region.
Molars of either 8. tnsignis or of the nextspecies, if not of both, have been obtained
from strata of probably pliocene age in Japan. The molars of the third species,
8. bombifrons, are less complex than those of the preceding; its skull has very
prominent frontals; remains of this species have been obtained from the pliocene (?)
of China, and described under the name of 8. orientalis. Of the fourth species,
8. clifti, the skull is unknown, but the molars are still simpler, the intermediate
ones bearing only six ridges each ; remains of this species have also been obtained
from Burma, Japan, and China, a tooth from the latter country having been
named 8. sinensis. Five species of mastodons are also known, three belonging to
the tetra-, and two to the tri-lophodont subdivision of the genus. Of the former,
" M. latidens approaches nearest to the stegodons, and, as it has open valleys, and
the intermediate molars occasionally carry five ridges, it affords such a complete
transition between S. clifti and the other mastodons that it seems highly probable
that the generic divisions of the elephants and mastodons should be swept away,
and the whole of them included under one large genus. The skull of M. latidens
is unknown; its remains have been obtained from the Irawddi valley, the Sub-
Himalaya, Sind, and Perim Isiand. M. perimensis has the molars rather less
regular than the last; there is a fine skull in the British Museum, and its
remains have been found in the Panjib and Perim Island. The third tetra-
lophodont species, M. sivalensis, has the molars with an * alternate” arrangement
of the ridges, and occasionally presenting a tendency to a pentalophodont formula;
there is 8 fine skull in the British Museum, and remains of this species have been
obtained only from the Sub-Himalaya. The skulls of the two trilophodont species
are unknown, and all their remains, which are from the Panjib, Sind, and Perim
Island, are in the Indian Museum !. In the first, M. falconers, the valleys of the
molars are open, and the symphysis of the lower jaw is short, and sometimes
provided with small cylindrical tusks. In the second, M. pandionis, the valleys
of the molars are obstracted by outlying columns, and the symphysis of the lower
jaw is produced into a long trough-like process, which may or may mnot be fur.
nished with large compressed tusks. Of the genus Dinotherium three species are

? This is exclusive of the remains of M. pandionis from the pleistocene of Madras,
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known: the largest of these, D. indicum, rivals in size the European D. giganteum ;
there are several specimens of the teeth and jaws in the Indian Museum, and also
in the collection of the Bombay Branch of the Royal Asiatic Society ; there is also

a cervical vertebra, part of the mandible, and an upper molar in the British -

Museam; remains of this species have been obtained from the Panjib and Perim
Island. The second species, D. pentapotamice, is of smaller size, and has been
obtained from the Panjib, Kach, and Sind; numerous specimens of the teeth and
jaws are exhibited in the Indian Museum. The last species, D. sindiense, is
only known by two specimens of a part of the mandible, one from Sind and the
other, lacking the crowns of the molars, from the Panjib; both specimens are in
the Indian Musenm. The mandible in this species is subcylindrical in cross-
section, and thereby approaches the mastodons,

Coming to the Ungulata, we find both the perisso-,and the artio-dactylate sections
well represented, though the latter are by far the most numerous. Among the
former, we have the rhinoceroses represented by three species of true Rhinoceros :
the first of these was a unicorn form, apparently very closely allied to the living
R. javanicus (sondaicus), which it resembles in the form of its molars and the
mandible. Skulls and teeth of this species are contained both in the British and
Indian Museums, and its remains have been obtained from the Sub-Himalaya and
Sind. The second species, B. pal@indicus, does not seem to come very near to
any living form ; this species was also unicorn, and the mandible had two pairs
of incisors; the upper molars are intermediate in structure between those of the
living Javan and Indian species. Most of the remains of this form are from the
Sub-Himalaya, and are in the British Museum. The third species, B. platyrhinus,
was of huge size, and furnished with two horns; its molars are of the complex
type of E. indicus, and its mandible has no incisors like the mandibles of the
living African species, and the extinct E. pachygnathus of Pikermi. Remains of
this species have been obtained only from the Sub-Himalaya, and are nearly all
in the British Museum, where there is a nearly complete skull. All the above species
have high-crowned (hypsodont) molars. It is possible that certain remains from
the Bhigti hills, now in the hands of the writer, may indicate a new species of
the genus, with a mandible resembling that part in the existing African species.

Imperfect molars of a species of Rhinoceros have been obtained from the
pliocene of China, and described as R. sinensis. The hornless rhinoceroses are
represented by the gigantic Acerotherium perimense!, of which there are a fine
skull and numerous teeth and jaws from the Panjib, in the Indian Museum, and
a magnificent palate and some specimens of the mandible, from Perim Island,
in the collection of the Bombay Branch of the Royal Asiatic Society; the British
Museum also possesses & few specimens of teeth and jaws from Perim Island.
The genus Chalicotherium, formerly classed among the artiodactylates, but now
placed by many among the perissodactylates as a link between the rhinoceroses
and the palmotheres, is represented by C. sivalense,—a species presenting a
peculiarly aborted dentition, and hence referred by some to a distinct genus, under
the name of Nestoritherium; it has been considered to be nearly allied to Rhino-
ceros pachygnathus. This species is of rare occurrence, but is known by an

3 Syn. RAinoceros irvatious and B. planidens.
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associated cranium and mandible, in the Museum of St. Andrew’s University; by
the upper molars of each maxilla and a mandible in the British Museum, and by
a few lower molars in the Indian Museum. The latter specimens are from Sind,
and the others from the Sub-Himalaya. Another species has been described from
the pliocene of China. It seems doubtful whether the genus Tapirus occurs; the
symphysis of a mandible from the Irawédi valley has indeed been referred to it,
but the determination cannot be considered certainl. Fossil remains of the genus
have, however, been obtained from the pliocene of China. The genus Listriodon,
sometimes referred to the pigs, is represented by L. pentapotamie and L. theo-
baldi, the former being known by several molars, and the latter only by one
molar of small size. All these teeth were obtained from the Panjib, and are
in the Indian Museum.

The horses are represented by the genera Equus and Hippotherium (Hippa-
rion) ; of the former there are two species, viz., E. sivalensis, apparently closely
allied to the Tibetan kiang (H. hemionus), but retaining some ancestral charac-
ters, and K. namadicus, more nearly allied to the existing horse. Remains of
these species have been obtained from the Sub-Himalaya, and one species of
the genus from Perim, of which there are three molars in the Museum of Trinity
College, Dublin. Of Hippothersum there are also two species, viz., H. antelopinum,
closely allied to the European H. gracile, and H. theobalds, distinguished by its
superior size, and the form of its upper milk.-molars. The former has been
obtained from the Sub-Himelaya and Perim Island, and there are numerous
remains both in the British and Indian Museums. A fine skull from Perim has
been recently sent on loan to the Indian Museum, and is the only known example.
The latter has been obtained from the Panjib, Burma, and Perim Island, and
most of its remains are in the Indian Museum; it is not improbable that the
range of this species extended to China, where molars belonging to some form
of the genus have been obtained. Coming to the artiodactylates, we have
among the bunodont pig-like animals two species of Hippopotamus, one of which,
H. sivalensis, was of large size, and farnished with six incisors in either jaw;
the other, H. iravaticus, is very imperfectly known, but seems to have been of
small size. Remains of these species have been obtained from the Sub-Himalaya
and the Irawddi valley. A large animal, Tetraconodon magnum, is known only
by a broken mandible, from the Panjéb, in the Indian Museum, and of which
there is a cast in the Museum of the Royal College of Surgeons, and by a figure of
the upper dentition. The mandible is remarkable for the enormous size of the
premolars, and indicates an animal allied to the European and American tertiary
genus Entelodon (Elotherium), but distinguished by the greater relative size
of the premolars, and the more regularly oblong form of the true molars. The
true pigs (Sus) are represented by three species, the first of which, 8. giganteus, is
distinguished by its enormous size; there is a nearly complete skull, with the
mandible attached, and with some of the limb-bones, of this fine species, as well as
numerous other remains in the Indian Museum, and a large series of teeth
and jaws in the British Musenm, all of which have been obtained from
the Panjib and Sub-Himalaya. The second species, S. hysudricus, is smaller

! Remains of Listriodon have been described as Tapirus.



74 Records of the Geological Survey of India. [vorL, xv1.

than the living wild-boar, and has been obtained from the Panjib, Sub-Himalaya,
Perim Island, and Sind. The last species, 8. punjabiensis, is of very small
dimensions, and is only known by two portions of the mandible from the Panjéb,
now in the Indian Museum. Hippohyus is a genus peculiar to the Siwaliks,
whose molars present a remarkable complex arrangement of the columns, recalling
the pattern of the molars of the horse; it appears to have been represented by two
species, both from the Sub-Himalaya, and one of which has been named H. siva-
lensis. Banitherium is another genus peculiar to the Siwaliks, andis represented
only by 8. schlagintweiti, of which three fragments of the mandible are known,
two being in Germany and the third in the Indian Museum; all three are
from the Panjib and Sub-Himalaya. The European miocene genus Hyothsrium
is represented by the molars of one species from Sind and Perim Island, which
has been named H. sindiense; these teeth are in the Indian Museum. Of
the selenodont pig-like animals, we have, among the group with five columns on
the upper molars, two species of Anthracotherium, and two of Hyopotamus.
Of the former, one species, A. silistrense, is of small size, and is known by three
upper molars, and parts of the mandible ; these specimens have been obtained
from near Sylhet, the Panjéb, and Sind, and most of them are in the Indian
Museum. The second species, H. hyopotamoides, is of large size, and is known by
an upper molar in the Indian Museum, from the Bhiigti hills, to the north of Sind ;
some mandibles may also belong to this species. Of Hyopotamus, a small species,
H. paleindicus, is known by several teeth and one lower jaw, from Sind, in the
Indian Museum; the molars of this species differ somewhat from those of
typical species. The second species, H. giganteus, is known by an upper molar,
and by some specimens of the mandible from the Bhégti hills, now in the
Indian Museum ®; the upper tooth much resembles that of Anthracotherium
hyopotamoides, and with that species forms such a complete transition between
the genera Amnthracotherium and Hyopotamus that it seems highly probable
that the two should be united. Among the forms characterised by having
only four columns on the upper molars, there are four peculiar genera, each
of which is known only by a single representative. The best known of these
is Merycopotamus, represented by M. dissimilis, a genus allied to the hyopo.
tamids by the structure of its teeth, and to the hippopotamus by the form
of the mandible ; this species has been obtained from the Sub-Himalaya and the
Irawddi valley, and there are fine series of its remains in both the British
and the Indian Museums. A second genus, Hemimerya, is only certainly known by
an upper molar of somewhat similar structure to the molars of the last genus ;
this specimen has been named H. blanfordi, and was obtained from Sind ; it -is
now in the Indian Museum. Another upper molar in the same collection,
also from Sind, has been named Ssvameryx sindiensis, and indicates a smaller
animal allied to the above. A maxilla with the upper molars, from the Garo
hills, presented to the Geological Society, indicates another small animal of the
same group, to which the name Chmromerys silistrensis has been applied.

3 Casts of the teeth of this species and of A. Ayopotamoides will be found in the British
Museum. The names of these, and of other selenodont Suina, are mentioned here for the first
time, the memoir in which they are described being still in the press.



PART 2.]  LYDEKKER: Synopsis of the Fossil Vertebrata of India. 75

A gingle upper molar from Sind, in the Indian Museum, belongs to the American
family Oreodontide, and has been provisionally referred to the genus Agrio-
charus ; it seems to be very close to the American A. latifrons.

Among the true ruminants we have the deer family represented by several
imperfeotly known species, at least one of which had large branching antlers. Of
these, Jervus triplidens had a large accessory column to the molars, while in
O. simplicidens, a species as large as (. kashmirianus, the accessory column
is much smaller. In (. sivalensis the molars had very low crowns. The genus of
the fourth species, C. latidens, is somewhat doubtful. Remains of these species
have been obtained from the Panjib and the Sub-Himalaya, and are numerously
represented in tho Indian Museum. The genus Dorcatherium is represented
by the two species D. majus and D. minus, of which there are teethin the Indian
Museum, obtained from the Panjéb. A single upper molar in the Indian
Museum, from the Panjéb, seems to belong to a genus related to Palmomeryz,
for which the provisional name Propal@omeryz sivalensis has been proposed ;
it probably connects the true deer with the giraffe. The family Oamelopardalide,
which is taken toinclude both the giraffes and the sivatheres, is represented by
several genera. In these we have a true giraffe, distinguished as Camelopardalis
sivalensis, of which there are numerous teeth and a few bones in the British
and Indian Museums, from the Sub-Himaluya, the Panjéb, and Perim Island.
A species of Helladotherium, not distinguishable from H duvernoyt of Europe, is
represented by & single cranium in the British Museum. Of four genera
peculiar to the Siwaliks, the first, Vishnutherium, is known by a part of the
mandible from Burma, and probably by two upper molars, and scme bones
from the Panjéb, all of which are in the Indian Museum. It seems to come the
nearest of the four to the giraffe, and has been named V. iravaticum. The second,
Hydaspitherium, is known by two species, of which H. megacephalum is known by
a skull and a large series of teeth and bones, all from the Panjib, and now
in the Indian Museum; itcarried a massive common horn-base above the occiput,
from which the horns took their origin. The second species, H. grands, was
larger and is only known by the upper molars and the mandible, all from the
Panjéb, and now in the Indian Museum. It is probable that a cervical vertebra
from Beluchistan, in the collection of the Geological Society, belongs to one
of the above species. The third genus, Bramatherium, is represented by B.
perimense, of which the skull, teeth, mandible, and some of the limb-bones
are known ; this species carried a pair of horns above the occiput, and a large
common horn-base on the frontals. Its remains have been obtained from Perim
Island, and the one knmown skull is in the Museum of the Royal College of
Surgeons, the upper molars in the British Museum, two fragments of the mandible
in the Indian Museum, and another, with the last true molar, in the Museum of
Trinity College, Dublin. The fourth genus is the well-known Sivatherium
represented by the one species, 8. giganteum, in which the skull was furnished
with two pairs of horns. Remains of this species have been obtained only from
the Sub-Himalaya eastward of the Panjib, and the British Museum possesses a
magnificent series of them. There has been much discussion as to the serial
position of the foregoing forms, Helladotherium, with the giraffe, being classed by
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some with the stags, while Sivatherium and the two preceding genera are classed
with the antelopes. The resemblance of the teeth of all these animals is, however,
80 close that it seems preferable to class them all together in one large family,
connecting the deer with the antelopes.

Of the antelopes, the best known is the so-called Antilope paleindica, which
seems to have been closely allied to the South African genus Damalis (Bonte-bok,
and Sassaby), and should probably be termed D. paleindica; there are two
skulls in the Indian and one in the British Museum, all from the Sub-Himalaya.
A skull from the same locality, in the Indian Museum, indicates a second
species of antelope closely allied to the living Indian A. cervicapra, which has
been named A. sivalensis. A third species, A. acuticornis, is indicated by numer-
ous horn.cores from the Panjib, in the Indian Museum, and was probably a kind
of gazelle. A fourth species, A. pafulicornis, has been named from a pair of
horn-cores in the same collection. A species of Porfaz is indicated by numerous
teeth and a fore-limb, in the Indian Museum ; while other molars in the same
collection not improbably belong to the genus Palworyz, of the Pikermi beds.
The oxen are represented by numerous species, three of which are here referred
to one genus under the name of Hemibos, but have also been referred to two
genera under the names of Probubalus and Amphibos ; the group is closely allied
to, if not identical with, the living Celebes genus Anoa, which has been referred
to it under the name of Probubalus celebensis. The first species of Hemibos is
named H. occipitalis, and varies considerably in the form of its horn.cores, which
are sometimes nearly straight and triangular in section, and at others curved
and pyriform in section; another variety is hornless. There are fine series of
the skulls of this species, both in the British and the Indian Museums, all from
the Sub-Himalaya. The second species, H. antilopinus, is also known by several
skulls from the same districts. The third species H. (Amphibos) acuticornis, is
a long-horned form, and is also represented by numerous skulls, from the Sub-
Himalaya, in the British and Indian Museums. Leptobos falconers is a fourth
form of ox, which was in some cases hornless, of which there are several crania in
the British Museum. The genus Bubalus is represented by two species; the first
of these, B. platyceros (stvalensis), is kmown by one cranium in the British and
another in the Indian Museum, both from the Sub-Himalaya; the horns were
stout and concave superiorly. The second species is B. paleindicus, which
occurs also in the pleistocene, if, indeed, the topmost beds of the Siwaliks in
which it ocours should not be referred to that period ; this species is evidently
only a race of the living B. arnt, and is very probably the same as B. pallasi
from the pleistocene of Danzig. One skull from the Sub-Himalaya, in the Indian
Museum, belongs to a species of Bubalus, and has been named B. sivalensis; it
is the earliest form of the genus, and seems to have been allied to the fossil
European B. priscus. Of the true oxen (Bos), three species have been named, viz.,
B. acutifrons, remarkable for its enormous horns and angulated frontals ; B. plani-
Jfrons, with shorter horns and flattened frontals, and closely allied to the European
B. primigenius ; and B. platyrhinus, only known by the lower half of a skull
of which the generic affinities are doubtful. The latter specimen, as well as a
skull of each of the preceding species, are in the Indian Museum, and came from

_— e -
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the Sub-Himalaya. Species of Bos or allied genera are indicated from Perim
Island by molars in the Museum of Trinity College, Dublin.

A remarkable hornlees skull, of comparatively large size, from the Sub-
Himalaya, in the collection of the British Museum, has been described under the
name of Bucapra daviesi; this skull comes nearest to the skulls of the goats,
while the molars are of a bovine type, and, if found separately, would certainly
have been referred to some form of oxen. There is evidence of three species of
true goats, the first of which, Capra sivalensis, is known by two skulls in the
British Museum, from the Sub-Himalaya, and is considered to be allied to the
jharal of the Nilgherries (Hemitragusjemlaicus), and not improbably belongs to
the same genus. The second species, 0. perimensts, is known by a portion of a
skull in the Indian Museum from Perim Island, and was probably allied to the
living markhoor (C. falconeri) of the Himalaya, though the horn-cores do not show
a spiral twist. The third species is unnamed, since its horn-cores, of which the
Indian Museum possesses numerous specimens from the Panjéb, are so like those
of the markhoor that it is difficult to point out characters of specific distinction
with the materials available; it is possible that the horns may belong to older
individuals of O. perimensis. It has been stated that & cranium from the Sub-
Himalaya, which is not now forthcoming, belongs to the living Himalayan ibex
(C. sibirica), butthis determination requires confirmation, although it is highly
likely that the specimen may have belonged to an allied species. Another
cranium, also lost, has been referred to the genus Ovis.

A species of chevrotain has been determined from the evidence of a single
upper molar, from the Panjéb, in the Indian Museum, under the name of
Tragulus sivalensis.

The camels are known by Oamelus sivalensis, which presents a peculiarity in
the structure of its lower molars, connecting it with the llamas (Auchenia) of
America. Remains of this species have been obtained from the higher beds of the
Sub-Himalayan Siwaliks, and are well represented in both the British and Indian
Museums.

The remaining orders of the mammalia are only represented by a few species
of rodents, and by one edentate. Of the former, a species of rat (Mus) is
indicated by some incisors from the Sub-Himalaya. A species of bambi-rat
(Rhizomys sivalensis') has been determined on the evidence of threespecimens of
the mandible from the Panjdb now in the Indian Museum. A porcupine
(Hystriz sivalensis) is known by a part of the cranium and the mandible, the
former being in the British and the latter in the Indian Museum ; one is from the
Sub-Himalaya and the other from the Panjéb.

The edentates are known by one species of pangolin, Manis sindiensis, named
on the evidence of a solitary phalangeal bone from Sind, now in the Indian
Museum. The species must have been about four times the size of the living
Indian M. pentedactylus.

Pleistocene.—Coming to the pleistocene, we find that its mammals are even
less well known than those of the pliocene. As the pleistocene ossiferous strata
are distributed in patches, very frequently in the valleys of the great rivers, the

b Prdbubly the same as Typhludon of Falconer.
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remains from the more important of these areas must be treated of separately.
The most important areas are parts of Madras and the Deccan ; the valleys of
the Jamna, Narbada, Pemganga, Krishna (Kistna), and Godévari, with their nu-
merous tributaries, and the plains of Hiindes in Tibet. It is also not improbable,
as already mentioned, that the topmost strata of the Sub.Himalayan Siwaliks
should really be referred to the pleistocene. In many instances, as in the delta
of the Ganges, it is difficult, if not impossible, to draw any satisfactory line of
distinction between the pleistocene and the prehistoric deposits. The presence
in any stratum of the remains of Hippopotamus, or other genus not now found
living in India, is considered as fair evidence for assigning such deposit to the
pleistocene.

From the laterite of Madras paleolithic implements and a human platycnemio
tibia have been obtained, and are assigned to the pleistocene.

From the alluvium of the Krishna valley, in the Deccan, a part of the skull
and the mandible of a rhinoceros have been obtained and described under the
name of Rhinoceros deccanensis. This species seems to be more nearly allied to
the living African and the pliocene European species than to any living Indian
form. Remains of an ox, not improbably Bos namadicus, have also been ob-
tained from the same deposits, and, with the last-mentioned specimens, are in the
Indian Museum. Certain molars of the pliocene Mastodon pandionis from the
Deccan, and now in the British Museum, were not improbably derived from the
same deposits in the upper part of the Krishna basin.

From the ossiferous gravels of the Narbada palasolithic implements of a rude
form have been found associated with mammalian bones. The carnivora are
represented by a small species of bear (Ursus namadicus), of which there area
maxilla and a tibia in the British, and a canine in the Indian Museum; and a
large species of Felis is indicated by the distal extremity of a femur in the
former collection. Of the Proboscidia, there is Euelephas namadicus, charac-
terised by its prominent frontal ridge, and whose molars very closely resemble
those of the European E. antiguus, from which resemblance it has been thought
that the two forms may belong to the same species. The Indian species has also
been obtained from Japan. There is one fine skull in the British Museum, and
three skulls in the Indian Museum. Stegodon is represented by 8. ganesa, of
which there is a fine tusk in the Indian Museum, and very probably by 8. insignis.
The perissodactyles are represented by Rhinoceros indicus, of which the Indian
Museum has two molars, and by a little-known extinet form to which the name
R. namadicus has been applied ; there is a scapula of this species in the last-
named collection. There is also a species of horse, Equus namadicus, which
seems to be a survivor from the Siwaliks. Among the Artiodactyla two species
of hippopotamus were originally described under the names of Hippopotamus
namadicus and H. pal@indicus ; the former having six, and the latter four, incisors.
Specimens in the Indian Museum seem, however, to show that there is a trans-
jtion in these respects between these two so-called species, ‘and all the remains
have accordingly been referred to H. paleindicus, which was hexaprotodont in
some individuals, and tetraprotodont in others. The pigs seem to have been repre-
sented by Sus giganteus, another survivor from the Siwaliks. Remains of a deer
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apparently very close to, if not identical with, the living Indian Cervus duvaucell,
have been obtained, and there is some evidence of a second species. Three
species of oxen have been described, viz,, Bos namadicus, a species showing some
affinity to the Asiatic genus Bibos, of which there is a magnificent skull in the
Indian Museum ; Bubalus paleindicus, also occurring in the topmost Siwaliks, and
the ancestor of B. arni; and Leptobos frazeri, which was sometimes hornless, and
is represented by some fine skulls in the British Museum. A species of nilghai,
of which there are two broken cranis in the same collection, has been named
Portaz namadicus ; it is distingunished from the living species, among other cha-
racters, by the horns being placed nearer to the orbits. The rodents are only
known by some incisors in the Indian Museum, probably belonging to a
species of Mus.

From the pleistocene of the Jamna valley only four mammals have been
specifically detormined with any certainty, viz., Fuelephas namadicus, Bubalus
paleindicus, Hippopotamus paleindicus, and the living Antilope cervicapra ; the
latter being kpown by a single horn-core in the Indian Museum. In addition to
these, remains of a species of Semnopithecus, Sus, Portaz, Equus, Mus, and of a
Rhinoceros furnished with lower incisors, have also been obtained. A tiger, as
large as the existing species, is indicated by a scapho-lunar bone in the Indian
Museum ; this species was very probably the same as the Narbada form, and may
have been Felis tigris.

The pleistocene of the Pemganga valley has yielded remains of Bos nama-
dicus, a Portaz, and Hippopotamus paleindicus,

The remains from the Godivari deposits have not been satxsfactonly de-
termined.

The horizontal lacustrine strata of Hfindes in Tibet formerly classed as
Siwalik, but which are more probably of pleistocene age, have yielded a small
number of mammalian remains. Among these is a tooth referred to a species of
Hyena. Bones belonging to some form of horse have also been obtained, among
which a cannon-bone in the collection of the Geological Society belongs to a
species of Hippotherium, a genus elsewhere unknown in the pleistocene. Several
of the limb-bones and the fragment of an upper molar of a rhinoceros are also
known, but they are too imperfect for specific determination. The other known
fosdils belong to ruminants, the best preserved of which is the greater portion
of the skull of an antelope, provisionally referred to the living Tibetan genus
Pantholops, under the name of P. hundesiensis; this specimen cannot now be
found, but is figured in Royle’s *Illustrations of the Botany of the Himalaya
Mountains.” There is also & skull said to belong to some genus of bovine animal ;
another belonging to a goat resembling the markhoor (Capra falconeri) ; and a
palate, in the collection of the Geological Society, doubtfully referred to a
sheep (Ovis).

It may be added that mammalian remains are stated to have been obtained
from a cave in the Karnil district of Madras ; these remains have, however, never
been described, and cannot now be found.

Prehistoric—The prehistoric deposits, as already said, have in many cases
not yet been satisfactorily separated from the pleistocene, and the very local
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occurrence of vertebrate remains in the former renders this point of doubt one
not likely to be soon cleared up. Any old alluvial deposit in which bones of only
living mammals occur is here provisionally referred to the prehistoric.

Human remains and neolithic implements have been obtained in the allu-
vium of the plains in many localities, and frequently at considerable distances
below the surface ; the former are generally very imperfectly preserved and have
never been carefully examined. Polished celts are extremely abundant in many
places, and particularly in Burma and the Banda district of the North-West Pro-
vinces. The prevailing types are elongated forms with oval section, wedges, and
the “ shouldered ” form. Among the mammals specimens of the teeth and jaws
of Macacus rhesus from the alluvium and turbary of Goalpira, in Assam, and
from Madras are exhibited in the Indian Museam, those from the former
district being in & highly mineralised condition. Molars of the Indian elephant
occur at considerable depths in the alluvium of the plains and of Burma. A
last upper molar of Rhinoceros indicus, in the Indian Museum, was obtained
from the turbary of Madras, and indicates the former extensive range of this
species. It may be observed, in passing, that the range of the other species of
Rhinoceros was probably much more extensive than at present, even in the
historic period, because it has been inferred that the species killed by Akbar
on the banks of the Indus was R. javanicus (Sondaicus), this inference being
founded on the improbability of its being possible to kill R. indicus by means of
arrows, with which Akbar’s animals were destroyed. Sus indicus has also been
obtained from the turbaries of Madras and Calcutta. Antlers, horn-cores, and
teeth of undetermined species of Bosand Cervus have been obtained from the
alluvium of various districts in the plains, and from raised beaches in Kattiawir;
some of the latter deposits being probably in part of pleistocene age.

Qeneral—Of the mammalia as a whole it may be observed that those of the
pliocene are characterised by the great number of forms belonging to the orders
which include animals of large corporeal bulk. Another noticeable point is the
admixture of genera characteristic of modern Africa (Hippopotamus, Camelo-
pardalis) and other parts of the old world (Bos, Capra, Ursus, Equus, ete.) ; of
oligocene, miocene, and pliocene Europe (Dinotherium, Anthracotherium, Hippo-
therium, etc.) with those now peculiar to Asia (Euelephas, Rhinoceros [in its restrict-
ed sense] etc.). Among orders which have now diminished extensively in numbers
in India, the Proboscidia stands pre.eminent, its fourteen Siwalik representatives
having now dwindled to one. The perrissodactylate Ungulata have also diminished
considerably, the modern forms inhabiting India and the adjacent countries being
five and the extinct eleven or twelve. The artiodactylate modification has perhaps
suffered & still more serious diminution, especially among the pig-like animals, in
which the whole of the selenodont group like Merycopotamus and Hyopotamus
has completely disappeared, while their congener, the hippopotamus, is now con-
fined to Africa, and the Indian wild-boar and the diminutive terai hog (Porcula)
are the sole representatives now remaining. The ruminants have lost their larger
representatives, either entirely (Sivatherium) or by transference to Africa (Camelo-
pardalis), and some of their smaller forms are considered to be allied to South
Indian (Hemitragus) or South African form (Damalis), while others have always
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been exclusively Indian (Portaz). The diminution in numbers of the raminants
cannot be clearly indicated owing to the numbers of small forms now existing,
when analogues cannot be determined in the Siwaliks. Similarly, owing to the
poverty of the remains of the other orders, and of the almost total absence of the
micro-mammalia, comparisons cannot be instituted between the numbers of the
recent and fossil species, but enough has been indicated to show that modern
India has only the impoverished remains of a once extensive fauna of mighty
forms. Regarding the range in space of the Siwalik fauna, it is probable that this
was once very extensive, as we find some of the species ranging as far as China
and Japan, and it has even been suggested that one species (Hy@narctos sivalensis)
occurs in the pliocene of England. Representatives of some of the other common
Siwalik or Indian genera, although considered to be specifically distinct, have also
been obtained from China (e.g., Chalicotherium, Rhinoceros, Tapirus, and Hyena).
It may also be observed that the mammals from Sind belong mainly to European
oligocene and miocene genera, while those from the Panjib show a mixture of
miocene, pliocene, and existing genera; the two latter prevailing more extensively,
as we proceed eastward along the Sub-Himalaya. The high degree of evolution
or specialisation of many of the genera is a marked feature, and one strongly con-
firmative of their pliocene age. Thus, it may be noticed that the rhinoceroses had
high-crowned molars, and that in one form the incisors were absent and two horns
present ; while some of the horses had reduced their digits tg one on each limb.
The pigs had well-developed tusks, the deer large branching antlers, the oxen
wide-spreading horns, and the cats (Machairodus) huge trenchant fangs.

In the pleistocene the majority .of the larger forms had disappeared, though
a few of the extinct genera and species still lingered on. Many of the existing
species were already in existence, or were represented by closely allied forms.
Palzontological history is, however, still silent as to the origin of some of the
larger existing mammals, like the Indian elephant. Some new forms (e.g., Bos
namadicus), which cannot be directly traced back to pliocene ancestors, seem to
have appeared and to have died out again before the prehistoric.

In the latter period all the mammals seem to belong to existing species,
although the range in space of some of them was more extensive than at present.

SYSTEMATIC CHRONOLOGICAL LIST OF SPECIES.
A.—ANTHROPOZOIC.

a.—PREHISTORIO.

MAMMALIA . . PRIMATES . . Homo (P sapiens, Lin.),
Macacus rhesus (F. Cuv.).
PrOBOSCIDIA . . Euelephas indicus, Linné,
UNGULATA . . Rhinoceros indicus, Cuvier.
Sus indicus, Gray.
Cervus, sp,
Bos, sp.
REPTILIA . . CHELONIA . . Gen. non det.
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5.~ PLEISTOCENE.

MAMMALIA . . PRIMATES . . . Homo, sp.
Semnopithecus, sp.
Ursus namadicus, F. & C. -
Hysms, sp.
Pelis (? tigris, Lin.).
ProBoscpia . + Euelepbas namadicus, F. & C.
Stegodon ganesa, F. & C.
() insignis, F. & C.
Mastodon pandionis, Fals.
UraurATA . . Rhinoceros deccanensis, Foote.
indicus, Cuv,
—namadicus, F. & C.
sp.
Equus namadicus, F, & C,
Hippotherium, sp.
Sus giganteus, F. & C.
Cervus (? duvaucelli, Cuv.).
Bubalus palmindicus, F. & C.
Bos namadicus, F. & C.
Leptobos frazeri, Riit.
Portax namadicus, Riit.
Antilope cervicapra, Pallas.
Pantholops () hundesiensis, Lyd.
Capra, sp,
Ovis, (?) sp.
RODENTIA . . Mus, sp.
REPTILIA . . CrocoprLia . . Crocodilus, (?) sp.
CHELONIA . . Pangshura tectum (Bell).
" Batagur (? dhongoka, Blyth).
Trionyx (? gangeticus,Cav.).

B.—THERIOZOIC.

a.—PLIOCENE .
MAMMALIA . . PRIMATES . . « Palmopithecus sivalensis, Lyd.
Macacus sivalensis, Lyd.
sp.
Semnopithecus (?) sub-himalayanus, Myr.

sp.

CARNIVORA . . Felis cristata, F. & C.

— sp.

Machairodus sivalensis, F. & C.

Pseudelurus sivalensis, F. & C.

Ictitherium sivalense, Lyd.

Viverra bakeri, Bose,

Hysona sivalensis, F. & C.

Canis curvipalatus, Bose.

—— cautleyi, Bose.

+ Amphicyon palindicus, Lyd,
Ursus, sp,

* The forms of the carlicr pliocenc are marked by a cross (t).
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MAMMALIA .

. CABRNIVORA

PROBOSOIDIA

UNGQULATA

. Hysnarctos sivalensis, F. & C.
palwindicus, Lyd.
Mellivora sivalensis, F. & C.
Meles, sp.
Lutra palwmindica, F. & C.
— sp.
Enhydriodon sivalensis, F. & C.
. Euelephas hysudricus, F. & C.
Loxodon planifrons, F. & C.
8tegodon ganesa, F. & C.
———— insignis, F. & C.
———— bombifrons, F. & C.
clifti, F. & C.
+ Mastodon latidens, Clift.
sivalensis, F'. & C.

+ ————— perimensis, F. & C.
+ pandionis, Falec.
+ falconeri, Lyd.

t Dinotherium sindiense, Lyd.

+ pentapotamis, Falc.
indicum, Falec.
. + Chalicotherium sivalense, F. & C,
Rhinoceros pal@indicus, F, & C.
platyrhinus, F. & C,
¢+ ———— sivalensis, F. & C.

4+ Acerotherium perimense, F. & C.
Listriodon pentapotamiee, Falc,

theobaldi, Lyd.

(P) Tapirus sp.

Equus sivalensis, F. & C.

namadicus, F. & C.
Hippotherium antilopinum, F. & C.
~—————— theobaldi, Lyd.
Hippopotamus iravaticus, F. & C.
~—————— sivalensis, F. & C.
Tetraconodon magnum, Falc,

Sus giganteus, F. & C.

t+ — hbysudricus, F & C.

— punjabiensis, Lyd.
Hippohyus sivalensis, F. & C.
— 8p.

Sanitherium schlagintweiti, Myr.

+ Hyotherium sindiense, Lyd.

+ Anthracotberium silistrense (Pent).

+ hyopotamoides, Lyd.

+ Hyopotamus palmindicus, Lyd.

+ giganteus, Lyd.
Merycopotamus dissimilis, F. & C,
Chaeromeryx silistrensis (Pent).

+ Hemimeryx blanfordi, Lyd.

+ Sivameryx sindiensis, Lyd.

+ Agriocheerus, (?) sp.

Cervus triplidens, Lyd.
sivalensis, Lyd.
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MAMMALIA ., . UNGULATA . « Cervus simplicidens, Lyd.
() latidens, Lyd.
Dorcatherium majus, Lyd.
minus, Lyd.
Propalmomeryx sivalensis, Lyd,
Camelopardalis sivalensis, F. & C.
Helladotherium duvernoyi, Wag.
Vishnutberium iravaticum, Lyd.
Hydaspitherium grande, Lyd.
megacephalum, Lyd.
Sivatherium giganteum, F. & C,
Antilope (? Damalis) palzindica, F. & C.
patulicornis, Lyd.
——— (? Gazella) porrocticornis, Lyd.
sivalensis, Lyd,
Palmoryx, (?) sp.
Portax, sp.
Hemibos occipitalis, Falc.
——— acuticornis, Fale.
antilopinus, Fale.
Leptobos falconeri, Riit.
Bubalus platyceros, Lyd.
paleindicus, F, & C.
Bison sivalensis, Falc.
Bos acutifrons, Lyd.
—— planifrons, Lyd.
— (?) platyrhinus, Lyd,
Bucapra daviesi, Riit.
Capra (P Hemitragus) sivalensis, Lyd.
—— perimensis, Lyd. .
— 8p.
Ovis, (?) sp.
Tragulus sivalensis, Lyd.
Camelus sivalensis, F. & C,
RODENTIA . . Mus, sp,
Rhizomys sivalensis, Lyd.
Hystrix sivalensis, Lyd.
EDENTATA . . 1 Manis sindiensis, Lyd.
AVES . . . CARINATE . « Graculus, (?) sp.
Pelecanus cautleyi, Dav,
(?) sivalensis, Dav.
Megaloscelornis sivalensis, Lyd.
(?) sp.
Argala falconeri, M. Ed.
Rarite . . . Struthio asiaticus, M. Ed.
Dromsus sivalensis, Lyd.
Gen. non det.
REPTILIA . . Croooprura . +  Crocodilus, palustris, Less,
Gharialis gangeticus, Gmel.
leptodus, F. & C,
+ crassidens, F, & C,
LicERTILIA . . Varanus sivalensis, Falc.
OrHIDIA . . . t Python (? molurus, Lin.).
CHELONIA . . Colossocbelys atlas, F. & C,

t
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REPTILIA . . CHELONIA

PISCES . . . ELASMOBRANCHIIT

TELROSTRI

MAMMALIA . . UNQULATA .

MAMMALIA . . UxauraTA

REPTILIA . . CROOODILIA
CMELONIA
AMPHIBIA . . ANOURA .

PISCES . . . ELASMOBRANCEHII
TELEOSTRI .

«  Testudo (?) 5, sp.

Beliia sivalensis, Theo.
— 8p.
Damonia hamiltoni, Gray,
Emys, sp.
Cautleya annuliger, Theo.
Pangshura tectum (Bell).

1 Batagur, sp.

+ Trionyx, sp.
Emyda vittata, Pet.
Carcharias, sp.
Lamna, sp.
Bagarias yarrelli, Syk.
Arius, sp.
Gen. non. det.

b.—MroceNE. .
Rhinoceros sivalensis v. gajensis, Lyd.

¢.—Eo0RNE.

(?) Palzotherium, sp.
Artiodactyle, gen. now det.

. Gen. non det.

. Hydraspis leithi, Carter.
Oxyglossus pusillus, Owen.

(?) sp.

Myliobatis, sp.
Diodon foleyi, Lyd.
Capitodus indicus, Lyd.
Gen. non det.

C.—8AUROZOIC.
a.—CRETACROUS,

REPTILIA . . DINOBAURIA

CROOCODILIA

CHERLONIA

ICHTHYOSAURIA .
PISCES . . . ELASMOBRANOCHIT

Megalosaurus, sp.
Titanosaurus blanfordi, Lyd.
~————————indicus, Lyd.
Gen, non det.

. Gen. non det.

. Gen. non det.
Ichthyosaurus indicus, Lyd.
Corax incisus, Eg.
~————pristodontus, Ag.
Enchodus serratus, Eg.
Lamna complanata, Eg.
——— gigmoides, Eg.
Odontaspis constrictus, Eg.
—————oxypeion, Eg.
Otodus basalis, Eg.

—— divergens, Eg.

———— marginatus, Eg.
minutus, Eg.
nanus, Eg.

——— semiplicatus, Eg.

85
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PISCES . . . ELASMOBRANOHII . Oxyrhina triangularis, Eg.
8p.
Ptychodus latissimus, Ag.
Sphyrenodus, (?), sp.
GANOIDEI . . Pycnodus (?), sp.

b.—JURA-TRIAS,

REPTILIA . . DINOBAURIA . . Ankistrodon indicus, Hux.

CrocoDILIA . . Gen. non det. (Chari gp.).
Parasuchus hislopi, Hax. Mss.
Gen. non det. (Rewab.).

LACERTILIA . . Hyperodapedon huxleyi, Lyd.

DICYNODONTIA . . Dicynodon orientalis, Hux,
—————sp.

PLBSIOSAURIA . . Plesiosaurus indicus, Lyd.

AMPHIBIA . . LABYRINTHODORTIA . Brachyops laticeps, Owen.

Gonioglyptus longirostris, Hux.
~——————huxleyi, Lyd.
Glyptognathus fragilis, Lyd.
Pachygonia incurvata, Hux.
Archegosaurus, (?), sp.

Gen, non det.

PISCES . . . GANOIDEI . . Ceratodus ? hislopianus, Old.
hunteri , Old.
virapa, Old.

Dapedius egertoni, Syk.
Lepidotus breviceps, Eg.
calcaratus, Eg.
deccanensis, Eg.
longiceps, Eg.
—— pachylepis, Eg.
Tetragonolepis analis, Eg.
' —————— oldhami, Eg,
————— rugosus, Eg.
Gen, non det. ‘
D.—ICHTHYOZOIC.
CARBONIFEROUS,
PISCES . . . GANOIDEI . . . Sigmodus dubius, Waag.
Pecilodus paradoxus, Waag.
Psephodus indicus, Waag.
Saurichthys indicus (?), De Kon,
ELASMOBRANCEI . Helodopsis elongata, Waag.
abbreviata, Waag.
Psammodaus, sp.
Petalorhynchus indicus, Waag.
Xystracanthus gracilis, Waag.
major, Waag.
~———————— giganteus, Waag.
Thaumatacanthus blanfordi, Waag.
Acrodus flemingi, De Kon.

8p.

* Following Professor Miall ( Monograph of the Sirencid and Crossopterygian Gauoids, ** Palmontographical

Bociety, 1878), the order Dipnoi is merged with the Ganoidei,

- acr— B ——— e e oy aa - ‘“—-——-i
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ALPHABETICAL AND SYNOPTICAL LIST OF SPECIES,
ARRANGED IN CLASSES:.

Crass I.—PISCES.

Acrodus flemingi, De Kon. .

—— 8p. .

Arius .
1 Bagarias ymelh, Sykes .

Pimelodus bagarias, Syk.

Capitodus indicus, Lyd.
Carcharias, sp. . “
Ceratodus hislopianus, Old
hunterianus, Old.
———— viraps, Old.
Corax incisus, Eg. . .
pristodontus, Ag.

Dapedius egertoni, Syk.
Diodon foleyi, Lyd. :
Enchodus serratus, Eg. .
® Helodopsis abbreviata, Waag.
elongata, Waag.
Lamna complanats, Eg.
———sigmoides, Eg,
— 8p. . .
Lepidotus breviceps, Eg
———— calcaratus, Eg. .
ad 4 Eg.
longiceps, Eg.
pachylepis, Eg.
Myliobatis, sp. . .. .
Odontaspis constrictus, Eg.
oxypeion, Eg.
Otodul Mi., Eg- IS
divergens, Eg.
—— marginatus, Eg. .
——— minutus, Eg.
——— semiplicatus, Eg. .
Oxyrhina trisngularis, Eg.
op.

Petalorhynchus llldlclll, an. .

Pacilodus paradoxus, Waag.
Psammodus, sp. . .
Psephodus indicus, Waag. .
Ptychodus Jatissimus, Ag. .

Pycnodus, (?) sp. .

Saurichthys indicus (?), De Kon .

¢ Sigmodus dubius, Waag. .
Sphyrnodus, (?) sp. .

.

. »
. .
. .
. .
. .
. .
. .

.
. .
. -

.

Salt-range .

»” M
Panjéb and Sind
Sub-Himalaya

Panjib .
. Burma .
Maleri . .
» . .
» .
Trichinopoli
Trichinopoli and
Europe
. Kota . . .
. Rémriand Andamans
. Trichinopoli . .
. Salt-range . .

. .

e 1
. Trichinopoli . .

» . .

Burma . . .
Kota

” .

”

- . . .

Panjéb . . .

Trichinopoli
»
. » . .
. » . .
. » . .
. » . .
b ” . .
. Salt-range .
. » . .

. ” . .

” .
. Trichinopoli and
Europe . .
Trichinapoli . .
Salt-range . .

. Lametagp. . .

Carboniferous.

»
Pliocene.
Higher pliocene.

Eocene.
Higher pliocene.
Trias-jura.

Cretaceous,

»
Trias-jura.
Eocene.
Cretaccous.
Carboniferous.

”»
Cretaceous.

”»
Higher pliocene.
Trias-jura.

Eocene.
Cretaceous.

»

»

Carboniferous.
”

Cretaceous.

Carboniferous.

”
Cretaceous.

» Synonyms (of which only the more important are given) are in italics; living speciesarc indicated by a double
cross (1), and fosail genera peculiar to India or Burma by an asterisk (*).



88 Records of the Geological Survey of India.

Tetragonolepis analis, Eg.

oldhami, Eg. .

rugosus, Eg, . .

® Thaumatacanthus blanfordi, Waag.
Xystracanthus giganteus, Waag.

gracilis, Waag, .

major, Waag.

Kota . .

» .
Salt-range . .

Crass IL—AMPHIBIA.

Archegosaurus, (7) sp.
* Brachyops laticeps, Owen.
* Glyptognathus fragilis, Lyd.
* Gomoglyptua huxleyi, Lyd. .

Bijori gp.
Mangli . .
Panchet gp. . .

» . . .

longirostris, Hux. . " - . .
Oxyglossus pusillus, Owen . Bombay . . .
(Rana pusilia, Owen)
(@) ep. woo
* Pachygonia incurvata, Hux. Panchet gp. .
Crass III.—REPTILIA,
# Ankistrodon indicus, Hux. . Panchet gp.
1 Batagur (? dhonkoka, Blyth) Narbada
Bellia sivalensis, Theo, Panjéb .

— sp. . . .
# Cautleya annuliger, Theo. . .
® Colossochelys atlas, F. & C. .

1 Crocodilus palustris, Less. . .
(C. bombifrons, Gray.)
1 Damonia hamiltoni, Gray . .
(Emys hamiltonoides, Falc)
(Damonia hamiltonoides, Falc.)
Dicynodon orientalis, Hux.

(Ptychognathus orientalis, Hux )

1 Emydn vittata, Peters
(E. ceylonensis, Gray)
Emys, sp. . . .
1 Gharialis crassidens, F & C . .
(Crocodilus crassidens, F. & C)

(Leptorhynchus crassidens, F. & C.)

} ————— gangeticus, Gmel.

(Leptorhynchus gangetmu, Gmel)

———— leptodus, F. & C.

(Leptorhynchus leptodus, F. & C.)

Hydraspis loithi, Carter . . .
(Testudo leithi, Carter.)
Hyperodapedon huxleyi, Lyd.

Ichthyosaurus indicus, Lyd. .
Megalosaurus, sp. . . .

1 Pangshura tectum, Bell
(Emys tectum, Bell).

”
Sub-Himalaya and
Burma . .
Sub-Himalaya and
(P) Narbada.
Sub-Himalaya

Panchet gp. . .

Sub-Himalaya, &c. .

”n
Sub-Himalaya and
Sind . . .

Sub-Himalaya, Burma,

Sind, and Perim.

Sub-Himalaya, Burma,

Sind, and Perim
Bombay . . .

Maleri and South

Trichinopoli

Trichinopoli and
Lameta gp. .

Sub-Himalaya and
Narbada.

[voL. xvr,

Trias-jura.

Carboniferous.

”

”

Trias-jura.

Pleistocene.

Higher pliocene.
”

»
Higher pliocene and
(?) pleistocene.
Higher pliocene.
Trias-jura.
Higher pliocene.
”

Pliocene.
»
Eocene.

Trias-jura.
Cretaceous.

ngher pliocene and
pleistocene.
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b4

s

b4

Parasuchus hislopi, Hux, . . . .
(?), sp. . . .

Plesiosaurus indicus, Lyd. . .

Python (P molurus, Lin.)

Testudo, sp. var.

Titanosaurus blanfordi, Lyd.

indicus, Lyd.

Trionyx (? gangeticus, Cnv.)

sp. .

Vuunm sivalensis, F & C

. . .

LYDEKKER : Synopsis of the Fossil Vertebrata of India.

Maleri . .
Denwa gp.
Umia gp. .
Paujéb and Sind
Sub-Himalaya
Lameta gp.

”»
Narbada
Sub-Himalaya

»

Crass IV.—AVES.

Argala faleoneri, M. Ed. . .

(Leptoptilus falcosm [M Ed])

Dromaus sivalensis, Lyd. . . . .
Graculus (?), sp. . . . .
Megaloscelornis sivalensis, Lyd

Pelecanus cautleyi, Dav.

(P) sivalensis, Dav. . . .
Struthio asiaticus, M. Ed. . .
(8. palaindicus, Falc.)

.

Sub-Himalaya

CrLass V —MAMMALIA.
P&Dj‘b Bumn, Perim,

Acerotherium perimense, F. & C. L.
(RMnoceros iravaticus, Lyd.)
(————— perimensis, F. & C.).
(—————— planidens, Lyd.)

Agriocheerus (?) . . .

Amphicyon paleindicus, Lyd . . .

Anthracotherium hyopotamoides, Lyd. -

silistrenge, Pent. . .
(Cheromeryz silistrensis, Pent.)
(RAagathersam ? sindiense, Lyd.)
(A. pwnjabiense, Lyd.)

Antilope cervicapra, Pallas) . .
(4. begoarctica, Ald.)

————— palwindica, F. & C. . .

(Damalis (?) paleindica, F. & C )

patulicornis, Lyd. . . e
porrecticornis, Lyd. .

(Gazella (?) porrecticornis, Lyd.)
Bison sivalensis, Falc. . . .
Bos acutifrons, Lyd. . . . .
— namadicus, F. &C. . . . .
— planifrons, F. & C. . .
— platyrhinus, Lyd. .

— (P) sp. . . . . .

Bramatheriam perimense, Ftlc . . .
(SivatAerinvm, sp., Owen,)

Bubalus palmindicus, F. & C. . . .

— platyceros, Lyd." . . . .
(B. sivalensis, Riit.)

and Sind

Sind . .
Panjéb and Sind
Bhigti hills .

89

Trias-jura.
”
Jura,
Pliocene.
Higher pliocene.
. Cretaceous.
Pleistocene.
. Higher pliocene.

)

. Higher pliocene,

. ”»
. ”
. ”
. »
”
. Pliocene.

. Earlier pliocene.
. Pliocene.
- Earlier pliocene.

8ind, Géro hills, and

Panjéb .
Jamna . .

Sub-Himalaya

”

»

. »
Narbada, &o.

Sub- Himalaya
" ”» i
Perim .

» . .

Pleistocene.

Higher pliocene.

. Pleistocene.
Higher pliocene.
”
”

. ”

Sob-Himalays, Nar- Higher pliocene and

bada, &ec.
Sub.Himalaya

pleistocene,
. Higher pliocene,
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*® Bucapra daviesi, Riit. .
Camelopardalis sivalensis, F. & C

(C. affinis, F. & C.)

Camelus sivalensis, F. & C. .

Canis cautleyi, Bose. . .

—— curvipalatus, Bose.

Capra perimensis, Lyd.
—— sivalensis, Lyd.

.

— 8p.
— 8p.

(Hemitragus sivalensis, Lyd )

1 Cervus (? duvaucelli, Cuv)
——(?) latidens, Lyd. .
——— simplicidens, Lyd. . .
———givalensis, Lyd. .
=—— triplidens, Lyd., . .
Chalicotherium sivalense, F. & C.

(Anthracotherium silistrense, Pent.)

(Anoplotherium sivalenss, F. & C)

(Nestoritherium sivalense, Wag.)
Cheeromeryx silistrensis, Peut.

Dinotherium indicum, F. & C.

pentapotamism, Falc.

w———— sindiense, Lyd. .
Dorcatherium msjus, Lyd.

(Merycopotamus nanus, Falc.)

minus, Lyd.

® Enhydriodon ferox, F. & C. .

(E. sivalensis, F. & C.)
(4dmyzodon, F. & C.)

Equus namadicus, F. & C. . .

(. paleonss, F. & C.)

————sgivalensis, F. & C. . .

1 Euelephas indicus, Lin,

(Elephas indicus, Lin)
hysudricus, F. & C. .

(KLlephas hysudrious, F. & C.)
namadicus, F. & C.) .

(Blephas namadicus, F. & C.)

Felis cristata, F. & C. .

—sp .

(F. grandicristata, Boce.)
(F. paleotigris, F. & C.)
(Uncia cm'ctata, Cope.)

1 — (P tigris, Lin ) . .
Helladotherium duvernoyi, Wag.
® Hemibos acuticornis, F. & C. .

(Amphibos acuticornis, F. & C.)
(Leptobos acuticornis, Falc.)
antilopinus, F. & C)) .
(Amphibos antilopinws, F. & C)
(Leptobos antilopinus, Falc.)

.

-

»

Sub-Himalaya
Sub-Himalaya and
Perim . .
Sub-Himalaya .
” .
» .
Perim . . .
Sub.Himalaya .

” .
Tibet . .
Narbada .
Sub-Himalaya
”» . . -
Sub- Hlmnlaya and
Sind , .

Panjéb and Perim .

Panjéb, Kéch, and
8ind . .
Panjéb .

» . .
Sub-Himalaya .

Sub-Himalaya and
Narbada .

Sub-Himalaya and
(?) Perim . .
Plains and Burma .
Sub-Himalaya .
Narbads, &c. . .

Sub-Himalaya .

Ja;nana and Narbada .
Sub-Himalaya .
”» .
” 3

[voL. xv1.

Higher pliocene.

”

Pleistocene (?).
»
Higher pliocene,

.

”»

”
Pliocene.
Higher pliocene.

»
Pliocene.

”
Higher pliocene.

Higher pliocene
and pleistocene.

Higher pliocene.
Prehistoric.

Higher pliocene, .
Pleistocene.

Higher pliocene,

”»
Pleistocene.
Higher pliocene.
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Hemibos occipitalis, Fale. . . « Sub-Himalaya .
(H. triquetriceros, F. & C)
(Bos occipitalis, Falc.)
(Leptobos triguetricornis, Falc.)
(Peribos occipitalis, Lyd.)
(Probubalus triquetricorsis, But.)
® Hemimeryx blanfordi, Lyd. . . . 8ind . .
Hippopotamus iravaticus, F. & C. . . Sub-Himalaya and
(Hezaprotodon iravaticus, F. & C) Burma . .
paleindicus, F. & C. . . Narbada, &c.
(He todon namads ,F.&.C.)

(Hippopotamus namadicus, F. & C.)
(Tetraprotodon paleindicus, F. & C.)
sivalensis, F. & C)) .
(Hezaprotodon sivalensis, F. &. C. )
¢ Hippohyus sivalensis, F. & C. . . . . » .
8p. . . . . » .
Hippotherium ant.xlopmnm, F. & C . . . Sub-Himalaya and

Sub-Himalaya .

(Equus antilopinss, F. & C.) Perim . .
(A. gracile, Myr.)

theobaldi, Lyd. . . . . Burma, Perim, end
(Sivalbippus theobalds, Lyd.) Sub-Himalaya
(H. gracils, Myr.)

Tibet .

. Sub-Himalaya .

¢ Hydaspitherium grande, Lyd. .

megacephalam, Lyd. . . . »
(H. leptognathus, Lyd.)
Hy®na sivalensis, F. & C. . . . . . »
(H. felina, Bose.)
— Psp. . . N . . Tibet .
Hysmnarctos slvalenn', F. & C . . . 8ab- Himhya md
(Urasus sivalensis, F. & C. ) Panjéb .
paleindicus, Lyd. . . . . Panjéb . . .
(? Dinocyon.)
Hyopotamus giganteus, Lyd. . . . . Bhigti hills . .
———— palmindicus, Lyd. . . . Sind . . .
Hyotherium sindiense, Lyd. . . . . » . . .
Hystrix sivalensis, Lyd. . . . . Sub-Himalaya .
Ictitherium sivalense, Lyd. . . . Panjéb . . .

Leptobos falconeri, Riit. .
frazeri, Riit. . . . .
Listriodon pentapotamis, Fale. . . .
(Tapirus pentapotamice, Falc.)
theobaldi, Lyd. . . . . . ..
Loxodon planifrons, F. & C. . . . . Sub-Himalaya .
(EBlephas planifrons, F. & C.)

Sub-Himalaya .
Narbada . ° .
Panjéb e .

o e o o
.
.
.

1 Macacus rhesus, F. Cuv. . . . . . Plains . . .
—— civalensis, Lyd. . R . . Sub-Himalaya .
-—— 8p. . . . . . F .
Machairodus llnlexml, F. & C. . N . . ”» .

(M. faleoneri, Pomel.)

(M. palzindicus, F. & C.)

(Drepanodon sivalensis, F. & C.) .
Manis sindiensis, Lyd, . . . . .

LypekkER: Synopsis of the Fossil Vertebrata of India.
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Higher pliocene.

Earlier pliocene,

Higher pliocene.
Pleistocene.

Higher pliocene.

”
”

Pleistocene (?).
Higher pliocene.

Pleistocene (?).

Higher pliocene.

»

Earlier pliocene.

»
Higher pliocene.
”»

Pleistocene.
Higher pliocene.

B
Prehistoric.
Higher pliocene,

”

»

Earlier pliocene,
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Mastodon falconeri, Lyd. .

~———— latidens, Clift. . .
(M. elephantoides, Clift.)

Panjéb & Sind

Sub-Him:ula_va, Bur-
ma, Panjib, and
Sind .

e———— pandionis, Fale. . . . Sub-Himalaya, Smd,

Perim, and Deccan,

e~ perimensis, . & C. . . . . Sub-Himalays, Sind,
~and Perim .
sivalensis, F. & C. Sub-Himalaya
Meles, sp. . . . Panjéb . .
Mellivora sivalensis, F & C . . . » . .
(Ursitazus sivalensis, F. & C)

# Merycopotamus dissimilis, F. & C. . . Sub-Himalays aund
(M. sivalensis, F. & C)) Burma
(Hippopotamus dissimilis, F. & C.)

Mus, sp. . . . . . Suboﬂmmlaya

— 8p. - . . . Nurbada . .

Ovis, (?)sp. . . . . . Sub-Himalaya .
— (P)sp. . . . Tibet . .

® Palwopithecus mvalenm, Lyd. Panjéb .

Palmoryx, (?)sp. . . . . R
Paleotherium, (?) sp. . . . . . »
Pantholops, (P) hundesiensis, Lyd. Tibet . .
Portax namadicus, Rdt, . . Narbads, &ec. .

Y Panjéb . .
Propalzomeryx sivalensis, Lyd. Sub-Himalaya
Psendwlurus sivalensis, Lyd. Panjéb .

Rhinoceros deccanensis, Foote. Madras . .

1 indicus, Cuv. . Madras and Narbada
———— namadicus, F. &C. . . . Narbada .
e palwindicus, F. & C. . . . Sub-Himalaya
e givalensis, F. & C. Sub-Himalaya and

' ' " Sind . . .
- var. gajensis, Lyd. . Sind .
Rhizomys sivalensis, Lyd. . . Panjéb . .
( (?) Typholodon, Falc. ) ’
* Banitherium schlagintweiti, Myr. Sub-Himalaya and
(Sus pusillus, Falc.) Panjib -
Semnopithecus sub-himalayanus, Myr. . ., Sub-Himalaya .
sp- . . . . 0w T
sp. . e " . Jamns. ..
Sivameryx sindiensis, Lyd. .+« . . 8opd . .
® Sivatherium giganteum, F. & C. . . . Sub-Himalaya . .
Stegodon bombifrons, F. & C. . . Sub-Himalsya and
(8. orientalis, Owen.) " (?) China
(Elephas bombgfrm, F.& C)
— clifti, F. & C. . . India, Burma, China,
(8. sinensis, Owen.) ' and Japan’ .
(Elephas clifti, F. & C.) . '
" (Mastodon elephantoides, Clift.)
ganesa, F.& C. . . . Sub-Himalaya and
(Elephas ganesa, F. & C.) Narbada.

[voL. xVL

Pliocene.

»
Pliocene and pleis-
tocene.

Pliocene.
Higher pliocene.
»

”

»

Higher pliocene.
Pleistocene.
Higher pliocene.
Pleistocene.
Higher pliocene.
”»
Eocene.
Pleistocene (?).

”
Higher pliocene.

»

Pleistocene.
Prehistoric and
Pleistocene.
Pleistocene.
Higher pliocene.

Pliocene.
U. Miocene.
Higher pliocene.

Pleistocene.
Earlier pliocene.
Higher pliocene.

Higher pliocene and

pleistocene.
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Stegodon insignis, F. & C. . . . Sub-Himalaya, Ja. Higher plioceneand
(Elephas insignis, F. & C) pan, China and (P) (?) pleistocene.
Narbada.
Sus giganteus, F. & C. . . . . . Sub.Himalaya and Higher pliocene and
(Hippopotamodon, Lyd ) Narbada. (?) pleistocene.
— hysudricus, F. & C. . . . . Sub-Hiwmalaya, Sind,
and Perim . . Pliocene.
1 — predicus, Gray. . . . « Mudras . . . Prehistoric.
(8. eristatus, Wug) :
—— punjabiensis, Lyd. . . . . + Sub-Himalaya. . Higher pliocene,
Tapirus (?) sp. . . . . . . Burma . . . »
® Tetraconodon magnum, Fale. . . . . Sub-Himalaya . ”»
Tragulus sivalensis, Lyd. . . . . . Punjéb . . . »
Ursus namadicus, F. & C. . . . . . Narbada, &c. . . Pleistocene.
— 8p. . . . . Sub-Himalaya. . Higher pliocene.
# Vishnutherinm mvatlcmn. Lyd . . . Bq;l;m and (?) Pan-
j . . . »
Viverra bakeri, Bose . . Sub-Hiwalaya . . »

(Canis sp., Baker und Durand )

Note on the Bijori Labyrinthodont-=By R. LypEeker, B.A., F.G.S,, F.Z.S.

As it is always expedient to correct erroneous determinations as speedily as
possible, I have thought it advisable to publish a preliminary note regarding
the large labyrinthodont skeleton from the Bijori group of the Gondwéfnas!,
which has recently come into my custody. Careful ‘development ’ has exposed
a considerable portion of the palatal aspect of the skull, which was previously
concealed by matrix. As I hope eventually to describe and figure this import-
ant and interesting specimen, which hus hitherto been considered as probably
belonging to Archegosaurus, in the ‘‘ Palm®ontologia Indica,” it will only be very
briefly noticed on this occasion.

The skull, which is the only part that need now be mentioned, is triangnlar
in shape, and has a length of about 11, with an extreme breadth of 8, inches.
The orbits are oval and placed somewhat posteriorly. The teeth are small, sub-
cylindrical, and regular; there are several larger * tusks " close to the symphysis
of the mandible, placed (as in Mastodonsaurus, Labyrinthodon, and Pachygonia)
interiorly to the row of small teeth. This character alone shows that the speci-
men cannot belong to Archegosaurus. The structure of the teeth seems to be less
complex than in the first three of these genera, but more so than in the last.
The skull is greatly produced at ite postero-external angles, and has large epiotic
cornua, thereby differing from Mastodonsaurus. The mandible has apparently
no distinct post-articular process, but a well-developed internal articular buttress.
The palatine foramina are large and approximated.

Except in the apparent absence of a distinct post-articular process to the
mandible, the skull shows decided affinity to the first division of the Euglypta?;
in that respect, however, it agrees with Lozomma, but is distinguished by the

! 8ee  Manual,” part I, p. 128.
2 See “ British Association Report,” 1874, p. 150.
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characters of the teeth and orbits. The specimen will almost certainly have to
be referred to a new genus.

It may not be out of place to mention that in describing the lower jaw of
Glyptognathus fragilis, represented in figure 1 of the plate accompanying my last
notice of Gondwéna labyrinthodonts?, the specimen, from the presumed absence
of a post-articular process, was inferred to belong probably to the Brachiopina.
It should have been stated, assuming the correctness of the inference as to the
absence of the process, that it probably belonged to the Brachiopina, or some of
the subsequent sections of Professor Miall’s classification®.

Note on a skull of Hippotherium antilopinum, by R. Lypekker, B.A., F.G.S,,
*F.Z.S.

Among a small collection of Siwalik fossils from Perim Island lent by
Mr. Theodore Cooke, LL.D., F.G.S., of Poona, and transmitted to me for deter-
mination, there is a very fine example of the skull of Hippotheriurs antilopinum.
The species was previously unknown from Perim, and this is the first known
example of the skull. It shows the complete molar dentition of the left side. and
is otherwise fairly perfect: I shall hope to give a further description of it on
a future occasion.

The Lodge, Harpenden, Herts.

On the Iron Ores, and Subsidiary Materials for the Manufacture of Iron, tn the
North-Eastern part of the Jabalpur District; by F. R. MaLret, F.G.S,,
Geological Survey of India. (With a map.)

From time immemorial the Jabalpur district has held an important place
amongst those centres where the smelting of iron has been carried on in the
native method. Plentiful ores, extensive jungles for the supply of charcoal, and
proximity to thickly populated alluvial tracts of country, combined to give
Jabalpur a commanding position in the old days, before railways had brought the
native hearths into an unequal struggle with the blast-furnaces of England. Even
now iron is made on what, from the native point of view, must be considered a

large scale, numerous furnaces being scattered over the iron-bearing portions of
the district.

The advantageous central position of Jabalpur, now that it is in railway com.
munication with the richest parts of the surrounding provinces, is too great to
have escaped notice with reference to the manufacture of iron on European
principles. As far as was known, ores and flux were to be had in abundance,
and the means for distributing the manufactured iron to the surrounding markets
was at hand. But the often-experienced difficulty of keeping large furnaces in

blast with charcoal, and the absence of any available coal, were a deterrent to
any decisive action.

3 ¢« Records,” Vol. XV, p. 27.
3 « British Association Report.” loo, cit,
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Within the last year or two, however, the discovery of workable coal by
Mr. T. W. H. Hughes, in the immediate neighbourhood of the Jabalpur district,
has given the question a new aspect. A line of railway from the new coal-field
at Umeria to Murwara (Katni), on the East Indian line, has been proposed,
and the preliminary surveys already executed.

The question of fuel, then, being in a fair way towards a satisfactory solution,
it became important to ascertain whether the generally received opinion as to
the abundance and excellence of the Jabalpur ores was fully borne out by fact.
I was consequently directed, in the early part of this year, to visit the more
important places where iron was known to occur, with a view to forming an
opinion as to the extent of the deposits, and the feasibility of working them, and
to collect samples for subsequent analysis. -The question of flux and other sub-
sidiary materials was also to be looked into. The following paper, then, embodies
the results of my work in the field and laboratory.

The iron ores, for purposes of description, may be regarded with reference either
to their mineralogical characteristics, their geological distribution, or their topo-
graphical position. The accompanying map, the geological work on which is
mainly, and indeed, with reference'to the area with which we are more imme-
diately concerned, exclusively, due to surveys executed by Mr. C. A. Hacket in
1869-72, shows the distribution of the different series of rocks. It will be seen
that between the great spread of Vindhyan sandstones on the north and Deccan
trap on the south, both of which formations are almost barren of any metallic
‘wealth, there is a belt, some 30 miles wide, where a very varied and intricately dis-
posed assemblage of rocks occurs. It is just here that the band of iron-bearing
transition strata, which stretches eastwards for more than 200 miles through
the Son Valley, comes in contact with the thickly poplated alluvial belt
through which the Narbadda flows westwards for about the same distance. Hence
one of the most important advantages which the iron-smelters of Jabalpur have
enjoyed. Hematite ores similar to those of Jabalpur are known to occur largely
in the wild country to the east; but there are not the same facilities there for
disposing of the manufactured product.

The formations just mentioned include—

Alluviom,

Rock laterite.
Deccan trap.
Lameta group.
Upper Gondw4na.
Coal measures.
Té4lchir group.
Upper Vindhyans.
Lower o
Bijéwar or transition serics.
Gneiss.

The Bijawar series and the rock laterite are those with which we are more
immediately concerned now, for it is in them that nearly all the iron ore is con-
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tained!. By reference to the map, then, one sees at a glance the general lie of the
iron-bearing tracts, which are those coloured respectively purple and burntsienna,
although it is only in certain portions of those areas that the oresare found. The
Bijawar ores occur more especially in the Parganas Khumbhi and Gosulpur,
while the Pargana Bijeragogarh contains the greater portion of the lateritic
ores.

Mineralogically comsidered, the iron ores are almost exclusively varieties of
hematite and limonite (or red and brown hematite), the former being especially
characteristic of the Bijdwars, and the latter of the newer formation. They may
be classified thus—

Schistose hematite.
Micaceous iron.
1, Rematite .4 Jasper-hematite?,
{ Semi-ochreous hematite.
Busiwaz oszs . Manganiferous hematite.
13, Limonite.

Pisolitic limonite, breaking with smooth con-
choidal fracture.

L v Pisolitic limonite, breaking with rough uneven
1, Limonite . fracture.

LATERITE ORES . Ordinary laterite, some parts of which contain

a high percentage of irou,
2, Hematite.

Magnetite has been found in small crystals disseminated through the hema-
tite beds of Sehora, but I am not aware of its occurring anywhere in such
quantity as to entitle it to be included in the above list as an ore.

B1sAwAR ORES.

The Bijawar series has been subdivided by Mr. Hacket thus (in descending
order) :—

Chandardfp group.
Lora »
Bhitri »
Majhanli »

It is in the inferior strata of the Lora group (so called from the Lora range
east of Sehora) that all the most important existing mines are sunk®, ¢ All the
iron.workings,” says Mr. Hacket. ‘are situated near the base of the (Lora) group,
where the quartz bands* are absent, and the rocks consist almost entirely of
micaceous iron, or mixed with a few bands of clay. The Jauli mines are so
situated, as also those of Mangela, and at Agaria in the Majgaon hills, and also

1 Some ore also occurs in the Gondwéna beds, but it is “ very impure and requires much selec-
tion and cleaning ” and is “very rarely worth working” (J. G. Medlicott, Memoirs, Geological
Survey of India, Vol. II, p. 278).

2 yide p. 100.

3 Here, and subsequently, in reference to native operations, I use the word ‘mine’ to express
an excavation where ore is extracted, irrespective of its form. Uunderground workings ure rather
the exception than the rule, the majority of the excavations being irregular open pits.

4 Vide p. 100.
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in the hills west of the ‘ marble rocks’. This band of rich iron appears to be very
constant in the section, but, being softer than the rocks above, is mostly worn
away, and covered by the alluvium, or debris from the ridges of the harder rocks ;
but that the band exists is shown by the pieces of rich iron strewn along the line.” ?

A few workings in the Majhauli hills (near the western edge of the map)
are situated in rocks of the Bhitri group, but these are of very secondary import-
ancel.

Probably the most extensively worked cluster of mines in the district are
those situated in the group of low irregular hills south of Sarroli and Majgaon
(8 miles south-east of Sehora), and as the iron-bearing strata are exposed
there more clearly, and on a larger scale, than in any other localities that I have
visited, it will be convenient to take that meighbourhood as a starting point in
any detailed descriptions.

The hill half a mile south of Agaria (4 miles west-south-west of Sarroli)

appears to be formed entirely of iron ore. The strata have
Hill § mile south of o 1oy jrregular dip towards the south. The highest beds,
Agaria. %.e., those on the south side of the hill, where there are
numerous pits, are of evenly laminated micaceous iron, interbanded with ocea-
sional argillaceous layers. The rock is so soft that it can be powdered between
the fingers, and is simply dug out with ordinary kodalis. But the greater. portion
of the ore, constituting the lower beds, is schistose hematite, which is harder than
the micaceous iron, although easily worked on account of its fissile character.
Numerous pits have been sunk into it also. There is a thin skin of laterite on
the top of the hill, which is, in great part at least, and I believe wholly, due
to alteration of the iron-schist in situ.

As this hill is about a third of a mile long, flat-topped, and wide, and not far
from 100 feet high, the guantity of ore available by open workings, with free
drainage, is enormous. As a very rough estimate, the cubic contents of the hill

may perhaps be taken at 20*3%X% o ahout four million cubic rds?, which is
y perhaps 3 ya

equivalent to about fourteen million tons of ore. Even then if a liberal deduction
be made for possible concealed bands of useless rock, the remaining figures will
represent an immense amount of ore.

A sample of schistose hewatite from the northern side of the hill yielded on
analysis—

Ferric oxide . . . . . . « 9754 = Iron 68'28
Phosphoric acid . . . ‘e
Sulphuric acid . . . . . . trace
Sulphur . . . . . . . . . traces
Loss on ignition3 . . . . . . 89
Ignited insoluble residue . . . . . .12l
Alumina sud undetermined . . . . . 24
10000
L —

) MSS. report, 1870-71.

? The product of the dimensions of the hill is divided by 2 to allow for the slopes and
irregularities.

3 This and the other ores analysed were air dried. The loss on ignition, therefore, includes
hygroscopic moisture, as well as, in the case of the hydrous ores, chemically combined water.
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In the low ridge which runs westward from Agaria a band of hematite schist,
Ridge at Agaria. several yards thick, is visible along the crest. Elsewhere
the rock is obscured by talus, &c. Except, however, near
the base of the southern slope, where pieces of ferruginous sandstone are strewn,
the debris on the ridge is entirely of hematite schist, so that considerably more
ore may exist than is actually seen. The ridge is perhaps 40 to 50 feet high, and
comparatively wide, with gentle slopes. Even if the hematite band is not thicker
than the exposed strata, a large amount of ore is available in the ridge. The
dip, as seen about half a mile west of the village, is to the south at 40°—50°.

In the hills south-east of Agaria I observed runs of ore in two or three places,
but nothing of much importance. At the western end
of the Jhiti ridge some limonite schist is seen, dipping
8. 20° E. at 40°, but no good section is expoded. This, as
well a8 other Bijiwar limonite ores, which are of rather unfrequent occurrence,
may possibly be due to hydration of hematitic strata near the surface. At the
southern base of the hillock just west of Kurumukur, jaspery quartz schist inter-
banded with micaceous iron is seen. The hillock is capped by laterite, and
similar rock is to be seen in some of the hills to the north-east of the same village.
These hills are low and featureless, with little or no other rock visible. It is not
at all improbable, however, that the laterite is due to superficial alteration of
iron ore, and that there is a considerable, perhaps a large, quantity of the latter
in the hills in question.

There are two low hillocks close to Sarroli, one three-quarters of a mile some-
what south of west, and the other a mile south-south-west
from the town. The former of these is composed of
schistose hematite and micaceous iron, the beds of which have an irregular strike,
corresponding on whole with the direction of the hill, and an uncertain dip at
high angles. There is a skin of laterite in places due, I have no doubt, to super-
ficial alteration of the ore.

The northern part of the other hill is also composed of iron ore, which has an
irregular dip, apparently towards the south as a whole. The southern part of the
hillis formed of hornstone. The lower beds of ore, ¢.¢., those in the most northern
part of the hill, are of hard micaceous iron passing into schistose hematite, while
the upper strata are of soft, crumbly, finely laminated micaceous iron, with some
interbanded argillaceous layers. It will be observed that the section here is
similar to that in the hill half a mile south of Agaria—soft crumbly ore above
and harder beds beneath—and I do mnot think there can be much doubt that
the strata in the two localities belong to the same horizon. There are two
rather large excavations in the upper beds; that to the south-east is known
as the Sarroli mine, and that to tho north-west as the Partdbpur mine (from
a village close by which is not marked on the map).

As a rough estimate of the amount of ore available by open workings, with
free drainage, in the Sarroli hills, the cubic contents of the northern may perhaps
be taken at L"‘;ﬁi‘ﬁ, or about 500,000 cubic yards, and that of the iron-bearing

part of the southern at 22X 20 x Y, or about the same amount. Thisis equivalent

to about 1,700,000 tons of ore in each hill, or say three and a half million tons

Hills south-east of
Agaria,

Sarroli.
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in both together. In this estimate, as in that for the hill south of Agaria, no
account is taken of the ere which could be raised from open workings beneath the
1evel of the surrounding country. From such workings an immense amount of
ore could be obtained.

A sample of the crumbly micaceous iron from the Partdbpur mine, taken
as it was being loaded on to buffaloes for transmission to the mneighbouring

furnaces, yielded—
Ferric oxide . . . . . . 92:21'=Iron 64'56
Phosphoric acid . « . . . 07
Sulphuric acid . . B . . trace
Sulphur . . . . . . trace
Loss on ignition . . . . . . 186
Ignited insoluble residue . . . . 460

Lime, alumina and undetermined . . . 136

10000
The harder ore from the north end of hill gave—
Ferric oxide . . . . . 97°16 = Iron 6802
Loes on ignition . . . . . . 180
Ignited insoluble residue . . . . ‘89
Undetermined*- . . . . . . 65

100-00

The largest iron mine in the district is that near Jauli, somewhat less than
Jaali, & mile south-east of the village (3 miles south-east of
Sarroli). The ore is & semi-ochreous hematite, in which
a slightly schistose structure is often apparent. Hematite with metallic lustre
also occurs, but is quiteé subordinate to the more ochrey kind. The ore is
interbanded with quartzose layers, which in some places greatly exceed the
ferrnginous part of the rock. In other places they are comparatively rare,
and in the best ore they are still less common. These layers vary from a
fraction of an inch to several inches in thickness. The beds are vertical, the
strike, where best seen, being N. 40° E. A rough measurement showed the beds
exposed to have a thickness of about 150 feet, but in estimating the thickness
of ore, a deduction must be made as an allowance for the quartzose portion
just alluded to.
The ore has been very largely worked, the mine being nearly 100 yards long by
50 yards broad, and perhaps 50 feet deep. I was informed by Mr. Olpherts®
agent in charge of the mine, that it is not flooded in the rains; it is a sort of deep
trench (the length of which coincides with the strike of the rock) in which water
would accumulate if it did not soak away subterraneously, or evaporate, quicker
than it entered. The surrounding country is an undulating one, and without
actual levelling it would be impossible to say to what extent free drainage could
be depended on for more extensive operations.
It is from picked ore from this mine that Mr. W. G. Olpherts’ ‘metallic paint’
is made, by grinding to an impalpable powder.
1 In this, and subsequent analyses, in which phosphorus and sulphur are not given separately,
any present is included in the undetermined portion of the ore.



100 Records of the Geological Survey of India. [voL. xv1.

Some distance, perhaps a quarter of & mile, to the north-east of the above
mine, there is an old abandoned one. The ore exposed is not as rich as that in
the mine now worked, and naturally so, as previous to abandonment all the best
ore exposed would be removed. The beds dip E. 30° 8. at 60° the strike
therefore being nearly the same as in the newer mine. Mr. Hacket considered the
ore in both mines to belong to the same band, and one can scarcely doubt that
such is the fact; but the ore is so soft that it makes no show at the surface, and
hence cannot be traced along the outcrop. If the band is continuous, however,
for even a quarter of a mile only, with anything like the thickness it has in the
present mine, a very large amount of ore is hidden beneath the surface.

An average sample of the Jauli ore, taken as it came, and including the inter-
banded quartz, yielded on analysis—

Ferric oxide . . . . . . 7669 = Iron 52-98.
Phosphoric acid . . . . . . ‘10
Sulpharic acid . . . . . . traces.
Sulphur . . . . . . . traces.
Loes on ignition . . . . . . 169
Ignited insoluble residue . . . . 2232
Manganese oxide, lime aud undetermined . . ‘80
10000

By the aid of some picking, however, a much purer ore can be obtained. A
sample assayed by Mr. A. Tween gave 97:86 per cent. of ferric oxide — 6850 of
iron, and some of Mr. Olpherts’ paint gave 9710.
Before leaving the ores of this neighbourhood, I ought to mention that the
... hematite of Jauli and Agaria, as well as of the hills close
s ol o o, * to Sarroli, is most distinctly a bedded rock, having
: ’ generally (except at Jauli, where it is less strong marked)
a highly schistose character. Locally indeed the rock is crushed and recemented,
and this crushing may have taken place along lines of faulting (probably merely
local slips). But except in such very limited sense the ore is most certainly not
a fault rock, The point is one of practical importance with reference to the
probable persistency of the ore, and is alluded to as the reverse has been pre-
viously stated .
The most prominent rock in the Lora range (east of Sehora) is a ferruginous
. siliceous schist, composed of alternating layers of micaceous
Lora Hills. iron and quartz, which is usually of a red jaspery type.
The layers are of irregular thickness, varying from a small fraction of an inch to
an inch and upwards. For want of a better name, and to avoid circumlocution in
referring to it, this rock may perhaps be called jasper-hematite schist. If it were
marked as an iron ore, the Lora range (as well as many other lines of hill)
ghould be streaked with gold from end to end. But a large proportion of the
rock contains too great an amount of silica to allow of its being smelted with
advantage, more especially when ores practically free from silica are to be
obtained in abundance. Only those places, therefore, are marked with gold in
which T have myself seen good workable ore.

3 Memoirs, Geol. Surv. of India, Vol. II, p. 278.
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At the termination of the range north of Mangola a band of jasper-hematite is
exposed tn situ along the crest. Lower down the slopes
there is a talus of the same rock, amongst which pieces of
micaceous iron 2 or 3 inches thick, or more, and free from siliceous layers, are not
uncommon. But the beds are not exposed sufficiently for one to form an opinion
a8 to whether there is any considerable quantity of ore.

_ The hill half a mile north of Gogra is formed mainly of jasper-hematite.
Near the base of southern slope there are a number of
shallow ore pits!, but they are only in talus, not in the
rock in situ. The miners seek for the small bits of ore which can be used at
once in the furnaces, and leave the large lumps, which would require the labour
of breaking up. The ore is a manganiferous micaceous hematite, containing a
varying proportion of interbanded jaspery quartz. It is a siliceous ore, although
not very highly so. As the manganiferous band is entirely concealed beneath the
talus, no estimate can be made of its thickness. Judging, however, from the
large amount of debris, it seems probable that the thickness is considerable.
As the loose ore must either lie directly over that in sttu, or else have come down
hill, and as the pits extend 20 or 30 feet (vertically) from the base of the hill,
probably a large amount of ore is obtainable by dry open workings, whether these
be through a deep mass of talus or into solid rock.

The proportion of manganese varies much, as can be seen from the outward
appearance of the ore. In some specimens of the micaceous iron, the presence
of manganese is scarcely apparent to the eye; in uthers, the ore shows by its dark
colour that it contains a large amount, and in the highly manganiferous portions
psilomelane occurs in irregular segregations. A carefully chosen average sample,
made up of a large number of small pieces taken from different pits, yielded—

North of Maugola,

Gogra and Danwai.

Ferric oxide . . . . 6638 = Iron 4643
Manganese (wnth tncea of cobalt.) . . . 1226
{ Oxygen . . . . 683
Phosphoric acid . . . . . . . 27
Salphuric acid . . . . . . . . ‘03
Sulphur . . . . . . . trace.
Ignited insoluble rendne . . . . . 666
Lime, alumina, water and nndetennmed . . . 476
10000

The manganese exists, in large part at least, in ‘the form of psilomelane,
occurring in irregular segregations, or more minutely disseminated through the
rock.

The Gogra miners told me (and Mr. Hacket mentions the same thing) that
the ore from these pits produces a hard steely iron, used for making edged-
tools, &c., while that from the mines in the Sarroli neighbourhood yields a soft
iron, used largely for ‘karrais’ (shallow basins for making chupatis in, &c.).
The difference is no doubt to be attributed to the manganese in the former.

! Those to the west belong to the village Gogrs, and those to the cast to Danwai.
r
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The ridge running eastward from Kuthola (1 mile south-east of Sehora) is
Kuthola. formed mainly of jasper-hematite. At the gap where
the railway passes, the strata dip at a high angle towards
the south. In the low hill just west of the railway station (Sehora road), the
beds in which seem to be higher in the section, as the rocks actually lie, than
those just mentioned, manganiferous hematite schist, with psilomelane, is visible.
The rock is more earthy and impure-looking than that at Gosulpur, which
will be described presently, and contains a considerable amount of interbanded
jasper and quartz. No great thickness i8 exposed, but the outcrop is of some
importance, as indicating the position of the manganiferous band.
" Where the Deccan road passes the end of the ridge, jasper-hematite with
hornstone is visible in situ, and pieces of psilomelane, &c., are scattered about.
On the northern slope of the hillock, about 300 yards N.15° W. from the Dak
Bungalow at Gosulpur, a strong band of manganiferous
micaceous iron outcrops. In a little nalla at the foot of
the hill the following section is exposed :—

Gosulpur.

Feet.

Clay-slate, seen about . . . . . . . . 60

Somewhat ferruginous qmrtz lclnlt . . . . . . . b

Obscured . . . . . . . . . . 20
Manganiferous micaceous iron . . . . . . . . 169

» quartz schist . . . . . . . . b

» micaceous iron, seen . 85

The total thickness of ore actually seen bexng abont 50 feet The section is
given in descending order, as the rocks lie, the dip being about 60° to N. 30° W

The hillock just mentioned forms the eastern extremity of a low scarp, run-
ning from Gosulpur to W. 30° S. The ecarp is capped by several yards of rock
laterite, butlower down the slope (which faces to N. 30° W.) the mangano-
ferruginous band outcrops in several places. It is fairly seen at intervals for
about a third of a mile, and reveals its presence more obscurely, by occasional
small outcrops, and by loose fragments, for at least a quarter of a mile more. As
in the first third of a mile the outcrop is well above the plain (averaging
perhaps 30 feet or s0), thereis, unless the band thins out considerably immediately
westward of Gosulpur, which i8 not likely, some hundreds of thousands of tons
to be had by dry open workings, and probably some millions by going deep
enough.

The appearance of the rock shows (as at Gogra) that-the proportion of
manganese is very variable. The greater portion of it, at least, exists in the form
of psilomelane, occurring partly as linings to small cavities in the rock, and in
irregular segregations and masses, some of which contain some cubic feet of
mineral. I am somewhat inclined to think that the psilomelane is most abundant
where the schist has crushed and re-cemented, psilomelane being the cementing
material. A sample of the more manganiferous part of the schist afforded 18:02
per cent. of manganese (with a little cobalt), while the psilomelane gave 8320
per cent. of available peroxide.

Reviewing the above details, it will be seen that manganiferous micaceous
hematite has been found in several places along the southern side of -the Lora

o AWM ama—s exs a . el
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range. One can scarcely feel much doubt as to there being & continuous band
in that position. It is highly probable that the Gosulpur ore belongs to the
same horizon, but whether it is a direct continuation of the same outcrop or
not is more doubtful. The strata in the Lora range have a general dip towards
the south-south-east at high angles, while the beds at Gosulpur dip N. 30° W.
at about 60°. This may be a mere local feature, or it may indicate that the Lora
and Gosulpur outcrops are on opposite sides of a synclinal flexure.

There does not appear to be any reason why the Gosulpur and Lora man.
ganiferons ore should not form a suitable material for the manufacture of
spiegeleisen. Although part of the manganese occurs in distinct segregations,
a large proportion of it is minutely disseminated through the ore.

On the slope of the hillock at Gosulpur above mentioned, a little below the
outcrop of the manganiferous ore, there is & band of limonite not less than 15 feet
thick. It can be traced westwards for about the same distance as the other ore,
to which it runs parallel. Some parts are very massive, the rock lying about in
large blocks; others present a schistose appearance. At the time I took this to

_be a bedded Bijiwar rock, but I am not prepared to assert positively that it is
so. Whether it be or not, a considerable quantity of ore (containing, however, a
rather high percentage of phosphorus) is to be obtained from it. It yielded on

analysis—

Ferric oxide . . . . . . . . 8157 = lron 6710
Phosphoric acid . . . . . . . 1-69

Sulphuric acid . . . . . . . 0-00

Sulphur . . . . . . . . traces!

Loss on ignition . . . . . . . 1091

Igvited insoluble residue . . . . . . 408

Lime, alumina and undetermined . . . . 175

10000

LATERITIC ORES.

The pisolitic ores occur on a horizon near the base of the lateritic strata.
“The bottom beds (of the group) consist of a coarse ferruginous sandstone,
formed of rounded bits of quartz, sometimes as large as a pea, embedded in a hard
forruginous paste. Above this there are some beds of fine ferruginous earthy
sandstone, containing badly preserved leaf-impressions. Resting upon these in
some sections, there are several feet of a rich oolitic iron ore, covered by red,
white, and purple clays, with bands of a coarse ferruginous sandstone inter-
bedded, the whole capped by the ordinary rock laterite.”3

There are two main varieties of pisolitic ore, one of which breaks with a smooth
conchoidal fracture and shining surface ; the other with a rough uncven fracture
and dull lustreless surface. In the former the hardness and tenacity of the
spherules, and of the cement in which they are embedded, are about equal, so that
fracture takes indifferently through both parts of the rock. The difference of
fracture in the other variety is due partly to the cement, and also the spherules,

1-003.
3C. A. Haeket, MSS. report, 1871-72.
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breaking with a dull uneven surface; partly to some of the spherules being
dragged out of their sockets unbroken, so that the surface of the rock shows a
number of roundel prominences and depressions. The conchoidal-fractured
limonite is hard and brittle, the other much softer, and sometimes quite friable.

The spherules of the former vary in size from that of large peas downwards,
so that the rock passes into oolitic limonite. Intimately associated with it in
many sections is a highly ferruginous sandstone, which, when looked at under
the lens, is seen to be composed of minute grains of quartz with an abundant
limonitic cement. Sometimes the rock is free from spherules of limonite; more
frequently such are scattered throngh it more or less abundantly. Thus it passes
into the rich pisolitic ore in which grains of quartz are sometimes visible between
the spherules, though more frequently the cement is, like the spherules them-
selves, purely limonitic. The sandstone and pisolitic ore are often found in
juxta-position, with a sharp line of division between the two.

An immense number of small pits, most of which are now abandoned, are
scattered over the lateritic area. The majority of those I visited are in the

neighbourhood of Bijori (7 miles east-south-east from Murwira) and in the
Kanhwira hills.

There is a quarry a quarter of a mile S.15° W. from Bijori from which
Mr. W. G. Olpherts obtained some of the ore smelted in

Bijori. . : .
his experimental works at Murwara. The section at one
end comprises—

Ft. In.

a. Surface soil . . .1 0

b. Lateritic debris .1 6

d. Pisolitic limonite with conchoxdul fractnre . . 0 11

e. Ochreous, somewhat pisolitic, limonite with rough fracture . 0 4

J; g. Semi-ochreous red oxide of iron, in onion-like uodules several

inches in diameter . . . . . . 0 8

h. Lithomargic clay . . . . . . . . .0 7

t. Soft friable sandstone, seen . . . . 0 7

One hundred feet to the east, at the other end of the quarry, the section is
as follows—

. Surface soil . . . . .

. Lateritic debris .
. Soft pisolitic limonite w xth rongh fmcture
. Pisoli.ic limonite with conchoidnl fracture .
Ochreous, somewhat pisolitic, limonite with rough fmcwrc .
. Pisolitic limonite with conchoidal fracture .
. Ochreous, somewhat pisolitic, limonite with rough fracture .
. Lithomargic clay, seen . .

CODO O W m 3
[ d
e MO R OO

>»aSsoenro o8

. . . 10

In comparing the above two sections it will be observed that the band of
semi-ochreous red oxide of iron in the first corresponds to f + g in the
second, or to one or other of them, the other having died out. In either case
there is a change in mineral character laterally, which change may be either ori-

ginal or secondary. The absence of ¢ in the first section is merely due to denu-
dation.
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About a mile south of Bijori there is another quarry, which has been worked
by Mr. Olpherts. The section at the eastern end comprises—

Ft. In.

a. Surface soil . . . . . . .1 0

b. Disintegrated laterite, or latentle dcbm . . 2 8
¢. Disintegrated laterite with one or two layers of hlghly ferrngmous
sandstone, and thin seams of pisolitic limonite with conchoidal

fracture . . . . 0 9

d. Pisolitic limonite thh conchoxdal fracture . . . . . 03t4

e. Soft pisolitic limonite witk rough fracture. . . . .1 9

7. Pisolitic limonite with conchoidal fracture . . 0 )

g- Soft pisolitic limonite with rough fracture. 1 10
A. Limonite, with conchoidal fracture; pisolitic in the upper part.

passing into oolitic lower down . . . o 1n

i. Laterite, seen . 1 2

At the other end of the qnsrry, 2" feet to the west the band h is represented
by—

Fe. In.

Pisolitic limonite with conchoidal fracture . . . . 0 5

A {Soft pisolitic limonite with rough fracture . . . . 0 4
Oolitic limonite with conchoidal fracture . 0 5§

The middle 4-inch band, therefore, dies out in & very short dlstance In the
western part of the quarry, also, the band d is represented by a layer, about
equally thick, of compact brittle limonite. It is further noticeable in this sec-
tion that ordinary laterite underlies the pisolitic ore.

An average sample from the band % gave on analysis—

Ferric oxide . . . . . . . 8120 = Iron 56'84
Phosphoric acid . . . . . . . 141
Sulpharic acid . . . . . . . . trace.
Sulpbur . . . . . . . . . trace.
Loss on ignition . . . . . . . 1842
Iguited insoluble residue . . . . . . 129
Alumina, lime and undetermined . . . . . 268
10000

: i
On the north side of the village 3 feet 4 inches of soft pisolitic limonite, with
rough fracture, is exposed, with the base not seen. This afforded—

Ferric oxide . . . . . . . 7172 = Iron 50-20
Loss on ignition . . . 1468
Ignited insoluble residue . . . . 79
Undetermined (alumina & lime in psrt) . . . 566

10000

k3

In an old pit half a mile east of Bijori 2 feet of ore of the same kind is
exposed.

There arn 8 number of abandoned pits about 300 yards north of the village, in
one of which the following section was measured :—

I
Surface soil

Soft pisolitic limonite mth rongh fncture
Pisolitic limonite with conchoidal fracture .
Soft pisolitic limonite with rough fracture
Ochreous pisolitic limonite with rough fracture

. . . .

. . .

coor~r~3
T~ D



S e

106 Records of the Geological Survey of India. [voL. xvI.

Ft. In.
Pigolitic limonite with conchoidal fracture; the amount of cement
between the spherules increasing in amount downwards until the
rock passes into highly ferruginous sandstone . . . . 07t38

Soft pisolitic limonite with rough fracture . . . . 0 6
Friable ferruginous sandstone with some thin u‘regular bard |aym,
secn . . . . -1 6

About half a mile south-west of Majhgaon, some ferrugi-

nous beds are very imperfectly seen in & nalla.
Ft. In,

Pisolitic limonite with conchoidal fracture, not less than . . 1 6?

Arenaceous semi-ochreous hematite, in beds of irregular thickness,
seen . . . . . . . . . . . 4 0

The lower beds are considerably contorted on a small scale.

On the south-west side of the village, in an old pit, about 2 feet of oolitic
limonite, mostly of the soft variety, underlies some 4 feet of lateritic debris.
The base of the ore is not visible.

Three quarters of a mile south-west of Bhadora there is
a group of old pits, in the largest of which the following
section was measured :—

Majhgaon.

Bhadora.

Ft. In,

Surface soil, &e. . . . 3 0

Bed of earthy limonite, vnth funt phnt nnprmnono . . . 0 10

Lithomargic clay 3 1]
Oolitic limonite, softer and leu highly fermgmons thnn that

below . . . ] (1}
Oolitic limonite, n.ther soft and breakmg wnth rough fncture,

seen . . . . . 1 o

Summarizing the preceding sections, we find the thicknesses of ore actually
seen, to be as follows :—

s, | 25|

353 | 32 | 5| & | ¢

&= | &F z“ = &

Ft. In. | Ft. In. | Ft. In. | Ft. In. | Ft. In,
4 mile 8, 15° W. from Bijori . . 1 2 4 2 . 5 4
1 mile south of Bijori . . . . .l 18 3 7 410
North side of Bijori . . . . . 3 4 3 4
1 mile east of Bijori . o 20 20
300 yards north of Bijori . . . .| 0 8 29 8 5
1 milo south-west of Majhgron . . .| 1 6° 4 0 5 6?7
South-west side of Majhgaon . 20 . 20
4 mile sonth-west of Bhadora . . . e 3 0 010 310
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In the sections which are best seen there is about 5 feet of ore. In the others
either a portion of the ore has been denuded away from the top, or the lowest beds
are not visible.

With reference to the important question whether the iron-bearing strata are
continuous throughout the area over which the pits above noticed are scattered, it
would be perhaps rash to express an unqualified opinion. The strata are most
obscurely seen, being rarely visible except in the old pits, and seldom in them even
except by clearing out the rubbish, by which they are more or less choked up-
But I am certainly strongly inclined to believe that the ore will be found to occur
continuously at the same horizon, although the details of the section may vary in
different localities. Some of the sections given above show slight differences
within a few yards even, but those in which the rocks are best seen agree in there
being a foot or so of limonite with conchoidal fracture, covered by a thicker band
of the softer kind of ore.

The map scarcely indicates the form of the ground correctly. There is low
ground, occupied by alluvium, on the borders of the streams, sloping gently
upward to more elevated ground, where the surface rock is laterite, rather than
definite bills and valleys. The ore beds generally occur near the foot of the lateritic
slope, a little above the level of the alluvinm. They have probably, therefore, been
denuded away from some, at least, of the alluvial hollows. But these hollows
occupy a far less area than the lateritic ground. In the latter I believe the ore will
be found continuously; at or close to the surface in the lower ground, and
obtainable by open workings, but in the more elevated tracts probably beneath such
a depth of overburden as to necessitate shallow mines. The amount of ore must be
very large. A continuous bed of even one yard only would contain more than
eight million tons to a square mile.

About a mile north of Emelia there are two quarries about 100 yards apart.
That to the north was worked last year, and a consi-

Emelia,
derable beap of ore was stacked at the time of my visit.
The section includes—
Ft. In,
Surface soil . . . . . . . . . . o 2
Highly ferrnginous sandstone . . . . . . N § ]
Disintegrated ordinary laterite . . . . . . .1 8
Pisolitic iron ore, seen . . . 4 o

The floor of the quarry is on the ore, so that the total thickness of the latter is mot
apparent. The strata dip about N. N. W.at 5°. The ore is somewhat different to
any that I have seen elsewhere. It comsists of spherules of limonite (having an
onion-like structure, and ranging up to an inch, or even more, in diameter, but
usually not exceeding half an inch) which are embedded in a semi-ochreous cement
consisting mainly of brown, but partly of red, oxide of iron. Most of the spherules
on the surfaces of fracture remain unbroken, being torn ont of their sockets on
one side.
In the other quarry the same beds are seen less fully.

Ft. In,
Surface soil . . . . o 9
Higbly ferruginous sandstone . . 1 0
Disintegrated ordinary laterite . . o 5
Pisolitic iron ore, seen . . . . . . 1 3
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The ore is similar to that in the first quarry, except that the cement contains
more red oxide. Dip north-west at 5°,
The ore in these quarries being on rising ground, and, where it is now ex-

posed at least, close to the surface, is favourably situated for open workings. An
average sample from the first-mentioned gave—

Ferric oxide 77-81 = Iron 54'47
Mangnnese (calculuted as Mn, O,) thh tmcu of cobalt 154

Phosphoric acid . . . . . ‘82

Sulphuric acid . . . . . . . traces.

Sulphur . . . . . . . . traces.

Loss on ignition . . . . . . . 1820

Ignited insoluble residue . . . . . 827

Alumina, lime and nndetermmed . . . . 3-36

100-00

On the rising ground about & mile west-south-west of Jhijri several shallow
pits have been sunk, but they are now abandoned. Lumps
of ore are freely scattered about over the surface, and here
and there a thin bed is visible in situ. The thickest I saw included 10 inches of
pisolitic limonite with conchoidal fracture.

At the base of an outlying hillock of laterite, about half a mile north-west of
Kailwéra, there is a band of ore, similar to that near
Jhijri, which has a thickness of not less than 20 inches.
In a nalla, close to Mr. Olpherts’ paint mill on the Katni, a mass of some-
what earthy limonite, mixed with red oxide, appears from
beneath the alluvium for a distance of about 20 yards.
It has an apparent schistose structure and is unlike any lateritic ore that I am
acquainted with. On the other hand, it is very improbable thatthe Bijiwar rocks
should appear at the surface, which they could only do by very peculiar faulting,
so that I feel uncertain as to the relations of the ore. It afforded—

Jhijri.

Kailwéra.

Murw4ra.

Ferric oxide . . . . . . . 7628 = Iron 5266
Loss on ignition . . . . . . . 902
Ignited insoluble residue . . . . 1108
Undetermined (alumina and lime in part) . . . 467

10000

e —

The Kanhwéira hills (6 miles north-east of Murwira) form a level platean
. bounded by a sharply defined escarpment. The surface
hwéra hills.
Kanbw rock on top is ordinary laterite, while bands of rich iron
ore outcrop along the face of the slope.
Pisolitic limonite, in great part of the kind with conchoidal fracture, forms
a strong band at the top of the escarpment a quarter of a mile W. 20° N. of
Pilongi. There is little or no overburden on it.
At the foot of the ghat, half a mile N. 20° W. of Piprehta, a bed of similar
ore not less than 2 feet thick is visible.
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Not far from the top of the scarp above Piprehta there is a strong band of
the same kind of ore. There appears to be another lower down, but the section
is obscurely seen.

On the slope of the projecting spur, a quarter of a mile south-east of Pip-
rehta, there are some old pits. In one of them the following section was
measured :—

Ft. In.

Pisolitic limonite, mainly of the kind with conchoidal fracture,
in part somewhat ochreous, seen . . . . 2 10
Coarse ferruginous sandstone . 1 6
Compact, or slightly ochreous, limonite o 2
Do. red oxide of iron . . o 3
Lithomargic clay, seen 1 6

there being 3 feet 3 inches of ore, with the top of the main band missing through
denudation. The ore is 15 feet (vertically) below the top of the hill, which is
about 70 yards to the north—

A sample from the main seam yielded on analysis:—

Ferric oxide . . . . . . . . 8218 = Iron 6762
Phosphoric acid . . . . . . 76
Sulphuric acid . . . . . . . trace
Sulphur . . . . . . . . . traces
Loss on ignition . . . . . . . 1889
Ignited insoluble residue . . - . . 187
Alumina, lime and nndewrmmed . . . . 1°60
10000

It will be noticed that this, as well as the other lateritic ores analysed, con-
tains & much higher percentage of phosphorus than the hematites. In the latter
the phosphoric acid ranges from ‘10 to ‘27 per cent. ; in the former from ‘76 to
1-41 per cent.

At the foot of the hill, below the pits just mentioned, there is a strong band
of oolitic and pisolitic limonite with conchoidal fracture,

To the morth-west of Kamtarra (a village 1 mile south of Moh4ri) there
are some old pits 25 feet above the foot of the escarpment, which is 70 feet high.
The ore is pisolitic limonite with conchoidal fracture, and is not less than 12
inches thick. There seems to be more than one band of ore besides that in the
pits, but the section is very obscure. Large quantities of loose ore are strewn on
the hill-side at different levels.

Just west of Mohari the hill is capped, with no overburden, by 2 feet 4 inches
of oolitic limonite with conchoidal fracture. There are gome old pits here, and
others about half way down the hill.

In the nalla just north of Mohéri there is—

Ft. In.

Oolitic limonite with conchoidal fracture, seen . 0 ;
Slightly arenaceous limonite, in thinnish beds contnnmg phnt

impressions . . . . . . o 9

Ferruginous sandstone, seen e e e e . 1 6
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Near the bottom of the ghit, half a mile north-west of Mohéri, there is a
band of pisolitic limonite with conchoidal fracture, seemingly about 2 feet thick.
Higher up there is another strong band of similar ore,

On the slope above Kanhwéara 2 feet 6 inches of same kind of ore, but some-
what ochreous in part, outcrops in one place.

About half a mile south of Kanhwara the surface rock, at some little dis-
tance from the foot of the escarpment, is pisolitic limonite with conchoidal
fracture.

On comparing the above sections it will be seen that there is one band of
ore near the top of the escarpment, another at the foot of it, and a third in an
intermediate position. The thicknesses, in as far as I was able to ascertain
them, were—

Top seam, Middle seam. Bottom seam,
1 Mile W. 20° N. of Pilongi . . Strong band
3 , N.20°W.of Piprehta . . Not less than
2 feet.
Piprehta . ’ . . Strong band 4
1 Mile south-east of Pnprehtu . . Not less than Stroug band.
3 feet 3 inches.
North-west of Kamtarra . .o Not less than
1 foot.
West of Mohéri . . +  Not less than ?
2 feet 4 inches.
North of Mobdri . . . . Not less than
: 1 foot 6 inches.
North-west of Mohdri . . . Strong band 2 feet ?
Kanhwira . . . . e 2 feet 6 inches
South of Kanhw&n . ?

It is, I think, tolerably safe to estlmate the average thxcknesses of the seams
at—

Ft. In.
Top seam . . . . . . . . . . 2 6
Middle seam . . . . . . . . . . 2 0
Bottom seam . . . . 2 1]

The area of the platean west of Mohﬁn bemg about two and a half square
miles, there would be in the—

Top seam . . .. . . . . 19 million tons of ore.
Middle seam . . . . . . . . 16 » »
Bottom seam . . . . 18 ” ”

A large amount of ore from the top seam is available by open workings with
free drainage in places where, as in some of the localities noticed above, it occurs
at the very top of the escarpment with little or no overburden. A considerable
quantity could also be got from the bottom seam, in the same way, in places
where it extends into the plain at the foot of the slope. The great mass of ore from
the two lower seams, however, and some probably from the top one, could only
be obtained by mining. But mining in horizontal strata at such insignificant
depths would be of the simplest kind, an immense quantity of ore being within
reach by adits driven in from the face of the escarpment.

In the above estimate no account has been taken of the Kanhwira hills east of
Moh4ri, where there can be little doubt ore exists in equal abundance.
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A considerable proportion of the ordinary laterite contains a high percentage
of iron, and in countries less favoured than that under
discussion would be looked on as a valuable ore. Asa
case in point, I may mention the hillock near Kailwéra previously alluded to. It
is about 40-feet high, and formed of rock laterite of a common type. A carefully
chosen average sample yielded—

Ordinary laterite as ore.

Ferric oxide . . . . . . 6327 = Iron 44°29
Loss on ignition . . . . . . 1048
Ignited insoluble residue . . . . 19-36
Undetermined (mainly alumina and lime) . . 689
10000
n—
I ought not to conclude these notes on the iron ores of Jabalpur without
Scope of notes. saying that they do not profess to give an account of

every locality in which such mineral resources are to be
found. Iron is, indeed, well known to occur in places which I have not visited—
at Gangai, for instance, near the marble rocks, and the Majhauli hills, west of
Sehora. Such ores, however, are, from their position, obviously out of count in
connection with the Umeria coal. In the localities I have described, there is a
practically unlimited supply of high-class brown, red, and manganiferous ores, none
of which are more than a few miles distant from the railway. So much being
ascertained, it would be useless, at any rate until the question of working the
ores takes a more definite form than at present, to spend time in the examination
of the more remote and less important localities.

Fruxes.

The most important member of the Lower Vindhyan series, and that possess-
. ing the greatest conmstancy in the section, is a band of
.to‘x"" Vindhyan lime- 1 estone some hundreds of feet in thickness. Consti-
tuting, as it does, nearly the highest subdivision of the
series, and generally dipping towards the north at moderate angles, it occupies
the lower portion of the Kymore escarpment (beneath the sandstones of the
upper series), or a belt of country, of varying width, immediately to the south.
In this position it extends from near Sasserim to Bijerighogarh, a distance of
some 200 miles. In the neighbourhood of the latter town the outcrop is
exceptionally wide, covering a breadth of more than 3 miles. A little west
of Bijerdghogarh, however, the alluvium begins to encroach, the limestone out-
crop rapidly narrows, and near the village of Kachgaon finally disappears beneath
the more recent deposits®. But it is practically certain that, although concealed,
the limestone forms a continuous fringe, bordering the Upper Vindhyan rocks,
from Kachgaon towards the south-west, and then eastwards again to Murwira,

In the latter position there are numerous quarries sunk through the alluvium.
These excavations are in a line running north and south from just south of
the town to the base of Murwéra Hill Station. With one exception they appear
to be all very nearly on one strike. The depth of overburden in the different

! The narrow band, colored blue on the map, to the westward of Kachgaon, is of shale, which
occupies a position between the limestone and the Upper Vindhyan rocks above.
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quarries varies from 10 to 25 feet, except in the most southern of the line, where it
is less than 5. It consists of clay, with Lower Vindhyan shales and inferior shaly
limestone, which overlie the band that is worked. The latter consists of grey
limestone in beds of rather small thickness, averaging say 2 to § inches. A
carefully chosen average sample gave—

Carbonate of lime . . . . . . 9465

»  of magnesia (by dlﬂ ) . . . . . 298

o of iron . . . . . . 68
Phosphoric acid . . . . . . . . traces

Sulphurio acid . . . . . . . . 000
Sulpbur . . . . . . . . . traces?

Ignited insoluble resxdue . . . . . . . 179

100-00

—a result which shows the stone to be eminently suitable as a flux.

The band of superior limestone (above and below which is inferior stone) is
only some 10 feet thick, and as it dips (towards the west) at 15°—20°, it cannot
be followed towards the deep for any distance, the overburden even at the out-
crop being excessive. The amount of stone therefore obtainable from the present
quarries is limited. The outcrop of the whole band of limestone, however (which,
as I ha've said, is some hundreds of feet thick in the Son Valley), probably extends
for a considerable distance eastwards of the quarries beneath the laterite and allu-
vium, and many other beds of good stone are probably concealed in that position.
(There is indeed one excavation, some 130 yards east of the others, which has
struck limestone, but of an inferior kind.) It is very doubtful, however, whether
the more recent deposits are not too thick to allow of such being worked, even if
found. A well in Mr, Olpherts’ compound, a few hundred yards east of the line
of quarries, was sunk through 90 feet of clay without striking rock.

In the event, then, of iron works on a large scale being started at Murwaira,
I think it is mot impossible that, sooner or later, the supply of limestone on the
spot will fail. In this case search should be made a little south of where the
railway passes through the Kymore hills (west of Ponchi). It is quite possible
that the limestone is to be found there beneath a less depth of overburden than at
Murwéra, and a few shallow wells would be sufficient to settle whether it is or
not. If not, perhaps the best plan would be to construct a tramway from Mur-
wira to the limestone area west of Bijerdghoghar, or to the latter town itself.
Limestone is to be had there in unlimited quantity at the surface of the ground.
The tramway, therefore, besides serving to bring in iron ore from the rich deposits
of the Kanhwéra hills, and flux for smelting purposes, could supply lime-
works on any required scale with stone, probably at a cheaper rate than it can be
had now at Murwéra, as the expense of removing such a mass of overburden would
be avoided. As the Murwara® lime is now exported as far even as Calcutta, a
market would doubtless be found for a large supply, if deliverable at a sufficiently
low rate. A certain amount of passenger and ordinary goods traffic would also,
no doubt, be obtainable for such a tramway as a feeder of the East Indian Rail.

1+004.
3 Or Katni. Murwéra is the name of the town, Katni that of the adjoining railway station.
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way. As the country is nearly level, with only one stream of any size to cross,
there would be no difficulty in construction.

There i an unlimited supply of limestone to be obtained from the lameta beds.
Besides the fact, however, that these rocks do not approach
the railway anywbere north of Jabalpur, the stone is
markedly inferior to that of Murwira. An average sample, taken from several
heaps collected for burning mnear Jabalpur, contained 21-38 per cent. of residue
insoluble in hydrochloric acid, the remainder being carbonate of lime, with trifling
quantities of magnesia and iron.

A pisolitic variety of laterite, containing, besides iron, a large proportion of
alumina, occurs abundantly in the hills south of Mur-
wéra. If an aluminous flux should be required for
smelting some of the hematite ores, the rock in question might perhaps be found
useful.

Lameta limestone.

Aluminous laterite.

DoLoMITE.

The occurrence of manganiferous iron ore, available for the production of spie-
geleisen, would probably lead to Bessemer steel-making being included in any
scheme for utilising the Jabalpur ores. If the basic process were adopted, dolomite
for lining the converters would be required. The rock occurs in great abundance
in the district, and, although very unequal in quality, can be obtained, by a little
selection, of great purity.

The well-known ‘marble rocks,’ which are situated abont 2 miles from

Marble rocks, Mirganj station on the Great Indian Peninsular Rail-
way (11 miles from Jabalpur and 68 from Murwéra),
are dolomitic throughout. The rock has a saccharine texture, and is mainly of
& pure white colour, although here and there it has a grey, yellow, or pink tinge.
The bedding, as a rule, is not very thick, and in places it is quite thin, the rock
verging towards a dolomitic schist. The greater portion of the dolomite contains
disseminated crystals of tremolite, and very often irregular strangulated layers
of quartz parallel to the bedding. But rock free from visible impurity is to be
obtained withont any difficulty. A sample of such, of a pure white colour, and
obtained from different spots, yielded —

Carbonate of lime . . . . . . . . . 56648
» » magnesia (by diff) . . . . . . . 4365

" s iron . . . . . . . . . ‘36
Ignited insoluble residue . . . . . . . . 61
10000

This is a very close approximation to normal dolomite, which contains 54'35 and
45°65 per cent. of carbonate of lime and magnesia respectively.

Dolomite of a somewhat less pure variety also occurs largely in the neighbour-
hood of Sleemanabad. It is mostly grey, with occasional
cherty and quartzose bands, but rock free from visible
impurity can easily be got by selection. A sample taken from the side of the

Near Sleemanabad.
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railway between Dharoli and Deori (2 miles from Sleemanabad station and
20 from Murwéira) gave—

Carbonate of lime . . . . . . . . . 52-45
’ ,» magnesia (by diff.) . . . . . . . 88-22

” s iron . . . N . . . . . 276
Ignited insoluble residue . . . . . . . . 657
100-00

The same band of rock is also found close to the Sleemanabad station.

FIRECLAY.

Firebricks have been made in the Jabalpur jail from clay obtained from the
Upper Gondwéna beds, in the neighbourhood of Jackson’s
hotel. Last year I made some trial of their infusibility on
a small scale. Three sharp-edged fragments, together with three similar fragments
of a Scotch firebrick, from Kilmarnock, were placed in a covered crucible, and
exposed for an hour t0 & dazzling white heat in a Fletcher’s injector gas furnace.
After cooling it was found that the edges of none of the fragments showed even
incipient signs of fusion. The fragments of both bricks had acquired a slight
glaze on the parts forming portions of the original surfaces, and when broken
were found to have become extremely hard (so as to resist the point of a knife),
somewhat porous, and the fracture semi-vitreous looking. The J. abalpur brick,
before heating, had a smoother fracture than the Scotch one, and was much softer
and more easily broken. After heating, however, both seemed to be equally hard.

Bébu Hira Ll, of the Geological Survey, recently forwarded some clay, similar
in appearance to that from which the Jabalpur bricks were
made, which he found in the Upper Gondwéna strata in the
hill west of Amdari, a village 14 miles south-west of Chandia. He states that
the clay occurs in considerable quantity. It is a white indurated kind, breaking
with a semi-conchoidal fracture when dry. When powered moderately finely !,
it yielded a highly plastic mass with water. From this small bricks with sharp
square edges were made, measuring 13" + }” + }”. Similar bricks were made
from fireclay from Glenboig and Garnkirk (Scotland) and from Réniganj, One
of each was enclosed in a covered crucible, with one end resting on the bottom,
and the other touching the side. After exposure for an hour to a dazzling white
heat in an injector furnace?, the edges of the Amdari brick were only slightly
rounded, but the brick had softened sufficiently to allow it to bend somewhat,
until partially supported by the side of the crucible. It had not contracted in a
marked degree. The Glenboig and Garnkirk bricks remained with perfectly sharp
edges and contracted very slightly; the former showed no trace of bending, while
the latter was bent in a very slight degree. The Raniganj brick had the edges
completely rounded, and was reduced to a semi-fused condition.

Jabalpur.

Amdari.

1 Sifted through a sieve of 38 holes to the linear inch.
3 The temperature was sufficiently high to soften the cover of a crucible from the Battersea
works, and allow it to sagg downwards.
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Some of the powdered Amdari clay was subsequently washed by suspension
in water, dried, repowdered and sifted, and made into bricks of the same kind,
which were similarly heated. The edges were very slightly rounded, and the bricks
bent somewhat from their own weight, but decidedly less than that made from
unwashed clay.

Although the clay, then, showed itself to be inferior to Scotch clay, good fire-
bricks could probably be made from it, especially if washed. Similar clay is
doubtless to be found elsewhere in the Upper Gondwéna area, and one may expect
the coal measures of Umeria to contain fireclays like those of Réniganj and other
coal fields.

MURWARA AS A SITE FOR IRON-WORKS.

In the preceding remarks I have more than once alluded to Murwéra as a site
for future iron-works. The advantages of the position are not far to seek. The
two primary conditions in selecting a site are firstly, that there shall be an ample
supply of water, and secondly, that the spot shall be on the line of railway.
Now, between Gosulpur, in the neighbourhood of the most important hematite and
manganiferous deposits, and Umeria, vié Murwéra, the East Indian Railway
and the projected line to Umeria only cross three streams of any size, namely,
the Heran, south of Sehora; the Katni, at Murwéra; and the Mihanaddi, near
Chandia. The first of these is obviously too far away from the coal-field. The
Mahanaddi is within a ¢omparatively short distance of the coal, which forms the
heaviest individual item of haulage, but not only would the ore and flux have to
be taken from near, or beyond, Murwira to the Mdhanaddi, but all the iron pro-
duced would have to be carried from the Mihanaddi to Murwéra, Roughly
speaking, there would be the haulage of ore + flux + iron versus the haulage of
coal®.

Murwira, as will have been seen, occupies a central position with reference to
the different mineral products required. It is actually on limestone, and within
less than 15 miles of an unlimited supply of the same mineral to the mnorth-
east. It isin theimmediate neighbourhood of the lateritic brown ores, and about
equally distant from the Umeria coal-field to the south-east, and the hematite and
manganiferous ores to the south-west, while dolomite is to be had within 20 miles
by railway. The Katni, which flows past Murwira, is a stream with a drainage
area of 230 square miles above the town, and there is an abundant supply of water
throughout the year®.

1 If the new line were continued to Belaspur a certain quantity of iron would find its way
to the south-east, but the amount would probably be a small proportion of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>