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* Parr 1.]

INTRODUCTIO‘ LA

THIS Report records the operations condugﬁ bv tW G"Ml

Survey of India during the calendar year 1907, and~ neﬂy
reviews the principal results obtained by the officers’ researches;
but these are more fully described in separate papers published
in the Records and Memoirs. A special statement is published
in this Part of the Records summarising the returns for Mineral
Production during 1907, while a listis appended of the concessions
granted for prospecting and mining in lands of which the minersal
rights are held by the Government of India. There has been satis-
factory progress in production and an extraordinary increase in
the activity of prospectors, mainly inspired by the phenomenal
success of those who were already prepared to meet the increased
demand for manganese-ore and coal. This increase in prospecting
has thrown additional work on the staff at headquarters, where
enquiries for information during 1907 far outnumbered those that
were felt to be a serious tax on the officers’ time during. previous
years. Among the officers who shared this work, the most con-
siderable burden fell on Mr. C. 8. Middlemiss, who was in charge

-of the office routine duties from March till the end of the year.

2. The statement of Mineral Production now published is the
fourth issued since the publication of the Review for 1898—1903'.
The next statement will form part of the Quinquenniel Review
for the period 1904—O08.

L Records, Geol, Surp. Ind., XXXII, Part I .
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DISPOSITION LIST.
3. During the period under report the officers of the Depart-

ment were employed as follows :—

Superintendents.

Mg. T. H. D. LaToucHe. Returned from Burma on the 27th
May 1907. Granted 3 months’ pri-
vilege leave and in continuation special
leave for 3 months with effect from
the 5th July 1907.

Mr. C. 8. MiopreEmiss. At headquarters from the 1st March
1907, in charge of office and preparing
memoir on the Kangra earthquake.

Mz. H. H. HavDen. At headquarters in charge of office
“up to the 28th February 1907. Ser-
vices placed at the disposal of the
Foreign Office with effect from the
afternoon of the 28th February 1907.

Assistant Superintendents.

Mr. P. N. Darra. Returned from the Central Provinces
on the 2nd April 1907, and deputed
to the same area for continuation
of the Geological Survey of the Chan-
da and Raipur districts on the 18th
November 1907.

Mr. E. VeepeENBURG. At headquarters as Palmontologist up
to the 14th April 1907. Granted
3 months’ privilege leave with effect
from the 15th April 1907. Returned
from leave and resumed the duties
of Palwontologist with effect from

the 8th July 1907.

Mr. L. L. Fermor. At headquarters as Curator up to the
' 23rd August 1907. Deputed to con-
tinue the manganese investigation and
left for the field on the 23rd August

: 1907. ‘
Mr. @, E. PrmeriM, Returned from leave on the 20th
July 1907. Deputed to the Bugti

»

e Pamnr 1,] General Report for 1907. _ 5

Hills, Baluchistan, on the 17th Nov-
ember 1907.

Returned from the North-West Fron-
tier Province on the 28th April 1907,
Appointed Officiating Palaontologist
from 15th April 1907 to the T7th
July 1907. Granted 3 months’ pri-
vilege leave and in continuation 9
months’ study leave with effect from
the 19th July 1907.

Returned to headquarters from the
field on the 30th April 1907. Ap.-
pointed Curator on the 24th August
1907,

Returned from Burma on the 27th
May 1907." Re-posted to Burma in
connection with the petroleum in-
dustry, and left for the field on the
10th November 1907.

Mr. K. A. K. Harowes. Returned to headquarters from the

Singhbhum district on the 1st June
1907. Deputed to the Singhbhum
district for the continued examination
of the copper-bearing belt on the
30th November 1907.

Mr. G. pE P. Corter. Returned from Burma on the 26th
May 1907. Re-posted to Burma in
connection with the petroleum in-
dustry, and left for the field on

‘ the 10th November 1907.

Mr. J. CogaiN BrowN. Returned to headquarters from Burma
on the 27th May 1907. Deputed
to Yiinnan and left for the field on the
12th November 1907.

Deputed tc make a survey of the tin-
ore deposits in Southern Burma on
the 1st February 1907. Returned to
headquarters from Burma on the 30th
May 1907. Re-posted to South
Burma to continue his investigations

Mer. G. H. TirpeR.

Mr. H., WALKER.

Mr. E. H Pascok.

Mr. J. J. A. PagE.
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of the tin deposits, and left bead-
quarters on the 6th August 1907.
Mr. H. C. JonEs. Deputed to Nellore, Madras, on the
N 15th January 1907. Returned to head-
quarters on the 15th March 1907.
Posted to the Central India party,
and left for the field on the 7th Nov-
ember 1907, :

Mr. A. M. Heron. Posted to the Central India party,
and left for the field on the 16th
January 1907, returned to headquar.
ters on the 30th April 1907. Re-
posted to Central Tndia for continua-
tion of the previous sessons’ work
on the 7th November 1907.

Joined the Department on the Ist
December 1907.

Mr. N. D. Daru. Joined the Department on the 4th

December 1907.

Chemist,

I'r. W. A, K, CrrisTIE. At headquarters throughout the period
under report.

Mgr. M. STUART.

Suh-Assistants.

¢ . SttEU RaMa Rav, Returned to headquarters from the
field on the 1lth May 1907. Post-
ed to Mr. Pascoe’s party in Burma,
and left for the field on the 10th
November 1907.

M. Vinavax Rao. Accompanied Mr. Jones to Nellore,
. Madras, and left for the field on the
\ 16th January 1907, returned to head.-
quarters on the 15th March 1907,
Posted to Mr. Pilgrim’s party in
the Bugti Hills and left for the field

on the 156th November 1907.

Assistant Curalor.

Me. T. R, Bryrm. On duty at headquarters throughout
the period under report.

Parr 1] General Report jor 1907, | K

ADMINISTRATIVE CHANGES.

4. The following officers joined the Department during the
period under report :—

Mr. M. Stuart, B.Sc. (Birmingham), F.G.S., joined on the 1st
New officers. December 1907.

Mr. N. D. Darvu, B.Sc.,, B.A. (Bom.), B.Sc. (London), A.R.S.M.,,
Bar.-at-Law, joined on the 4th December 1907.

Mr. H. WALKER was appointed Curator
with effect from the 24th August 1907.

Mr. G. H. TrepErR was appointed Officiating Palsontologist
from the 15th April 1907 to the 7th July 1907, vice Mr. E. Vre-
denburg on privilege leave.

Mr. E. H. Pascor was specially promoted to the grade of As-

sistant Superintendent on Rs. 500-50-1,000,
Promotions, with effect from the date of his oconfir-
wation.

‘Mr. P. N. DATTA, Assistant Superintendent, Geological Survey
of India, was appointed to officiate as Superintendent, with effect
from the lst March 1907, vice Mr. H. H. Hayden, whose services
have been placed at the dirposal of the Foreign Department.

Mr. E. VREDENBURG, Assistant Superintendent, Geological Survey of
India, was appointed to officiate a¢ Superintendent with effect from the
5th July 1907, vice Mr. T. H. D. LaTouche, on combined leave.

The following officers were oconfirmed in their appointments

as Officers of the Geological Survey De-
Confirmations. partment :—
Mr. E. H. Pascok.
Mr. G. de P. CorTERr,
Mr. J. C. Brown.
Mr. T. H. D. LaToucHE was granted 3 months’ privilege leave
Leave, combined with 3 months’ special leave
with effect from the 5th July 1907,

Mr. E. VREDENBURG was granted 3 months’ privilege leave with
effect from the 15th april 1907.

Mr. G. H. Treper was granted 3 months’ privilege leave and in con-
tinuation study leave for 9 months with effect from the 19th July 1907.

Mr. H. B. W. Garriok was granted 2 months and 13 days’
privilege leave. Extended on medical certificate 6 months with
effect from the 29th July 1907

Appointments,
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¢

5. Two of the officers took advantage of the new rules providing
for extra furlough to study in
Study Leave. Europe. Mr. G. E. Pilgrim completed
on July 18th a course of training in Paleontology at the Cambridge
University under Mr. H. Woods and at the British Museum under
Dr. C. W. Andrews. A portion of the research work done during
this leave, being a study of some new Suide from Baluchistan,
has already been published in Records, Vol. XXXVI, Part 1; the
remainder will be included in a memoir on the Persian Gulf now
in the press. ‘
Mr. G. H. Tipper took combined privilege and study leave
from the 19th July, and entered for a course of training also in
Paleontology at Cambridge. Mr. Tipper has undertaken, as a part
of his work, a study of the Liassic fossils of Baluchistan.
6. The scheme, first outlined in the General Report for 1903.04.!
for training post-graduate students in
Research Students practical Geology and Mineralogy, has
and Apprentices. = been continued with very satisfac.
tory results. Two students were
under training during 1907, one holding a scholarship from the
Bengal Government, and the other being granted a scholarship by
the Central Provinces Administration. After training in the
Laboratory and Museum in determinative work, both .students were
deputed to accompany Mr. Fermor on field duty in the Central
Provinces and Chota Nagpur. For some years the Professorship
of Geology in the Presidency College has been held by a Geclogical
Survey Officer, and until recently the work has been no more than
could be undertaken by the officer in charge of the office routine
duties at headquarters ; but the geological classes have now grown
considerably, students are turning to geological subjects for a pro-
fessional career, and these, with the apprentices sent from the
Provinces and States, deserve the full attention of a special officer.
It is proposed, therefore, as soon as sufficient accommodation can
be obtained in the office, to place the educational aspect of the
Geological Survey work on a systematic basis, in order that a
recognised course of training may carry with it, for the worthy
student, a diploma of competency. On account of the limited and
imperfect arrangements for geological teaching under most of the
Indian Universities, we have been compelled hitherto to accept

1 Records., Geol. Surv. Ind., Pt. 2, p. 133,

»
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graduates in science who have had little or no grounding in geo-
logical principles ; and, for this reason, it has been considered ad-
visable so far not to make the post-graduate training on the Geo-
logical Survey a formal course. But it should now be possible
to obtain graduates able to make profitable use of the large col-
lections in the Museum and Library at headquarters, which are
exceptionally well equipped for the requirements of the research
student. ’
Obituary.

7. 1 have regretfully to record the deaths of two distinguished
retired members of the Department—Mr. T. W. Hughes-Hughes and
Mr. C. L. Griesbach, C.I.E. :

Mr. Hughes joined the Geological Survey in 1862, and was
on the roll of officers for 32 years. Among the list of 44 memoirs

' and papers published during his service
T. W. H. Hughes—1007. 3 III)IOI;t ;)rominent are his reports
on the Peninsular coalfields. His memoirs and maps of Jherria,
Bokaro, Karharbari, Deoghar, Karanpura, Itkuri, Daltonganj and
the Wardha valley fields have been superseded by subsequent work
only in additional detail, made possible by later exploitation and
mining. In 1884 and 1885 his services were transferred to the
Public Works Department to superintend the collieries at Warora
and Umaria ; afterwards his services were lent to the Hyderabad
(Deccan) Company, and still later he superintended the tin-pros-
peoting operations in South Burma. In 1892 he acted as Director
during Dr. King’s absence on leave, and it was during the following
season, while on duty in Central India, that the lamentable acci-
dent occurred, which left him blind for the rest of his life.

8. Mr. C. L. Griesbach joiped the BSurvey in 1878, and his

first two seagons of field-work were oc-
C.L. Grieshach—1907. cupied in mapping the Ramkola and
Tatapani coalfields in the Sone basin ; for this work he was selected on
account of his previous experience on the Gondwana (Karroo) formations
of South Africa. In the following hot weather, however, he was sent to
the Central Himalayas of Kumaon and Hundes, and then commenced
the survey of the remarkable series of fossiliferous strata lying to the
north of the central orystalline axis of the Himalayan range, which has
since proved to be of such remarkable interest to geological acience.
In 1880 Mr. Griesbach accompanied the Afghan Expedition, and, in
addition to geological work on previously unknown ground, his
military work was specially mentioned in the despatches.
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. The Himalayan work, continued through 1881.83, was interrupt-
ed in 1884 by Mr. Griesbach’s deputation a8 geologist to the
Afghan Boundary Commission, from which he returned in 1886.
During 1888 and 1889 he was again in Afghanistan as geclogist to
the Amir. His observations on the new areas explored during these
expeditions were published as & series of papers in the Records.

Mr. Griesbach was pre-eminently a field geologist, especially suited
to frontier work by his physical activity, his linguistic ability,
and his remarkable proficiency with the pencil. The section of
his Indian work of greatest value to science was perhaps the Cen-
tral Himalayan survey. The summary of his observations published
in 1891 (Mem. Geol. Sure. Ind., Vol. XXIII), instead of oclosing
the questions treated, became the starting point ot further
research by himself and subsequently, when Director of the Depart-
‘ment, by colleagues in India and- friendly coadjutors in Europe.
Every Annual Report issued since Griesbach’s last expedition
to the Central Himalayas records contributions to the problems
of this remarkable region. Glimpses of the great paleontological
museum beyond the snowy ranges were obtained more than

years ago through the explorations of Sir Richard Straeh‘ey""’“: ‘~~~,.:\.v
other travellers; a certain amount of geologioal order Wh”’“‘“*
by Ferdinand Stoliczka in 1865 ; but the researches oarried ous

and organised by Griesbach, besides adding & mass of val\u.bfe
structural and palwontologioal details to the sum of geological
science, opened a new book in palsaogeogmphy,. which ha:s been
developed so greatly by the distinguished Austrian Geologist, Pro-
fessor E. Suess. )

The work done by Hayden and others in recent years in Kash.
mir, the Central Himalayss and ‘Wastern Tibet have given data
for fixing the northernshore of the ancient continent of Gondwana
land; bubt it was Griesbach’s work that gave the first reliable
data concerning this southern shore of the great Eurasian ocean,
which occupied for many geological periods the area to the north
of the line now marked by the Himalayan range of orystalline
snow-covered peaks. More recent researches have modified many
of the conclusions stated in Griesbach’s Central Himalayan memoir,
but recently developed ideas have largely grown out of the sug-
gestive nature of his work, and no one more completely recognised
.the magnitude of the new geological world in which his memoir

became the guide-book for subsequent workers.

s,
3
c

Parr 1.] _ General Report for 1907. . 1

PUBLICATIONS.

9. The following parts of the Records were published during
the year, containing the following papers

Records.
and notes ;—

VOLUME XXXV.

- General Report of the Geological Survey of India for the year
1906, by T. H. Holland, F.R.S.

Note on the Distribution of the Genera Orthophragmina and
Lepidocyclina in the Nummulitic Series of the Indian Empire, by
E. W. Vredenburg, A.R.S.M., A.R.C.S.

Note on the Meteoric Shower of the 22nd October 1903 at
Dokachi and neighbourhood, Dacca District, Bengal, by L. L. Fer-
mor, ARSM., BSc., F.G.S.

' Notes on some Indian Aerolites, by L. L. Fermor, AR.SM.,
B.Se., F.G.8. .

Note on the Brine-well at Rawgyo, Northern Shan States, by
T. D. LaTouche, B.A., F.G.8.

Report on the Gold-bearing Deposits of Loi Twang, Shan States,

‘Burma, by T. D. LaTouche, B.A., F.G.S.

Note on the occurrence of Physa Prinsepii in the Maestrichtian
strata of Raluchistan, by E. W. Vredenburg, A.R.S.M., A.R.C.S.

A Preliminary Survey of certain Glaciers in the North-West
Himalaya, by Officers of the Geological Survey of India.

Notes on certain Glaciers in North-West Kashmir, by H. H.
Hsayden, B.A, BE, F.GS.

A Proliminary Survey of certain Glaciers in the North-West
Himalaya, by Officers of the Geological Survey of India (continued).

Notes on certain Glaciers in Lahaul, by H. Walker, AR.C.S,,
F.G.8.,, and E. H. Pascoe, M.A., B.Sc.

Notes on certain Glaciers in Kumaon, by G. de P. Cotter, B.A,,
F.G.S.,, and J. Coggin Brown, B.Sc., F.G.S. .

Miscellaneous notes on :—Cardita Beaumonts in the Burma axial
group. Miocene fossils in the Yenangyaung oil-field. Boselaphus
Namadicus in the Narbada Pleistocene. Index to Volume XXXV,
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VOLUME XXXVI.

Petrological Study of some Rocks from the Hill Tracts, Vizaga-
patam district, Madras Presidency, by T. L. Walker, M.A,, Ph.D.,
and W. H. Collins.

Nepheline Syenites from the Hill Tracts of Vizagapatam district,
Madras Presidency, by T. L. Walker, M.A., Ph.D. _

The Stratigraphical Position of the Gangamopteris-Beds of Kash-
mir, by H. H. Hayden, B.A., F.G.S.

On a Voleanic Outburst of Late Tertiary Age in South Hsenwi,
N. Shan States, by T. H. D. LaTouche, B.A,, F.G.8.

Description of some new Suide from the Bugti Hills, Baluchis-
tan, by Guy E. Pilgrim, B.8c., F.G.S.

Permo-Carboniferous Plants from Kashmir, by A. C.Seward, F.R.8.

The Mineral Production of India during 1906, by T. H. Holland, F.R.8,

The Ammonite
AR.SM, AR.CS, F.GS. . y _—
iscell Notes on:—A Bituminous Limestone 1o
Vinl(\iillly:n aléz‘:"il;, Jodhpur State. Wavellite from the .Smghbhum
district, Bengal. Corundum from the Singhbhum district, Bengal,
Apatite-magnetite-rock from the Singhbhum district, Bengal. Note

on the Occurrence of Orpiment on the Shankalpa Glacier, Kumaon. .

Note on the Tatkan area: blocks 21—26: N. Yenangyaung. Fos-
oils from the Miocene of Burma. Some Triassic Ammonites from
Baluchistan.
The following Memoirs were published
Memolrs, during the year:—

The Geology of the Provinces of Tsang and U. in Central Tibet,
by H. H. Hayden, B.A,, B.E, F.G.S.

The Fauna of the Himalayan Muschelkalk, by Professor Carl Diener,
Ph.D., Pal@ontologia Indica, Series XV, Volume V, Memoir No. 2.

LIBRARY.

10. The additions to the Library during the period 1st January
1907 to 31st December 1907, amounted to 3,140 volumes. Of
the books received this year 1,027 were acquired by purchase and
2,113 by presentation.

.
0

s of the Bagh Beds, by E. W. Vredenburg, -
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MUSEUM AND LABORATORY.

11. On the 24th August 1907 Mr. H. Walker was appointed
Curator of the Museum and Laboratory
in the place of Mr. L. L. Fermor, who
had carried on the duties with conspicuous efficiency since the
8th March 1905. : '

12. During the year there was a great increase in the number

L of specimens, samples of minerals, ores

D‘gﬁl‘;mina]““;%rai‘“d and rocks referred to the Curator for

mica ) determination, by extra-departmental

officials and the general public. The number of specimens examined

was 1,092, compared with 786 in 1906, and 782 in 1905. Out of this
number 45 assays and analyses were made.

In addition to the above, estimations of the amount of silt
and total salts were made in 142 samples of Indus river water,
These samples were collected by Sub-Assistant M. M. Ry. Vinayak
Rao from stations at Sukkur and Xotri, and are those which it
was not possible to determine during the year 1906. In completion
of the above enquiry, Dr. Christie has carried out investigations
of average samples of the water and silt.

Work in the laboratory was greatly hampered during the year
by the necessity for making various structural alterations.

13. One Indian meteorite was recorded during the year ag having
fallen on May 9th, 1907, in the Ghazipur
district of the United Provinces. The
pieces obtained are dark-grey in colour, very chondritic, and are
so friable that all have crumbled slightly during transmission to
the Museum. Only one piece shows the fused crust. The Col-
lector of Ghazipur sent three specimens of a total weight of 2,324
grammes. Two other pieces weighing respectively 1,007 and 5,372 gram-
mes were kindly presented by Miss Sturmer of Kajha. The total
weight of the fall which has so far come to hand is 7,705 grammes.

There is considerable variety in the localities recorded, due
possibly to the scattering of fragments after explosion, but the
nearest important village Chainpur is taken as the name of the
fall.

Two pieces of another stony meteorite, belonging to a fall dated
December 15th, 1906, near Vishnupur, Bankura district, Bengal,
have been presented to the Museum by Dr, G. T. Walker, F.R.S,,
Director-General of Observatories,

Curator.

Meteorites.



¥ Records of the Geolagical Survey of India. [Vor. XXXVIL

KR . .r" 'x'..“- e . d the
One piece, which fell at Khm'bm'enmo'lo grammes, an
other obI::ained from the village of Ramn_gat‘ weighs !;IG‘I grammes, .
The Museum Collection of Meteoric Irons has been increas
by the donation of pieces from 10 falls by the latp@rofugor H A
Ward of Chicago. The falls represented are— :
- 1.—Descubridora (Catorce), .Mexico;
2.~—Veramin (Karand),. Persia ;
3.—Cass Grande, Mt-axxco;
4.—Chupaderos, Mexico ;
5.—Central Missouri, U. S A.;
6.—Rancho de la Pila, Menco; .
7.—El Ranchito (Ran'chlto), Mexico ;
8.—Cuernavaca, Mexico ; '
9.—Mount Jay, l.J.h-S. A S .
10.—Reed City, Michigan. R
Plaster casts of the Kalambi and Bhagur fM::b;omw
obtained from the originals, by the. courtesy izmt ool : a
of the Royal Adistic Soclety. e two lalls are repesct
' llection by sma fra.gm' ents. L
theAM;?:;m ofc (:;he Mukerop (8. Africa) fall has been o§tunoﬂ,.l h
exchange. ic fal epresented in the Collection
teoric falls now rep ed | . i :
. lliu?lfrt:tfaln:)ef e407, divided into 159 sgdentes (z‘lt}l slxlcll;i::
11;::5)1':::1 e247 aerolites ; of these 2 and 70 respectively are from
falls i ‘ been made in the Museum in re.
14, Gonsiderable ngressp{;?inue:he old hand-written labels of the
rock-collections by printed labels mounted
in suvitable holders. . .
"Among the donations to the Museum the following are of specia
interest :— .
1.—Copper-ores from Portuguese East Africa; Galena and Angle.
" site from N. W. Rhodesia, by D. Crisp, Req. _
2,—Chalybite, mammillated Pyrite, Chstloopy?xte. and Micaceous
Hematite from the Gémor and Zips districts of Hungary,
by M. Koschik, Esq.
3.-—Man}g'anite and Pyrolusite from Ramandrug, by H. H, Herk-
Jots, Esq. o
- 4—8ix specimens of Bauxites from Modh, Bikanir State, by
J. W. Jervis, Esq. ~

exchange, have been added to the Museum C.
of the year :— '

< *
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5.—A small Diamond crystal
Ghose, Esq.
6.—Magnetite containin
. Coggan, Esq.
. T—Amblygomite from the Cderis
by P. C. Dutt, Fsq. -
87— Wolframite from Agargaon, Central Provinces, by J. Kel.
lerschon, Esq.
9.—Manganese ores from the K
) Fawcett, Fsq.
- 10.—Crystalline man
chett, Esq.

11.—Chromite from Mysore, by A. C. Blechynden, Esq.

12 —Manganese-ore from the Kadur and  Shimoga districts,
' Mysore, by Miss A E. Dawson.

15. The followin

from Anantapur district, by A.
g molybdenum from Palamau, by R. D,

Estramudura deposits of Spain,

umei Mine, Shimoga, by Claude

ganite from Gowéri Warhona, by J. A. Crut.

g is a list of mineral species which, through
ollection in the course ,

1.—Dysanalyte, Magnet Cove Arkansas, U. 8, A.
2.—Gummite, Mitchell'Co., N. Carolina.
3.—Tscheftkinite, Virginia,
' 4~ Samarskite, Spruce Pine, N. Carolina.
5.—Bixlyite, Thomas Mts., Utah.
. 6.—Monazite Sand, Bahir, Brazil.
T.—Dufrenoysite - '
8.—Rathite
- 9.—Baumhauerite
10.—Seligmannite
11.—Tennantite (Binnite) J

i Binnenthal, Switzerland,
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MINERALOGY.

i course of his exhaustive study of the manganese.

16 During the ore deposits of India, which will shortly
New Group be desoribed in & memoir now in the

of Manganates. press, Mr. L. L. Fermor has made speoial
gtudies of certain new minerals that have been disco.\"ered.. In studying
the constitution and relations of the ill-defined species psllomelane, !10
conoludes that there is now enough material to distinguish as a spec.nal
family the manganates of barium, lead and othe.r ba.sgs, corresponc?mg
to the hypothetical acid HyMn Os. In this family ocour, bes.l_des
the amorphous psilomelane, the fibrous lead-manganate de§onbed
by W. Lindgren and W. F. Hillebrand in 1904! as coronadie, a_nfl
the barium-iron manganate, hollandste, originally foul.ld ab K.a].h-
dongri, Central Indis, and afterwards obtained at various locah.tles
in the Central Provinces and largely worked at Sitapar, Chthd.
wara district, for export as an ore of manganese. The chemical
constitution of these minerals is disoussed in a special paper pub-
lished in Records, Vol. XXXVI, Part 4.

'PETROLOGY.

i ing i igati able jadeite-deposita

17. An interesting lnvestilfa:ﬁc;n 1&;’1 tgl;in:acllli‘:triot, ]U e Bﬁa,

Jadeite deposits, was undertaken, at my suggestion, by
Myitkylna district: 1 © ) " w. G. Bleeck.

s are published as a separate paper in volume
erglsfl ﬁ;l; ::::ﬂtRecords.p Dr. Bleeck egzami_ned the jadeite occur.
rences ot three localities in the Kachin hlllsz namely, '_l‘awmaw,
Hwéka and Mamon. At Tawmaw he dfascnbes 'the mlneral' as
occurring in a metamorphosed igneous dyke intruded into serp'entme.
He concludes that the jadeite ‘is the re-sult of the metamorphism  of
an albite-nepheline rock originally forming the dyke, both minerals
being found together with the j;zldeite at Tawmaw. The change would

represented chemically ar follows :— .
be PNa Al 8i 04 (Nepheline) + Na Al Sig Og (Albite)=2 Na Al
Big Og (2 Jadeite).
Under certain conditions of crystallization nepheline-albite rock
might form, while, under conditions of high pressure during con-
solidation or after, jadeite, which has a much lower molecular

U
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volume, would be produced, the residual molecule forming albite
or nepheline according to which molecule was in excess in the
original magma. In the neighbourhood of Tawmaw occur various
crystalline schists which are intruded into by granite. The granite
is traversed by veins of aplite and pegmatite (products probably
of the same great eruption) and masses of crystalline limestone
are found associated with the granitic rocks, containing various
minerals characteristic of contact-metamorphism. The relations
of the granite to the crystalline limestone in this region are similar
to those of Mandalay Hill, Sagyin, and Mogok in the Ruby
Mines district, where similar contact minerals, including the differ-
ent varieties of corundum, are found in the metamorphosed lime-
stone. The crystalline schists include chloritic schists with well-
formed crystals of magnetite, aclinolite schists and glaucophane
schists. These are all regarded by Dr. Bleeck as the metamorphic
products of basic igneous rocks affected by the adjoining granitic
intrusions. The serpentines form a long narrow ridge, flanked on
one or both sides by saussuritic-gabbros, saussuritic glaucophane-
schists and chloritic schists. These rocks are traversed by granite
and veins of quartz: all the rocks are regarded as genetically
related, and as the results of the differentiation of the same magma,
which gave rise successively to the peridotites, gabbros, nepheline-
albite (jadeite) rock and the siliceous end-products of granite
and quartz.
18. In addition to the crystalline and igneous rocks there are
exposures in this area of & sedimenta
Rela't:l&"t,:)e;ft?ﬂ“y s:g:’ consisting of sandstones and co:z
- glomerates, with shaly layers and thin
coal-seams. These beds were regarded by Dr. F. Noetling,! as miocene
in age, and, although no fossils of stratigraphical value were found,
Dr. Bleeck accepts the formation as belonging to some stage of the
Tertiary system ; but he differs radically from Dr. Noetling’s views as to
the relative ages of this sedimentary series and the serpentine-jadeite
complex. Dr. Noetling? stated that the Tertiary strata are pierced by
the basic igneous rocks that include the jadeite veins; but Dr. Bleeck
finds that the eruptives, including the jadeite, are prominently
represented among the boulders in the Tertiary conglomerate, and
thus must have become weathered to contribute to the Tertiary

1 Amer. Journ. 8ci., 4th Ser.,, XVIII, 448451,

3 Records Geol, Sury, Ind., XXVI, 1893, p. 28.
2 Loc. cit., p. 28.
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sdir . These conglomerates are worked at Hweka for t}le
;:SLT;?‘;u]ders, which gs.re also ccil;écwd among the recent alluvial
08l e Uru river near Mamon. .
fiep(;!gtSD:.f lgleeclzJ also took the opportunity, whi!e. in the Myit-
o ' kyina district, of examining the ruby-
Rubies of Naniaselk. 0 @ deposits near Naniaseik. In all
intial Tespects the ocourrence resembles the 'well-lmown. area
mk?ez:sbed by Professor J. W. Judd and Mr. C. Barrington
Bm;:i)ies are found in the soil and alluvial a?cumulatxom around
the village of Naniazeik as well as in the nv?r-g'ravels on the
eastern slopes of the mountain ranges lzetween Nam.a.zelk and Marlxlviv:.
This mountain range is compused mainly of granite. n.nd orystalline
limestone, the latter having obtained its gg:yst&lhqg 'oharacp.e:
probably . a8 stated before, 'throuqh ‘the . intrusion of tl;: gnr:ot.
The limestone contains various mmera.l§ 88 the 'reault oon -
metamorphism—garnet, spinel, chondrodite,: graphite, fouhﬁxa@, ;:h.
other accessoriés, besides the valuable . rubies -and -“Ppﬁom.ﬁihﬁ
contact of granite and: marble, exposed . on th§ road n Si
to Naniazeik, shows the granite to assume .a . pressure.

near the margin, and to contsin large quantities of phlogopite;

ich is & prominent mmeral_al_so on th_e marble udem the conte
;lli:d‘:n:srl;ef, when freshly. broken, have the..'oharmt?m:n;t ::;l 11;;1:
of many limestones charged withlbintxfmg;noluls | ggm matte : The
is th bly the result ‘of - e metamorp )
'm'ar b ;sedmﬁhggtf:;blzméwne'of chemico-organic on’gm, but.r}o da:;a.
glrzarzbtainable to determine its age. . Dr. Bleeck’s paper 18 pub.
lished in Records, Vol. XXXVI, Part 8.

. PALHONTOLOGY.

o Ma . Tipper acted as Palmontologist during Mr. Vre.
2. Mr. . B Tippe denburg’s absence on privilege leave from
‘hlmntolqglst. the 15th April to the 7th July 1907,

. the rest of the year the latter officer he.ld the appoint-
.:Jn\?ntfformd’ in addition to the research work which has already
'been,publiShed in part in the Reccrds, Mr. Vredenburg has made
considerable. progress in arranging the rich undescribed materials

1 «The Rubies of Burma and assooisted Minerals.” Phil. Trans, Roy. Soc., Vol.
187, 1896,
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from the Tertiary beds of Western India, collected by various
officers during past years and left unclassified in the office. The
corals and echinoids have been sifted and thbe molluscan collections
are now in course of arrangement.
21. The Mollusca from the Ranikot stage (Lower Eocene) are
being described by Messrs. Cossmann and
Lower Eocene Mollusea. Pissagro of Paris, an the first instalment
of their elaborate work, describing about 100 species of cephalopods
and gastropods, has been received and translated by Mr. Vreden-
burg for publication in the Palwontologia Indica. On receipt of
the description of the lamellibranchs it will be possible to estimate
the stratigraphical significance of this work.
22. Mr. Vredenburg has also sorted the valuable collections

. of Upper Cretaceous fossils from Baluch-
i nh::ﬁyrtrg&l;ea::oggm(l& istan, and, during the course of this work,
Baluchistan. has discovered that the well-known fresh.
water gastropod Physa Prinsepwt Sow. so
characteristic of the freshwater beds intercalated in the Deccan Traps,
occurs in marine beds containing Upper Cretaceous (Maestrichtian)
ammonites. An account of this occurrence has been published
a8 a special paper in the Records (Vol. XXXV, p. 114, see also
Records, Vol, XXXVI, p, 178, foot-note). The specimens have becn
found in the collections from the Des Valley as well as in those
from Mazar Drik and all the essential features of the species are
unmistakeably displayed. The shells, therefore, must belong to
individuals that were carried out to sea from the land on which
the TIntertrappean beds were laid down. The associated marine
fossils fix the age of the beds with reasonable precision as upper
Maestrichtian, and we have thus an important piece of evidence to
fix the age of the great Deccan Trap eruptions more precisely than
was possible before. i \
23. A small collection of fossils obtained by Mr. Jervis from

Namunlitie rocks of the Palana coalfield in the Bikaner State,
Rajputana, has enabled Mr. Vredenbar,
- the Palana coalfield. to show that the coal-bearing series ig
this area corresponds to the Laki series of Lutetian age. ‘
1In reviewing the fragmentary evidence regarding other post-
Gondwana coalfields in India, ‘Mr. Vredenburg concludes that in
most cases there is a balance of evidence in favour’ of a Laki
sge; he points out' that there are many ‘doubtful features in the
. B . e 09
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ovidences adduced for the existence of Cretaceous and of post-
Nummulitic coal. This point, if conﬁrmed,. will give a valuable
horiron for stratigraphical work, especially in Assam snd Burma,
where there are so many isolated small coal-bearing besins,

fossils occur specimens of Ostres mulis-

24. Among the Palana e ;p:::, mons of Qurea mult

Study of Ustrea there has been considerable confusion in

mulitcostats, Deshayes. geological literature. Mr. Vredenburg,

having examined the descriptions of .this and other close-ribbed
Ostrea, comes to the following conclusions :—

(1) The previous citations of O. multicostata in India refer to the
following six species: (a) O. a»gM, J de C. Sowerby
(Upper Nari and Gaj); (b) O latimarginata, Vredenbtfxg
(=O0. flabellula, Lamk., according to Sowerby ; Upper Gaj);
(¢) O. cubitus, Deshayes (Lower Nari); (d) Gryphaea
Esterhazyi, von Pavay (age uncertain); (¢) Ostrea turkes-
tanensis, Romanowski, (Nari in the lower Zhob valley);
(/) Exogyra Bp. (probably Cretaceous).

(2) The specimen regarded as eoceno and figured in 1883 by
d’Archiac and Haime as Ostres muuwo;u:ta, Deshn;l o:::o’

in fi under the same name, but as a
:g:;x, ingf::h editions of the Manual (1879 and lSBS)E
regarded, by Mayer-Eymar, in 1871, as the type od
an eocene Bpecies O. orientalis, is an moompleb?‘,:aa:n
consequently unsatisfactory specimen of the Agquitanian
species O. angulata, J. de C. Sowerby.' . .

(3) The true O. multicostata ocours in India in th.e middle
eocene, and characterises the same beds as in Egypt
and Southern Europe. o

close-ribbed species of Osirea sensu siricto in the

@ Th?inflti;:.l:r Tertiary, are (l:; O. Fraasi, Mayer-Eymar (Lower
Nari), (b) O. n. sp. related to O. Fraasi (uppermost
Gaj), (c) O. digitalina, Eich.wald, var, Rholfsi, Fuchs,
(Hinglaj series in the beds with 0. Virleti), (d) 0. pro-
mensis, Noetling [Yenangyaung series with (¢) 0. pegu-
ensis, Noetl, probably identical with 0. Virlets).

(6) The Burdigalian stage, whose existence in Asia had been
ascertained only over a very limited area, is found to
be widely distributed in Indis, and inoludes the greater
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part of the Hinglaj series in the Mekran, the Yenan-
gyaung series in Burma, and possibly the Cuddalore
series, and other Tertiary beds in the coastal regions
of the Peninsula.

25. Mr. Vredenburg has continued his researches on the fossil Forams-
nifera in continuation of the work reviewed

Fg;:::f:ﬂ;ga. in the General Report for 1906 (Records,
XXXV, p. 16). He has now examined the

colleotions of Orbitoides from the Cretaceous beds. These are found
to agree generically, and in some cases specifically, with the forms
known in Europe, while their stratigraphical distribution follows the
European sequence. The Indian localities of the specimens examined
are the Mari hills, and the province of Jhalawan in Baluchistan,
Western Sind, the Suleiman range, and the Coromandel coast ; the
specimens ocourring amongst Mr. Hayden’s collections from Tibet have
also been examined. It is in Dr. Noetling’s collections from the Mari
hills that the zonal sequence has been established in greatest detail.
Mr. Vredenburg has identified 8 number of the associated fossils from

this series, constituting the principal basis of the correlation which
he has adopted.

In a general way three horizons are recognised—a lower one
characterised principally by 0. media, a middle one with O. sogtals,
O. Hollandi and Omphalocyclus macropora, and an upper one
with O. minor. The lower zone is regarded by Mr. Vredenburg as
principally Campanian, the two others as Maestrichtian. Orbitoides
media and Omphalocyclus macropora are the two commonest species,
and neither of them is entirely restricted to the zonmes above men-
tioned, Omphalocyclus macropora descending into the lower zone,
end Orbitoides medio rising into the middle one, but in a general
way, Omphalocyclus is the newer form, rising into a horizon never
reached by O. medis, and vice vers4.

Mr. Vredenburg has noticed that in all the Indian ooouITences
Omphalocyclus macropora is represented by both forms megaspheric
and miorospheric. The existence of the dimorphism has for the
first time been established only quite lately (December 1907)
by Professor A. Silvestri in his study of the specimens ocourring
both at Maestricht and in the neighbourhood of Palermo! The
constitution of the megasphere in the specimens from Baluchistan

————

1 Ati della Poutifiea Ace, N. Lincei, LXI, pp, 172,
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is identical with that of the Maestricht specimens figured by
Silvestri. It is suggested that the close resemblance between
Orbitoides socialis and the genus Lepidooyclina may be a ocase of
“ gonvergence.’’ ‘ :

. 926. The identification of the fairly numerous ammonites from the
L . MoariHills and Jhalawan has enabléd Mr.
i Correlation of Baluchis: yredenburg to attempt a oorrelation of
tan wnd  Coromandel . 'p.)ohigtan beds with the Ariyalur of
Cretaceous. Southern Indis : both the Valudsyur and
Trigonoarca beds are regarded as the equivalents of the lower part only
of the ammonite-bearing beds of Baluchistan, those which have generally
been spoken of as the “ Hemipneustes-beds’’, and include the bulk
of the two lower Orbitoides-bearing zones. The uppermost ammonite-
bedring zone of Baluohistan (of which the leading .fomls, are Spheno-
discus Ubaghss, Indoceras baluchistanense and quflm mboonvplam::)
does not appear to be represented by any fossiliferous beds ]:n th:
~ type region of the Coromandel. It possibly corresponds ' wit

unfossiliferous sands which, in the Trichinopoly ares, intervens -

between the fossiliferous Ariayalur.and Niniyur beds; but the

stratigraphy of the Niniyur series has not been investigated sufi- :

ciently olosely to allow lof 8 strict correlation, ough it sinly
oorresponds, in part.at least, with the uppermost Lret@ooURs O
.’Z{fm;all)uo‘h\istan al.)nd Sind, the “Psb agndhtogu > or “ C;W':fhfa N BO:!:;
monti beds . Tn Western Penss, in the distritts of v gt 0°
geoldgy has been unravelled- by de Morgsnand rix{pall 'witix o
“ Eohinoid beds ** 'of these authars o({rgegpqntl“_ 1::1 nzbeds ” are
Hemipneustes-beds of Baluchistan, while the * u o
meialy the Sguivalentel of e, s el G L L he T
Vredenbutg has suggésted tﬁatthohttet zone, o n b
hinopoly and Pondichetri areas, may be represente er north along
:he ?;st éosst by the fuvio-marine intertrappeans of Ra]am.ahendr‘l,
geveral of whose leading fossils, such as Cerithium Stoddm.-dc., Irania
]uufomu and 'Physa Prinsepii, are among tl.m charactenstfm forms
of the zone of Cardita subcomplanata in Baluchistan and Persia. .
4 In consequence of the definite reference to well-known horizons
‘r\esulting from a study of the Baluchistan fossils, Mr. Vredenburg is
of ‘opinion that the term “ Pathanian,” introduced by Dr.Noetling,
becomes unnecessary as it clashes with the long established name

“ Maestriohtian >> (or “ Dordonian’’).

1 Mission scie’nﬁﬁque en Perse : Mollusques fossiles, 1004,

with the ‘upperinost Cretddecus beds.
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27. Mr. Vredenburg has studied a number of interesting speci-
mens collected in the Suleiman Range

 Orotaceons Pseudofucd- 1, yr H.J. Maynard, LCS, the Revd.
" Mr. Lee-Mayer, Major F. W. Pirrie

end Captain F. C. Nicolas. Among these are various markings
~of the kind well known in the Flysch formations of Europe,
.and formerly asoribed with doubt to alge, but now generally

-regarded as tracks and trails of marine animals. The specimens
of this nature from the neighbourhood of Fort Munro were
obtained in rocks that have been correlated with the Pab -series
of uppermost Crétaceous age  in Jhalawan, Baluchistan. Some
of the markings are of a kind that might be made by various
kinds of animals, and thus they - show a general sameness of
character in rocks of various ages, from Cambrian and possibly
pre-Cambrian times to the miocene, ~Although these structures are
consequently of no assistance in determining stratigraphical horizons,
they are interesting because they characterise the so-called
Flysch facies of formations in various periods, and the occurrence
of similar structures in the Vindhyan sandstones of Peninsular

. India suggests that this peculiar formation has also originated a

la Flysch; to -this, perhaps, is due its mysterious barrenness
from the palwontologist’s point of view. Mr. Vredenburg’s des-
cription of the ‘material from Fort Munro. is published in -Records,
Vol. XXXVI, Part 4. : ‘ '

28. The oollections made during the progress of the "survey -of
: . the Northern Shan States by Messrs. La
Nog:‘f,':,‘.‘} sllh: gtti:t)ésl.)eds " Touche and Datta from the Napeng shales
‘ ' have been examined and described by Miss
Maud Healey, and the results will appear as a special Memoir in the Pal@-
ontologia Indsca (New Series, Vol. IT, Mem. No. 4). The work has pre.

r

sented- considerable diffioulty, owing partly to the state of preservation

of the fossils, which are ‘almost without exception mere ocasts, and
partly to the fact that the great majority of them ate’ lammelli-
branchs, with no trace of the rich cephalopod or brachiopod - fauna
of “the Himalayan Mesozoics. The stratigraphical position also
of -the beds,in whioh the fossils oocur, could not be determined with
acouracy, Bince they are found in isolated patches on the surface
of the Shan Plateau, and their relations to the .rocks both above
and below are. -very obscure. _ *

Although the general facies of the fauna seemed -in the first

instance to Messrs. LaTouche and Dstta to indicate .a :Mesoxoie
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horizon for these fossils, the recognition of a Comecardsum among
them by Dr. Noetling pointed to a much earlier position, and they
were consequently referred with much doubt to the Devonian period
in my predecessor’s General Report for 1899-1900 (p. 85), espeoially
as the stratigraphioal evidence available seemed to point in that
direction. Subsequently Dr. Noetling, on visiting the localities,
found what he considered to be numerous specimens of Triassio
Myophorie, efc.,among the fossils (Gen. Rep. 1900.01, pp. 16, 19);
but again, on discovering further specimens of Conocardium, he
reverted to his original opinion, and the beds were referred to
in the General Report for 1901.02 (p. 24) as undoubted De-
vonians.

The researches of Miss Healey have now placed it beyond doubt
that the Napeng beds are Rhemtio, since they oontain numerous
specimens of the characteristic Rhetio form Ptems (=Avicula) con-
torta, in addition to Grammatodon Lycettis and Gervllia pracursor,
while many other specimens olosely resemble Rhetio species. It
is, however, a faoct that the Palmozoic genera Conocordium and
Modiolopsis are represented, in addition to Palmonetlo, which is
also found in the Devonian shales of Wetwin. '

99, In the Central Himalayas of the Kumaon division the youn-

ger Mosogoio bedsthat form the compli-

Exotic Blooks of Malla o4ted syncline of the Chitichun area are
Johar, Kumaon. capped in places by massive limestons
blocks, which either appear to rest conformably on, or are embedded in,
the soft Jurassio shales. They are partly of Palmozoio and partly of
Lower Mesozoic age, and the anomalous position of these blocks above
younger strata has given rise to a considerable amount of contro-
versy. ' On account of the way in whioh they are weathered out as
pioturesque orags, rising in abrupt pinnacles above the younger rocks
around, similar occurrences in the Carpathians and Alps have long
been known as Klippen, and with reference to their origin, as
ezotic blocks.

The first comprehensive account of the geology of the Central
Himalayas of Kumaon is due to the late C. L. Griesbach (Mem.
Geol. Surv. Ind., XXIII). In a short paper referring to the pre-
liminary results of a special expedition undertaken by himself, Professor
C. Diener and Mr. C. S. Middlemiss in 1892, Mr. Griesbach re-
ferred especiully to these exotic blocks (Rec. Geol. Surv. Ind., XXVI,
p- 22), and explained their ocourrence by faulting. Professor C. Diener
{Mem. Geol. Surv, Ind., XXVIII, pp. 1—27) subsequently gave a
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general account of the fossils found during the 1892 expedition, and
discussed more fully the origin of the exotic blocks, generally
endorsing Griesbach’s views. The late Dr. von Krafft extended
the survey of the frontier district between Hundes and Malla Johar
in 1900, and published a special memoir (Mem. Geol. Surv. Ind., XXXII,
Part III) on the exotic blocks, which, as remarked by Diener in his
memoir on the * Cephalopoda of the Triassic limestone crags of
Chitichun ” (Pal. Ind., XV, Vol, II, Pt. II, Chap. 3), he considered
to differ from the “ Klippen” of Europe in being intimately con-
nected with igneous extrusions; but von Krafft admitted the
difficulty of offering a satisfactory explanation of where the blocks
had come from and how they had reached their present position.

3Q. Professor Diener has now completed a detailed description of
the Upper Triassic and Liassic fossils obtained mainly by yon Krafft,
and has applied his results to the theories in existence regarding
the origin of these remarkable phenomena. Professor Diener’s results
prove to be of most unusual interest. He confirms von Krafft’s
conclusion that the Permian and Triassic beds in the blocks belong
to facies quite different to those of the beds of corresponding
age found in the normal sections in this area: the former von
Krafft termed the ZTibetan and the latter the Himalayan series.
Professor Diener now notices that, in the carnic and liassic beds of
the Tibetan series, there are remarkable agreements with their
homotaxial equivalents in the Mediterranean region, the agreement
being often lithological as well as faunistic. The fossils of Lower
Trinssic and Muschelkalk sge in the exotic blocks show small
affinities with the Alpine Trias, and more nearly resemble those
of the Himalayan region; but there is still a certain lithological
contrast. But the carnic fossils of the Tibetan series differ largely
from those of the Himalayan series, and show very close affinities
to the zones of Trachyceras Aonoides and Tropites subbullatus in the
Eastern Alps. Among the liassic fossils of the Tibetan series Medi-
terranean affinities are still more marked, the identity of species
being almost complete in some blocks; in fact, the difference be-
tween the liassic faunas of Wurtemberg or England and the Alps is
even more conspicuous than between the latter and the lower liassic
fossils of the Tibetan series found in the exotic blocks. It is
generally accepted that to the north of the main region of the
Himalaya there existed a part of the ancient ocean, known as
Tethys, which was in direct communication with the European area,
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and while local peculiarities existed in Triassic times sufficient to
distinguish the assemblages of fossils of the Tibetan series from
those of the Mediterranean region, the conditions in these widely
gseparated parts of Tethys were almost obliterated in liassic times.
It is assumed that the exotic blocks of Malla Johar were brought
from somewhere further north in the Tibetan region; but we still
are unable to identify the region, and this discovery by Professor Die-
ner of the remarkable agreement. between the * Tibetan” and
Alpine carnic and lissic fossils adds considerably to the interest
of the question. Profeasor Diener’s memoir is now in the press and
will be issued as Vol. f, Part I, Series XV, of the Pal@ontologia
Indica. ’
31. The desoription of the Cambrian fossils collected in the
‘ Parahio and Pin valleys in Spiti during
received from Mr. F. B. Cowper Reed snd is of very considerable
interest. The fauns ocomprises ten genera of trilobites, five genra
of brachiopods, ome of pteropods (Hyolithes), one eo!nnodem
(Bocystites) and one soophyte (Cosoinooyathus). The trilobites oon.
stitute by far the grestest proportion of ‘the fauna, snd embrage

thirty-one species, of whioh almost all are new, culy obe being
deﬁngt:ll;e -i&fzotiﬁed with s hitherto desoribed species; while three -
others sre either identical with, or closely allied . to, pr:v;:;:{ :

" Next in importance come the brachiopods, o
| ltfll::r:n u:orns species, only fming suﬂi.oientl'y well preserved for
specific determination : of these ten species, six are new and four
olosely allied to, or identioal with, North Amerioan forms.

In ‘ths Parahio: valley, : whence most of the specimens were
.obtained,  fix 'horizons kave - been .recognised ; and it is & remark.
.able fact that the fauma of each horizon is Peouliar to it, no single
species having been found in any two horizons. The lowest hori-
gon is characterised by the presence of small brachiopods (Lsngu-
Jella and Billingsells) and the remaining five by trilobites, of
which two geners, Ptyckoparia and Olenus, largely predominate ;
the lattef gemus s restrioted to the uppermost horison, whils
~Ptychoparia is absent from this, but ocours in all the remaining
four.

The only trilobite that has been definitely identified with ‘&
. known species is Redlichia Noetlingi Redl., & single speoimen -of
which was found in the Pin ‘valley near Muth. It has not been
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found in the Parahio sections, and its position in the sequence is
not completely established, but it is almost certainly not higher
than that of the lowest horizon with Billingsella and Lingulella.
The presence in Spiti of this well-known Salt Range species is
of great interest, since it is the only form known to be common to
these two areas. I[ts presence, however, leads Mr. Cowper Reed
to conclude that the beds in the Pin valley, from which it was
derived, are of uppermost Lower Cambrian age. N

The remaining trilobites, with the exception of those found in
the highest, or Olenus, horizon, as well as the brachiopods and other
fossils, are remarkable for their dissimilarity to either Salt Range
or European types. On the other hand, they show decided affin-
ities to genera from the Middle Cambrian beds of Western North
America; and Mr. Cowper Reed, therefore, regards them as of
Middle Cambrian age, concluding that at that period Spiti formed
& part of the North American province. 5

The highest horizon is especially characterised by the presence
of the genus Olenus and the absence of Ptychoparia, and is re-
garded as of Upper Cambrian age. » .

The general conclusions arrived at by Mr. Cowper Reed, as
expressed in his own words, are— -

(1) the main mass of the beds must be referred to the Middle
Cambrian, and the palmontological affinities ‘of the
fossils in these beds are with the Rocky Mountain pro-
vince of -Amerioa ; :

“(2) the Lower Cambrian is probably represented in Spiti, and
the sole species which it has yielded is identical with
one oocurring in the Eastern Salt Range;

“(8) the Upper Cambrian is found at the top of the Parahio
sequence, and contains a small assemblage of fossils of
indefinite affinities, but includes & member of the genus
Olenus, thereby suggesting a connection with the northern
European province.” ) . ‘

These results have an important bearing on the olassification’
adopted for the oldest Palmozoic systems of the Himalaya. In
Spiti the trilobite beds are separated from the next overlying rook
group by a marked unconformity, and the fact that the Upper
Cambrian i8 represented by only the uppermost part of the trilo-
bite beds leads to the inference that this system must either ex-
tend up ‘into the ovérlying conglomerate and red .quartzite hitherto
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regarded as Ordovician, or that almost the whole of the Upper
Cambrian was removed before the deposition of the latter for-
mations. The apparent absence of this unconformity in the Garh.
wal and Kumaon Himalaya, and the presence below the red quart-
zice of a bed of limestone, regarded by Mr. Griesbach as of Ordo-
vician age, points rather to the latter view as the correct one.
The fossils from this limestone, which are now in Mr. Cowper
Reed’s hands, have not yet been eoritically examined, but it is
hoped that they will enable us to define the upper limit of the
Cambrian system of the Himalaya.

To find the lower limit of the system will be more difficult.
The lowest known fossiliferous horizon in Spiti is that of Red-
lichia Noethingi, which is presumably of uppermost Lower Cam-
brian age; consequently the rest of the system must be lool.:ed for
in the underlying ‘‘ red quartz shales”, defined by Mr. Griesbach
as the uppermost member of his Haimanta system. It seems
hardly probable that the whole of the Haimanta system, whfoh
is many thousands of feet in thickness, is of Lower L:a.mbnaP
age, and Mr. Cowper Reed’s work thus confirms Mr. Griesbach’s
suggestion that his Haimantas inolude also ?re-Cambmn beds.

32. Progress regarding the investigation iunto the plant-bearing
beds underlying the Zewan stage of Kashmir was reported in the

General Reports for 1902-03, 1903-04

Gondwana plants : and 1906, and the state of the problem

Kashmir. is discussed fully in Mr. Hayden’s paper on

19

“ the Stratigraphical Position of the Gangamopteris beds of Kashmir’,

A. C. Seward kindly examined the additional fossil
puzr:f:?ﬁ:md by Mr. Hayden in 1908, and found that while
the species previously recogpised are genera.l])r ‘repeated, th'e new
material serves to confirm the previous provisional determination
of & new species of Psygmophyllum and some imperfect remains
of Cordaites®. The evidence of this new material does not affect
Mr. Hayden’s conclusion * that the Gangamopteris beds are not
younger than Upper Carboniferous and may belong to the base
of that subdivision, or even to the Middle Carboniferous.”

A systematic survey of these beds is now being undertaken by
Mr. C. 8. Middlemiss, who will keep especially in view the import-
ant questions regarding the stratigraphical relationship of the

1 Rec. Geol. Surre. Ind., XXXVI, pp. 23—39, 1907.
¢ Prof, Seward’s resulie are published in Parv I of Records, Vol, XXXVI.
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plant-bearing series to the volcanic rocks below, and the apparently
conformable passage of Permian into Triassic beds above. The
discovery of further representatives of the Gondwana flora will
also be of the greatest interest in determining the geological age
of the Peninsular coal measures,

ECONOMIC ENQUIRIES.

Copper. )

33. During the field season 1906-07 Mr. K. A. K. Hallowes was
deputed to continue his survey of the copper-bearing belt in the
Singhbhum district. In consequence of the favourable results
said to have been obtained in the past by prospecting operations
on” the area leased to the Rajdoha Company, observations were
first directed with a view of finding a suitable site for diamond

drilling, on the completion of the operations in progress in the
Kharsawan Estate,

Mr. Hallowes reported two parallel outcrops of the copper
impregnated schists striking approximately N.W.—S.E. and showing
at intervals from Matigara at the south-east end of the Rajdoha
property to near Rajdoha on "the north-west. The copper-bearing
zone8 and the enclosing schists dip towards the N.E. at angles
varying from about 52° to 35° and sites were selected to the north
of the outerop for later determination of the lodes by drilling. A

similar survey of the copper-bearing band was made in the Dhalbhum
Estate and in Suraikela.

34. The diamond.drilling accomplished during the year included—

() Kodomdiha, north of Amda in the Kharsawan State: a
hole to the depth of 1,093 feet. This hole was intended
to test the persistence of the lode previously cut further
south at a depth of 392-—404 feet. At this place the
lode was about 8 feet thick, and carrying 5°102 per
cent. copper;' it was struck by the diamond drill
further north ata depthof 1,069 feet, but was there

found to carry only 1825 per cent. copper for a thickness
l of about one foot. )

1 Mr. Hallowes is responsible for this and the assay results quoted below.
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() Regadih (Galudih), 5 miles west of Kodomdiha.

In this place a shallow hole wasdrilled totest the copper
lodes that have been extensively quarried on the outorop.
Drilling was extended to a depth of 430 feet., Speocks

and stringers of copper pyrites were found at various
depths from 131 feet to 294 feet ; but there was nowhere a
concentration of ore. The nearest approach to concentra.
tion was ata depth of 293 feet, where a portion of the

core 13 inches long only gave 0°606 per cent. of copper.

(¢) Landup (Nadup)near Kalimati in the Dhalbhum Estate.
Drilling was continued to a depth of 465 feet, but the

only concentration of ore was found at about 197—198

feet, where for a thiockness of 14 inches the lode yielded

3-336 per cent. copper. ,

8o far as they go these borings demonstrate a drawback lntt

is a common failing among the ore-deposits in Peninsular Indt,
namely, abundant material widely disseminated instead of conoen-

_trated in a way that would permit of economio exploitation. The
diffused oharacter of the ore acoounts for the apparently extensive
nature of the ancient workings that mark the outorop. The som-
spionous, highly-coloured ocarbonates . probably -ccourred scsttered:
over wide gones; but no one now kmows how much coppet was

obtained from these quarrying operstions, of -which no. historioal
record is preserved. Ancther feature shown by the .dumqnd-dn}ling
is the general oconstancy in -dip of the oopper-bearing bands ; .had
there been more disturbande of .the rooks, however. there might

possibly heye. been- developed thie ;-compensating festure of richer
say without further “work ‘along the strike whether this is a mere

conoentratiom. ; . e owL T ]

, ourab méwults obtained in 1907 were those at
392—404 feet in the
local swelling of the lode or a fair representation of it in this

The most, favourabls. siwulte .obt 07 we
ot Kodomdihs Drill-hole; but it is impossible to

* locality. Similarly, the less favourable results elsewhere may give

an unfair ides of the - deposits tested : it will be the business of
those  who fake up . corocessions to extend the Geological Survey
- work by further prospecting where, as at Kodomdiha, the expend-
jture of more .money would be a reasonable venture.

" Further borings are now in progress near Matigara and Laukisra
and the completion of these‘: will complete the programme as fax:
as the Geological Survey is concerned.
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I would like to take this opportunity of recording my appre-
oiation of the high quality of work done by Mr. M. J. Gallaghan,
who was sent out by the Sullivan Company to conduct the work

of drilling. .

A large quantity of material has been collected and on the

completion of the work in the Laboratory a full description of .

the lodes and associated rocks will be published.

Gold.

35. The small gold-field on the Namma, a tributary of the
Salween some 50 miles east of Lashio,
Shri]llleStal.‘t?:ma’ Northern os  visited by Messrs. LaTouche and
Brown. An abortive attempt had been
made during the previous year to recover the gold in this field
by, means of a steam dredger, but the character of the deposit
wes found to be unfitted for this method of exploitation. It
consists of gravel and boulders imbedded in a stiff clay, hardened
by the deposition of calcareous tufs derived from thick beds of
limestone forming the sides of the valley, and not sufficiently loose
to enable the buckets of the dredger to excavate it. Some form
of hydraulic mining would seem to be more suitable and promising,
us there is an abundant supply of water (which could easily be
obtained at high pressure) available on the spot. :
'The gold appears to have come from the ancient rocks forming
the crest of the range on the north side of the valley, for the
lower slopes on this side, and the whole of the southern side of
the valley, are composed of limestone.

Manganese-ore.

36. After ‘handing over charge of the Museum and Laboratory
to Mr. Walker on the 23rd August,

SouthIndls, ., [, 'L, Fermor was deputed to South

India to inspeot certain recently opened-up deposits of manganese-
ore with a view of completing the data for his memoir on Indian
manganese. The deposits examined included those of Sandur in the
Bellary distriot, Chitaldrug, Kadur, Tumkur and S8himoga in Mysore,
and various occurrences in the Belgaum distriot. - . '
37. Most of the -deposits in South India differ in an essential
character from -those . .of ~Negpur and adjacent distriots in, the
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i al part of the crystalline complex, although it is pro-
5E:blaen l:llll:.:grthe;a have attained their presenlf character as bodles
i‘composed mainly of clean oxides by alteration of manganese-axh;
| cates, possibly through the agency of Pubterra.nean water ©
{ meteoric origin ; in South India, howgver, as in parts of Jubbulporel,
! the ore-deposits are more superﬁon.al, and appear to b(.; remd.ual
products from the surface alteration of the various l.xthologloa
olements that constitute the Dharwar system ' of schists. The
manganese-ores occur irregularly associated with lithomarges, oohres
% and wads, sometimes taking the form of nodules snd. conore.tlon.s,
and sometimes of more extensive masses. Tl.le Kumsi deposit lln
the Shimoga district of Mysore is an exceptionally large exampcfs
of such surface accumulations of ore; but.: most of them are o
small depth and comparatively low in quality.

iti .oalled superficial kind ocour
#. Tonormons quantises a(l):o 1i;ll:et;h:oszzlcllur StaI::l,.ﬁwhere they were
Sandur. noticed long ago by R. Br:uoe Foot.e,l
who also described the great synoline of Dharwar schists formmge ing
the Sandur hills. Mr. Fermor concludes that the znga::smﬁﬁo
associated iron-ores are formed as weather-_produota dm emaitio
sohists and slates similar to those on which the (;.)r:dx :’po:ut -
lie. In spite, however, of the faoct that the ore-mﬂ'li e
described as superficial, there i no dOl.lb.t ;hst e b proved
are available on the Ramandrug pl.a.teau w:l‘; bas nZore fasting than
that the ores of the Central Provinoes . 8 e et o the
gome of these so-called superficial deposits, Ior

Central Provinces form a part of the orystalline complex probably

, . o itable for the requirements of the
pass donnt mtv%e m}ﬁavt:s n‘;m‘i?l:b as to the depths to which the
metﬂuuxl;?im extend in any cage. Like the so-called superficial deposits,
oof :;:ae have obviously greater resources than will be aflected
I}:mnxiining operations in the near future, and. their owners are not
az resent sufficiently anxious about the.dlstant future to share
witl? Government the expense of testing their ore-bodies by diamond-
* drilling. Mr. Fermor’s report on the occurrences in Sandur State has
been sent to the General Sandur Mining Company, which has leased
the principal deposits.

f Cent;al Provinces : in the latter area the ore-bodies now appear to
!
§

i

. 1 Qeology of the Bellary Distriot, Mem, Geol. Surv. Ind, XXV, p. 194, 1895.

o
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39. Mr. Fermor -was also deputed to the Central Provinces
I ¢i f Mines during December to make a second in-
B s O "€ spection of the manganese-ore quarries,
Central Provinces. TIile rapid developmen%; that followed the
rise of prices in 1906, and the accessibility of the ore-bodies, have
attracted a certain number of workers whose experience in the methods
of mining hardly enable them to carry out the covenants made
in their leases and licenses; it was partly in order to assist such
workers with advice and criticism, partly to ensure development
without unnecessary waste and destruction of the ore-bodies, that
these informal inspections have been ordered.

During his last tour Mr. Fermor inspected the following
deposits :—

Chhindwara district —

Gowari Warhona, Sitapar, Gaimukh, Lakhanwara and Kachi Dhana,
all worked by the Indian Manganese Company, Limited.

Nagpur district .—

Kodegaon, worked by the Indian Manganese Company; Gum-
gaon and Lohdongri, worked by the Central Provinces
Prospecting Syndicate ; Kacharwahi and Mandri, worked
by the Central India Mining Company. f

Bhandara district :—

Miragpur, worked by the Central India Mining Company ; Hat-
ora and Chikla, worked by the Central Provinces Pros.
pecting Syndicate. - :

During his work Mr. Fermor received, as before, the courteous
asgistance of the Managers, and his report has been submitted
to the Central Provinces Administration for communuication to the
Companies concerned. The ecriticisms made indicate & general
improvement in the system of operations, an improvement that is
the natural outcome of prosperity and consequent ability to en.
tertain more highly qualified Managers. The disadvantagee due
to opencast workings, that were developed in the initial stages,
before the Companies were assured of success, are now ‘being gen-
erally recognised, and work is being planned for underground min-
ing. The recent fall in prices will naturally limit the operations
in a large number of cases, but a reasonable rest after the feverish
rush to meet the heavy demands for ore that prevailed last year
will not be wholly disadvantageous to the. industry. B

D
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| i jation
b i the Central Provinces Mining Adsosia
. 40 The formation o is an incideut weloomed by all interested
Mining Association. in the progress of th? mangan ase-mi m‘tg
] . the recently ssttled question of adjusting t{ne r;yt; n{
o . meet the rapid and great vatiations in ote-values A
P tge many problems, bearing on the industry, it whie -
.mﬁpn:nttative Association can assist the aims of Oonm;::‘ bo
\mainmin conditions equitable to the miniug oommunirt'y, (]
to the previously established intetests of other tax-payers.

~ Petroleum.

e H. Pascos
i i Mr. G. do P. Cotter, Mr. B. K.
41. Wlt# yhe assistance oim oouted Sotte ??o‘a : mt:;
. Uppét Butmi. Burma for the supemmthon B‘:rmn rther
examination of the oil-fields. Besides reports to ewo!k m
ernment regarding the local regulations, the geologioal

| ) the sowh uf Beme
12, () An exominasion of dhe fonked frfations of laulting bad

oilage . the Yen wbg‘il;obtervedbym'b'mbsmm-

th Yenang- Co., snd on essminstion B,
s”yliung field. ?.‘;.muhed s faule ol woms:

L iy N. N. E. to 8. 8. W.. Ushons
bl otning o bt o o o 02 S L
Of e v‘ e N A .
cline for some dutan;‘:nto ,therl’thq insidation of this area

ot anlor e large lault extends com-
isfoult in ‘the mm ?:”u‘:o :h:nds %: the namerous veins

jetely across -the 3 "1 the crest-beds, is a point which,
zi- m‘zd Wh%hwlill;wbahzi‘:mmup by further work. There .?ppeatr:
it s hoped, onnection between this faulting and the failure
o b oion appreciable quantities but gas gsouth of Beme.
fnd anythlm of the Minbw Hills on a scale of Biﬂcbguoamh
L8 A dureey This snticline of Miocene and Pliocens beds
Miobu. i one of great interest from & soientiflo
m .
int of view. Slightly asymmetrie, snd sharply fo.lded, it h“m“::
pomuively" denuded and its deeper structure laid bare.
b wmﬁautiwly large faults, one of which appears to omn

With the line of mud-voleayoes near the town of Minbw, In seversl

—

L4
e
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spots within the 20 demarcated square-mile blocks, boting for oil has
been undertaken, but with little success. Although there is certainly
room for further testing, itis very improbable that any large or
richly yielding oil-field will ever be established here. An account
of this area will be published later on.
44. (iii) Eramination of a recently discovered Miocene oudcrop
near Wetchok, east of Yenangyaung. Only the topmost beds of the
_ Miocent are exposed here, and the fold
Wetohok. is in the form of a gentle elliptic dome,
the longer axis of which runs i the usual direction! of} Miocene
anticlines in Burma, #12; N. N. W. to 8. 8. E. There aré several
faults within the area, but the presence of & red alluvial deposit
renders the tracing of them and: estimation of their magnituds,
matters of great difficulty. From the oil-winnet’s point of view
the promising nature of the gentle fold is more or less nullified by
the presence of faults, the small vertical depth of Miocene exposed,
and the distance of the area from what has been termed the * oil-
belt.” A paper on this area is to be published shortly, )
45 (iv) Commencement of a resurvey of the Yenamgyaung Osl-
field. Two beds of marine fossils belonging to separate horizons
and a bed containing & new variety of
Yenangyaung. Batissa, were discovered. Several small
faults not indicated in Dr. Noetling’s published map, were found
round the margin of the field, #tid #t is chiefly for the mapping of
these and the investigation of their effect' upon neighbouring wells
that a second survey has been wndertaken.
46. Mr. Cotter spent November and December 1906 with Mr.
Pascoe examining the Yenangyaung Oil-
Yenatigyat. field and the method of digging\andgdrill-
ing for oil. January he spent on the Yenangyat field, mapping
the eastern and western boundaries of the Miocene outerop north
and south of block 67. The main features of interest here proved
to be the narrowing of the Miocene outcrop (due apparently to
sharper folding) and the number of ferruginous conglomerate bands
on the western flank of the anticline. These bands contain both
fossil-wood and selenite, in comsequence of which difficulty was
experienced in establishing & definite boundary between the Miocene
and Pliocene, Mr, Cotter wus enabled to confrm Ifr. Grimes’
and Mr. Pascoe’s observations on the inversion of the anticlinal
fold here. e S
| o Py
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: . . .
steam tramwsy ta the spob in apder {0 bring the material to o
oonvenient laoglity for smelting.

. The ores acour in & sone of intenge disturbance, eaused
of] more great overthrust faulis traversing the rocks,
folspathio grits and rhyolitio tufls, probably of Cambrian
oconsist for the most part of argentiferous geléns and
with 3 small quantity of copper-pyrites in minute gramul
orushing and fissuring of the ropks has epabled water
imprognated with mineral solations o peseclets throngh
the metsllia, ores replacing by metamomptie sofion tha
other rook-forming minerals originally peasent, An,
geology and minatalogy: of the looality in sow reedy for

Win.

Ega
e Eg
E?sﬁ

35 [ 34
f?i!%?

P——

#53 Mr. J. J. A Pagp was deputed in Febryary to make

survey of the tin-mining aress inthe Mexgul distsiet, majuly -
& view of assisting the Looal Government in tha’ admimistretion
of the imdustry. He was opoupied unil May with o preliminary
examination of the ground, and, after examining &b _beadquarters
the data collected during this tour, made & preliminary rep
and commenced s more detailed examination of the district from
August to, the end of the year.

The country is- thickly govered with jungle and decomposition
produots which effectually conceal the rocks over great areas, while
the mesns of communicatiop being etil in a primitive ocondition,
exploratoty work was necessarily slow.

- 54 8o far es the geologioal obgervations go, no facts were
obtained to disturb the general views previously held regarding the
structure of the country. The pripoipal hill-ranges, with a N.—S.
trend, are mainly composed of granite, with flanking hills cut-out
largely of unfossiliferous schiste, slates, sandsfones and qgartsites.

i

The granites appear ta be intrusive into the sedimemtaxy rooks,

and are exposed in & serios of bosses that do not form s oontnYONS

v

[
<
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ogborop. There appear to be more than one generatiop of granitic
recks, apd they are traversed by quartz-porphyry dykes. The
sedimentary rocks are provisionally referred to the so-called Mergui
sories, but it is impossible to determine their relationship to the
odjoining Moulmein series, which includes Carboniferous limestones ;
henoe their trye geological age is mot certainly known. Isolated
patehes of strats, probably Tertiary in age, are found resting un.
eonformably on the highly inclined Mergui slates and quartzites.
The ooal-bearing oceurrences of these rocks in the Tenssserim valley

have been described almady by Mr. P. N. Bose, under! the local
name of the Tendau group.

The country is largely covered with laterite and yecent alluvial
deposits. :

85. The only tin-ore worked is cassiterite, which is widely dis.

‘tributed throughout the district, and is invariably found near the

granitic hills. The mineral is found under the following four

condjtjons :—

(1) 48 a contituent of decomposed pegmatite rich sn tourmaline
ond. muscovite, known locally as “ Kra®. This material is
found at Yaungwa, at several points along the road to
Inper Bokpyin, at Yengan, Migysungchaung, Manoron and
Yamon. Kra wag found in the hills egst of Mawton, just north
of the Tenasserim river; and, although no oapsiterite was
found here in the pegmatite, it was obtained ia the superin.
cumhent soil. Tin-bearing Rrs was also found south of
Yaungws on the new road to Karathuri, and in the Kyouk-
ohychaung to the south of a large isolated hill of .granite.

(2) In wmassive quartz-segregations ¢w and on the outskirts of
granstic hills. Some of these segregations are several feet
in thiokness, and sometimes parry slso wolfram, pyrite and
ohalpopyrite. Examples: North Hill, Khow Maung (Centre
Hill) and Peetaolai in the neighbourhood of Maliyun.

(3) In quarbe-veins and strngers in groumd adjgoent to decompos-
ing pepmatete. In cases like that at Yoyngwa it is necessary
to remove the matpix with the smell siyipgers for the
separstion of the osssiterite.

(4) Hill-side talus accumulations dus to the disintegration of elasses
(1), (2} omd (3), extending to grevel deposits along the

1 Records, Geof. Sww Ik, XEVL, p. 153, 1808,
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* stream valleys and in alluvial flats. ~These form the deposits
most generally worked by the Chinese and Siamese
immigrants. '

56. The following tin-mining localities were examined by Mr., Page :—

(1) Maliwun area : (a) Klong Bankwa (10°14’; 98°38). Sev-
eral small workings by Chinese. The only working agpa.rex:t’ly
profitable yields 6 Ibs. cassiterite per cubic yard of dirt ™",

(b) Klong Nam 8ai (10°16"; 98° 39’). Only one wqunng, cafne.d
to a depth of 42 feet, where rich tin-bearing material is
found, but the mine is hampered by the cost of dealing
with a great overburden.

(¢) North Hill, %’reetolai and Centre Hill,. t'sken up by thehi?urma
Development Company under mining lease. In t : area
stanniferous quartz segregations are being °xPl°lt1% 12

(d) Hassei Deng (10°9’; 98°37') and (¢) Klong Glama ( ;
98° 39’), Old abandoned workings 0‘1,11}'-' . 98° 48). Two

(2) Karanthuri area : (a) Chaungtenaung (10° 8%°; t'.t'es of
workings in alluvium, }Ilg‘l,d;g,g “9};‘: 4;‘})““ %‘?:env:olrldngs

T8 ’ ' "
E a0 Sarsaus (0°56'; 08°48) 52 workings

on the hill.sides snd lowground. -~ .

&) Yaungua to Bokpyin : (@ To Twe (I4'; 4% 00
workings. Tin ooours slso in the ?mg?vg' ; ThrP:e active
high-tide level. (b) Hangpru (11°17; 98 Sal;, wa (11°8';
workings, and others abandoned., (c:)o ty gFour na.tivé
98° 52') to Inner Bokpyin (11°14'; 98° 50).

- esars. Kinloch and Eglington are
gl@mgv:m:’d‘:wnﬁﬁee:y nlfﬁve workings b_esides prospecting
li:l:;gse, granted to two European companies who have closed
operations. . o 0ar. 020 Aot

Skepyi an ¢ (a) Sadien (11°23’; 98° 48’). Many aban.
O B woking. (1) Migyaung chaung (1° 25'; 8 47
. Worlkings in pegmatite and alluvium ; the deposits are rich,
but difficult to work on account of want of water. (c) Yengan
(11° 27/; 98° 48'). Seven workings in good alluvium, hampered
by want of water, The alluvial flats would be worth testing by
borings with a view of pond-dredging from the adjoining creek.
(6) Matoron area : Keh chaung and Hesamkong (11° 31°; 99° 12).
Eighteen apparently profitable workings operated only in ?he
rainy season. Stanniferous quartz stringers in one working

only, the remainder being alluvial,
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(6) Mergui area : Yamon (12° 13"; 98°47') to Naukle (12°18’;
98°47’). Eight workings, all shallow, yielding cassiterite from -
$to 2 lbs. per cubic yard of the stanniferous layer, which
varies from 18” to 3 feet in thickness. The locality is
possibly worth prospecting with a view of dredging.

(7) Great Tenasserim Valley : (a) Tagu (12°16"; 99° 4'), One
lease being worked besides abandoned old workings.
Wolfram in white quartz fragments found with the alluvial
tin, but not found én sitw. (b) Theindaw (Tendau) (12°
20"; 99° 10"). Many old workings showing “ pay-dirt > at
a depth of about 16 feet. Concessions have been
granted for working on European lines.

(8) Thabalik (12°1’; 99° 15’) near the Siamese boundary. Five
native leases being worked. The *pay-dirt” appears to
be richer than in most places. Inthe streams wolfram was
found in quartz fragments.

Tungsten.

57. While prospecting for manganese-ore in the Nagpur district
Mr. J. Kellerschon, Agent in India for the Carnegie Steel Company,
‘came upon & vein of mineral that proved to be wolfram on de-
termination by Mr. G. G. Narke, a student-apprentice on the Geo-
logical Survey, Mr. Fermor was accordingly requested to examine
the occurrence during the course of his annual inspection of the
manganese-mines in December, 1907. Meanwhile, the occurrence
was developed by Mr. Kellerschon, to whom we are indebted for
more material and full facilities for studying the deposits. Ac-
cording to Mr. Fermor’s description, the deposit as exposed lies
within the boundaries of Agargaon in the Umrer tahsil, where the
wolfram is found as a constituent of quartz-veins intercalated in
mica-schists and tourmaline-schists that belong to the Dharwar
system. The wolfram bearing veins are more intimately connected
with the tourmaline-schists, and the formation of the tourmaline
was probably due to the same mineralising agencies which gave
rise to the deposition of the wolfram and quartz in fissnres opened
along the foliation-places of the schists. .

The woliram is irregular in its degree of concentration, and
work had not proceeded far enough at the time of Mr. Fermor’s
visit to settle with certainty the economic prospects of the deposit,
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: Crystals of the wolframn generilly vayy from: }to 8 inchea in dis-
‘meter, but some of them measure as much as 4 to B inches acroes.
“The quartz-wolfram veins are of all sises, from thin *stringers”
tto-about: 18 inches thiok, and they permeats & band of “country ”
that.may bo 70 fedt wide. The sshists snd ineluded veins strike
phout, WRAW ~ENE., and prospecting licensea lum heen "nhd
for "the extensions in hoth directions from the original locality in
‘Agargnon, Nothing wes found st the surface to imdieate this oc-
-eyzrence and the chence discavery in & prospecting pit put down
‘beesnsp of some black stains supposed to be meungsnese-ore, gives
a0 idea of how much is hidden iw Peninsulsr India under the mono-

tonous peneplain, in which the:zo0ks are mhlkvd hy a thin en- .

velope of goil. .

T Waten
56, Owing to the considershle growth of the city of Ajmer,

- Ajmer. " 'bemn - greatly l%;wed by the presence

the Railwsy worlshaps, the questian of inczemsing -

| ,:‘upply bas become imperstive, &, owing to the inceeem fn

;
;

‘demapd, the smount of water supplied by the. presont  schews

throatons to fal] shozt in yoars of drought. Owisg ta the slevated
mn of tho eity, there i Do hope of being able to furnish the
QBPP}Y by gravitation alone, ﬂl.id Mr. Yredpnburg, who was deputed
ia April 1907, to report en thie question, deprecates any scheme 1p-
lying molely upon srtifieinl or naturel Wkes, where the evaporation
" js grest and the supply depends largely upon & rether precarious
einfall. - The strwme sre all iable to dry up entinely uring pest
of the yosr, spd Mr. Vredeoburg is of opinion thet a suffiient
wupply “showld be obtainable by sinking large peroclation wells
thyough the thick allyvial formation that occupies the neighbouring
 yalley, The fact that wells of this sort suffice to irrigate an ares
" of sewerel square milss in the neighbourhood of the towm, evem
during yeats of geatest atamcity, is an indication thet the supply
st be ample for the needs of the city. For the practical utility
‘of any scheme it is importans that the sources of supply be not
too much scattered. E;pe,l_‘iﬁlents are therefore being conducted
in the hope of finding' some convenient spot from which the whole
‘sipply o s considerable fraction of it might be obteined.

Lod

o
o
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Mr. Vredenburg examined - a number of wells within a radius of
about 12 miles from the city, and came to the conclusion that the
valley of the Sagarmati, south of the town, and that of the Sarsuti;
west of it, appear the most promising areas, the first-named bene-
fiting by a large drainage area. The wells are now being system-
atically tested, and experimental borings are also being sunk through
the alluviam,

From one of these borings, put down in the month of June by
Mr. Goodwin, in the Sarsuti valley, the water rose above the sur-
face, and has continued flowing ever since, indicating the existence
of artesian conditions, and thus reproducing on a small scale those
observed in Baluchistan. There is a gentle slope of the alluvial
formation from the bill-range bordering the Sarsuti valley on its
eastern side, down to the river bed; the alluvial formation in-
cludes alternating layers of clay and of sand, the latter being
blown sand re-distributed by rain, and it is this alternation of
pervious and impermeable strata, combined with the slope of the
ground, which accounts for the artesian conditions observed.

The hill ranges and the rocks underlying the alluvium belong to
the Aravalli system of avcient schists, which are impervious, or in
whick water occurs only in fissures that cammot be aystematically
explored. - ,

L

GEOLOGICAL SURVEYS.

Central India.

. /
69. Although it was necessary to retain Mr. Middlemiss at head-
quarters to complete his report on the Kangra Earthquake, he
Aren surveyed. remained in charge of the Central India

party, which consisted of Messrs. H,
‘Walker, A. M. Heron and Sethu Rama Reu. The officers in the

field econtinued the survey in a general westerly direction from
the ares done last year, with the result that the following Standard
Sheets on the 1* = 1 mile scale have now been added to the com-
pleted list :—Nos, 212, 276, 277, 306 and 334; whilst portions of
the following have been —Nos. 211, 213, 242, 243, 244,
274, 275, 303, 304 and 335. Of these the western areas, included
in Nos. 211, 212, 213, 242, 343 and 244, way smrveyed by Mesary,
Walker and Heros, aad the esstorn ases, imoluded in Noa 3%
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275. 276, 277, 303, 304, 306 and 334, by Sethu Rama Rau. The
latter also entered sheet 335, and revised portions of it with special
reference to the iron-ores of the Sendrani neighbourhood.

Omitting areas belonging to the Gwalior State, the Central
India survey has now linked up with the
Gonneetionrvwitsh previ- previous survey of the Lower Narbada
0us SUIveys. valley by Mr. Bose (Mem. Geol. Surv. Ind.,
Vol. XX1, Pt. 1, 1884) and with that of the Dhar State by Mr. Vreden-
burg, all of which region lies to the south and south-west of the area just
completed. During the present field-season it is hoped similarly
to link up (with possible revision) with the areas mapped by Messrs.
Hadket and Kishen Singh, which lie to the west and north-west
of the area now in progress.
60. The western area surveyed by Messrs. Walker and Heron
lies within lat. 22° 30”"—23° 30’ and long,
Western Area. 74° 30’—75° 20°. This area included the
whole of the Pitlawad pargana of the Indore State, the greater
portion of the Jhébua State and parts of Rutlam State.
61. Rocks of the Arfivalli series occupy the south-western cor-
ner and a portion of the western side
Disposition of Rock of this area, which lies entirely in Jhéibua
Formations, territory. Along the southern and a part
of the eastern margin of this Arévalli outcrop, pla.tforms of Lameta beds
lie horizontally and unconformably on 1:,he sch}sts and granites. The
remainder of the country surveyed is oocupied entirely bykDeccan Traps.
it “this outcrop of Arfvalli rocks as an inset
62. The position o 1;hmin the mr;.rgin of the Deccan Trap—leads
The Arfvalll Series. one to infer that they have at one time
being covered by Deccan Trap. This view is strengthened by the
fact that several rivers which flow from the basalts on to the
Arévallis have cut back the former and exposed tongues of the
latter. The sameness in the general maximum level of the Ar4.
valli rocks is what one would expect as a result of the removal
of the basalts. Streams have cut up the surface into low, round-
backed hills. The chief rock types represented are—
Sericitoid-phyllites, quartzites, quartz-schists, granites and lime-
gtones. Locally gneisses are met with. Mr. Walker notes that
many of the granites contain large quantities of pale-brown sphene.
In the west (Walker), and also in the east (Heron), the occurrence
of an amphibole-quartz-rock in conjunction with granite masses

4]
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has been described. Further it has been found that in ome place
in the west the above rock passes into an amphibolite.  Aecti-
nolite also is an occasional constituent in this series (Walker). A
more definite relationship of amphibole rock to granite could not be
determined owing to the occurrences being much obscured by soil.
The limestones are interesting; for Mr. Heron reports one contain- -
ing green epidote, and another, found in the west, has such an
amount of sericitoid material as to warrant it being named a cale-
schist. Throughout the Arévalli series the predominant character-
istic is the exceeding acidity of the rocks. The phyllites have
well developed white quartz lenticles and veins, and even the
limestones are thickly traversed by veins of quartz. Muscovite is
the chiéf mica in the granites; biotite is not commons To the
north of the outcrop and along its eastern face the gemeral strike
is E 20°—30°8. This changes to § 20° E. in the south and west.
The rocks are much folded, often steeply, and the dips are high,
irregular, and often vertical. The phyllites still preserve traces
of bedding, and the granites also retain to a large extent their
original structure.

63. As in the case of the Arévalli series, the Lameta rocks
are exposed only in Jhébua State. The

The Lameta Series. peclih}'i[; distribution of these rocks is
worthy of note. One small isolated patch of Lameta rocks was
found lying horizontally and unconformably on the Arévallis at the
northern end of the exposure. They occur fringing the margins
of the Deccan Trap outliers in the neighbourhood of Jhébua City,
but do not underlie the margin of the main basalt flow in this
area. A few miles to the south the Lametascrop out between the
Arévalli rocks and the basalts. From this point they crop out
almost without break; and to the south of the Arévalli exposures
they form platforms of large extent. Not only is the distribution
peculiar, but so is the change in lithological character. The northern
exposures are of the type previously referred to as Lameta ; being
described as generally calcareous, pale in colour, containing much sandy
admixture, occasionally cherty, and with an uppermost layer character-
ised by well-rounded pebbles of quartz, quartzite, and bright red jasper
(Rec. Geol. Surv. Ind., XXXV, General Report for 1906, p. 55).

As one follows the outcrop to the south, one finds a great in-
crease in the conglomerate beds. Grits occur very frequently, and
locally the rocks are entirely silicified and very cherty. In places
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fossiliferous, " siliveots limestonss wers fownd and a fow patches of
tru¢ fossil-litnestone were ‘discovered; ‘Among the fossils found
Were speviitiens of Rhynchonella, Terobratula, Osirea, several geners
of' Imﬂmw and Brysos (Walker). Thus, in
this area & ohahge similar to that desoribed by Mr, Vredenburg in

. the Diar Foresti—trom beds of estuarine type (Lameta) to th
- of marine type (Bégh) has been seen. yPe (Lameta) ose

Mr. Hatoh notes that near Dhandalpurs a bed of ocoarse rit
- ocoars which i burnt by the basalt capping it. This bed is.?n
amall gentle folds. Mr. Walker also remarks on an outerop of

" Lametsa limestone to the south of Piplade where dips of 4° were

measured. . Cases in which the Bgh beds have been eroded®
previous to the outflow of the basalts, and in which the basalts
test immedistely on the Arfvallis and at & lowet level than the
~ surtounding BAgh beds, huveé been described (Walker). The base of

* . the series hes not béew seeh, but the maximum thickness developed

in this ates wppedts to bs not njore than 30 feet.
‘84, Although the major portion ‘of the ares surveyed during the
oo fiekd season is oooupied by Desoan
o Decoan Tygp. -~ . Teapy wery little new information
eoicerning these enormous ' messes - has been obtained. Thrde
beds of what appeams to be fragmental volostis ejests waré fimnd
intercalated with the normal bassjéh. of theé Decoun  Thap.. i)
uppetmost one is near the top of Kykinda hill (Jhibum Stste) &t w
other two oocour to the N.E,
" in the Pitlawad pargana of the Indore State. The upper one of
~ these is st 8 height of 1,300 feet, is about 3 feet thick and is the
‘middle member of the basalt series forming the small hills gyy.
rounding Bantnia Railway Station. The lower ia to be met with in the
bed of the Larki river at Pitlawad town and it neighbouring streama,
" The bed, whioh is between 4 and 5 feet thick, consists of amall
angular blooks of the normal vesicular and amygdaloidal basalt of
she district, in & matrix of finer materials; the whole is much
decomposed, oortains numerous oavities lined with oaloite and
various gzeolites, and i8 in many places stained red and green.
These two beds have been found at intervals over an ares of about
130 squate miles, the approximate centre of which is Pitlawad Town.?

. 1 Qleneral ﬁeg:rt for 1902-8, p. 20.

2 Gooloﬂ'  of Indis, 2nd Ed., p. 275.
¢ Me, miss thinks the agglomeratic character of these beds may have been
aoquiied by moyement in a pertially and irregularly consolidated flow of thp.
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A small lentioular sill of quartz-felsite was found near Banri
(Walker). An interesting dyke was found at Patbarli. The dyke-
rock is an augite-plagioclose rook and shows ophitic structure (Heron),

. Olivine has not been met with during the oourse of the season’s

work,
65. Exeept on the Malwa plateau the rivers and streams run for
- the most part in roc beds with
Alluvium and Sofl. local banks of drift, kﬁ;)ebbles, and
pebbly conglomerates. In places along the Mahi river shelves
of allavium 20 feet in thickness are tobe found. On the Malwa
plateau the streams run most frequently between banks of cotton
soil and kankar-gravel. The soil on the Arévallis and Lametas
is thin end poor and exceedingly quartzitic. The phyllites give
thicker and more argilladeous soil, but this is usually impoverished
by the admixfure of large quantities of quartz. On the slopes of
the gh&ts the eoil is red and scanty, and thickly littered with trap
fragments. In the flatter valleys and on the Malwa plateau there
is usually a fair thickness of grey and black ootton sofl. To.the

"north and east of Rutlam town the soil is very thick and there are

fow rook exposures, However, watet can be obtained from wells
at depths between 30 and 40 feet, even at the end of the dry
denson (Heton). - .
66, The examination of the previously named pottions of the Indofe
and Rutlam States has showtt that there
Ecotioniie Geology. afe no deposits of minersls ¢f economie
value; and concerning Jhébua State it has been fotnd that the
Arévalli series includes the only rocks that cafry mitiethl depusits.

67. The undermentioned known deposits were visited :—At Amlamél
i the manganese-ore ocours as psilomelans
m“‘““"e ore. in a fine-grained spessartite-quartz-took.
The lode is thin and is ill-defined and the ore is mixed with quatts,
The manganese-ore at Tumdis s found in veins and lenticles of
white quaits, the sutrounding rocks being sericitoid phyllites. The
ore-bearing band is between 2 and 3 feet in thickmess and abeut
200 yards long. In parts the ore is good, but .on the whole is
too quartzitio. ,
At Pipal Kotha, which lies midway between the mangancse
mines of Khjlidongri and Rambhapur, there are two_ outorops, in
line, of & pale-lavender coloured quartsite oarrying an ore band of

. peilomelane mixed with pyrolusite, The outorop is never mote
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than one yard wide and the total length exposed is about 100
yards. The ore is of good quality, but there is too large a per-
centage of quartz for the deposit to be of economic value. Two
deposits of manganese-ore and one of an iron-manganese.ore were
found in the Pitol distriot. All of these are small and poorin quality.
Traces of manganese-ore were found in five other places.
These were usually pyrolusite in the white quartz veins of the
phyllite series.
68. Reported deposits of mioca ocourring near Kandés and Rén&pur
Mica , were found to be derived from medium-
. grained pegmatite veins. They are of
v no value,
69. The ironstone deposit at Piplade, and also that in the S&n&r
' river between Parwet and Gadwara
Iron-ore, too small and of too lovt} 8 qualit’y &::
admit of successful working.
70. A supposed China-clay from Rénépur is a fine-grained, white,
siliceous limestone.
71. The eastern area surveyed by Sub-Assistant M. M. Ry. Sethu
Rama Rau lies entirely within lat. 22°
Eastern area, 30'—23° 80’ and long. 75° 30'—76° 3¢,
and is contained in the Mehidpur, Indore and Nimawar distriots of the
state of Indore. It embraces irregular areas of the Malwa plateau of
Deccan Trap stretching north and north-east of Mhow, and a narrower
area to the east of Mhow, where the Malwa plateau descends in a
southerly direction by three fairly well-marked terraces or scarps
to the lowlands of the Narbada valley. The range of altitude is
between 2,100 and 950 feet. It is only in the area to the east
of Mhow that formations older than the Deccan Trap emerge from
beneath the latter in the wide valley of the Narbada. m

72. The older formations form part of the same complex which

- further west has been recently mapped in

Arght:nf%rll&avtvm‘n:l g detail by Messrs. Vredenburg and pFl‘)ermor
Yin dhyan. (see General Report, Geol. Surv. of India

for 1902-1903, p. 20), following on the older

survey of Blanford (Mem. Geol. Surv. Ind., Vol. VI, Pt. 3, 1869) and Bose
(Mem. @. 8. I., Vol. XXI, Pt. 1). Of these the Archmans are represented
by granitic and mottled hornblendic gneiss, and hornblende-chlorite
schists, exposed to the east of Satwas and occupying the low coun-

try between the base of the Deccan Trap and the Narbada river as -
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far as the limits of sheets 334 and 335 go in that direction ; the
foliation strike being N. 10° W.—S8. 10° E. near Kathargaon and
Bagda, but near the Narbada being nearly E.—W. The Archmans
are traversed by many doleritic dykes which near Kathargaon gener- -
ally keep a direction N. W.—S8. E. They are crystalline and
fine-grained, and with semi-glassy selvages, and appear to be differ-
ent to the basalts, etc., of the Deccan Trap. Quartz veins also tra-
verse the gneiss, in some of which, such as those at Tamkhan,!
oopper pyrites with malachite alteration
Copper-ore. products are present, and also iron pyrites,
The Tamkhan veins run N.—S. and are 4.5 feet thick and about
} mile long. They are situated on the Narbada (lat. 22° 28" long.
76° 52’) and were quarried and smelted about 150—200 years ago
by the ruling chiefs. The pits are now filled-in with fallen material
and it was impossible to learn whether the whole of the ore-body
had been worked out or not, but the sides of the vein seem to
have been richer in pyrites than the middle. Other veins between
Kharia and Jinwani (lat. 22° 19, long. 76° 45’) also run nearly
N.—S. and show tourmaline and a few copper stains, but pyrites is
not seen in situ. The exposures were however very jungle-covered.
No gold was found in these quartz veins.

73. The Bijawars in sheets 334 and 335 ocour firstly as inliers
in the form of small hills rising from
Bijawars. among the basal bed of the Deccan Trap,
as seen in the neighbourhood of Sukras (22° 40/, 76° 52), and
secondly further south forming an L-shaped outcrop among the
Archmans between Sendrani (22° 28’; 76° 40’) and Piplia on the
Narbada. The lower division, consisting of coarse and fine con-
glomeratio quartzites, is exposed in the Sukras ares, and the upper
division of brecciated jaspideous quartzite and cherty limestones
in the Sendrani-Piplia area. The upper division is said to lie un-
conformably upon the Archeans, but the brecciated bands, always
found at the junction with the granitic gneisses in the southern
ares, might be understood to indicate an intrusive action of the
Archmans, The problem here appears to be a repetition of what
is found in other parts of India where similar rocks occur; and the
apparent irrationalities of the dip indications are also not in favour
of a simple superposition theory for the Bijawars. :

1 Refarred to by P. N, Bose, loc. cit., p. 69.
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74. A system of sandstones, shales and oconglomerates ocour-

ring as inliers among the basal bed of

Vindhyans. the Deccan Trap, and also as a large con-

neoted outorop to the west of Satwas,

probably belong to the Vindhyan system, and perhaps to the Lower

Vindhyans. - They are inclined at moderate angles, generally towards

the south-west. Their exact horizon is not yet clear. Bose has

marked them as Upper Vindhyan, whilst Vredenburg has marked
their western extension as lower Vindhyan. :

75. As seen in sheet 324, the Deccan Trap begins with a lower-
most bed which occupies the flat plains
for several miles before the upper beds
which compose the scarp appear. .This lower bed makes no special
orographical feature with the older rocks of the Vindhyans, Bijawars
and Archeans, above which it is desoribed as lying unconformably,
and without the intervention of any Lametas, such as ooocur in
other neighbouring areas to the west. Above this the scarped edge
of the Malwa plateau rises more than 1,000 feet in beds of softer
and harder Deccan Trap, some of which are columnar, and some
containing the usual geodes full of siliceous or zeolitic material.
Deccan Trap occupies the rest of the country surveyed, with the
exception of a very few cappings of laterit.e, some further exposures
of the sub-recent calcareous concrete noticed in the lg.st Genex:sl
Report (Rec. Geol. Surv. Ind., XXXV, 87), together with alluvial
stretches in the valley systems, cotton soil .and calcareous tufa. '

76. The Sendrani (22° 28’; 76° 40') iron ores were specially
investigated, and the positions of the
old mines recorded on the map by Sethu
Rama Ran. The ores were found to be exposed in ancient pits
at several places scattered over the Bijawar area f,o the south and
gouth-east of Satwas, and also along the junction between the
Bijawars and the Vindhyans. The original rock appears to have
been a hmmatitic shale at the base of the latter, but the ore
also occurs lining hollows and fissures in the underlying Bijawar
breccia, from which it has again been accumulated in the form of
nodules and lumps scattered about in the disintegrated surface roock.
In competition with imported iron the industry has gradually died
out in later years,

Decean Trap, ete,

Sendrani Iron Ores,

Central Provinces.
77. During the field season Mr. P. N. Datta completed a survey

_of the previously unmapped areas in the Bhandara distriot. The

L]
(4
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only features of geological interest deserving s lng‘l 'mention are the
large outcrops of post Vindhyan diabase, poskibly \cbnnected with

the Deccan Trap eruptions, and the sections whi plearly show the yry ‘

great unconformity between the Vindhyan san‘dstbi}ja&\ and the
vertical beds of Dharwar schists below. No fosails. .we}q\p})}gﬁe& .
from the Gondwana rocks exposed in Bhandara and ad%y ping pagiss

of Chanda, and no new occurrences of valuable minerals were re-
corded.

Burma.

78.  Surveys carried out in the oilfields of Minbu, Magwe,
Myingyan and Pakokku districts are referred to under Peiroleum,
while the exploratory work done in Mergui is reviewed under Tin-ore,

79. The survey of the Northern Shan States was continued by

Northern Shan Messrs. _T. D. LaTouche and J. Coggin
States. Brown during the field-season of 1906-07

) in two separate areas, (i) that comprised
in Sheets 331 and 332 of the one.inch Topographical Survey, lying

along the valley of the Nam-Tu above Hsipaw, and including the
tract north of Sheet 331 in which the silverlead mines of Bawdwin
are situated, which has not yet been surveyed on the one-inch
scale; and (i) the hill ranges between the Shan plateau and the
Salween, extending southwards from the Ioi-len range E. of Lashio
to the plaing of Kehsi Mansam in the Southern Shan States, com-
prised in Sheets 433, 434, 435, and 436 of the one-inch survey.
The whole area mapped was about 3,300 square miles.

80. The geology of the Nam-Tu valley had previously been
studied by Messrs. Datta and Pilgrim, and to some extent by
Mr. LaTouche, but Mr. Datta had confined his attention mainly
to the upper Palwozoic and Mesozoic rocks, and the discovery of
hitherto unrecorded beds containing characteristic fossils has necessi-
tated several changes in the mapping of the boundaries laid down .
by Mr. Pilgrim. The most interesting of these discoveries was that of
a band containing graptolites, of the same type as those which had
been found during the previous sesson in the Kehsi Mansam dis-
trict, at the base of the Namhsim sandstones at Panghsapyé, a
village about 8 miles north-west of Hsipaw. These graptolites are
of quite a different type from those of the Zebingyi beds, described
by Mr. Cowper Reed in the Palmontolgia Indica, and belong to an
older horizon, probably of Ilandovery age. The beds in which
they are found immediately overlie a band of purple shales, which
was formerly considered as the base of the Silurian Nambsim |
sandstones, but the discovery of this graptolite zone shows &hat

L]
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the purple band must belong to the much greater thickness of
purple and grey shales found last year on the eastern flanke of
the Loi Twang range in Kehsi Mansam, from which Ordovician
trilobites were obtsined. The purple band of Panghsapyé and
the neighbourhood must therefore be considered as the uppermost
member of the Naungkangyi group of beds. There is no apparent
unconformity in the Nam-Tu valley between the Naungkangyi.bedl»
Purple band, Graptolite band, and Namhsim sandstones, and if the
graptolites (which have not yet been examined by & trained pal-
wontologist) should turn out to be Llandovery forms, we should have
here a complete succession from Lower Ordovician to Silurian strata.

81. The Graptolite and Purple bands were traced ,n.orthwar(.h
from Panghsapyé across Sheet 331 and were of great assistance n
mapping the boundaries of the formations. The Purple band also
extends from Panghsapyé to the south-west as far.as the head of
the Gokteik Gorge, but the Graptolite band above it appears to be
absent in this direction, or at any rate hasnot yet been deteot?d.
It is for this reason that the connection o.f the Purple band with
the Naungkangyi beds below was not previously mﬂm:;d

82. Along the gorge of the Nam-Tu above Hsipaw the succes-
gion of the rocks js normal, the Naungkangyi beds

oocurring
wi i e bed- of the,

the slopes of the valley on the west .nd_e and in the bed of the .
river, followed at the base of the precipitous soarp on the east side

by the Purple and Graptolite bands. These are succeeded by the

hangi

, : + form the whole of the scarp overhanging

glamh.mm sa.ngst:;es;a;:;;h by the Platesu limestone, which fo::ms; a
e river, an : el to the gorge, and in its

:trip 3; :;:e‘fl‘::“ﬁ’ :;gh‘mg beneath the red sandstones of the
urn

. - “dips throughout being easterly. But to the
N&I:Y:;" t;n:;e:h:he Ilaungk&ngyl beds, instead of be.ing followed
‘;705 the older unfossiliferous rocks of the Chaung-Magyi series, are
ibyund overlying, with apparent conformity, a series of sandstones
in which Nambsim fossils, among others Orthonota and Encrinurus,

" have been found. The boundary line is almost straight, running

neatly due north and south, and it is evident that the Naungkangyis
have been pushed up along the line of a fault above the sand-
stones. Within a few miles to the west the dip of the sandstones
becomes less, and their lower beds are found resting quite uncon-
formably upon the upturned edges of the Chaung-Magyi rocks, en-
tirely overlapping the Naungkangyis,

" 83. The great fault mentioned above has been traced north-

‘wapds into the Bawdwin area, where it inclines somewhat to the
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west of north and, leaving the fossiliferous Palsozoic tocks, traverses
the rhyolitic tuffs and rhyolites of Bawdwin, which form the upper-
most member of the Chaung-Magyi series. To the intense crushin
and disturbance caused by this great dislocation is probably due
the opportunity for the mineralization of the Bawdwin rocks. A
separate report on this subject will be published in the Records.

84. The geology of the hill-ranges east of the plateau, though in
general sequence similar to that of the western portion of the Shan
plateau, exhibits several important differences in detail. The low
ground separating the various ranges is invariably occupied by the
Plateau limestone, with an occasional outlier of the red Namyau
sandstone, or of the Tertiary coal-measures, resting upon it. The
limestone tracts invariably present the same aspect of umdulating,
thinly-wooded plateau, generally at a lower elevation than the older
rocks forming the core of the ranges, but sometimes rising on their
flanks into precipitous scarps facing the axis of the range, or in
some cases arching completely over them, thus proving that the
limestones participated in the orogenic movements resulting in the
elevation of the ranges. The structure of these is similar in all
cases, consisting of an elongated dome, more or less modified by
subsequent. faulting. In the centre of each dome is a core of an-
cient rocks, belonging to the Chaung-Magyi series, and gemerally
forming the highest elevations. The great mass of Loi Ling, the
highest peak in the N. Shan States, rising to 8,771 feet above the
sea, i8 entirely formed of these rocks. Along the flanks of the
core is found a zone occupied by the Lower Palemozoic fossiliferons
rocks; but the facies of these in not quite the same as inthe
western sections. The Naungkangyis are reduced to a band of
calcareous sandstones of no great thickness (with Rafinesquina and
other characteristic fossils belonging to that group), whereas the
thickness of the overlying purple shales is enormously increased.
These latter beds in this area probably include s portion of the
Naungkangyi group of the western sections, since they contain
Pliomera insangensis Reed, one of the characteristic trilobites of
the Upper Naungkangyis, but the fossils from the purple beds have
not yet been determined. They include many large trilobites be-
longing to the Asaphidm, as well as Ampyz, Bromteus, eto.

85. The Graptolite band of Panghsapyé has boen found in
several localities overlying the purple shales, and has helped con-
siderably in unravelling the complicated. structure of these ranges.
The great development of sandstones (Namhsim sandstone) which
succeeds it on the Nam-tu appears to be absent, but some m?rly :

[ ]
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beds, which are found at the top of the sandstones in the west, are
found in places immediately below the Plateau limestone, and ap-
pear to be the only representatives of the Silurians in this area.

' 86. At the top of the Chaung-Magyi series, and immediately
underlying the Naungkangyi beds, a series of volcanic ash beds,
with thin flows of rhyolite, were found in several localities among
these ranges. These correspond closely, both in position and petro-
logical characters, with the tuffs and rhyolites of Bawdwin. In
gome places a conglomerate of well-rolled pebbles occurs at their
base, apparently shore deposits, accumulated in the interval between
the consolidation of the Chaung-Magyi rocks and the beginning of
the Naungkangyi epoch. The blocks of quartz-porphyry, noted
by Dr. Noetling in the bed of the Namma river, in his account of
the coalfields of the N. Shan States (Rec. Geol. Surv. Ind., Vol.
XXIV, Pt. 2, p. 110) are derived from these beds, which ocour
at the crest of the range east of Lashio, on the north side of the
Nampawng, a tributary of the Namma.

87. As the survey of this area may be interrupted by urgent
requests elsewhere, it may be desirable to summarise the chief
stratigraphical results obtained by Mr. LaTouche and his ocolleagues,
The geological reconnaissance has now been carried over 24 sheets
of the one-inch map covering an ares of 13,000 square miles, ﬂmg‘}
much still remains to be done in working out the details of thi®
geological structure of the plateau and its surroundings. .

The formations that have been identified by means of their
fossils, with their European equivalents, are the following:—

S

Looal o5, European equivalents,

Late v'l‘ertiary froshwater silts with coal, Lashio,
Namma, efe. .

. . . . . . | Late Plincene or Ploistocene,
Namyau beds,—Red sandstones with bands of

limestone near base . . Jurassio (exact horizon not yet
known).
Napeng Shales . Rbeetic.

Fusulina I:nd Produoius Limestone . Permo.Carboniferous.
Plateau Limestone . . . . Carboniferous and D i
Zebingyi graptolite beds Lo sad Devonian.
Konghsa Marls . . « « T« .+ . |¢}Siturian,

Namhsim Sandstones . .
Pa.nghﬁapyé %litghb?nd . . . .

Hwe Mawng o Shales . . . . | ¢ Ordovician,
Naungkangyi beds . . } ovician
Chaung Magyi series .,

e | Cambri
Archsan schists and gneisses. ambrian.

L]
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" 88. The Chaung-Magyi series is composed of slaty shales and
quartzites, which may be of Cambrian age, but in which no fossils
have as yet been found; these rocks rest upon the Archman mica-
schists .and gneisses of the Ruby-Mines District.

.89. In Ordovician and subsequent times the older rocks, the
Archman gneisses and mica-schists, with the Chaung-Magyi series,
formed a tract of land, extending along the north-western border of
the position now occupied by the Shan plateau, with perhaps a few
islands, composed of similar rocks, to the south-east of the old
coast line. Along the borders of these land areas the® Ordovician .
and Silurian rocks were deposited, followed by a great accumulation
of reef deposits, now represented by the limestones covering the
greater portion of the plateau, and extending to the south at least
a8 far as Tenasserim. This period closed with the deposition of
limestones containing Fusulina and Productus, probably contemporan-
eous with the” Middle Productus Group of the Salt Range.

90. The succeeding formation, the Napeng Shales, has been
found to contain a peculiar fauna, consisting almost exclusively of
Lamellibranchs, of Rhatic age. These shales apparently filled up

* hollows in the Plateau limestone, either due to original inequalities
. in its surface, or to irregular solution of the limestone during the

period that had elapsed since its deposition.  Another break
then occurs, during which denudation of the limestone took
place, indicated by the presence of conglomerates, with pebbles de-
rived from it, at the base of the succeeding formation. This latter,
the Namyau series, consists of red sandstones, interstratified in their
lower portion with bands of limestones containing Jurassic fossils.
Hitherto no fossils have been found in the upper portion of this
series, and it is uncertain whether any part of the Cretaceous period
is represented. \

91. After the accumulation of the Namyau beds marine deposi-
tion ceased entirely over the whole area, none of the lower or mid-
dle Tertiary formations being present. In all probability the great
earth-movements at the opening of the Tertiary period converted
the whole of Burma east of the Irrawadi and Sittang valleys into
dry land, subject to aerial denudation, and the Late Tertiary silts
with coal, occupying a series of basins surrounding Loi Ling, the
highest ground in the States, were evidently deposited -after the
main drainage features of the plateau had been marked out. In-
deed, these beds of silt may be of Pleistocene, or even sub-recent age.
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92, Itis somewhat surprising that igneous rocks are of.o

rare ocourtence over the whole of this area. The ancient rof

near Mogek (Ruby-Mines) are traversed bytgrut bu-xdg of granite
and there are indications of volcanio eonditions, copaisting ‘of th
litee and thyolitic tufis, along the borders of the Qrdowcxan ,
surface ; but throughout the whole sequence of Palsoxoic and Mesosols:
gtrata there are no traces whatever of volcanio activity. In Lats

Tertiary times there was, however, a feeble manifestation of th ;
agencies, for in one locality the silta were found to be traversed by
dykes of basalt, resemhling that of the sub-recent volcano of Haws:
shuenshan, near Tengyueh (Momien), in south.west Yunnan. |

T. H. HOLLAND,
Director, Geological Survey of Indsa.
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L—INTRODUCTION.

THE present summary of returns for mineral production in India
during 1907 covers the fourth year of the quinquennial period
ourrent since the issue of the Review of Mineral Production for
1898 to 1903 (Records, Vol. XXXII, Pt. 2).

A detailed statement of production and statistios regarding
labour at the mines regulated by the Indian Mines Act has been
published with the Annual Report of the Chief Inspector of Mines.
It should be remembered that in this, as in other, Annual Reports,
the Chief Inspector of Mines gives data for output and labour
only for mines under the Act, and does not include statistios re-
garding the production of mines in Native States, or of various
minor products raised from superficial workings to which the Aot
has not yet been applied. In the present statement, however,
the totals refer to the whole of India, including the protected 'States,
and, so far as returns are obtainable, include the minor products-
reported by Local Governments and Political Agents,

No change has been made in the grouping of the minerals
adopted in previous statements. They are divided as follows :—

Group I :—Minerals for which approximately full returns are
obtainable, and

Group II :—Minerals for which returns are admittedly incom-
plete or only approximately estimated.

TaBLE 1.—Total Value of Minerals for which Returns of Producison are
" available for the years 1904—1907.

NINERAL. 1004 1905 1908 1907

£ 2 '3 £
Gold . . . . .| 23066079 2416071 | 2280384 2,133,691
Coal (@) . - . . .| 139882 | 1410443 | 1,912,042 | 2,600,726
Petroleum (@) . . . 473,071 604,208 574,238 610,015
Salt (@ - . . . 437,680 441,302 420,001 434,076
Saltpetre ®) . . . 266,349 235,723 270,647 274,679
Manganese.ore (b) , . . 129,632 248,309 435,268 589,830
Mies (®) . . . . 83,183 142,008 950,544 226,382
Carvied over . | D5,155570 | 5,508,040 | 6,102,824 | 6,878,399

(a) Spot prices,
() Export values,
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MINERAL. 1804 1905 1906 1807

£ £ £ 3

i Brought forward . 5,166,670 5,608,049 6,102,824 | 6,878,390

" Ruby, Sspphire and Spinel . 90,612 88,340 96,867 . 98,258
Jadestone (b) . . . 43,946 43,474 64,433 49,643
Graphite . . . . 16,726 16,890 10,009 7,387
Iron-ore (a) . . . . 11,442 13,828 11,344 18,381
Tin-ore (a) . . . . 8,363 | - 9,017 13,799 11,882
Chromite (a) . . . 4,137 3,482 7,188 9,699
Diamonds . . . . 2,636 2,474 5,160 2,784
mﬂeaih {a . . . 351 560, | 488 50
Amber . . . . . 838 046, 709 385
TOTAL .| 5334611 | 5,887,949 | 6,312,821 | .7,071,868

Although, during the past year, there has been again a fall
in the value of gold produced, as well as
T?,ﬁ,‘;ld;:g’:nof in the oase of the less valuable minerals,
) amber, diamonds, graphite, jadestone,
magnesite, mica and tin-ore, there has been a very considerable, and
more than compensating, rise in certain other cases. The total value
for minerals of Group I produced in 1907 was £7,071,868, against the
value of £6,312,821 in 1906, that is, an increase of £759,047 or 12
per cent. Duringthe past four years of the current quinquennial
period,. the total value for minerals of Group I has consequently
risen by 325 per oent. ~
For the first time the value of coal exceeds that of gold, and
the former now takes the leading place in the list of Indian min-
erals. Although the total value reported
l’l'illﬂlpavlaﬁlll:nges for ooal is fairly comparable to the figures
' returned for the previous years, the Chief
Inspector of Mines, Mr. J. R. R. Wilson, has called my attention to the
fact that, in the returns from many of the mines in Bengal, the values
reported do not properly reflect the increased prices obtained during
the year. On account of the existence of long-standing contracts,
it is not to be expected that the high prices prevailing during 1907
would produce an immediate corresponding effect on the total
values ; but, according to Mr. Wilson, it is evident also that many
of the Managers misunderstand the meaning of the expression

——
() Bepots vauen.
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““pit-mouth value , and some of them have deducted the cost of
raising coal from the prices obtained f.o.r., thus, in effect, returning
as pit-mouth value only the profits obtained. Errors of this kind
will be repaired, so far as possible, in future years.

It will be noticed that the value taken for mangasnese-ore has
not risen in the same proportion as the production reported from
the different provinces. Part of this is due to the fact that large
stooks have been acoumulated at some of the manganese mines;
but, as stated before, the value adopted for manganese-ore is &
purely artificial one, being assumed at the ports for cargoes not
reported in actual value to be about £1 per ton. The values
thus given for manganese-ore approximately reflect the increase
in exports, but do not fairly gauge the value of the industry.

There has been a remarkable inorease in the number of oon-
cessions granted for prospecting and mining, mainly due to in-
creased interest in manganese in Bombay and the Central Provinces.
The total number granted in 1906 was & oonsiderable afivanoe on
those recorded for previous years; but in 1907 the concessions grant-
ed rose to 600. These figures refer only to concessions granted
in lands in which the mineral rights have been reserved .by Gov-
ernment, and do not inolude the large numbers granted in States
and in areas where the mineral Tights have been oconceded perman.
ently with the surface ownership. Practioally all the ocoal-bearing
land in Bengal comes under the latter category.

e
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II.-_MINERALS OF GROUP 1.

Chromite, Graphite, Manganese-ore. Salt.
Coal. Iron-ore, Mica. Saltpetre.
Diamonds, Jadeite, Petroleum, Tin.
Gold. Magnesite. Ruby, Sapphire and
Spinel.
Chromite.

There was again a marked increase in the production of chro-
mite in Baluchistan, viz., from 4,375 tons in 1906 to 7,274 tons,
valued at £9,699, in 1907. Table 2 gives the figures of production
and value since the commencement of the chrome-mining industry
in 1903. The total production to the end of 1907 is 18,201 tons.
Three new mines were opened for chromite-mining during 1907,
making a total of 19 mines in operation, employing daily an aver-
age of 86 workers against 76 in the year 1906.

TasLe 2.—Production of Chromite tn Baluchistan since the commencement

wn 1908.
YEAR. Quanutity. Value, Value per ton
- Tons, ’ £ Shillings.
1003 . . . . . 248 327 23-0
1804 . . . . . 3,600 4,137 28°0
19086 . . . . . 2,708 3,482 25°7
1606 . . . . . 4,376 7,188 32'9
1807 . . . . . 7,274 9,699 26°6
Coal.

"~ The returns for 1907 show that the activity in coal-mining

has again greatly increased, the total

Totaldprggggt?“’n?me production having reached 11,147,339 tons,

and AVOTage price.  sgainst 9,783,250 tons in 1906, an increase

of nearly 14 per cent. Theaverage value of coal per ton at the

mines has risen from Rs, 2-156-0 (3s. 11d.) to Rs. 3-8-0 (4s. 8d.)—an

increase which is slightly below the rise in sale prices during the year
(Table 3). :
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Tanre 3.—Production and Value of Coal during the years 1904—107.

N ton at
Yz Quantity. | Total Value at the Mines. Average, V‘Jh‘r o,
0 ﬁhtute Rupees 3 Rs. a. e d.
Tons, !

. 216,706 | 9,09,89,407 | 1,308,826 99 35

}gg: L. g,ilg,;w 21991649 | 1410448| 2 8 3 ¢
1008 o1 onss2s0 | 2.96,80,855 | 1,013,042 915 s 1
1907 . .| 1n4rsse | 3,91.45000 | 2000726 | 3 8 48

the provincial production of coal for the past
Table 4 shows s four years. It will. be noticed that the

total is dominated by the large and con-
- tinuous. expansion in the Bengal output, the other provinces uhowmg

Provincial production.

nmmportant. varm'aons.

 Tume 4.-'-Pm.'mfaz Pmduemn af Coal or the years 1904—1907.

ProvINGE 1004 1908
Statute Statute
Tons. Tons.
41,725 42,164 42,488
Baluchistan 700000 | 7284108 s,u;:ﬁg:g 9,093,348
Bmpl . T ,108 .e » (X
Burms - e | 15101 170,202 | 178,888
e e | | k| s
v : Y 765 » 4 » 95
' gde::b?wmm ‘ ﬁ&m 454204 | 467,023 |  414,22)
. 270 - ..
Kashmir 45,504 62,622 78,110 60,740
g-;“im b e (Pikanie) w018 | 42964 |  mm;e| 2808
Torat, o | 8216708 [ 8,417,789 | 9,783,250 | 11,147,389

. Tables 5, 6 and 7 classify the production according to the geo-
Geologioal classification, [0§ic3! formations worked. As the whole

9 of the production in} Bengal is from
 Gondwans strats, the coal of this age gradually] mskes a larger
fraction of the total production, amounting in 1907 to 9617 per
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cent. of the whole output. The production of Gondwana coal 'in 1907
exceeded the total output of the whole of India for any ‘previous

year,
TaBLE. B5— Origin of Indian Coal raised during 1904—1907.
—— 1004 1908 1906 1907
Statute Statute Statute Statute
. Tons. Tons. Tons. Tons,
From Gondwana coalfields 7,808,027 7,993,363 9,348,888 | 10,720,245
From Tertiary coalfields . 408,679 424,376 434,367 427,094
TOTAL, Statute Tons 8,216,708 8,417,789 9,783,250 11,147,389
Total, Meiric Tons 8,848,561 8,652,423 9,040,046 | 11,395,696

Among the Gondwana fields, attention was drawn to the fact
‘ -that, in 1906, the output of Jherria ex-

Condwana flelds.  ,oo36q for the first time that for Rani.
ganj, which was previously the leading coslfield. In 1907, this
lead was increased, the Jherria field having produced nearly half
the Gondwana coal raised in India. The only other pomt of
special interest in connection with the Gondwana fields is the
notable increase in the Central Provinces, due to rapid develop-
ment 0f the iPench valley collieries. Systematic mining operations
commenced n this field in 1905; the output ]umped to 32,102
tons in 1906, and again mcrea.sed to 74,663 tons in 1907. The

‘Pench valley is at present served by a narrow-gange railway only,

but a broad-gauge connection between: the Great Indmn Peninsula
Railway system at Itarai and the combined; Bengsl Nagpur snd
Great Indian Peninsula Railways at Nagpur has' now been sanc- -
tioned. The completion of this line will open up & larger market
for the Pench valley coal; and, besides shortening the distance
to the pnnclpal centres of consumption, the pﬁe‘ont disadvantage

,of a change in gauge will be avuided.

a
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1-48
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71,294

829,271
3,070,588 | 36°48
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4114

3,268,538 | 3877

157,701
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22,998
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7,903,388 | 94:95
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Total.
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Per cent.

2-28
~32
1-37
5-11
95-02

40-77

1904
50,617
773,128

Tons,
2,889,504 | 35°17

Statute

274

185,774
26,618
112,319
419,546
7,808,027

8,350,257

TaBLE 6.~Output of Gondwana Coalficlds during 1904—1907.

COALPIELDS.

Daltonganj
Giridih .
Jherria .
Rajmabal
Raniganj .
Ceniral India—

Bengal—

.

TOTAL

Umaria .
Central Provinces—
Bellarpur .
Pench Valley .

Mohpani

Warors

Hyderabad
Singareni

o
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Wlth regard to the fields of Tertlarv coal, the only areas ca.lhng

Tertiary coalfields. for remark are—
(1) Makum, where there has been a gradua’ increase in out-
put, and

. (2) Bikaner, where, during the past four years, thére has been
& decline. This decline, however, is due to the necessity
of  reorganising operations at Palana, the only colliery
being worked in Rajputana. A large section of the
mine having got on fire, has been walled off, and opera-
tions have been directed mainly towards this protective
measure and the reorganisation of the system of gal-
leries. It is anticipated that the work now in hand
will be completed within the present year, and that a
considerable increase in production will accordingly fol-
low. The material raised at Palana is in reality a lignite
containing a high percentage of moisture; it, however,
is used on the Jodhpur-Bikaner Railway and for the
production of electric power in Bikaner city. -
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[ ]
The external trade in coal shows for the past year a drop in

50 8 &2 8 3 &’ |2 il .
AMEBE i & T N I E ¢ a1 ¢ exports, from over one million tons in
|_Ea8 — o~ . Bxports and IMPOrts. 4946 ¢ 658,145 tons in 1907 (table 8).
& 8 ] 82 % .88 i At the.same _timfa there has been a small increase in th'e amount
ig P H T P wT A of foreign coal imported into India, from 232,947 tons mn 1906 to
= =% = & - 302,807 tons in 1907. The change in these figures is due to the
increased demand for coal in India being even in excess of the
BrE [ 3=} = 3 e largely increased productione Table 9 shows that, in 1907, the
afé g 5 o 2 - consumption of Indian coal in the country amounted to 94 per cent.
s A e o ‘ of the total output.
> = |33 -
> - s g §.s. & g.s gac l'i 5. . .
l g:ﬂ ge ~ 3 E 5. 4|3 TaBLe 8. —Ewzports of Indian Coal and Coke during 1903—1907.
2 :
§ Exported to 1903 1904 1905 1906 1907
3 B “';é' 4 4 ? B ® 518 \ |
e & RS ‘ ! — w Tons. Tons. Tons. Tons, Tovs,
'§ g —— Aden . . . . 31,210 31,620 29,312 19,233 13,835
a ..8 228 ’ ’ » ;2 y
S1sE g4 §§ o ':'_- ers g E East Afriea . . . 30,645 | 21,263 | 15,034 | 13,532 1,787
S* é g - 22 2 0§ ° $.3 Coylon .~ . . .| 262,812 360,607 | 376853 | 416,190 | 320,735
3 . l Straits Settlements , . | 111,520 | 144,5¢5 | 220,230 | 317,655 | 202,445
N = — - e.‘ﬁi . Sumatra . . ., ., 10,093 | 32,810 | 33,850 | 71482 | 84,337 °
= eod4| ¥ ° ) & 83 China oL B 81,762 | 133752 | 11,266
. £EER ey o~ rm - Other Countries . . } 4008 | 11875 {903 | 3p106| 17,740
. - e ————
-g § " E_ % 5. i ?i.g %g E E TOTAL . i 441,948 602,810 788,083 | 1,002,951 658,145
£ 82 % "z R % .. 93
| : - TasLe 9.—Relation of Conmsumption to Production of Coal during
< - - 1904—1907.
g . . 1 Total Consumption of Indian Coal
‘ t a - i in.
= é YEAR. ti‘:mn ofCOCrt‘)a.‘;r?xr: n Indin
. .. coq e . India.®
% g . Percentage of
a .8 .8 . Quantity, Indian Pro-
g. o :: . . ductson.
= = s ’
. - . B .
§ i £ N . Statute Tons. Statute Touns.
S L e k| ] € 1 : o+ . . . . 7,884,140 7,613,896 937
§ . % -8 a | . . ‘E‘ §§ . é . 1906 . . C . 7,847,281 7,634,706 907
Fp& 28 E.g §E:: -4“35?5 S 196 . . . . 9,013,240 8,780,200 897
¢ bt
. 388 E &5 §3 ¥3§ R i 19007 . . . . L) 10,792,001 10,489,194 . 941
? L] § 3 < A 0
& 5 NOR e ] -

* Including Government Storcs.

F2
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Table 10 shows a gradual increase in the consumption of both
Consumption of Coal

railways being still about 30 per cent,

TasLe 10.—Coal consumed on Indian Railways during the five years

1903—1907.
Indian Coal. Foreign Ceal.
Total
YaaR. . Per Per Per Consump.
Queantity, | cent, of | cent, of | Quantity. | rent. of tion.
Totul. | Indian Tolal.
output.
Tons. : Tona,
1903 . . . 2,203,889 99:2) 206 17,090 0'8| 2,281,088
1904 . . . 2,447,341 298] 2908 17,432 07 ) 2464778
1005 . . . 2,608,424 998 3147 18,233 0'7 | 9,688,080
1006 . .77 . 2,878,281 987 204 37,280 } 1'3| 9,915,561
1907. . . 3,343,219 984} 200 54,801, 16 8,398,080
N i

Indian and foreign coal on the railways
the total in 1907 being 3,398,080 tons."

on Railways. Of this total, 984 per cent. was of Indian

origin, the proportion of the Indian production consumed on tha

Tables 11 to 15 briefly indicate the labour statistics on Indian
coal mines. There has been an increase

Labour smt““‘i" in the number of workers from 92,740

in 1904 to 112,502 employed on an average daily during 1907.
With the gradual improvement in mining methods, there has been

an increase in the output of coal per person employed, but a part -

of this apparent increase in efficiency i8 due to an improvement
in the system of keeping statistics by -the coal-mine Managers.
The increase in the output per person employed below ground,
as shown in table 12, is especially marked, for the improvements
that have occurred in mining have mainly affected the system of
under-ground working. During 1907, 78,191 persons were employed
on an average daily below ground, the output of coal being over
162 tons per person employed.. This is still a low degree of
efficiency compared to that of countries employing European labour;
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but the low efficiency shown by the statistical method indicates
one pleasing feature in connection with Indian coal mines that does
not appear in the returns: at present large numbers of women
and children find congenial and light employment on the surface
and in shallow workings ; this feature of the coal-mining industry
will be reduced with the increased use of machinery and the
development of more strenuous methods less profitable and less

pleasurable to many of the colliery workers.

TaBLE 11.—Owtpwt of Coal per person employed at Mines during
‘ the years 1904—1907. '

Average datly Oul: r
YEaz. attendance of Output. pez::‘onpe
Workers, employed.
9]

Statute Tons. Statute Tons.

1904 . ... . . 92,740 8,216,706 88°6
1905 . . .. . .| ss9% 8,417,780 985
1906 . . . . . 9,138 9,783,250 98°6
97 . . . .. g8 | 11,147,389 99+1

TaBLE 12.——0utpa.d' of .Coal per person employed Below Ground
during 1904—1907.

'

Average Numbe# Output per
YEAR of persons em- Output, person employed
- ployed daily below ground.
below ground.
Statute Tons. Statute Tone.
1904 . 64,969 8,216,708 126°4
1005 . 61,616 8,417,739 186°8
1906 . 87,456 9,783,250 1450
1907 . 73,191 11,147,339 159+3
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The increased dangers, due to deeper and more complex mining

; i operations, have been attended by greater
Colliery Accldents. efficiency in management throughout, with
the result that the death-rate from colliery accidents shows no
marked increase, and in 1907 was still at the low rate of -89 per
thousand employed—a rate that compares favourably with a_ll other
coal-mining countries. The death-rate -in the United Kingdom,
during 1907, from accidents at mines under the Coa..l Mines z‘&ct,
was 132 per thousand employed, while at metalliferous mines
the rate was 1'08, and inside pits and excavations under the
Quarries Act 1-34 per thousand. Official figures for most fore{gn
countries are not yet available beyond the year 1905. During
that year, the average death-rate per thousand persons emplog_red
at coal mines was 1-34 for the British Empire and 240 for foreign
countries, making an average for the coal mines of the wo.rld
of 2°01 deaths per thousand persons employed, as compared with
1-85 in 1904. In the United States, which is by far the largest
coal-producing - country in the world, the death-rate .from colliery
accidents per thousand persons employed was 3°356 in 1904 and
3:45 in 1906. - According to F. L. Hofiman,'the average rate at
the coal mines of North America for the ten years 1897—1906
“was 3:14 per 1,000. -

TapLe 13.—Death-rate jrom Colliery Accidents, below and above
- ground, during ~ 1904—1907.

Aversge Number | Deaths from" | Death.rate per
YEAR. of persons Accidents, 1,000 employed.
employed, .
1964 P . . . 92,740 67 79
1905 . . .. . . 89,995 19 80
106 . . . . . 99,138 99 .99
1907  « . . . . 112,502 101 -89

2 New York Eng. and Min. Journ., Vol, 85, p. 34, Jon. 4th, 1908,
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TasLe 14.—Comparison of Coal-Production and Deaths from Colliery
, Accidents in 1904—1907.

Deaths from Tons of Coal
-~ YEAR. Colliery Acei- | Output of Coal, | raised per por-
dents, son killed,
190¢ . . . . . 87 8,216,708 122,687
1905 . . . % 8,417,730 ' 116,913
1906 . . . . . 99 9,783,250 98,821
107 .. ., 101 11,147,339 110,369

As in previous years there is a slightly higher death-rate from
colliery accidents in Native States than in mines under the control
of the Indian Mines Act. During 1907, the death-rate per thou-
sand at mines under the Act was only 0'86, while in Native States
the rate was 1:22. The figures for the previous three years of
the current quinquennial period are shown in table 15,

TaBLE .15.——C’omparison of Death-rate /rmﬁ Accidents at Coal Mines
~ worked under the Mines Act of 1901 with those in Native States
during 1904— 1907.

Average numberof | 5, @, from Aeci Death.ra
e - -rate per 1,000
per sonr:l’z?;}.)lqy ed dents, persons employed.
Yexar.
Mines N Mines . Minea .
under Ig::f;w under g;::: under ‘J;‘::;:e
the Act, | U8 | ¢he Act. " | the Act. o
1904 . .| 82002| 10688 56 13 7 | 19
1805 . . 80,496 9,498 58 14 72 1-47
1906 . . 90,159 8,979 80 19 ‘88 . 2+11
197 . .| 102,680 | 9813 89 12 86 123
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Diamondé.

It is reported that a certain number of diamonds are picked
up in the neighbourhood of Wajra Karur in the Anantapur district
of the Madras Presidency, but no statistica are obtainable as to the
actual production. |

The only figures returned for diamonds relatc to the production
in the States of Panna, Charkhari and A]Blg&rl in Central India.
The production for the past four ‘yoars is shown in table 16, the

output for 1907 being more nearly in agreement with the average.

for past years. The daily average attendance of the workers on
the diamond fields is returned as 1,084 m 1907, against 2,051 during
1906..

TABLE 16.—Product1'on of Diamonds in Central India.

YEAR. *  Quantity. * Value,
. - Carats, £
1904 . . . . . “ 296-48 2,656
1005 . . .-v . . e . 172441 2,474
1906 . . . . . . . 305°91 5,160
1907 . . . . . . oo 62800 2,754
Gold.

The figures for gold production are shown in table 17. It will
be noticed that, during the past three years, there has been a
_ glight decline in the output from the Mysore gold mines which,
however, still dominate the total. Work in the Dharwar area
appears to have pasé®d the prospecting stage, the production in
1907 being - valued at £18,634) There has also been an increase
in the amount of gold obtained by alluvial dredging in the Upper
Irrawaddy river, Burma. The company operating in this area re-
ceived sanction during the year to alter the boundaries of its con-
. cession, relinquishing the lower 15 miles of the ,area leased in ex-
change for an equivalent stretch divided between the two tributary
rivers about the confluence.

< The output of gold from the Hutti mines in the Nizam’s Do-
»minions is shown separately in table 18. During the past three
years, the production has been valued at a little over £50,000 per
annuin,- and the total output since operations commenced in 1903
. i ‘valued at £280,206.
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- TapLE 18.—Owtput of Gold from the Hutti Mine, Hyderabad,

YEAR. . Quantity, Valu-.
Ounces I3

8. . . e 3,800 14,508
13?)4 L. 10,659 40,694
1905 . . . .- . . 13,1687 50,060
1906 . . . ... 13,784 53,801
1907 . . . . . . . 13,383 80,216
- ToTATL . 54,702 208,206

- Graphite.

The graphite deposits in Travancore State are still the only
occurrences of the mineral which are being worked systematically.
The annual output varies between 2,000 and 3,000 tons, but the
value* returned for 1907 was distinctly lower "than the reported
value of previous years, amounting only to £7,387. The yearly
fignres are shown in table 19. The average number of persons
employed daily at the Travancore graphite mines was 485 in 1907
as against 494 in the previous year.

TaBLE 19.—Production of G’faphdé during 1904—1907,

YEAR. Quantity. Value.
L Tons, £
L e 3,266 16,7968
igg: L. 2,324 16,890
1908 . . e e e e 2,800 10,009
1907 . . e e e e 2,433 7,887
Iron-Ore.

There was again a. decrease in the output of iron.ore during
1907, the total amount raised being 67,667 tons compared with
74120 toms in 1906. In oonsequence, however, of the exploita-
tion of the richer iron-ore deposits in the Singhbhum area, the
value returned for 1907 was greater than that reported during the

year before, The year 1907 marks what will probably be an im _

*Parr 2.] Horranp: Mineral Production of India during 1907. 5.

portant stage in the history of iron-manufacture in India, for,
during the month of July a new company was floated at Bombay,
known as the Tata Iron and Steel Company, Limited, with a capital of
2% crores of rupees. The company has secured the lease of 20
square miles of iron-ore lands in the Mourbhanj State, Orissa,
and a considerable area in the Raipur district of the Central Pro-
vinces, As a site for the new works, 22 square miles of land
have been secured in the Dhalbhum estate at the junction of the -
Subarnarekha and Khorkai rivers near Kalimati on the Bengal
Nagpur Railway. Sanction has been given for the construction
of a railway from the works near Kalimati to the ore-fields in
Mourbhanj, and land has been purchased in the Jherria coalfield
for the development of the necessary collieries, while limestone
quarries have been secured in the Jubbulpore.district. Consider-
able progress has been made in preparing the site for the erec-
tion of blast-furnaces and steel-rolling mills, andit is expected that
actual production will commence early in 1910. Hitherto, the only
successful iron-smelting works in India, conducted on Europzan-
lines, have been those belonging to the Bengal Iron and Steel
Company at Barakar in Bepgal. The production of the latter company
is limited to pig-iron, although an experiment was made in steel-
manufsoture in 1906. The Tata Company, however, proposes to
make steel production its chief object. '

The ancient industry of producing malleable iron in small bloom:-
eries i8 more persistent in the Central Provinces than most other
areas. During 1907, 451 small furnaces were at work, but the
amount of iron turned out cannot be estimated with 'an)_r .preoision.

TasLr 20.—Quantity and Value of Iron-ore raised during the
years 1904—1907.

1904~ 1906 1906 1907
PROVINOE. : )
Quan- Quan- Quan- Quan-
tity. Value. tity- Value- tity. Value- tity. Value.
Tona £ .| Tons Tons Tons £
Bengﬂl . . 166,116 | 9,698 | 97,008 |12,538 | 69,397 | 10,085 | 65,524 | 12,810
Other Provinces an : )
States . .| 0,641 1,744 4,837 1,290 4,723 | 1.859° 2,143* 571
TOTAL, Statute ) - :
, Tonsand £ .. [71,650 {71,443 102,685 113,828 | 74,120 | 11,344 67,667 |13 881
Toinl, Metric Tons, | 78,802 10,175 76,306 68,750

* Exclusive of the production in Myscre not yet reported (July 11th, 1908y
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Jadeite.

i furnished by the Deputy Commissjior'ler
of ﬁm’?l;y‘lﬁ ?ist:'f:gu;: Upper Bumi;, the jadeite raised during
1907 }:mounted to 3,590 owts., valued lm@y at  £18,908. The
average daily attendance of workers ocoupied w1!;h ?hxs n:)((llustrg
was 1,356 during the year 1907. Part of ?he. ]adenf,e pr 111ced
in Upper Burma is absorbed locally, part of it is carried dover aones
“into the markets of south-west China, and the remtl;(m er Tgble
through the port of Rangoon mainly for the Chinese mar st. . a e
21 shows the quantity and valwe of jadeite exported t r:ugis
Rangoon during the past five years. The average amoun .
returned as 2,621 owts., valued at £50,416, thus showing an alve g
age value per owt. of £20. A dett‘xiled account of th(t; gle;lo :ogl:
oal relationships of thedil[yi%kyl'ina iade‘lrtl.e, ;ZrtDz. A.A Ws.um.m&r; -
i i i ords, Vol. XXXVI, . ,
%r.PIIISII)eh::l:’(: ::sullz:oia given in the General Report for 1907 (supra,

p. 16).

: ' » h Rangoon
Tanre 21.—Eazports of Jadestone throug
during the years 1903—1907,

YEaR. . Wo%ght. Value. Value per owt.
Cwts £ £
1603 : 2,102 50,682 23°08
904 » 2,869 43,948 15+32
1 A 2 _
5 2,342 43,474 1850
1908 . . . . . & 4
‘ 2,566 64,433 2511
907 2,636 49,643 :
i . . ,636
_-—-————-——'—— N
‘ 2000
; : - 8,581 . 50,418
- Avernge ' . '8,
Magnesite.

. esito being worked is that of the

TheHOI_xl]]y “““"g:f:m°£mm Presidency. The _quantity raised
Chalk ' neat oonsidt;rably less than in the .previous three years
during 1007 was ennial period, and the Company has evie

| ?ifen:i;: ::tn?le: %;1;?1“& full outlet for the remarkably pure mineral

e
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it is able to raise. The figures for output and value are shown
in table 22. A lease for mining magnesite has been granted in
Karuppur and three other villages in the Salem distriot, but no
work has so far been done in this new area. Prospecting opera-
tions have also been undertaken in parts of Mysore State, where
magnesite occurs as an alteration product of peridotite rocks. A
considerable development of these rocks with magnesite ocours
near Seringala, north of Fraserpet in Coorg, but the area is far
from the railway systems. :

TaBLE 22.—Production of Magnesite in the Chalk Hills near Salem

during 1904—1907.
YEAR. Quantity, Value. (a)
" Tons. £
1904 1,315 3561
1905 . . . . . . . o e 2,003 560
e Y 488
e07 . . . ., . 186 50

(@) Value estimated at Ra, 4 & ton for all years,

Manganese-ore.

The conspicuous inoreasein the production of manganese-ore
during 1906 was overshadowed by & still larger output in 1907,
The high prices prevailing during the earlier part of the year began
to drop rapidly towards the end, and, before December, the mar-
ket rates for first-grade manganese-ore carrying over 50 per cent. of the
metal had fallen below 1s. a unit. There has, consequently, been
a cheok in the production in most aress and an almost complete
cessation of mining for the dower grades of ore at mines far re-
moved from the railways. The total production reported for 1907
reached the extraordinary figure of 898345 tons, against the pre-
vious record of 495,730 tons during 1906. The returns for 1907
show an export of only 581,035 tons of ore. It thus appears
probable that considerable stocks have beon accumulated at the mines,

The average number of persons employed daily at manganese
mines under the control of the Indian Mines Act was 18,751
in 1907 as against 11,273 in 1906, The provincial production of

L
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‘manganese-ore for the past four-years is shown in table 23, from
‘which it will be seen that the mines in the Central Provinces
have considerably increased their lead - over those in the other
_provinces. The distriot production of manganese-ore in the Cen-
‘tral Provinces is shown in table 23(A), showing that by far the
" largest output was obtained from the Bhandara district.

TasLe 23.—Production of Manganese-ore for 1904—1907.

ProvmcE. 1004 1006 1000 1007
Statute Statute Statute Statute
Tons. ‘Tons, Tons. Tons.
Bengal . . ‘e 2,000
Bombay . . . : 7,611 22,126
Oentr;:.l India 11,664 30,251 60,074 85,748
Cenh;xl i’mvinces . 85,034 159,950 320,760 |- 686,672
Madras i 53,600 83,005 117,380 151,800
TOTAL, Statute Tons 150,207 258,806 495,730 | 898,345(a)
Total, Metric Toﬁo '. | 153,708 257,969 503,684 912,718

() Including 15 tons extracted in Las Bola, Baluchistan, under o prospecting
license.
“Dabre 23(A).—Production of Manganese-ore in the Central Provinces
' during the yeur 1907.

" From mines Frgm m:nes that |
. . DrsTBIOT. under the In. i t‘l'l°"i° ToTAL.
dian Mines Act. | ,oCotie
4 dian Mines Act.

Statute Tons, 1 Statute Toos. Statute Tous.
Balaghat . . . . 161,047 6,866 107,713
thndam 141,183 144,066 285,248
Chbindwata .» . . - 12,468 12,468 24,036
Nagpur 181,876 26,800 208,675
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Mica.

The final figures for the provincial production of mica have :
yet b.een received, but the export returns show a considz lll:;t
drop in the quantity sent” out of India, with a similar’ decli o in
the total value. The value for 1907, however, is consid nebin
greater than that reported in any previous year ,exce t 1906913 (}1’
the average value of a cwt, .wz, £5.8.0, shows thI;t 8 l’):n'
quality of mica was exported during the year than in any pre:i::::

years, :

TABLli: 24.—Eazports of Mica during the five years 1903—1907

YEAR, Weight. Value, . Value per owt, ’
Cwt. £
1903 . . ., 22,106 90,297 4:9
| 904 . . ., . 18,250 83,183 456
19056 . . . . . 25,837 . 142,008 550
1906 . . . . . 54,262 259,643 4°78
1907 . . . . . 39,065 226,382 5'8;)

TaBLE 25.—Provincial Production of Mica for 1904—1907

PROVINCE. 1904 1906 1906 1907
. Cwts, Cwts. . Cwts. | Cwts
3 . . . . 16,520 14,601 22,360 28"57;)
Madras . . . . 4,840 8,280 .24,420
Raj . : »
: jputana . . . . 804 2,760 6,763 7,169
TOTAL - 22,164 . 28,641 52,843
Petroleum.

There was a satisfactory i i i A
. y increase in the production of pet: ;
during the year, the .total (152,045,677 gallons) being grezfe:oi?am
fa,ny production prevxf)ualy reported. The figures for the a,slt:
our years are shown in table 26, from whioh it will be seen shat
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there has been an increase in- all three producing provinces, al-
though obviously changes in Assam and the Punjsb are unimport-
" ant compared to the variations-in Burma.

TanLg 36.—Production of Petroleum during 1904—1907.

PROVINCE. 1904 -| 1908 1008 1907

Gallons. Gallons, Gallons. Calluns,

Borma . . . 115,003,804 | 143,063,846 | 137,654,201 | 148,888,002
Eastern Bengaland Assam . | 2,685,020 | 2,733,110 | 2807900 | 3,156,605
Punjab . . . 1,658 1,488 871 1,010
OTAL . |118,491,888 | 144,798,444 | 140,553,122 | 103,045,677

In table 27, the district production of the Burma oil-fields is
ghown for the past four years. It will be noticed that there has
' been » serious decline in the output
Burma Ofl-flelds. . ¢, 41¢ Yenangyat field in the Pakokku
distriot, but oconsiderable increases are shown in the Singu ﬁ.eld
of Myingyan snd Yenangyaung in Magwe. The tatal produotion
in Burmas during 1907 was nearly 149 million gallons. The aver-
age number of persons employed daily on the Burma oil-fields
was 2,380 in 1907, agsinst 1,837 in 1906.

Taste 27.—Production of the Burma Oil-fields for 1904—1907.

Om-wmLp axp Dis- | . g4 1906 1906 1907
TRICT.
Gallons. Gallons. |  Gallons. |  Gallons.
Akyab . . . ar083 | - 53,485 35,423 28,877
Kysokphyn . .. 80,827 60,647 53,429 - 49,687
Yenangysung, Mogwe | 73428000 | 86,648,740 | 80,540,262 | 00,857,510
Singu, Myingyan 23,077,450 |  BT541,177 | 34,843,621 | 43,543,506
Yensngyat, Pakokku 18,000,485 | 18,750,818 | 13,172,136 | 8,407,825
Thayetmyo - . "400 628

142,083,846 187,654,261 148,888,008

[P

TOTAL .| 115,908,804

4

-

*
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The imports and exports of mineral oil and parafin wax are
shown in tables 28 and 29. It will be
noticed that,”in consequence of the re- -
sumption of ‘more normal conditions in Russia, kerosene of Russian
origin has again been imported in corsiderable quantities, the total
amount of kerosene imported during 1907 having risen to the figure
reported for 1905. The combined ‘production and importation of
mineral oil is greatly in excess of that recorded for previous years,
but is not entirely due to consumption in the country, as large
quantities of liquid fuel prepared in Burma have also been exported.

Imports and Exports.

. TaBLE 28.—Imports of Kerosene during the five years 1903——1907, '
!

Imported from 1903 || 1904 1905 ' 1906 1907
- I ‘
Gallons. Gallons, Gallons. Gallons. Gallons,
Russia .| 65,434,324 | 42,256,738 | 17,205,175 . 10,569,817

- United States . 7,688,609 7,628,276 | 18,737,677 | 28,494,794 | 22,499,053

Borneo . .| 1,078,719 | 6,931,201 | 7,039.812 | 1,795,716 | 6,577,826
Straits Settle-

meuts . .| 1,280,607 | 8,985,538 | 12,508,844 | 8,400,198 | 6,805,804
Sumatra . . 974,081 | 3,606,610 | 6,816,991 | 9,733,340 | 8,951,321
Other Countries 4479 | 1,222,307 16,363 | 7,638 | 11,903,165

TOTAL .| 76,361,579 | 40,500,858 | 62,324,762 | 48,530,694 | 62,307,046

TaBLE 290.—Exports of Mineral Ol and Paraffin Waz
during the five years 1903— 1907.

_YEaR. 1 Mineral oil. Paraffin wax,
Gallons, _ Cwta.
1903 . . . . . . . 747,834 ° 43,206
1904 . . . . . . .| sm18m | 42,940
1905 . . . .. . . . 2,422,580 63,066
198 . . . . . .. 903,545 .t 61,007
1907 . . . .. . 1,764,075 76,075

o n o = v —
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Ruby, Sapphire and Spinel.

The total value of rubies, sapphires and spinels produced dur-
ing the year amounted to £98,258, rubies alone being valued at
£93,428. More extended work was carried on at the sapphire
mines in Kashmir, and large quantities of lower quality stones
were obtained in addition to a few stones of very high value.
The total value of the stones recovered in Kashmir during 1907
was estimated to be £3,144. In the ruby mines distriots of
Upper Buarma, 2,188 persons were employed on an average daily during
1907, against 2,367 in 1908.

TapLe 30.—Production of Ruby, Sapphire and Spinel
during the years 1904—1907,

1004, 1908, 1008, 1907,

PRoOVINCE.
: Quantity) Value. |Quantity| Velue. Quantity| Value. Quantity| Value,

Carats. £ . | Carats, £ Caratas. £ Carats. £
Rurma . . ;265,901 90,612 | 266,584 | 88,840 | 328,855 | 95,540 | 334,535 | 95,114

Kashmic . | .. .. e . 2,837 | 1,897 |305,682| 8,144 |

TorarL, Carats .

and £ . | 265,001 | 90,613] | 266,384 | 85,840 | 320,692 | 94,867 640,217 | 98,858
Salt.

During the past four years the production of salt has been
well in excess of the average for previous years, although for 1907
the total, 1,193,168 tons, was below those of 1905 and 1906.
Table 31 shows the provincial returns for the past four years.
The figures for rock-salt, shown separately in table 32, indicate
no important change, '

L
L
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TasLu 31.—Provincz’al Production of Salt during 1904—1907,

i
PROVINOE. 1904, 1905, | 1906. 1907.
|
Statute Tons, |Statute Tons.jStntute Tons. |Statute Tons,
Adan 66,007 97,721 | 01,535 90,385
Bengal . 88 3 o1 26
Bombay 430,400 | 425090 | 300,535 | 385441
Burma 21,387 23,132 29,847 20,022
Gwalior State . .. . 374 84 2490 189
Madras . . . . 356,834 388,046 412,117 353,971
Northeru India . . .| 982,421 342,190 312,560 | 320,689
Sid . . . . . 13,540 14,265 1,7 | 145
TOTAL, Statute Tons . | L171,080 | 1,201,137 | 1,295280 |- 1,193 18
Total, Metri | 5
otul, Metric Tons .| 1,188,900 | 1,311.856 | 1,244939 | 1,212,958

-

TaBLE 32.—Production of Rock-Salt during 1904—1907,

_ 1904, 1905, . 1906, 1907,
Statute Tons, Stntupe Tons, [Statute Tons. [Statute Tons.

Salt Rangs, Punjab . . | 107,403 04,048 107,194 101,779

Kohat . 16,664 14,807 13,436 17,228

Mandi . . . . . 4,507 3,671 3,609 4,085
TOTAL, Statute Toms .. | 128,574 | - 112,516 124,289 123,002
Dotal, Metric Tons . 180,635 114,316 126,933 125,061

Saltpetre.

The figures for export by sea are accepted in these ‘annual
statements as a sufficient indication of the saltpetre . industry,
The comparatively small quantities involved in trans-frontier trade

92
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will be taken into account in the Quinquennial Review. No de-
finite ohange in the trade is shown by the figures for the past
five years, though the average amount exported, 364,305 owts., is
below the average for the preceding five years,

TaprLe 33.—Ezports of Saltpetre during the fioe years 1903—1907.

YEar, Weight. Value. Value per cwt.

Cwia. g Shillings.
1903 . . . . . 412,693 290,196 14°}
1904 ., . . . . 390,970 266,349 13:0
196 . . . . .1 812122 " 935,798 15°1
1906 . . . . . 347,261 270,647 13:6
1007 . . . . .| ssnese 274,679 154
Average . | . 364,305 267,499 14-8

Tin-ore.

' The returns for production show no material change in the
tin-mining industry in South Burma. During the past two years,
however, concegsions have ‘been granted for’ mining on European
lines, and attempts are being made to treat the alluvial deposits
by hydraulic mining. A geological survey of the Mergui district,
commenced during 1907, shows that tin.ore is very widely distri-
buted, and, although apparently not concentrated into very rich
deposits, there shonld be material available for a much larger in-
dustry than that which now continues in an uncertain way by
unsystematic * washings ** conduoted mainly by Chinese immigrants.
‘Any information regarding the mineral resources of a district so

thickly clothed with jungle-vegetation and rock decomposltnon pro- -

duots must necessarily be without precision, but enough is exposed
to show that the country is highly mineralised along the contact zone
between the older sedimentary rocks and the intruded masses of
granite. Details should be available before the anquenma.l Review,
to’ be jssued next year, is closed.

*©

L4
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TaBLE 34.—Production of Tin-ore in Burma during 1904—1907,

85

Yzar. Quantity. Value.
Cwte. ' £
004 . . . ... 1414 8,353
906 . . . .. . .. 1,627 9,916
196 . . . ... 1,019 18,799
7. . . . . .. 1,684 11,882
r
.



2

86  Records of the Gcolo;]ical Survey of India. [Vor. XXXVII.

III. MINERALS OF GROUP II.

The following notes deal with minerals for which returns of
production are obtainable in certain areas only.

‘The figures for alum production in the Mianwali district, Pun-
jab, are shown in table 85. The great
variations from year to year show that
the industry is far from *‘ established ”, and consequently a spe-
cial survey of the conditions governing the manufacture of alum in
this district has been undertaken. The results of this investigas
tion will probably be ready before the close of the present year.

Alum.

TaBLE 35.—Prcduction of Alum in Mianwali District
during 1904—1907.

YFAR. Quantity.® Value.

Cwta, £

1904 , . - . . . 2,680 700

1905 , . . . . . . 7,126 2038
o

1906 . . . . . . . 11,022 4,000

1907 . . . . . . . 5,611 - 2,600

Alum is produced in a small way and fitful manner in other
districts, but the total production is small compared to the con-
sumption, and consequently large quantities of alum are imported
from Europe. During the past three years the amount of alum

imported has ranged about 70,000 cwts with an annual value of

£20,000.
The amber produced in the Myitkyina district of Upper Burma
Amber. amounted in 1907 to 44 owts. only,
: valued locally at £385.

Borax is not produced within British territory, but the min-
eral is of interest on account of the fact
that the principal part of the mineral
produced on the other side of the Tibetan frontier is brought into
India, and much of it in this way is passed into foreign markets.

Borax.

°Parr 2.] Horrann: Mineral Production of India during 1907. 8%

There was a larger export than usual in 1907, amounting to 7,340
cwts., valued at £10,002, against an average export of 5,135 cwts.,
valued at £6,866, for the past five years, and 4,481 cwts. for the
preceding five years. The amount exported by sea is not a thu‘d
of the quantity brought across the frontier, : .

Tasre 36.—Exports of Borax during the five years 1903—1907.

YRAR, . Weight. Value. Value per cwt.
- ‘ —

—— £ Shillings.

903 . . . . 5,674 7,797 27°5
04 . . . . 4,246 5,419 . 2%
00 . . . . 4,108 5,246 250
1006 . . . . 4,220 5,868 272
1907 . . . .| . 730 10,002 272
Awragze .| 6,135 6,866 267

Building stone of all sorts is raised in most districts outside
. the great glluvial tracts, but only rough

Boilding Stone. estimates of quantities are generglly o%.
tainable. Returns are, however, regularly kept for the important
industry of quarrying the fine Vindhyan sandstones of the Mirza-
pur district, where the production in 1907 amounted to 103,514
tons, valued at £12,458, against 101,746 tons, valued at £12,690,

« in 1906.

The well-known ocorundum deposits of Pipra in Rewa have
been attacked by prospectors, and dur-
ing the year 28 tons of the mineral
were taken out for experimental purposes.

No important changes have been recorded in the garnet-mlmng
" industry of Jaipur and Kishengarh in
Rajputana. The returns for 1907 show

Corundum.

Garnet.

a total production of 90 owts., valued at £759.
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Limestone is raised in many districts of India and Burma,
: some of it quarried from massive forma-
‘leestone. tions like the nummulitic limestone of
Assam " 4nd the North-West Himalayas, and the Vindhyan beds
quarried at Kutni in " Jubbulpore and Sutna in Rewa. Output
returns are obtsined yearly from certain of the provinces only.
The production in Burma during 1907 amounted to 28,152 tons;
that for the .Central Provinces, 72,022 tons; for Eastern Bengal
and Assam, 82,449 tons, and for Rajputana, 10,642 tons. These
ate the principal productions of ordinary limestone; but large
quantities of the concretionary kankar are obtained from the allu-
vial areas in many districts for use as road-metal and the manu-
facture of mortar.
The production of marble at the well.known Makrana quarries
in Marwar (Jodhpur), Rajputana, is shown separately in table 37.

TaBLE 37.—Production of Marble in Jodhpur, Rajputana, during

1904—1907.
Yzaz, i Quaatity, Value,
. Tons. £
W . . . . . | 1om 1108
905 . . . . . . 172 180
1906 . . . . . . 1,500 1,866
007 . . .. 2,871 1494

Slate is raised from the Aravalli series in Rajputana and near

‘Rewari in the Punjab, the corresponding system of foliated rooks®

- oropping oub in the Kharakhpur hills of

Siate. Monghyr distriot, and at numerous places

along the Outer Himalayas not far from the margin of the cen-

tral granitic masses. The total production returned for these areas

in 1907 was 12,493 tons; but this figure is obviously incomplete,

as it does not include the important quarries in the Kangra dis-

trict, for which statistics will be obtained' before the issue of the
Quinquennial Review. .

oParT 2.] HoLLAND ; Mineral Production of India ddh‘ng 197. 8

Steatite is still raised in small quantities in the Pakokku Hill

Tracts and in the Minbu district, B
St . rict, Burma.
eatite The total output in 1307 was 163 owts.
valued locally at £201. Of this total ¥23 cwts. were raised in the
Minbu district. : ‘
The tourmaline raised in the Ruby Mines district of Burma -

Tourmaline. amounted in 1907 to 20 lbs., valued at

£293, . a quantity much below the pro-
ductions returned for the previous two years. P



3 K S L G

Panr 2.] Hovrann: Mineral Production of India during 1907,

90 Records of the Geological Survey of India. [VoL. XXXVIL.
IV._MINERAL CONCESSIONS GRANTED.
TasLE 38.— Statement_of Mineral Concessions Granted during 1907.
L J
BALUCHISTAN.
Dato of
i Nature of Arca in . T
Dl%mrx‘ ?l Grantee. Mineral. grant. preery cozlxlxl:ﬁa:co orm.
‘ 1) 8. Bahawal Khan Coal .« .| P L 160 11th  Junme | 1 year.
Bolan . Dataiczal, 1907,
2) K. B. «Burjorji D. Do. . . M. L. 319°08 | 1st July {30 years,
Do. . Ppater, GLE o 1007,
Kalgt Bolan | (3) Mesers. Sorabji & Co, |  Do. . .| ML, 57194 20{'9‘0 " March Do,
Kalat Degazi | (4) Do, do. Do, o . M. L, 85 1st July Do,
(Tribal area) . 1907,
5) 8. Bahawal Khan Do. . . L. 36 Do, Do,
Do. O oz XL
Las Bela (6) Messrs. James Milne | Mindrals of all
nd Magnes Cotes of kinds, A 23rd Septoin- | 1 year.
Btate ;snswl. & E L 1,088 ber 1907.
. 7) Mr. L. Volkar Do, . , 480,000 1st October Do,
Do ()Secmtary, on  behalt P L ' 1907,
of the Pabb Syn-
) dicate, Karachi,
Quetta-Pishin | (8) Mr. C. B. Lindsey ., | Chromite . .| M. L. 80 30th .1133;1- 30 yoam.
ary f
Do, (9) 8. Pheroz 8hah Coal . .| L 5189 ‘"1'907 Juno Do.
Do, 10) Baluchistan Min. ‘htomite , . . L. 80 8th Novem- Do,
: g Sycalcate. Chromite ML ber 1907.
Zhob . .| (11) Mr. C. R. Lindsey Do. . .| ML 80 2ndm7.ru|y Do
BENGAL.
Burdwan . | (12) Mesers. B, T. Creet |« Coal . . .| P.L. 1,468'56 | 18th March | 1 year.
& Co, . 1907,
Gaya . (13) Babu  Monoran- | - Mica . .| ML 2826 | 16th  May (10 yoars,
jan Guha. . 1007,
Hazaribagh . | (14) Mr. F. G. Talbot Do, . | P L 320 22nd Janu- | 1 yearn
. ary 1907,
Do. (15) Mr, E. Lane . Do. . .| °PlL, «© Srd  Janu- [ Do,
. ary 1907

91
~ *
, BENGAL.—contd.
i
. Dateol
DISTRIOT. Grantee. Mineral. Nature of Arca In commence- Term,
grant. acres. ment.
- }M
Hazaribagh (16) Babu Sunder Mull , | Mica . . P L. 144'6 | 7th  March | 1 year,
1907. !
Do. (17) Babu B8akti Kanta Do, . . « P. L, 59 . Do. Do,
Bhattacharjee.
Do. (18) Babu Shew Narain | Do. . . P. L, 63 .- Do. Do,
Lal 8ett.
Do. (19) Babu Monoranjan | Do.. ., .| B L. 40 15th  Aptil | Do.
Guha, 1007,
Do. (20) Babu Dyal Ram . Do, . . o| B L. 40 25{11907 April Do.
Do. (21) Mr. 8. D. Phillppe . | Do. . . e P, L. 1005 131{007 June Do.
Do. (22) Babu Arjani Khan Do. . . . P. L 58 9&11907 July Do.
Do. (2&3 Babus Nagendrs Do. . . . P L 33 26th August Do.
ath Ghoeh and others . 1907,
Do. (24) Mesars. Gladstone, | Do. , . . P. L.
Wyllio and Co. } 560 13th Jul
3
Do. (25) Do. do. . Do. . . . P L 1907. v Do.
Do. (26) Babu Raj Krishna | Do. . . f P. L. 112 9th July Do.
na, 1907,
Do. (27) Babus _ Jagarnath | Do.. . .| P. L, 0 4th July | Do,
m and Dyal . 1907,
Do. (28) Mr. F. G. Talbot . Do. . . . P, L, 120 24}11907Au3unt Do.
" Do (20) BabuSunderMull , | Do.. . .| P. L. 4 plots | 26th October | Do,
Do. (80) Mr. J. Borer . .{ Do. . . . P. L. 160 Do. . Do.
Do .| @) Do o po.. . .| pL 80 po. .| Do
Do, (82) Do. . .| Do.. . . P. L. 40 10th Decem- Do.
ber 1907,
8| bhum (33) Babu Modhu Lal Manganese - . P. L. about 640 8th January Do,
ogh Doogar of Calcutta, 1907, >
Do. (84) Do, do, . Do, . . P. L 64 18th March Do,
1907,
Do. (85)— Do, do, . Do, . . P. L. 64 end  Febru- Do,
ary 1907, :
3 (36) Do, do, . Do, . . P. L. 448 1st  Pebru- Do.
ary 1907,

E. L. denotes Exploring Liccnse, P.

L., Prospecting License, and M, L., Mining Lease,

E. L. denotes Exploring License, P, L., Prospecting License, and M., L., Mining . Lease,
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. BENGAL.—concld.
Date of
Disteior. Grantee, Mineral, Nature of * Areain commence- Term.
° grant, acros, ment.
Singhbhum , | (87) Babu Modhu Lal | Manganese . P. L. 12°8 | 18th March | 1 yoar,
Doogar of Calcutta. 1907,
Do. .| (48 Do do, . Do. . .| P L, 12-8 Do. Do.
Do. (39) Do. do. . Do, . P, L. b7-6 Do, Do.
Do. 40) Do, do, Do . .| P.L " Do. Do.
Do. . |(41) Do, do. . Do, P. L. w2 Do, Do,
- Do, (42) Mr. Adolph Gross Do. . .| P L 2,482 27th  May Do.
mabn. ) 1907,
Do, (43) Messrs, Martin and | Manganese and P. L 128 25th  June Do.
’ . . iron.ore. s
Do. (44) Mr. Adolph Gross- | Manganese P. L 64 20th May Do.
mann. 1907,
Do. . | (45) Messrs. Martin and | Iron and .| P.L. 3,284°2 | 8rd Seg(l,em- Do.’
Co. ganese ber 1907,
Do. (46) Do. do, Iron-ore and man P. L. 1,728 17th July Do,
gaoese, 1007,
Do, . | (47) Babu Rajendra { Iron  and map P. L. 8,264 28th July Do,
’ - Nath Mi 06, gansee, 1007,
.
Do. . | (48) Babu Madhu Lal | Manganese .| P.L 640 | 2ad  July Do,
T, 8
. Do. . | (40) C. W. Walsh, Bsq, . | Mangancee and P. L. 2,006-6 | 20th  Sept- Do,
iron, ember 1907.
Do. . | (50) H. P, Martin, Eeq. . | Manganese irop P, L. 2,802'8 | 8rd Soptom- Do,
‘ and beuslte. ber 1007,
Do. . | (531) Meesrs. Martin & | Ironore , .| P. L 1,620 8th October |. Do,
0o, _ 1007,
Do. . |(52) Do, do, .| God . .| »L 1,920 l()ghoochher Do.
Do. . (58 Do.  do. .| Manganese and | P. L. 1,280 | 8th October | Do
- {ron-ore, 1907,
BOMBAY.
Belgatm . | (54) Mr. Nanabhoy F. | Manganese. .| E. L. 3,022 1st June | 1 year,
Boyce of Gadag, 1007, |
Do, . . P, L. r 422 14th  Janue Do,

ary 1007

R D, denoles Rxploring License, P, L., Prospecting Licenss, ad M, L., Mining Lesse.

.
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BOMBAY—contd.
Nature of Area In Date of
DISTRIOT. Grantee, Mineral, grant, acres, co::ga;xoe- Term,
Belgaum . | (66) Mr. A. Lyons, late . Manganes P. L. . 9
Belg of the 5. M, Raliway, | oo 499 B pgunuary |1 year.
Londha, )
Do. . | 67) Do. do, . Do, E. L , 2,379 Do, . Do,
Bijapur . | (68) Messrs, C. H, B. Do, . L. . . L '
fjap Forbes & Co,, Bom- B. L %,635:2y 6th ; March | Do.
bay. *
Do._ o | (69) Mr, W, W, Coen . | Asbestos . . P. L . 1,109 | 16th Decem- Do,
ber 1807, |
Dharwsr . | (60) The Bangll Gold | Gold A ¥ 3 S :
Mining Co,, Ltd. 808 l"xoo';fnmy %0 years.
E ]
)T » | (61) The Dharwar Gold Do, . . A PN 1
( che Dha ] M ,020 Bt .Mnuh Do.
* Do. . | (62) Mr. W.W. Coen . mfwunese . E, L . 2,420 | 12th March | 1 year.
. 1907,
Do. . | (63) Mr, Nanabhoy F.| Gold . | BL .
( Borms, y L 8,916 %ghm' April Do,
Do, . | (64) Mr, Ramrao Nara- | Co r.und foa .| B.L, .
Yan, Bellary. ppe mica ' 878 | 24th June Do,
Do, . | (63) Mr,E, D, Puzey . | Gold . . P L, 422 | 14th  Jano- Do,
. ary 1807,
Do. « | (66) Mr, H, F, Strick- Graphite and
land, Copper- P L . 1,668 | 6th Septem- Do,
ber 1907,
Do. .| 67 Do, do, Gold P L 1,703 | 16th  July Do,
1007,
Do. . | (68) Mr. Nanabhoy F. | Manganese KL .
O oy, : y ' 2,511 12;%07. July Do,
Do. . | (69) Mr. Abdul Kadar | Copperandlead . | P. L. 900 | 10th  Sept- Do
alias _ Fakir Maho- . .
mad Ebhrahim Khan ember 1007:
Pathan, . .
Do. « | (70) Mr. R, N, Bellary . | All minerals E. L. 218 | 24 August Do,
’ 1907,
Do. (71) Mr. V. B, S8ambh- | Mangane: . P, L .
shiva Iyar, fgance L 538 ue"glborsleﬂlt))g Do
Do. . | (72) Mr, B, Raghavaya . Doo. . .| B L, . 2,420 | 18th  Sept- Do,
. . ember 1907, -
Do. . | (78) Mr, N. B, Raichur . Do, . B. L. ARt Do, Do.

R. L. denotes Exploring Licenss, P. L, Prospecting Licenss, aad M. L, Mining Leage,
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BQMBAY—contd.
. Date of
Naturo of Arca lu
DISTRIOT. Grantoe, Mineral, graut. acros, w:::;:lu‘l.lw-
. | (74) Mr. Claude O© Gold -, P. L. 82 | st Decem-
Dharmar . | (LG, Ot oo e 07"
: Ll (5) Me. ©O. N, 8 Manganese P. L. 701 lst Janua
]?o. ( &myunuo. s 1908, i
Do, . | (70) Mr. A. E. Chalav. Do, . P L, 1,401 | 25th October
raya Moodliyar,” 1907,
Do. .| (7N Mr.B, Raghavays . Do, . E. L. 1170 | 22ad October Doy
Do. . | (78) Mr. N, B, Raichur , Do, . E. L. 1,808 latllao (7)cwber Do,
.| (79) Me., T. B, Kan- Do, . B L, 02,534° 4| J0th “March Do,
Kanara ) tharis, on behalf of 1907, :
Messrs, Kiddle, Reeve
& Co,
Do, . | (80) Mr.O, P. Boyoe po. . E. L. 6,354 Do. . Do,
Do. . (81) m-. n. 1'. Coggan, Do, . B. L, 1,014 | 218t June Do,
ning Syndi- . R 1907,
’ caua.
po. . | 82) Mr., N, F. Boyoe, Do, . %, L, 7,008 | 24th  June Do,
Gadag. T A
« Do. . (83) Messrs, Kiltiok, Do, . B. L, 200 | dth June Do.
: Ixon & C0, . 1907,
Do, . . |(84) Mr, Shapurii ‘N, Do, . AL . 850 | 20th  May Do,
. Chandabhoy. 1907,
Do, . | (85) Messrs. A. Blaschek Do. . B. L. 89 | 11th  May Do.
& Oo. 1907,
Do,” .| (s6) Mr, Kashinath Do. B. L. 1,008 |2th June| Do
Ram Godbole, 1907,
Do, . | (87) Messrs, Killick, Nixon| Do, B, L. 1,888 | 10th  Jume| Do,
& Oo, . 1907,
Do, . | (88) Messrs. Jehsugir B, Do, . 2. L. 5,200 |84th  Jupe| Do
Petit & CO, 1907,
Do, . |(@9) Mr. V. 8. Bambw Do. . P. L, 2818 | %0th  Jume | Do
shiva Iyer. 1907,
(90) Do. do. . Do, . P. L. Not stated,
(01) Messrs, D. B. Lam Do, . P. L. 75 | 26th  July Do,
& Co, i . 1007,
Do, . P. L. 1,787 Do, . Do,

(® Do. ‘do.

Pagr 2.] Horranp: Mineral Production of India dﬁrz’n} ;907.
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BOMBAY —contd.
D ! Granteo. Nature of Area i Date of
ISTRIOT 8l Mineral, grant, i ucre:ll.l co'?n'g;:%' Term
—~ —_—
Kanara (93) Mr. N, H. Patuck . | Manganese P, L, 306 [ 12th August | t y
€ar,
1907,
. .| (94) Messrs. D. B. L 4
Do (&)Co.e” am Do, E. L. 10,136 13{%0 August Da.
Do, (&S)CMessrs. N. Fatehalli Do, P, L. 766 | 16th  Sept. D
0, 3
ember 1807, o
Do, . | (96) The Hon’ble Sir Do, Altered from 3,84
V. D. Thackersay. M. L to 840 I o B
_ P, L, ’ )
Do. . | (97) Messrs, N. Fateh-
7) Mosars, ) Do, . P, L. 140 w:lr})bersl%%'; Do,
Do, (98) Do, do, ., Do. PL . 2,451 Do, . Do, &
Do. (99) Do. do. . Do. . P, L. 2,601 Do D
. 3 0,
[
Do. . | (100) Mr, N. H. Patuck Do, . P, L, 568 | 12th August’| Do
1807, )
Do, . | (101) Mr. 8. N, Chanda-
o Do, P, L, . 320 10:207August Do,
Do, . | (102) The Hon'ble 8ir | Do,
D. Thackersay. > Pl %01 Womber 1a7.| 2
y . | (103) Mr, 8. N, Chanda- . )
Do. 0 X Chanda Do. . P. L, . 30 loggMAugust Do,
' Do, (104) Mr, C. B, Oakley . Do. . P. L, . ‘1,800 | 31st October D
1007, o
Do, , | (105) Mr, N. F, Boyce Do, P, L . 4,624 | 218t Decem Do,
, .
) ber 1007. )
Do. . | (106) Mr. C. P, Boyes Do. P, L, 835 | 81st October | Do
1007, )
Do, . (ltz)onolmn. D, B, Lam, Do. P, L, . 89 | 21st Sept- Do,
. ember 1007, )
Do. . (l(ls‘)r Mr. Madhulal Doo- Do. . E. L, “ 1,506 | 11th = Nov. Do,
. ! 7
. @ 1 ember1007, ’
Do. . | (109) Mr. Madappa Gan- Do. . ) !
appa Hegde, E. B. 628847 1 m:lllnberllq:g; Do.
Do. (110) Mr. D.F.Frivonl . | Do, E.L, . 2,117 |15t and 4th | Do
November )
1907,

- ¥
E. L. denotes Explorlng License, P. L., Prospecting License, and M. L., Mining Lease
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- BOMBAY —oconid. i , BOMBAY—conid.
) atare Date o N
DISTRICE. ¢ Miners N of Ares in mmenoce- . ' “Dhe of
v » Grantee, L gmnt, acres, ey ~ Dismaion. Grantee. Mineral. oot o commenos- | Torm, *
Kanara . | (111) Mr, Eaikubed F, Mangancse . P. L, 160 | 19th Decem- ) i
X Panch Mahals | (130) Mes:rs.  Jesing- | Manganese E, L. Not  exceed- t - 2
. Bamit. ber 1907 Phoy  Maganlal % [ ing oio 3‘1):‘ lg)e:fm 1 year.
] Co, acres,
Do, . (112) m-. 8, N. Chanda- | Yellow ochre . B, L, 40 | 20th Decem- Do
., . | (181) Messrs, Schroder, .Do. . .| B L 2,560
bhoy, ber 1907, Stuldt & o, o slitgo ;).ctober Do.
»
Panch Mahals (118) ll.r. P, A. E Eu". Manganese «] ML 30 lntimNI%%!‘n- Do, (132) Do, do. . Do. . E. L. 2,560 Do, Do,
e ”‘W&W 5{"“ Do, (183) Do,  do.. Do. . .| B.L. 2,560 Do. o,
& Go, Bombay, Do, (134) Mr. W. C. Symes . | Mica E. L. 160 | 30th Sept- | Do,
Do, .| (114) Do, do , Do, . | ML - { Do, L4 ember 1907
Do. .| (i) Do, do. . Do . .| ML Do. . _ Do, (185) Mr. Ismailji Abdul | Manganeso B. L. 840 | 318t Octobor Do,
. . n, 1007,
- . m“ » | (116) Mr, .01 J. Demet- Do, . . B L 040 uI'ld .l.lch 'ﬂ. Do, (136) Do, do. . Do. . .- E. L. } 2560 { Do. Do,
[ B
’ Do, . R P. L, 960 oth July Do, ? Do. 137) Do. do, . Do, . .| B, L . Do. . Do
Do, .| (11y) Do. .do. . .
. . Do, (188) Mcsars. Schrodor, Do, . E, L. 2,560 Do, Do,
Do, e (118) Mr, Adarjl Mun- Do. « «| P.L 040 | otn July Do, Smidt & C :
X cherji Dalal . 1907, ! v .
. . § Do. (189) Do, do. . Do ., .| B.L 8,200 | 13th Decom- Do,
Do, ., { (119) Mesars, Sochroder, Do . | B L 2,600 % Do, { M ber 1907.
: Smidt & Oo, ’ smber 1907, i
; Do. (1%03 Mcsars, Turner & Do, , .| B L 1,440 | 81st October {Do
. 1907, :
Do, i ’
Do , | (120) Do, do, . . Do, . o] B L, 2,860 Do . o, i Do. (141) Do, do. . Do, -, B. L. Do, . Do
1, .
Do .]asy Do, do, . Do . o BL 5,000 Do, . Do, Do. (142) Do, do, . Do, E. L. 250{ Do. .| Do,
Do, .](2) Do, do., Do - .| B L 2,660 Do. . Do, (43 Do, do. . Do, B. L. 2,000 Do, . o
Do. . | (123) Messrs, Kabn snd Do . .| BL 1,200 Do .| D» e (144) Mowrs. Bohroder Do B.L
. X . ) . . L, 3, . -
Rahn & Oo. . - 8midt & Co. ! o e | P
. Vb L M}
» Do .| UBH) Moswn m.w Do. L 2860 | g7th  Bept- Do, (145) Mesars, J, F. Kara- Do, . E. L. 1,280 |30th  Sept- | Do,
ka & Co. - ember 1907,
po. .{qass Do 8, . Do. . .| B.L. 1,020 Do, . Do, Do. (148) Do, do. . Do, E. L, 300 :n;cw ;)ctober Do
. . _ .
Do. .| (126) M Adarl M, Do . .| B, N, 1,840 | 30th  Bept- | Do Do. (147 Do, do. . Do. .| 8L 800 | 30th t- De.
: Pkl . M ember t ] ambersl?w ©
o - e, . Do, (148) Do,  do, . Do. . .| EL 1,280 | 818t Ootober
Do. .| Mr oo oBewus) Do . .| ML 1480 | sist Octoter | Do - 1007, De.
nohhodia 1907, Do. (149) Do, do. . Do. . .| EB.L 1,200 Do. Do
» . e
Do. .| (128) Mr. Adsrji Mun. Do, . .| B 1L, . , Do.
_ cherdi Dalal, BI0 | SO et Ty | - Do, .|(s) Do do.. Do, .| BL 1,020 Do, Do
. , . . .| B.L i tnaglel 161) Memsrs.  Shaw, Do. AL . k
pm (%?ﬂm Elhn,. Do. E. L 3,200 | 81st Decem Do. Rata gl ( R b Oy E. L . 2,560 l7{:l;° _ May Do,
ber 1907. Bombay. . | 1.

E. L. denotes Exploring Licenss, P, L., Prospecting License, and M, L., Mining Tease,
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- BOMBAY —concld. BURMA —ountd.
: Date of
_ ; Nature of Area’in Date of Nature of Areain
DISTRICT. Granteo, Mineral, grant, acTos, eon::m.:e. Grantee, Mineral, @rant, acres, con!lnn;;ltl.ce- Term,
iti . | (152) Messrs, Shaw, Wal- | Manganese . L. 41,6/ 18t (168) Moola Dawood . Allmlnenls . E. L. . | Whole of the | 23rd  Bept--| 1 year.
Ratnagiri ( la,z:e & Co. Bom{my. g E. L 00 | 3 51907' July Mandalay ember 1807,
District.
Do. . | (163) Do, do. . Do, . E. L. 152,320 Do, .
(169) Mr, A. B. Snow, | Tin . . . M. L 1,0556°72 | 18t July | 80 years,
) @59 D a . ou betal of the Bur: ! 905,
Do, . 0. o. . Do, ., . P, L. 61 | 14th Octuber ms Dwnmmen yn- :
- 1907, dicate, L
(170) Mr. Louis Joel for | Do. . o . P.L ., 6,400 | 18th March | 1 year.
Coutinental 1907.
. Syndicate, Ltd.
BURMA. (171) Mr. H. Broadbent | Do, . . . P.L, . 8,003:03 | 24th March Do,
for glllwun“'rln Min- : 1907,
Akyab .| (155) U.ThuTaw U, U,| Coal ., .| M. L. 500 | 1st October iog Byndioate.
Shwe Min and U, 1907,
Aung Bau, (172) Messrs, Summers | Iron.ores , . B. L . 1,941 | 16th v 81%' Do.
) ember R
Amberst . | (156) Fouear & Co .| Autimony .| P, L 914 | 276 Juso and Dkoden, on behalt :
Basseln « | (167) Maung Po Mya . | OCoal . .| P.L, 8,200 | 80th  Sept. (178) Messrs, R, 8, Giles | Tin . . . P, L 807°66 | 28rd  Sept- | For the
: renewal ember 1907, and B, botham, . renewal . ember 1607. | period
ot taalnd
Bhamo .| (168) Lt -Col. 8. -G | Goid « | P.L. Unsurveyed, | 16th Febru- nes, 1. 1908, ?
Radclif, on  behalf about 5,760 ary 1907, .
of Mr.’ A, C. Mac- acres, ’
(174) Messrs, Kinloch | Do. . . . P, L.l . .105°24 hd]mJune 1 year,
inton., renews 3
D  .|as® Do, do..| Do. . .| PEL . 180 |10t August a4 B
- ' ) . | Do, . . « P.L . ’ 640 | 2nd Novem- | For the
Henzads . | (160) Messrs.  Leslle, | Coal. . .| B.L. . %560 | 10th  Aprl | W0 Mr. Chaties Xit ronowal ber 1007. | period
: Crawford and five 1907. [ ending
others, | 24th Aug-
i ust 1908,
Do, . | (161) Mr, Allanu Camp- Do, . .| P, L, 2,560 | 18th Decem-
» bell, ber 1907, d lead E. L Ngapi ~ Pa. 11th Novem-| 1
ran L. - ovem. ear.
‘ , ‘(170). Buliman Acha , | Ooppe oa &n Yoms bor 1007, yea
Eatha. .| (162) LimChinTsong .| Copper ,- .| P. L. . 201-50 | 22nd  June Hill, Pauk.
. ’ 11907, sat Hill and
. . Sinlangyt
Do. « | (168) Mr, J. A, Manyon | Copper, lead and Jungla,
associated ores. | P. L. 2,880 | 17¢h  Aprl -
. . : ’ 1907. (117E Momrs, ﬂnla{; Petroleum . P. L. . 8,604 | 4th October Do,
Do, 164, 6 ) m.. A?m 1006,
. « | 64 Do, do. . | Coat . «l PIL . 1,850-4 | 10tk July for the 0l Oo,,
1907, - Itd.
Mandalay . | (165) Mr. O. D, Clarke, | Ironore , .| P, L 240 | 8th Janu-
) : ‘| on behalf of the : et . X . 3 7NN 85 | 19th Janu- Do,
Burma Mines Railway ary 1007, a78) Do.. do. Do E u:ry lﬂl&lu.
- and Smelting Co., Ltd,
o (1719 Do, do. . Do. . . P.L. . 1,280 | 15th te Do.
. ) : ember 1907,
Do, - . | (166) Do, do, . Do. ' .| RL . 63°83 | 1st  Junme .
: do. . Do. . . P.L . 12,858 |1t  May | Do,
Do. « | (167) Mr.R.J.Boog . | Silverandlead .| M, L. , 160 | 1st Novem- (s0) Do, renewal 1907.
: : : ber 1908.

©

B. L, denotes Exploring License, P, L., Prospecting License, and M. L., Mining Lease,
3 .

8. L. demotes Exploring License, P. L., Prospecting Liccuse, and M, L., Mining Lease,
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BURMA —conid.
\ ’ BURMA —concld.
R Date of .
Nature of Area in l
DISTRIOT, Grantee. | Mineral. grans, nores. | anu,;:ac" ‘
| X DISTRIOT Grantee. Minera) ‘ Natureot Area in coDau o T
; - 1 | ’ . ° : i grant. . . acres. Mmence- erm.
A ! . l 1 } . ment,
. | (181) Rangoon Oil Co, | Petroleum . P.L. . 640 | 10th  May. | — —_
Myingyan ( Lt).d. i rencwal 1907, I |
i PakOkku . (1%51) h%ossrs.oo {lnl&t};, Petroleum . P, L. . . 1,920 | 9th October | 1 ycal,
.o eming & Co., Agen . 1907, .
Do. .| 182) Me, 3. W. Parry . Do. . .. RL . 2600 | S0th 133;“‘ Burma Oil Co,, Ltd. ’
: | ember g
. ‘ |
Do, +| 083 Mowsrs  Binly,© Do . .| PL . 2,560 1 Ith uly Do, .| (198}  Do. do. . Do. . . rL . 840, Do. .| Do
eming .» Agonts ! . | .
Burma 0il Co,, Ltd. ' ‘ »
_ i Do. . | {197) Mr.J. W. Parry . | Petroleum and E L . 1,280 | 14th August Do.
' other minerals. 1907.
3 .| (18 . . NN . . L. 1,280 | 15th  Sept-
Do, 184y Do do Do ,Enewﬂ . ! ember 1907, .
) | ) Ruby Mines . (108)“Mr. ‘l‘)e hglf Bfla:k- Gold . . P. L, . !8) miles of 31st  March Do.
j i - well, on of the the Shweli 1007.
Myitkyina ., | (185) Burma Gold Dredg- | Gold,  copper, P. L . 6,400 |2nd  April Shweli Gold Dredging tiver ;l"mn 7
ing Co. platinum, etc. 1907, and Mining Byndi- (. Myitson to
cate, Ltd. Inywa.
| .
N. 8han 180) Mr. W, R, Hillier . | Copper and allicd PL 2,500 i1th Febru-
States (156) or motals. ’ ary 1907, 8. Shan (199) Messre, H. R.| Coal . PL . 960 | 7th  March | Do,
Btates, Falt;;an and C. R. Con- . 1907,
. el
Do. (187) The Great Kast. | Silver, copper, M. L 10,240 | st Japuary
ern Mining Co., Ltd, load and xinc. 1907. Do, . | (200) Do. do. . | Do. . . . P.L . 320 Do. . Do,
i Do, . | (201) Mr. W. R.Hilller , | Antimony  an}| P L. .| Notstated | 12th  June Do,
Do. . (1ss)uur. A, G Black- | Gold A E. L . 9,536 24}307 June . other orcs. 1907.
. wel . .
Do. . | (180) Mr, B. 8. Dickle- , | Copper , . P.L . 640 | 23rd  Aprll Do. . | 202) Mr. A. . Moore | Copper . . rL . 1,020 | 11th  Sept Do.
7. Boonots, ember 1907,
Do, . | (100) Mr. F. Bggena . 1 Sitver, lead, antl- : P.L. . 3,200 | 12th Sw" Do. « | (208) Mr. G. M. Hamlyn, | Mincrals ~ and P.L . Notstated | 4th Decem. | 4 years,
’ | mony and | ember 1907, on behalfl of Mr. W, mineral oil. ber 1007,
| allied minerals, \ ; p Bruce Dick.
! | .
Do, . | (181) Mr. N. Samwell . “ Silver, lead, and ‘ P.I.. . Not oxceed- ! 12th Noven- :
. ! associated min- Ing 3,200 | ber 1807. Tavoy .| (204) Mr. A. Q. Mein- | Al migerals . P.L . 1,618 | 12th  Juno | 1 year
| erals. acros. hold, Manager, Dick- 1907.
| msan Broy. & Co.
PokOkku . | (192) Messrs. W. . . P.L . 1,920 | 10th  Janu- . . .
Okku (n. Noyes ans A g:rkiez Petroleum L 920 Wty 1007, Do, | (205) Do, do. . Do, . PL . 1,280 Do. Do.
[OL I {Blocks 80, :
i Btand 82, at
. R Yonangyat.) Thayetnyo . | (206) Messts. A. 8, Jamal [ Petroleum . PL . 040 | 14th Sept- Do,
A oot Bros, & Co. ember 1007,
. | (198) Maung Po Myo , | Petroleum  and E L 9720 | 204 Febra Do i .
Do, - coal. ! ary 1907, Toungoo . | (207) Mr. T, F. Francis, | 8ilver, load, and P. L. 8,200 | 30th  Aprlt Do, *
3 . : ] | A Agent for Mr, C, E,| other metals. renewal, . 1907,
(184) M. Goolam | Petroloum . E.L .| Whaole dis- | 28th _ Tuly, Da. - Beown,
Huaseln, i trict except 1907,
. reserved
—— ' ‘ forest. | Yamethin . | (208) Mr. A. C. Mac | Gold, silver, lead, P.L . 1,280 | 14th ° Nov- Do.
milian, copper and tin. ember 1007,

L. denotes Exploring License, P. L., Prospocting License, and M. L., Mining Lease.
. E. L. denotes Exploring Liccuse, D. L., Prospecting License, and M. L., M
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CENTRAL PROVINCES. CENTRAL PROVINCES—contd.
‘ \ ; | Dateof »
DISTRICT. Grantee. Mineral. N ;:g:&‘ol A:S'e:{‘ Date of DISTRICT, ‘\ Grantee, Mineral i N ";:;r:t(_’f A;:g:n conmetce- Term,
_ S : P R P
Balaghat . | (209) Mr, Mahammed | Ali kinds of E.L. , 408 | 4th December Balaghat . ‘ (231) Rai Sahib Mathura [ Manganese. .| EL .| 2,360 | 8th  Junc | 1 year.
Sirajuddin Khan, zem- minerals. 1908, Prasad and Motilal. 1907.
indar of Bahela,
Vo.; .| (282) Diwan Bahadur _ Do. . . B L. 4 | 4th  Juue Do,
Do. .| (210) Do do. . Do. . N O % PR 1,678 Do. . %usturchand Daga of 1907,
ampteo.
Do. « | (211) Rai Saheb Mathura Do. . . E. L. . 1,129 | 6th December r s
Prasad and Motilal 19086, Do. . | (283) Messrs. Dutt, Burn | Manganese, roL. . 1,316 | sth June Do,
of Chhindwara . N ) & Co, Bauxite and Lron 1907.
Do. . | (212) Do. do. . Do. . . E. L. . 3¢ Do. . Do, . | (234) Rai Sahib Mathura Manganeso . P L. . a7 Do, . Do.”
! Prasad and Motilal.
Do, . | (213) Messrs. Dutt, Burn | Mangafese. . P B 490 9th March !
& Co. of Jubbulpore, 1907, Do o (2:25) Messrs, Dutt, Burn Do. . . P. L. . 149 | 20th April Do,
| Co. 1907,
Do, « | (214) The Central Prov- Do, . . M. L. . o8 1st February Do.! . (286) Do. do. . Do. . . L. L. . 244 | 8th June Do.
inces Prospecting Syn- 1907, ; - 1907.
dicate, Kamptee. .
Do. . | (287) Lal Beharl Naray- Do, . .{ B.L. : 42 | 7th June Do.
Do, . | (215) Messrs, Dutt, Burn Do. . R M. L. B 401 18t March andas and Ramcharan 1007 ,
& Co. of Jubbulpore, 1907, Sheankarlal,
Do. . | (218) Do, do. . Do. . .| Pl f 48 | pth  March Do, . | (238) Diwan Bahadur Do, . .} PoL. . 48 | 26th  June Do.
: . - Kasturchand Daga of 1907,
Do, . | (217) Mr, D. Laxminara- Do. . I 2 8 . 39 [ 20th Feb- Kamptee.w
yan of Kamptee, ruary 1907. .
’ . Do, « | (288) Raja Gokuldas Ral Do. . E. L. . 130 | 4th Juno Do.
Do. . | (218) Diwan Bahadur Do, . . P, L. B 1,089 | 17th March Bahadur Ballavdas of 1907,
Kasturchand Daga of 1907, Jubbulpore,
. Kamptee.
Do, . | (240) R. S. Mathura Do. . . E. L. . 2,366 | 8th August Do.’
Do, (219) Mr. E. @. Becket Do. . P. L . 1 098 | 27th  March Pragad and Motilal, 1907.
of Kamptee, 1907,
Do, . { (241) The Central Prov- Do, . .| ML . 273 | 26th  July | 30 yeams,
Do. (220} Mr, C. Velu Ayer Do. . .| P.L. . 182 [ oth  March inces Prospecting 1907.
of Balaghat. 1907, Syndicate,
Do. . | (221) Rai Sahib Mathura Do. . . E. L, . 2,499 | 28th January Do, . | (242) Messrs. Dutt, Barn’ Do, . . P L. . 183 | 22nd  July | 1year,
Prasad and Motilal 1907, & Co, of Jubbulipore. 1907,
of Chhindwara.
Do, . | (248) Do. do, . Do. . .| P.L. . 744 Do. . Do.
Do, . | (222) Mr. Cooverji Bhoja Do. . .| B L. . 1,260 | 20th  Feb-
of Calcutta, ruary 1807, Do, . | (244) Mr. J, Kellerschon Do. . . PL . 1,180 | 24th July Do,
of Nagpur, 1907.
Do. . | (223) Mr. M. M. Mulira, | Bauxite . L] EL . 8,639 | 4th  March Iy ) !
Pleader, Balaghat. 1907, Do. .| (245) Do do. , Do. . .| PL. . 166 Do. . Do.
Do. . | (224) Mr. E. G. Becket ., | Manganese . L B 18 | 11th  Jan- Do, . | (246) Mr. C. Vaylu, Do. . . PL. 37 | 27th  July Do.
. uary 1907, Balaghat, 1907.
Do. . | (225) Raja Gokuldas of Do. . | E L . 5,878 4th June Do. . | (247) Diwan Bahadur Do. . . P L. . 37 | 27th  August Do.
Jubbulpore, L] 1907. ]K{astu{chand Daga of 1907,
R amptee,
Do. . | (226) Rambilas Murli- Do. . .| PL . 48 | 12th _ June = . }
‘ dhar Marwari of 1907. Do, . | (248) Do. do. . Do.™ . .| P.L . . - 6 | 26th” August Do.
Kamptee. 1007.
Do. . | (227) Mr. M. M. Mullra . Do. . . B. L. . 19 19¢h June Do.” . | (249) Mr. M. B. Chopra’ Mica . . P L. . 607 29th August Do,
1007, : of Jubbulpore, 1907,
Do, . | (228) Mr, M. B, Chop:a Do. . o | Pols . 41 24th June Do, . | (250) Mr. Bhimji Kachi, | Manganese . . P. L. . 420 7th  August Do.
L ) 1007, Balaghat. 1907, .
Do, . | (229) Messrs, Byramji Do. . .| BL . 8,565 | 2nd April 0. Do, . | (251) Mr, M. M, Mullra, Do. . .| P.L. . 443 | 24th  July Do.
' Pestonii. 1907, Pleader. 1907,
Do. . | (330) Raja Gokuldas of Do, . 0 BT, 198 | 4th June Do, .1 (@62) Do, do, . Do, . . M.L. ., 19 | 6th Septem- | 30 years,
Jubbulpore. ’ 1907, ber 1007,
‘ '
E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease, ; E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease,
L . N
(<}
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CENTRAL PROVINCES—contd. CENTRAL PROVINCES—contd.
. v -
Date of . : Date of
DisrrIOT. Grantee, Minoral, Nature of Arca in commienco- Term., DISTRIOT. * Grantee, Mineral. haturetoi A commence- | Term,
graut, acres, went, graub. acres. ment.
Bals 5 L o T ) '
alaghat (2:;%&(;; lfl';emlal Sukul | Manganese L. 7 | 25th  July | 1year Balaghat . | (277) Lala B, Sitaram of | Manganese. .| E.L. . 2,632 | 12th October | 1 year,
. 1907, Nagpur. 1907,
Do. .| (25 . . ; )

0 25 e Dapull Vish Do. . P.L. 404 | oth Septem- Do, Do. . |i2m) Do, do. . Do. . .| B . 511 Do. Do.
Do. 5 Do, . | (279) Mr. D. Laxmiuara- Do, . I B % PR 24 | 2nd Novem- Do.
(2?&1};13:&13:{53:;1;& Do, P L. w 2“:&‘)0 . July Do. : yatt of Kampteo. er 1907,

» Chhindwara, Do, . | (280) Lala B, Sitaram of Do, . . P, L. . 309 | 16th Decem- Do,

Do, (250)JM:. M. B. Chopra Do. P L. 98 | H0th Soptem- Do. Nagpur. ber 1907,
of ubbulporle. ber 1907, Do, . | (281) Mr. R, H, Richard- Do, . . I L. . 32 | 22nd October Do.
Do, + | (257) Mr. Heralal Sukul, Do, P L. 20 | 20th  August Do. son of Kamptee, 1907,
Pleader, of Kamptee. 1907, Do. . | (282) Mr. Rambllasl . Do, . R 0 P 33 | 12th October Do,
Do, (258) Mr. J. Kellerschon Do E.L vse | 24 Hurlidhar Marwari o 1907,
of Nagpur. ’ : - 31&,7' July Do. . Eamptee.
. , . Do, . { (283) Messrs. Dutt, Burn Do, . . L L, . 64 | 8th October Do,
Do, (259) Do, do, . Do. , .| E.L 391 Do, Do, & Co. of Jubbulpore. 1907,
Do, » | (260) Mr, Byramji Pos- Do, E. L 112 | 220d Jul Do, v
‘ton]i of Raipur. ooz, Do B aturonmnd g:?;:ruf Do Bl 1 wg;rnleocoe;?- Do
Do, (261) Do, do. . Do, E. L 27 | 16th August Do Kampteo.
1wz, Do, . | (285) Mr, Byramji Do, . P I L PR 202 30{.)2 Novem- Do.
Do, (262) Mr. M. B. Choprs, Do. . E.L. 7,201 | 30th Septem. Do. Tostonjl of Raipur. 41907,
Jubbulpore. ber 1807, Do. . | (286) Lala Mohan Lal Do. . .| E.L . 1,323 | 8th October Do.
Do. , (263) Mr. 8. 0. Holmes, Do. . E. L. 3,027 Do. Do Kalar, Nagpur. 1907,
Engineer, Balaghat. . Du. . | (287) Lala Ganesh Pra- Do. . ] 'L . 1,734 | 5th October Do,
|2
Do. (264) Do.  do. . Do. E. L. 146 po. .| Do fod and Jaold Prasad, . (o
Do, (265)° Ral Sahib Mathura | Mica corundum P L 1 Do, . . e .
% b Math ot dolomito. 0 Do Do. .| (288) Do, do. . Do, , .} E.L. . 1,608 o Do. Do,
Do, (266) Mossrs. Dutt, Bura | Mangancso "I nisz |2t Do Do, Do .29 Do do. . Do, . EL . 915 Do, Do,
& Co. of Jubbnlpore ber 1007 1 Do. (200) Mr. Byrami Pos- Do, . .| B.Lo . - 5,748 | 30th Novoru- Do,
Do. (267) Ral Sahib Mathura Do, . PL. 253 Do $ tonji of Raipur. r 1907,
Prasad ;:l:.l, Motilal of . Do, .1 ooy Do, do. . Do, , . E. L. . 6,437 Do, Do.
. *
Obbind , N 208 . ; N S V5 AR 19th Decem- :
Do, (268) Do, do. . Do . .| PL 2 Do, . ‘ Betul . | (202) Mr. P. E. Cameron | Coal . . L L 9,109 th Decom Do.
Do, ,](@70) Do. - do.. Do, . P, L. 202 Do. Do, Bhandara . | (293) Centx;nl Provinces | Manganese . D 5 A 507 25&%0E;ebtunry 30 years.
Do, (271) Messrs. Dutt, Buro Do. . .| P.L. 454 . 3 Prospecting Syndicate, | . . .
& Co. of Jubbulpore ¢, : ) Do Do Kamptee.
Do, (272) Ral Bahib Mathura Do, . .| BL o1 Do e Sontiral Tudis Do) Bl 25 | 1o Feoor, | Yo"
Prasad and Mot!lal of Do Do -+ Mining Company, ary 1007,
Chhindwara , ’ plee.
- ; 11th March Do,
Do, . | 278) Messrs. Dutt, Burn Do. . . P, L. 294 D . Do. . | (295) Mr. D, Laxminara: Do. , . P.L. . 270 .
& 0o, of Jubbulpur, ° Do ysn. : 1907,
X Do.. .| RPL . ) Do, .| (296) The Central Indis Do. . .| BL . 519 | 16th Febru- Do,
Do. ,[(274) Do. do, L 544 8"1' O%gmber Do, mmh Company, ary 1907,
Do, (276) Do. do. . Do. , M. L. 169 | 28th October | 30 years, ¢ Do . | 207) Diwan Bahadur Do, . .| PL. . 455 | 4th June Do,
. 1907, ] ) - : Kasturchand Daga of . 1007,
Do. . | (278) Mr. Rambilay Mus- Do. P.L 2 | 7th October | 1 year, Kampteo.
K'm;tee.ma ° 1007. Do. .| (208) RaiBahtb Mathura | Mien . . !PT . 57 | %th  Tune Do,
. Prasad and Motilal. . 1907.

E. L. denotes Exploring Liconse, P. L., Prospecting License, and M. L., Mining Lease,
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E. L. denotes )Exploring License, P. Jupz#HOsrecting License, and M, L., Mining Lease,
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. CENTRAL PROVINCES—contd. CENTRAL PROVINCES—contd.
! i i ' | Dateor
: Date of ) , . ate o
| : . N . e Nature Area in | . n
Distaicr. | Urantee. i Mineral. N‘;&_‘;:":"’ ; Anr:ll:'x:" mnlx‘::;:;\ce- Term. Dstsior. | Grantee. Mmua‘l. of grant. 1 aeres | w::g;etx'xce Ternr.
i | . !
———— i _ - e - - - S - | - -
Bhandara . | (209) Dewau Bahadur Mangauese . oL 842 19th  May | 1yese, Bliandara (819) Mr. Mcahulal Doo-  Mangancse P R T PR 171, 20th August | 1 year,
Kasturchand Daga. | ! 17, gar of Caleutta, I 1wo7.
Do, . | (300) Rambilag Muril- l Do, . .| p.L . 143 st June Do, Do, .| o@20) Do, do, . Do. . .| opoL. . w7 Do. . Do,
dhar Marwarl of L1007,
Kamptee. ’ ‘ Do. . | (321) Messms. Cursetji & Do. . ,.| EL . 83 1 3rd August Do.
: ' Co. of Kaniptee. 1907,
Do. .| (301) Do, do. . Do. . .| PL . 201 - 8rd Jumo Do. : .
| 1007, Do, .| (322) Messms, Lal Beliari Do, . . I L. . 140 | 7th Septem- Do,
‘ ' Narayandas and Ram- ber 1807, .
Do, . 1 (302) Mr, G, M. Prichard Do, . .| E.L. . 592 dth June Do. charan Shaukerlal of |
‘ , B U 1 1 Kamptee., . w .
Do. .| (303) Central India Min-_ Do. . R I 0 PR U8l i6th U May Do. Do. . | (323) Mr. J. Kellerschon Do, . .| oL, . 319 | 29th August Do,
. ing Company, 1907, of Nagpur. 1907.
Do, . | (304) Mr, Byramjl Pes- . Do, . .l EL . 110 20th  June Do. 1')0_ . | (324) Messrs, Lot Behari bo. . S . U3 Do, Do,
tonji of Raipur, 1007, Narayandss and Ram-
L . N charan Shankerlal of
Do, . | (805)  Do. do, . Do, . .| E.L. . | Notfurnished ' Do, Do.J -3 Kamptee,
Do, . | (308) Messms, Ratan- ‘Asbeam . . ML 42 Sth August | 30 yoars Do. . | (820) Mr, Hirulul Sukui Do, . P [ L R 157 | 25th Septem- Do.
chand Kesrichand ¢ J I 1907, Cl ber 1907,
Chullany and Sous. } ! 7th August
Do, .| (328) Do, do. . Do. . o P . 104 h August Do,
Do. .| (807) Do, do. . . .| PL 1,500 | 16th Septem- | 1 yesl. 1907
ber 1007, Y )
’ : Do. . | (327) Mr. R. H. Richard- Do, S POL. 249 | st July Do.
Do. . | (308) ML R, ®, Richard- | Manganese. , | P.L. . 200 | 1st  July |[1yesr] son of Kamptee. 1907,
(101N 1907,
Do, .| (328) The Hon'ble Do, . . P.L. . 27 25th Septem Do.
Do, . | (809) Central Tadia Min- oML o8 | 25th August | 30 yearh Gangadhar Rao Chit- ber 1907,
ing Company, 1907, navis of Nagpur. ’
L ]
Do, . | (310) Mr. Cooverji Bhojs»‘ Msanganese, iron. T L. 134 | 20th August | 1 yeal Do. . | (329) Messrs, Cursetji & Do. . .| EL . 64 | 3rd August Do.
of Caleuttd, ore and galena, 1007, Co. of Nagpur. 1907,
Do, . | (811) Rai 8ahib Mathura | Manganese . . . L. . 29 Do. Do. 330 Do, do, . Do, . . P.L. N 34 29th August
Pmnd and Motilal of g P, L 205 Do, . | (330) 0 0 0, 1907.8 Do,
Chhindwa) Do. . | (831) Mr. R. H. Richard- Do, . . PL. . 156 | 1st  July Do.
son of Kamptee, 1907,
Do. . | (312) Dewan Bahadur Do. . .| PL . 1,476 Do, Do.
Kasturchapd Daga of } Do, . | (332) Messrs,  Burjorji Do, . .1 L. . 20 | 30th Septem- Do.
Kamptee, l]?em;uji Bahmansha ber 1907, :
raujdar Bros, of
Do. . | (813) Mr. Madhulal Doo- . . .| PL . Do, .
gak of Calcjutta, Do P. L 50 ﬂlllw?..lnly Nagpur.
. . . . | (333) Mr. K. Nagannoah Do. . .| L . 115 | 20th August Do.
Do. . | (314) Mr. D, Lmnlnm- Do. . .| PL . 2,076 | 7th Septem- Do.d Do Natdu, 8 1607.
yan of Knlh ber 1907, . .
- ‘ Do, . | (334) The Central India Do, . .| BL. . 214 | 25th Septem- Do.
Do. . | (316) Messrsf Lal Behari Do. . .| PL ., 36 | 20th August Do, . | Mining Company, ber 1907.
Narayandgs and Ram. 1907. Limi
charan Sp@nkerial of i
Kamptee, (#35) Do, do. . .. e 82 Do. .
. | (818) Mr. Brjckbhandas Do. . .| PL . : ust Doy > 67 Do, .
" Jagannath]Sarkar of 4 ZD&I&OA;IB ‘ (338) Do, do, . . . P. L.
. Nagpur. (337) Do, do, . . .| BL. 180 Do. .
(317) Messrsy Lal Behart | Tron-ore P, L. Do. Do (338) Messps Burjorj . » R .
. . . . . . . i . .| L. 416 | 30th Septem
Narayandgs and Ram. Bezonji  Bahmansha ber 1907.
Sharan Shepnkerlal of - Faujdar Bros. of
Kamptee, Nagpur. :
(318) Mr. Brjtckbhandas | Manganese P. L s4th  June Do.” (839) M
; . . . . . Mr. Byramji D. . .| P.L 4 Do, .
I%t%;?,’:.“th ES"“‘" ot - 1907, Dungaji of Kamptee. .

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Iease,
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CENTRAL PROVINCES—contd.
Date of
DisTaioT. Grantee, Migeral, Nt?tmtllrx'ol A‘lc!::n C""n'x:;ﬁ?.w'
d| $40) Messrs, Byramji | Manganese E, L, 100 | 29th June
#h‘n e ¢ pguwnu of mlp{r. 1007,
Do, . |(341) Do, - do, . Do, E. L. 2,182 Do,
Do. (342) Mr, Byramjl Do. K. L. 1,298 | 8rd August
Pestonil. . 1907.
Do. (343) Do, do. Do, E. L. 2,125 | 25th Septem- Do.
ber 1907,
Do. . |'(344) The Contral India | Mica, corundum I L. 475 Do. Do,
Mining Co. and dolomite,
Do. (345) Mr. Lalbehari Do, P L 33 7th  Septem- Do.
Narayandas. ber 1907,
Do. . | (3¢68) Rai Sahib Mathura | Manganese . L. 97 | 20tk Noveme Do,
Prasad and Motilal of ber 1907,
Chhindwara.
. . do, . Do, . r. L. 90 | 6th Decem- Do,
®en Do ber 1907,
. . do. . Do. P.L 439 | 26th Novem- Do.
De @48 Do ¢ ber 1907,
Do, . Do, do. , Do, . P L. 47 26th Novem- Do,
49 ber 1907,
Do, *(850) Do. do. . Do. P L. 61 Do, Do.
Do, . | (851) Mr. Byramji Pes- Do. . P.L. 1,076 | 20th Decom- Do.
toni of Raipur, ber 1907. .
Do, . | (352) Mr. Heralal Sukul Do, . L, 650 | 26th Novom- Do.
of Kamptee. bor 1007,
Do. ., | (858) Messes. Curset)l & Do, P. L. 64 | 4th October Do.
Co. 1907,
g . . .. Do, , E. L. 7 | 9th Decem- Do.
Do (85¢) Do do e
Do. (855) Mr. Heralal S8ukul, Do. B L. 068 4th  October Do.
Pleader, of Kamptee. 1907.
Do. (368) Do. do. . Do. P. L. 21 Do. Do,
Do, « | (857) Measts, Cumetji & Do, . P.L 4 | 6th Decem- Do.
: ¢ Oo, of Eamptee. 4 ber 1007,
Do, . | (868) Do. do, . Do. . P.L 20 | 4th October Do.
1907,
Do, « | (8569) Mz, J. J, Vellos of Do, . P.L 142 | 5th October Do.
N . 1907, .
Do. . | (360) Babu B, Nagannah Do. . * P. L 39 | 6th Dccem- Do.
Naldu, Bilaspur, ber 1007,
flasp Mr. mji Pes- Do. . B. L. 1,303 | 14th Angust Do,
Bllaspur . | (060 et Baipur-? , ’ 1907,
hh Rai Sahib Mathura Do, M. L 63 | 18th Janu- | 80 years.
Clibindvars . (”I'zx?usa‘:l and Motilal, ary 1907.

E. L. denotes Exploring Licenss, P. L., Prospecting License, and M. L., Mining Lcase.
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CENTRAL PROVINCES—contd.
) . Nature of Area in Date Of'
DISTRIQT. Grantee, Mineral, grant. acres, cemntg:lntee- Term.
Chhindwara . | (363) Rai 8ahib Mathura | Manganeso . L Not reported
. Pragad and Motilal # B P 292%07, April | 1 year.
Do, (364) Mr.J.J. Velloz Do. E, L . 356 | 23rd May Do.
1907,
Do. (365) Cursetji & Co, Do, E.L 87 31st May |\Up to 30th
1907, May 1908,
Do. {366) Khan Bahadur Al§ Do, E L Not reported .
Raza Khan, P Do. . Do.
Do. . | (367) Mossts. Vishwa- Do, rL 855 : .
nath Rao Salpekar and 13211907 July | 1year.
Kartarbux.,
Do, (368) Do. do, . « Do, P L 656 Do. Do,
Do. (369) Seth Ramlal and Do. P. L. 25
Soth Sukhlal, T Do.
Do. (870) Do. do. . Do. P. L 268 | 12th Septem- Do.
ber 1807,
Do. (371) Messts, V. D, Sal- Do, P. L. 268 1
pekar and Kurt‘arbux. sfioo;.\ugust De.
Do. (372) Do. do, . Do. P. L 168 Do, Do..
. Do. (873) Mr. J. J. Velloz of Do. P. L. . 253 | 20th Septem- Do.
Nagpur. ber 1807.
Do, (374) Mesars, V. D. Sal- Do. . P.L 89
pekar and Kartarbux. 18'1'%07, July Do.
Do. . | (375) Do. do. . Do. . P L. . 92 Do. . Do.
Do, « | (376) Do. do, Do. P, L 98 20th Septem- Do,
ber 1907,
Do, . | (377) Khan Bahadur Ali | Copper P. L 62 | 20th Septem. Do
Raza Khan. ber 1907,
Do. (378) Mossrs. V, D, Salpe- | Mangnnese P, L, 72 | 22nd b{
kar and Kartarbux, pe 1307. uly Do.
Do. (379) Do. do. Do, P. L. . 114 20th Septem- Do.
ber 1907,
Do, « | (380) Khan Bahadur Al Do . L. 96
Raza Khan. Do. Do,
Do. (381) Do. do. Do, P, L, 463 | 10th Septem- Do,
ber 1907.
Po. 382) Messrs. V. D, Salpe- Do. P. L. 37 -
. ¢ kar and Kartarbux. pe o 2ol):;lx" ?88‘?.3“\ Do.
Do. (8838) Mr. J. J. Velloz Do. E. L. A 256 Do, Do,
|
Do, (384) Scth Ramlal and Da. E. L. ! 448 | 9th
Sukhlal, i 1807. Avgut po-
Do, (:}ssl, H,Verma and K, Do, E. L. . | Notreported [ 21st August Do.
8l, 1907,
Do, (386) Messrs. V, D, Salpe- Do. P, L. ‘
kar and Kartarbux, P : & sihom.p ctober Do.

E. L. denotes Exploring License, P. L., Prospecting License, and M, L., Mining Leage.
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CENTRAL PROVINCES—conid. 3
g
Nat f Date of com- (g
Disricr. Granteo. Mineral. ;r‘;':t? Area lu acros. | S0 0 Teont. Term. ) §
3
hig . |.(887) Messrs, V. D.Bal- | Manganese . P. L. 85 | 2nd Novem- | 1year.
Rl A - e and Katarbox. : ber 1007, =
Do, . | (388) . Messrs, Cumsetji & Do, . «{ P.L. . 32 | 18th October Do,
co 1907 :
Do, .| (389) The Hon'ble Mr, Do P, 43 | 218t October Do, :
G, M. Chitnavis of 1907. o
Nagpur, e
Do. (30) Do do Do. .| PoL, . 69 1:;16 October Do. :
Do. . | (301) Rai 8ahib Mathura Do, . .{ EB.L .| Salwani 20th Novem- Do. 1'»
Prasad and Motilal of, Range, ber 1807, :
- Chhindwara.
Do, (392) The Hon'ble Mr. Do, .| oL 31 | 23rd Decem- Do. E
G. M. Chitnavis, ber 1907,
Do, (303) Mr. J. J. Velloz of Do, . P, L . 60 | 21st October Do.
Nagpur. 1907. .
Do, (3904) Messrs. Pannalal Do, .| P.L . 24 | 16th Novem- Do.
and Motilal. . ber 1807.
Do. . | (305) Messrs. Tarachand Do, . P. L. 95 | 17th October Do. .
820 and Co. 1907, e
Do, . | (366) Mr. P. N. Bose Do, P, L 141 23M7chbor Do.
1907.
Do, . | (897) Rai 8ahib Mathura Do. E, L. . Not furnished, Do.
Prasad and Motilal,
Do, . | (398) Mr. D. N. Mitra Do. P, L 205 28th Novem- Do.
ber 1807,
Do, (399) Mr. M. B. Dada- Do, . .| E. L Not reported | 22nd Novem- Do,
bhoy. ber 1907,
i Do. (400) Messrs. H, Verma Do. . E L . Do, . | 28rd Novem- Do.
. and Kanhalyalal, ber 1007,
Hbshangabad (401) Mr. P, E. Cameron, | Coal . . .| P.L 12,688 | 8rd Beptem- Do.
Banker, per Agent Mr, ber 1907,
Barton of Chhindwara,
Do, . | (402) Do, do, Galena . . P. L. . 10 | 26th Septem- Do.
»r ) ber 1807,
Do. (408) Messrs, MacDonald | Gold, siiver,etc, . | M. L. 254 | 4th Septem- | 30 'years.
& Co., Bombay, ber 1807,
Do, . | (404) Messrs. Ratanchand | Coal . o PL, N 12,856 | 1st November | 1 year.
Keghrichand Chullany f
& Sons of Kamptee,
Jubbulpore , | (405) Mr, J. Kellerschon | Iron and mangan- E. L . 8,242 256th Febru- Do.
ese. - ary 1807, .
Do, (406) Mr. P. C. Dutt, | Gold, silver, cop-| E. L. . 6,881 | 15th January Do.
Bar.-at-Law. per, lead, lime- 1907.
stone, dolomite,
barytes, fron,
. manganese, tin
: - and zine.
E. L, denctes Exploring Iiconse, P., L., Prospecting License, and M, L, Mining Lease,
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CENTRAL PROVINCES—contd. .
DISTRICT, , Nature _of Da te of com-
i Grantee Miueral, grant, Arca inacres. | "ol o | Ter.
Jubbulpore . | (407) Messrs. Dutt, Burn | Gold, silver, cop- | P. L. 14t) -
& Co., of J ubbulp’om per, lead, arsenic, %788 bel: fgg(tje | Lyear.
zinc, iron, man-
ganese, limestone,
dolomite, barytes,
tin and antimony.
Do. . | (408) Diwan Bahadur | Manganese . . . L.
Kasturchand Daga. ¢ L 870 275?(])7 June Do.
Do, (408) Jubbulpore Pros- | Gold, silver, cop- | P. L . -
pecting Syndicate. per,' lead, sntg- 5,791 23;1;'1 NE(‘)%bm Do.
mony, arsenic, .
barytes, dolomite,
zine, tin and
limestone,
Do, (410) Do, do, Manganese {and | M. L 148 | 18t  Au,
. ust
u. . 1907, B¢ | 30 years,
Do, (411) Messrs. Byramji | Manganese . . R
ko ot mxpu{ J anganese E. L 764 Jizﬁ July | 1 year,
Do. (12)Mr.P.C.Dutt . | Bauxite . P. L 204 |21t Jume |
1007, .
Do, . |(413) Do. do, Al minerals .| P L 123 | 8th  Decem- Do,
Do. . [ (414) Mr. R. H. Richard- | Maoganese . | P L., 184 lggll; ?g‘?ém- Do,
- son, ber 1907, '
. (415) Messrs. Dutt, Burn | Gold, "silver, cop- P, L.
& Co., of Jubbulpore. per, lead, b&ryt};a, L 4“9 311,:‘; u%e;:em- Do.
areenic and fron, | ~ K *
Do, . | (416) Mr. J, Kellerschon | Man, 80_, . .
of Nagpur. gaueso_ P. L 208 l?;la_]Ootober» Do.
Do. « | (417) Messrs. Ganga Per- Do. . P, L,
shad Ram' Pershad, L o 45150§0v°mb0r Do.
Mining Syndicate, Jub- ‘
bulpore. -
1
Do, (418) Mr. Shirish Chunder | Manganese, coal K, L 719
o L. 12th Novem- D
Roy Chowdhur: nd graphite, o
Pleader, Jubbulpore. ¥, | wndgmp ’ . ber 1007.
Nagpur « | (419) Mr. 6. M, Prichard { Manganese . P. L 30 | 23rd February | Do,
1907, ’
Do, 420) Mr. D, .
(mmyan. Laxmit Do, . o POL. 45 2111310 I;ebruary Do.
Do. . |(421) Dewan Bahadu Do,
Kasturchand Daga, ' P. L. 289 131“9‘6} ebruary Do,
Do. 422) Mr. Mad N 1
(g“). hulal Doo Do, . .| B L 2,858 2;1‘()10 g‘?bruary Do.
Do. (423) Do, do. .| Do, E. L. 1,261 Do Do
Do,. (424) Mr. J, Kellerschon Do. R, L. 388 | 15th February! Do,
1907, -
Do, « | (425) Messrs. Ratanchand Do,
Keahelohand Chullany £ L. 106 | 27th <My | Do,

E, L. denotes Explorlng License, P, L., Proeyectlng License, and M. L,, Mining Lease,
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CENTRAL PROVINCES—contd.
’ ' Date of com-
DISTRIOT, Grantee, Mineral. N;t‘::‘ekot Area in acres, | "o cement.
r o — ——————
May
rs. Ratan- | Mangauese P. L. 101 87! .
Nagpur (‘%)ndmxuhhohlnd . 1387,
Do, (t%‘;lhfr’ &qu Laxmi- Do, . P, L. 125 24& 7Aprﬂ
‘ narayan of Kamptee. , 1907,
Do, (428) Do, do. Do. P, L. 200 Do.! .,
May
420) Messrs, B, Bexonjl Do. E. L. Not roported | 27th
Do. (;Bn{nmnns haw Fou:dn . 1907, .
Do, (430];Meun.m Behm Do, P. L. 40 2{%7 | August
' Narayandas and Ram- S
charan Shanker Lal of
xampm. s .
tem-
481) The Central Prov- Do, ML . 10 sm Sep! "
Do, (481) ity . Sept :
cate. 3
Do, @4s2) Do, do, Do. M L . 16 Do. .| D‘*g
Do, (438) Messrs. Lal Behar Do, P. L. i 8s 5:1190 August xnu.a
‘ « Naryandas and Ram- . B
charan Shanker Lal of CA
Kamptee. 3
Do (434) The Central Prov- Do, . ML . 17 sgr?e tem- squ’
) inces Prospecting Syndi-
Do (435) Mr. D. Laxmi- | Do = ., P. L 168 | 30th Septem- Ty
’ nnraytn of Kamptee, X mL
* Jul 3
Do. (436) M‘eun _lz:gmm Do. °. PL . 100 8?'907. y ;
ouzdnl' & Bros, K
NagpHr Do
D (487) Meuﬂ- Cursetjl & Do, . PL . 320 11;%7 August
0. Co. of Kamptee, » f Do
* (488) Mr. D, Laxmi- Do, P L 433 bg:dlws;pum- ’
Do. narayan of Kampm R ’m .
Do, (489) Lala B, Sitnnm of Do, P.L . 170 2%‘(‘)7_“‘““ .
' oy . 17th  August Do..
i U
Do. . | (440) Mr. Coover}i Bhoja Do, E L . 786 .
Do, o .| Do B L 71 | 9th Septem- | Do
Do, . 3 . ‘
224 | 12th August Doy
Do, .| (441)Mr. 7.7, Vellos . Do. E. L . gh
SRR ‘ le village | 19th Septem- Do,
-~Bo. . | (442) Mr. 8. O. HQmes . Do, E L Whole village | 13th 5
) — ]
Do (448) The Central {India Do. M L a4 2gtelrx }i’o%\’e.m 80 yea
S Mining Co., Ltd. .
Do; (444) The Itgdmn Maygan.| Do P L 80 1:;‘57. g
™Y ese Co., L , o,
Do (445) Mr, B. V. Kaora| Do. P. L 310 | 18th October
S _ of Wardha,

B L. denotes Exploring

License; P. L. Prospecting License, and M. L, Mining Lease,
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N X
CENTRAL PROVINCES—conid.

DISTRIOT. Grantee, Mineral, N'ﬁ:’:ﬁ‘ Area in acres. Dr::getmi‘::. Term,
Nagpur (446) Messrs. Burjorji | Manganese , P. L. 37 | 22nd October | 1 year,
Bezonji Bahamanshaw 1907,

Foujdar & Bros, of
Nagpur, »
Do. (447) Mesars. Cursetjl & Do, P. L 80 | 8th October Do.
Co. of Kampteo, 1907.
Do. o | (448) Lala B. Sitaram of Do. , S I A A 160 |} 18th October Do,
Nagpur. 1907. .
Do, o | (440) Messrs, Jessop & Do, . P. L 288 | 16th Decem- | - Do,
Co, of Calcutta, ber 1907,
Do. o | (450) Messrs, Cursetjl & Do, , .| P.L . 111 | 8th Qotober Do,
Co. of Kampte 1907,
Do, « [(451) Rajaram Sitaram Do. P. L, 40 | 20d Decem- Do.
Dixit of Nagpur, . ber 1907,
Do, o | (462)Mr. J, J, Velloz of, Do, P L . 224 | 23rd Decem- Do,
Nagpur, . ber 1607,
Do, '+ | (453) Mr. 8hamji Madho- Do, . . PL . 672 | 18th Novem- Do,
ji of Kamptee, ber 1907,
Do, . (454) Messrs Ghoredutt Do, . E. L. 72 | 10th Novem-.| - Do.
and D"Cos ber 1907,
Do, « | (485) Mr, Byramji Pes- Do, E. L. Not reported | 11th October Do,
. tonji of Raipur, . 1907,
Do, « | (466) Mr, 8, O, Holmes . | Manganese, fron, | E, L . Do, 20th Novem- Do,
tin, copper, bis: ber 1907,
. much wolfram
and molybdenum.
Do, « | (457) Do, do., . Do, , .| BLL. . Do, Do, Do,
De, « | (468) Messs.  Kassam. | Manganese , .| B.L, . 76 | 11th October Do,
bhoy, Ramjl & Co, 1907,
Do. . |wusm Do  do, Do. EL . o2 | 18th October| Do,
1807,
Do, (460) The  Jubbulpore Do, , E. L. 209 | 18th Novem- Do,
Prospecting Syndicate, ber 19807,
Naminghpur .| (461) Mr. H. Mitra,  , | Gold, silver, cop- | P. L. . 76 |21t  May Do,
per, lead barytes, 1907,
tin, zlnc, arsenic, \
fron pyrites
Do, . [ (462) Raja Gokuldas ., | Allminerals . | E. L. . | Not reported. | st  August Do.
Buugor (468) Messrs, Kaliprasan- | Mica, corundum | B, L. . 8,508 | 20th S:gtem- Do,
' na Mukherji amr Bhag- | and dolomite, , ber 1907,
! das Siwaya, Pleaders,
Saugor.
Do, . | (464) Do, do, All minerals P.L . 90 lggthovem- Do,
r o
Beonl . (465) Mesars, Lal Behari | Manganese . P. L 63 .| 26th  June Do.
Narayandas and Ram- 1907,
charan SBhankerlal, -
E. L. denotes Esploring Licenge, P, L., Prorpecting Licente, and M, L., Mining Lease,
I
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i )
]
CENTRAL PROVINCES—concld. EASTERN BENGAL AND ASSAM, -
DISTRIOT. Grantee, Mineral, Nm°‘ Area in acres, Dato of com- DisrTaIor, Grantes, Mineral, N “:‘r‘:;{t Area in acres. g:t:eg;?ﬁ- Term.,
Seoni . . | (466) Gowrl Shankarand | Manganese ] B L. 846 | 7th  June | 1year. ol
. Bakhtawar Singh,: 1907, . Chittagong . | (486) Messrs. Turner Ooal, o), gold, ete. | P. L. .| 2,675°20 “1)93 7-T uly 1 year,
o & Co. f
Do, . | (467) Messrs. Gaurishan- Do. . .| PL . 946 | 24tn  Sept- Morrison
M s ker and Bakhtawar ember 1807, t Iied P. L 59,424 138t Febi D
: Lakhim . | (487) Assam Oil Co., Oil and its al L. \ 8t February 04
por (Ltd)., ot Digbol. products, 1907,
Do. . . | (468) Byramji Pestonji Do. . .| PBL . 60 | 30th Sept-
of Raipur. ember 1907, 1 P 1 9,516°80 18t March D
Do, (488) Babu Nanda Kisor | Caal . . . . L, . ,016° 8f el 0.
Do, . . | (469) Byramji D, Dun- Do, . .1 P, L . 744 e . . * . 1907,
. gn.jl of Kamptee, Do Beria of Dibrugarh 907,
" Do, . « | (470) Burjorji Bezonji Do, . . P,L . 800 Do,
) Bnhmanah;( Fousdar, | .
- - and Bros,, Nagpur, MADRA-Sg
Do, . « | (471) Mr, Gourl Bhanker Do, , . P, L . 148
um) Dadu Bakhtawar L ’:ﬁmsf "-}
Singh, Seoni, 3
. ‘ ‘ - . 1 bert | Diamonds . . PL 20°87 | The issue of a license was
Do.. . (%%D;?gezxm“l Do, | PiL . 80 Do, . Do. b Anantapur . | (489) Mr. Charles Au ' sanctioned in November
- s 1807. t:lrthm;bert since
1 reques at it
Do. .| Do do. Do. P PLo 7‘ D“’ L Do. . &eqissﬁelen :gf name of
. b . T. M. Tardival, M
Do, .|@474 Do do . Do, . .| P L . 302 Do~ Do, h“z 1b°-°"f e n_lumd 1o
Do, . ., | (475) Mr, Rambilas Mur- Do. . . . L. . 178 . Do. ut In_a formal applica-
lldh)n of Kamptee, P %b?: P,‘:{m {’lon.
Do, . . { (476) Mr, Byromji Pes. Do, . .| B, L . | Porest Block . Do. . .
tonji of Raipur. L No, 20 Koral 12:': R’;f;,"‘ o Bellary . { (490) Mr, A, Ghosh for Mr.| Manganese . .{ PRL . 18-88 2llld January { g year.
Range, : ] Jambon. 807. ]
. . 477) Do, do, ' Do, . f Do. . A, Ghosh . | Metalliferous mine-! E. L. . 4,230 | 156th  July
Do ) B.L . | Forest Block Do, Do. . |(491)Mr.A Tats i ovachous 1907, Dog
Piparia stones,
Range,
Mr. Dadu V] Do e Do. - Do. . | (492) M. Ramachendra | Manganess, .| P. L. . 36 2&“: IND%V’OUI- Do,
Do., .| (478) Mr, Dadu Vishwa- "« | P, L 57 N ) X . ‘
Dath Sibgh of Beon) 4 llltoo £vembel Rao. .
Do, .. N @) Do, Do, Do, . . P.L . 86¢ Do, . Do. Do. . | (493) Mr. F. W. E. Dunn Do. . . E L . 68-41 Btl.l;olsmuary Do,
Do, . . | (480) Mr. Rambilas Mar- Do. . .| P L . 80 | 11th Noyem- Do.
lidbar of Kamptee. . .
Dptee. ber 1907 . bators . | (494) Govindjoe Odojee | Corundum . . | Miniogin 588 [4th  July {2 years,
Do, , » § (481) Ral Bahadur Lala Do, . ] P L ., 178 | 28th Decem- Do, Colm * 1 Sait. patts land, 1807,
Onkardas of Seoni, ber 1907,
Do. . ., | (482) Mr, Dadu Vishwa- Do. . .l PL ., 168 | 20th Novem- Do. Cudda; 405) Mr, C. W. S8chem- | All minerals | BOL. . 7,680 | 21st January | 1 year.
nath 8ingh of Seont, ber 1007. peb . (bur)g. 1s07.
Do. . . | (488) Do, do, Do, . . . L. 59 . Do.
P, L Do, Do (400) Mr. T. B, Kantha- | Lead and copper E. L. .| Two taluks | 4th May 1007 Do,
Do., , | (484) Mr. Byram)i Poston. Do. . .| E.L . | Notreported. | 15th Decem- Do. . ‘1 'Ha.
1 of Raipur. ber 1007,
] . havala | Mica . . E. L . |In the four|16th April Do,
Yootmal ., [ (485) MossmsgParry]& | Coal « - .| PL. .|  14060°35 | For three i Do. Do. .| (497) Mr A. Raghave * taluks ois, | 1007,
Co. censes 1st Cudda pa h,
February Madanapalele,
3007 and for ’ Yaralpad
one livense snd  Kadi
3rd June taluks.
1907,
n.nmmnpmumr.nwrmﬁnunmu,mmx,mm. ' B. L. denotes Bxploring License, P. L. Proapecting License, snd M, L., Mining Lease.
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MADRAS—contd.
bx_smor : Grantee. "Mllnelinl N‘:’:‘&?l Area in acres. Dr::‘ggmgg‘:“
Cuddapah, . | (498) Mr. J, Krishna- | Mica . E. L., | Iuthe four 6th May 1007,
swami Nayud . taluks, vis.,
Madaupalle,
Vayalpad,
. Pullampet,
and Kadiri
, taluks. :
Godavari .. | (499)Mr.8.D.Ware . | Iron,manganese. | P. L. .| 270°96 |g23rd  Julyg
. ! and grapnite. i 1907. i
Guatur . | (5600) Mr. 8. Craushaw, Copper P. L 12:95 | 4th Jaly
Manager, Madras Man- 1907
ganese Co,
Do. (501) Do  do. Do, . .| PL . 2:93 Do.
Do. .|®02) Do. do. Precious stones P L 13-84 1}3}6 7Juna
Do, . | (508) Mr. W. Ga; . | Cdpper, lead P.L . 400 The applicant requ
(©0%) - e [ \lr):r and gold, ina l;ubseqﬂeﬂ‘ :
: that the license apy
for might bo kept
abeyance for the p
Rumocol ., | (504) Mr. Charles Aubert, | Metalliterous min-| E. L. 482 | 30th January | 17¥
Consul for Uruguay and | erais and precious 1907,
' Vice Consul for Portugal.| stones.
} L. 0
Do. ". | (505) Mr. T. B. Kantheria | Leadaud copper . | E. L. . | about 76,800 [ 4th May 1807
Do. . | (506) Messrs. Dymes & Co.| Manganess,gold, | E. L. . 1,230,600 | 20th Augus
. copper, and pre- 1907. .
' _clous stones.
Do, . | (507) Mr. O. N. Bhose All minerals . E. L . 70,040 4lih90 October ;
Malaber . | (508) Mr. A. O. Dreshler | Manganese. .| E. L . 512,000 | 11th, July S
.t . F.W.F.Fiet- | Gold . P L Not ascertaln- | 2nd_October | DO
Do C .| GmucEW.Re ) O tasnrain: | 22
Nellors . . | (510) Mr. L. Chenga | Mica . . P. L. 18-85 | 8th January pq:'
' Reddl. v 1907. . it
Do. . | ¢11)Mr.BR. V. Kuppu- | Do.. . .| P L 16'60 | 27th March Doy
swami Alyar. 1807. ;{
Do. . | (612) Mr. R. Rangasami Do. . . RS A A 190 | 28rd January
Rao. 1907, L
. . | (518) Muhammad Asa-ud-| Do., -, *,{ P.L . 12:5¢ | 7th  March Dot
Do ¢ Ahrmad 8ahib, 1007. :
Do. . | (514) D. Pechala Nayudu | Do.. ., .| E. L Not fixed 21;% . March Do,
: ' 1007, .
Do. . (515) R. V. Rangaswami | Do.. ., ,| M, L . 20 | 18th October | 8 years.
Rao. 190

Rl

R.-L, dénotes Brploring License, P. L., Prospecting License, and M. L., Mining Lease,
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MADRAS. —conid.
. Nature of Date of com- )
‘Dnmcm.. Grantee, Mineral, grant. Area in acres, It encement. Term,
Nollore (516) Haji Muhsmmad Mica M. L. 188°85 | 4th ber | af
Badsha Sahib & Co. oxtension, 888 molfcem T| 30 years.
Do, . . | (617) P, Ramaraghava Do. Mining in 510-44 | 4th Bopt-
Redd, patta land. ember 1006." 20 years.
Do. . (618) V. Annaji Rao Do. , M. L. 83-58 | 3rd October 30 years,
1906, . )
Do, (619) R. Rangaswami , | Do, . . P L, .
Eao. 8 . ; n1e 2'{3167]..7'ebxury 1 year.
Do, . - . | (520) T, Bltarami Reddi | Do. , r L 17-11 | 18th January Do,
1907,
Do , . | (621) T, Venkata Reddi . | Do, . . P L, 10'40 22nd January Do.
1907,
Do, , (622) L. Chenga Reddi . | Do. P L 1880 | 27th February| Do,
' 1907,
Po, ., . | (528) R. V., Kuppuswami | Do. P. L 18-85 ! 14th February| Do.
Alyar, : 1907, :
Do. , (524) B. Lakshminarasa | Do, P. L. 20 | 27th March Do,
S Reddl, . 1007
: Do, , (525) J. Pattabirami Do. ML 44'95 | 20th Decem- | § years.
: Reddi. ber 1908, |
«Do. . .| (526) T. Venkata Reddi . | Do. M. L 64'78 | 4th August 30 years,
) 1906, ’ ¢
ﬁo. . (527) R, Lakshininarasa Do. . . ‘M. L. 133:79 14th Novem- Do.
R Reddi. . extension, ber 1906.
Do. . . | (628) Muhammad Fasi- | Do, M. L. -219 | 12th Febru- Do,
v o ud-din. . ) R ary 1007,
Do. , . | (529) 8. Venkatasubbish | Do, M. 1. 15361 18th January | 8 years,
L . oxtension, || 1e07. . )
- PO . | (630) P. Chenchuramayya | Do. ML . 58:22 | 8rd Decem- 10 yoars.
ber 1806, -
vo. . (581) T. Venkata Reddi . | Do. |, M. L. 16360 | 9th Decerber | 3 yoars.
Do. . “(582) Hajl Muhammad Do. M. L. 48°30 | 15th March 80 years,
Badsha Sahib & Co. extension, 1807,
Do . (538) L. Chenga Reddi . | Do, . . M. L. 805 2g:h Novem- | 8 years.
. r 1006,
Do. . (584) J. Ramaswami Do. . . M. L. 47°09 | 18th January | 8 years,
. Reddl. 1907,
N 585) 8. Chinnachenchu Do. Mining in 11°76 | 4¢th Ma; 20
Do, (Nagudu and 8. Venkata- patta land. 007, yoars.
pa Nayudu.
Do. s (588) V, Kamaksbhys . | Do. . Do. €42 | 28th May Do,
A 1007,
v (537) R. V. Kuppaswam! | Do, . . P. L. 10°08 | 16th aprll .
Bo. . Alyar, 1907, 1year.

E. L,denotes Exploring License, P, L., Prcspecting License, and M. L, Mining Lease,
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MADRAS—contd.
Date of com-
D1BTRIOT, Grantee. Mineral. N;,:‘::Z Of | Areainacres. [ C 0o oat,
Nellore (683) D. Venkata Rao . | Mica . P. L. 15°82 1¥% ’,A.prtl
Lo. « (639) D. Penchs Nayudu | Do, . RS A A 19°42 lm;m
Do. . (540) P, Balarami Reddi | Do. , N ER A "N 20 lisoeg 7Jum
. . | Unoccupled | 16th April
Do. . (Ealul) A. Raghavalu Nayud Do, . . | BEL Ao mfe ) 1907‘?9
’ lands in the
four taluks.
Do. , (542) J. Krishnaswami Do, . . . E L . Do, lgth fpl’“
Nayudu.
. 1290 | oth May 1007 | - DM
Do. . (543) 2 l(nuhlmmnd Pasi- |[Do. . . . gmlgm_ Y 7
: . L. . | Alllandsat th June -
Do. . (544) T, B. Kantharla . | Coppor . .| B L tho dispoes] ot )
of Govern-
ment in four
villages,
24°08 | 13th June
po e (645) B. V. Kuppuwamsl | Mieh .+ | Sonly 1907
Do. . (546) Do. do. .l po. . R . M L. N 75°76 1st June 1007
) . 7
Do, . (547) Nellore Obulu Reddi.{ Do. . . . P.L . 22°61 5th July 190
Do. . (548) T, Venkata Reddi . | Do. . . L P 1685 ulsgno ’,A.ugult
Do. . (549) X, Guruswami Som- [ Do. . . . | P L . 19°20 113373“1!
ayajalu N .
Do. . (560)  Do» do, .| Do P L . 88°80 Do. .
Mining in 906 | 16th July
Do. . (551) Y. Pichi Redai Do. RN pm.'u o gy
Do. . (552) V. Venkatasubbayyal Do. . . Do, 820 8(1)310 7Au¢'ll‘
Nayudu. i
- Do. (553) K, Krishnaswamy Do. . P L 14 | 18th July
Mudaliyar. 1907,
Do. . (664) Do. do, .|Do. . . .| P L . 12°92 2115% 7Aucult
Po, (555) 7. Pattabhi Rama | Do. . . .| P L. 18-62 | 28th July
Reddi. renewal. 1907.
Do.. .|(56) Do. do. .|Do . P. L 39-32 Do.
- re)
t
Do. . (5567) B. Chenchuramayya{ Do, . Mining in 4 27th Augus
pattaland, ¢ 1907.
Do. . (558) R. Ramachendra Do. . E L .| All occupied zothlse tem-
- Reddt, resorvod and | ber 1907,
unreserved .
lands,

B. L, denotes Exploring License, P, L., Prospecting License, and M. L., Min'ag Lesse,
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MADRAS —concld.
Date of
DISTRIOT. Grantee, Mineral. N‘;r';':t?t A:::‘““f cogl‘:l:tnce- Termg
. C. Ragha Mica . . | Mining in 2°91 16th Septem- | 20 years.
Nellore (659) ghavalu Chetti . patia land. e 19(})‘7- y
Do.. .| (560)R.V.Kuppuswami | Do. N Do. 006 12th  May Do.
Alyar. 1007,
Do. . . | (661) K, Penchala Reddi| Do. P. L. 14-80 18th Novem- | 1 year.
ber 1907,
. .| 62) R. V. Kuppu- Do, . M. L. . 30°08 2nd Septem- | 8 years.
Do ¢ m:aml Aiyar, uep extension, ber 1007, y
Do.. .| (663 Do. do. , | Do. .| M.L 2468 1331307Auaust 30 years.
. . . Do. P. L. 19°79 1st Novem- | 1 year.
Do, (GOA‘X)ya% V. Arthanari ber 1907, ye
Do. . . | (65) K. Guruswami Do. . . P, L. 19°75 8th October Do.
. SBomayajulu, 1907,
Do, . . P.L . 84°80 19th October Do,
Do. . .| (566) K. Lings Reddi renewal. 1907,
Do.. .| (567 P. Venkatarams
Do, . P. L . 36°33 16th Decem- Do.
= Nayudu. renewal, ber 1907.
¢
Do. . o | (568) I Ramaswamy "
Y Do. . .M. L. 4799 18th Janual 307years.
Reddi. extension, 1908, i ¥
Do. . « | (669) R. V. Arthanari ) -
Do. . .| B L Not stated 6th. Decem- | 1 year.
Alyar, ber 1907, yer
North Aroot | (670) J. Erishnaswami | po, ., .| E.L . Do. 11th  July| Do.
e ayudu. . 1007.
Balem . (671) Messrs. G. G. E E. L
Nagarajiah & Co. Corundum ' 10 17:%07. July | Do.
Do. . | (572) Mr. L. Tardival . | Minerals and E L Not stated 9th October | Do.
precious stones. 1907.
Trickinopoly | (578) Mr. A. Ghoso Minerals  and | E. L. Whole of the | 20th October [ Do
mineral oil. taluk ex- 1907,
cluding
inam and
muw
ds,
Vizagapstam | (674 B8r V, V, 8. hite . .| M. L 2650 | 9th  August | 15 years.
Jngaﬂlthl Razu Gur, Grap 1907, o y
r of Kotlam,
etc., Godavari,
Do, . wﬁpsi Ca‘:shnh Ma- | Manganese E. L 054,720 lsghgwAugust 1 year,
Manganese mnjnl:l :

E. L. denotes Bxploring License, P, 1., Prospecting License, and M. L., Mining Lease.
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NORTH-WEST FRONTIER PROVINCE.
. Date of :
Nature of Area in
l?mmcr. “Grantee, Mineral. grant. acres. cor,:g:&x.we- Tormf
\
Peshawar, (576) The Burma Ofl Co.| Petroleum E. L. I Settled por- | 27th  April | 1yean}
Kohas | Ltd. tions of the 1907. P
Bannu and North-West
Dehra Is. Frontier
oail Khan. Province
situated
between
v Long. 69°
72’ and
. Lat. 81°
84’ ex- *
cluding
transborder
tracts Io
which Gov- %
ernment of
Indfa  ex-
ercises 0!
political
control.
PUNJAB, )
Jhelum . | (677) Lala Ganesh Das . | Coal NN f P. L. @ 9th February | 1year.
. 1007,
Do, (678)  Do. do. . Do, . . P°L, . 188 Do. Do.
Do. (879)  Do. do. . { Do. + .| PIL., 205 Do Do,
Do. (580)  Do. do. . Do, ' . P. L . 826 Do. Do,
Do, . {7(581) Punjab Coal Co. . Do, A P L . 700 6th F:ghru.ry Do.
1997,
Do. (53333311'“ Lakhmi | © Do, F P.L . 4079 5th Bebruary
0 1907,
Do, (688) Lala Ganesh Lal Do. . . P. L . 108°6 9th  April Doy
1907.
Do, (684) Do, do, , Do, . . P.L . 145°2 Do. .
Do. (685) Lals Kishan Lal . Do, . , P. L . 41-74 5th Jupe Do.
1
Do. .|®88) Do. d0..| Do . P.L . 61:07" Do, Do,
Do. . | (587) Do, do, . Do. . P.L . 86'81 | 24th  Junme Do,
1907,
Do. .| (688) Do, do. . Do. . P.L . 116-87 Do. Do.
Do, . | (589) Ral Sahib Rocha-
am and Sons, Do. . P. L. 288 218t June Do.
. o 19086.
Renewed
til  20th
June 1908,
Do, . | (690), Do. do. . | . Do . . P, L . 495 Do, . Do.
Do. » | (501) Lala Thaker Das . Do. . .| PIL 82'544 | 8th July
1907, Do,

p2

EVE T S

B. L., denotes Bxploring License, P, L. Prospecting License, and M. L., Mining Lease,
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PUNJAB.
. : . Date of‘
_ Disraior. Grantee, Mineral. N“;r‘;':tf’f Arca fn commence- | Term.
Jhelum (692) Pandit Bhola
. o Nath, Coal . . P, L. 144 31st July | 1 year.
1907. -
Do. .| (593) Do do. .| Do . P L 102°5 Do. Do,
Do, (504) Lala ThakarDas . | Do P. L. 9238 amchtober Do.
1907,
- Do. . | (695) Lala Ishar Das Do. P. L. 164°81 10:%0 ;)ctober Do,
L4
- . Misnwall (596) Lala Thakar Das, | Do. .| PoL 957 23rd October Do,
e son of Lala\Wishen 1007,
‘Shabpur (597) Pir Chan Pir of| Do . P, L. 624 25th  July Do.
L Pail. 1007,
e
UNITED PROVINCES.
. | (598) Mr, B, M, Nash, on | Copper . . PL . 1,067 | 1st June 1 year,
~ behalf of Mr, G.G, 1907,
Anderson, [.:
vl
X 599) Mr. R. M. Nash on Do. . . P. L. 1,017 Do.
Do ¢ be}mlf of Mr;W. J, ’ Do,
Burn,
" Garhwal . | (600) Mr. R. M, Nash Do. . .| [ML 1,195 153 9(())7(:tober 80 yoars.
SUMMARY.
. Prospecting. | Bxplor: Mini
I pptes | Eploros | Mot | Tolorcen
e .
/ Lalachistan . 2 1 8 1
Bengsl . . 4 1 42
- Tombey e 8¢ 62 5 101
: . 4 9 4 5¢ -
Centzal Provinces 186 76 15 a77
4 " Rastern Bengal and Assam 8 . '8’
Madras . . . . . 38 22 27 4 87
' North-Weet Frontler Province . . 1 '
- Puongab . . . 21 - 21
" United Provinces . . . . . 2 1 3
" %otal for each kind and Grand Total, | 368 m o1 600
e 1907
. Totalefor1oo8 . . . 147 4 64 252

E. L. denotes Bxploring License, P. L. Progpecting License , and M. L. Mining Lease,
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CLASSIFICATION OF LICENSES AND LEASES.

TaBLE 39.—Prospecting and Mining Licenses granted in Baluchistan during 1907.

1907.
DrsrricT.
No. Area in acros, Mineral,
Prospecting Licenses.

Bolan 1 160 [ Coal,
Las Pola State 1 . 480,000 | Minerals of ali kinde,

ToTAL . 2 -

Mining Leases.
Bolan . . . 1 . 319°08 Coal
Kalat Bolan . 1 57194 Do.
Kalat Degazi . 2 n Do.
Quetta Pishin. . 1 5189 Do.
Do. . . 2 160 Chromite.

Zaob . . . ' o | o

ToraL . 8

TABLE 40.—Prospecting and Mining Licenses granted in Bengal during 1907,

i

Prospecting Licenses.

Burdwan 1 1,458'5 Coal,
Ha.z?ribagh o e 19 1,047-6 Miea, |
Singhbhum . . . 12 3,865:6 Mangn.mese.

Do. 7 15,4816 Manganese and iron-ore,

Do. 1 1,920 Iron-ore.

Do. . . 1,920 Gold.

ToraL 41 ‘ |2
Mining Leases.

Gays . . . 1 28:26 | Mica

Parr 2.] Horuanp: Mineral Production of India during 1907. -123

TaBLE 41.—Prospecting and Mining Licenses granted in Bombay during 1907.

1907.
Di1sTRIOT.
No. l Area in acres. 1 Mincral.
Prospecting Licenses.
Belgaum . . 2 921 | Manganese.
Bijapur . . 1 1,109 | Asbestos.
Dharwar . . 3 2,207 | Gold.
Do. . . 3 2,637 | Manganess.
Do. . . 1- 1,668 | Graphite and copper.
Do. . . 1 809 | Copper and lead,
Kénara . 19 25,960 | Manganese.
Panch Mahals 3 2,240 Do.
Ratoagiti .« . 1 61 Do.
ToraL . 34
Mining Leases.
Dharwar . . 2 1,626 | Gold.
Panch Mahals 3 528 | Manganese.
ToTaL 1]

TaBLE 42.—Prospecting and Mining Licenses granted in Burma during 1907.

Prospecting Licenses.

Al:;herut . .
Bassein . .
Bhamo .
Henzada

Katha .

1 309 14
1 3,200

2 5,040

2 f 5,120

2 1 30815

Antimony.

Copper, lead, etc.
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. ' . TaBLE 43.—Prospecting and Mining Licenses granted in the Central Provinces during
1907,
1907.
DastricT. - — 1907.
No. Area in acres. Miaeral. o Drvmor,
: No. Area in acres, Mineral.
Prospecting Licenses.—contd.
Prospecting Licenses.
" Katha o ! 13504 | Coal S Balaghat . 45 10,318 Mangenese,
Mandaly . 2 30883 Iron-ure. ' Do. . 1 1,316 Mauganese, bauxite and iron.
Mergui . b 10,5456 83 Tin.
Myingyan . 7 22,202-33 Petroleum. ’ & ‘ Do. . 1 607 Mica.
Myitkyina . 1 6,400 Gold, copper, ;ﬁutinﬁm, eto. Do. . 1 11 Mica, corundum and dolomite.
N. Shan States . . 2 6,400 Silver, lead and allied n.inerasl, Bbandars . 49 14,589:08 | Manganese. '
Do. . . 2 3,200 Copper. 3 Do. 1 57 Mica.
Poakokku 3 4,480 Petroleur. To. . 1 1,300 Asbestos.
S. Shan States . 2 1,280 Coal. Do. . 2 341 Manganese, iron-ore and galena.
Do. . . . 1 1,020 Copper. Do. . 2 513 Mica, corundum and dolomite,
Do. . 1 Not stated Antimony and other otes; Chbindwara . 28 4.317 Manganese,
Do. e e 1 Do. All minerals. Do. . 1 62 Copper.
Tavoy . . . . 2 [ 2,806 Do. “Hoshangabad 2 26,043 Coal,
Thayetmyo . . 1 640 Potroleum . De. . 1 10 Galena.
Toungoo . . 1 3,200 Silver, lead and other metals. Jublulpure . -4 855 Manganese.
Yamethin . . 1 1,280 Do.-- do. De. . 4 7,151 All piinerals,
Do. . 1 204 Bauxite.
Toran , 41 . Nagpur 24 4,247 Manganese,
. Narsinghpur . 1 78 All minerale.,
Mining Leases. ‘ Sangor »  © . . Do
Akyad . . -, 1 %00 Cual. 7 Seomi . . Y 4,848:44 | Manganeso,
Mandalay . . 1 160 | Silver and lead. “ Yeotmal 1 14,050-35 | Conl. o
Mergui . . . . 1 1,9558° 72 Tin. , ' ) ‘ |
N. Shan States . -« , 1 10,240 Silver, copper, lgad and zinc. 186 n
TQTAL . -4 .
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TABLE 48.—Summary of Concessions gramted in Government lands durmg the ¢ 7

years 1898 to 1907. :
! - -
in, . k.
Yonr. Prospeotng | Extloriog (Total. ~.3 ON THE OCCURRENCE OF STRIATED BOULDERS IN THE
Licenses. ‘ BLAINI FORMATION OF SIMLA, WITH A DISCUSSION
_ : ‘ 3 OF THE GEOLOGICAL AGE OF THE BEDS. , By SIR
1898 . . e e e g5 1 86 . T. H. HoLLanp, K.C.LE., D.Sc, F.RS,, Dzrector
1899 . . e | 13 60 \ Geological Survey of India (WITH PLATE 1)
1900 S 61 11 72 HE “Blaini group’’ of strata in the Outer Himalaya of the
1001 . 80 15 104 : Punjab and United Provinces was so named and first described by
_ ‘ H. B Medlicott in 1864.!1 One of the beds in this group was
1902 L . 8 18 106 desoribed as a “ conglomerate’’ ; but attention was not drawn to the
1908 .« . . e e e 84 ' 16 100 ‘ unusual nature of the forma.txon until Mr. R. D. Oldham pointed
W . e e e 125 2 150 ' out in 1887¢ that the term * conglomerate’* used by Medlicott was
o ‘s . 189 1f1ap.propnate: as the fine-grained slaty matrix in.which the boulders
1906 Ce e o lie is often in excess of the volume of the pebbles. Mr. Oldham
1906 e e e e e 21 4’ ’ 252 . concluded that the peculiar characters of the beds could only have
1907 . . . o 539 61" 800 been obtained by the agenoy of floating ice, from which stones of
various sizes originally lying on, or embedded in, the parent glaciers
» were dropped into the silt that was accumnulating in the neighbour-
R ing sea. Oldham mentioned instances of boulders on which there
, were markings, possibly due to glacial action, but he evidently re-
garded these scratches with some suspicion in consequence of the
| L fact that the beds had been greatly disturbed by the earth-move-
ments, and the markings on the pebbles might thus have been
oaused by the movement of the gritty matrix over the surfaces of
the pebbles.®
In spite, however, of the absence of this partmular form of posi
tive evidence, Oldham was of opinion that the glacial theory was’
the only one that accounted satisfactorily for the peculiar characters
of the Blaini boulder-beds. :
Most geological visitors to Simla have probably taken the op-
portunity of examining these beds on the off-chance of finding:
soratohed pebbles, and ill-defined marks are not uncommon. The
boulder represented on plate 1, however, shows the essential signs
of glaciation to an u.umlstakable degree, and may thus be regarded
" - 1 Mem. Geol, Surv., Ind., II1, Part 2, p. 30.

. ' 2 Geology of Simla and Jutogh, Bec. Geol. Surv. Ind., xx
8 Manual, Geol. Ind., 20d Ed,, 1893, p. 133.
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a8 a district confirmation of Mr. Oldham’s views. It measures
20 X 12 X7 centimetres, and the two smoothed faces, approximately
parallel to one another, are scored by deep, well-defined strise, that
form, on one -of the faces espeoially, two principal systems of linea
orossing one "another. The other faces of the stone, which are
in no way smoothed, are- covered with a rusty orust that shows in
seohon at the junctions with the smoothed faces. The rusty orust
wha thus presumably on the boulder before it became subjected to

the process of grinding, and has been filed off to form the two
smoothed and striated  faces.

- Another scratohed boulder, found by Mr. E. H. Pasooe,
measures 53 X 30 X 19 centimetres. Although the striations are quite
noticeable also on this boulder, the additional features of smoothed faces

have not been developed, and the systems of striations accordingly show .
less pronounced constancy. The characters are, however, as well pro--

nounced a8 those generally found in the boplders of a modern moraine.

In his account of the Geology of Simla and Jutoghl, Mr. Old--

ham 'pointed out that two distinot boulder-beds are exposed in the
Simla area; the upper bed, oocourring underneath the bed of mag-
nesian® limestone, being the only one referred to by Mr. Medlicott.
The two beds are separated by about 200 feet: of thin bedded shales’
or slates, which are black when freshly exposed to oconsiderable
depths, but show & peculiar oream-coloured tint on weathered sur-

faces, and are thus referred to by Mr. Oldham as. * bleach slates”’.:

The striated boulders now desocribed were obtained from the lower
bed exposed in a road-outting near the Mayo Institute, Simla.

The late W. T. Blanford appears to have been the first to sus-’
péoct that the Talohir boulder-bed in Orissa was due to ice-action ;®
but it was not till 1872 that striated boulders were found in this
formation, and then .also. the beds were found to be resting on a
grooved and striated floor of Vindhysn limestone in the Godavari
valley.* In this year also W. T. Blanford called attention to the

signi.ﬁdant resemblance between the boulder-bed under the Karroo

P " :
8 Lieutenant-General O, A.m-hon showed that near the Blaini river this bedoon-

about 88, pec cent. MgCOs, while & sample from near Barana contained 838 per
E *(Reo, Geol. Swrv. Ind., X, 1871, p. 210, 313)

.lmﬂod Sure. Ind., L'p. 49 (1850),
‘T‘m Mem. Gool. Sury. Ind,, Ix.nm. 1.5, (1873).
iy
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system in South Africa and that at the base of the corresponding
Lower Gondwana system in India,! while as far back as 1861 Dr.
T. Oldham had called attention to similiar lithological characters in
the coal-bearing systems of New South Wales,® where R. D. Old-
ham® discovered the first striated boulder in 1885.

The subsequent general recognition of glacial phenomena in places
so widely separated as India, Australia and South Africa, at appar-
ently the same geological herizon, gave rise to the idea that the
phenomena were contemporaneous and due to a general refrigeration
of at least this part of the globe. , The correlation of the beds of
obvious glacial origin in these three continents with the Permian
breccias of England, considered by Sir Andrew Ramsay to be due
also to ice-action, suggested the idea that the refrigeration was more
than local.*

The inference that all these glacial phenomena were contempor -
aneous naturally suggested the same age for those occurrences of
apparently glacial boulder beds of which the age could not be deter-
mined by other and independent evidence. Consequently it was
assumed, when R. D. Oldham® pointed out the probable glacial
character of the two boulder-beds in the Blaini formation near
Simla, that these beds must also be of Upper Palmozoic age and
equivalent to the Talchir boulder bed.®

The inference was perfectly natural; one would be justified in
assuming that a phenomenon so unusual as a widespread glaciation
having left its marks on parts of Peninsular India, and in the Salt
Range of the Punjab, was the probable cause also of similar marks
in the adjacent Simla region and Kashmir. And the Blaini boulder-
hed having been accepted as a reliable horizon of known age, the
sequence of strata below and above it in the Simla region became
distributed accordingly along the standard stratigraphical scale ;
those below the Blaini beds were regarded as Permian or older, and
those above Permian or younger.

1 Mem. Geol. Surv. Ind., IX, p. 325,

2 Mem. Qeol. Surv. Ind., 111, p. 209.

8 Rec. Geol. Surv. Ind., XIX, p. 44.

4 H.F, Rlanford: Quart. Journ, Qeol. Soc., XXXI, 1875, p. 530 etsq.: R, D.
Oldham, Quart. Journ. Geol. Soc. L, 1894, pp. 469, 470 : E. Koken, Neues Jaheb f. Min.
Geol. u. Pal,, 1907, pp. 446—5486,

§ Rec. Geol. Surv. Ind., XX, 1887, p. 144,

8 R.D. Oldham, Ree. Geol. Surv. Ind., XXI, 1888, p. 142,
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Novertheless, some of us had felt that the absence of fossils
throughout the great thicknesses of apparently suitable strata in the
Outer Himalayas, and the contrast between these rocks and the
remarkable succession of fossiliferous beds on the Tibetan side of
the central range of crystalline peaks, needs special explanation.
One might rest satisfied perhaps with the assumption that the
unfossiliferous nature of & stratum tothe south of the crystalline
axis is due to some local accident that,did not affect the formation
of beds of the same age on the Tibetan side. Such an accident
might perhaps be repeated even in two or three successive periods
without raising suspicion, recalling even the development of the
well-known Flysch facies among the Cretaceous and Tertiary systems ;
but when one notices that, on the Tibetan side of the snowy peaks,
every period from the Lower Palewozoic to the top of the Mesozoic is
marked by highly fossiliferous strata, while to the south great
thicknesses of strata are absolutely devoid of fossils, one naturally
wonders whether |these two sets of strata do in reahty correspond
in age, whether, in fact, it is possible that the waters in which the
southern beds were formed were always devoid of living beings,

while only a few miles away the ocean always was teemmg with

kfe.

Knowing that in Peninsular India there oocur great unfossili-
ferous formationa certainly older than the Talchir boulder-bed, it
was naturally suspected that the northerly extension of these be-
came caught up in the earth-folds that made the Himalayan range,
and that the unfossiliferous rocks of the Outer Himalayas are but
parts of the Peninsular systems of unfossiliferous rocks, and thus
also pre-Talchir in age.

Bo long as the widespread glaciation of Talchir times was the
only one of the kind known, the presence of a typical boulder-bed
in the Simla section could be produced as a serious stumbling bloek
in the way of those who regarded the Simla rocks as older than
the Talchirs. But evidences of glaciation have since been found
in South China, in Australia, and in South Africa, as well as in the
western part of the Northern Hemisphere, among strata very much
older than the Talchirs.

In China boulder-beds of probably glacial origin were discovered
near Nan-t’ou (31°N; 111°E.) by the expedition sent out under the
auspices of the Carnegie Institution and conducted by Bailey
Willis, The beds occur below the Ki-sin-ling (Sinian) limestone

b

:
“
X
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which elsewhere yielded Lower and Middle Cambrian fossils, and
are separated from the limestone formation by a thin bed of con-
glomerate, not necessarily representing any great interval of time.!

The remarkable development of glacial boulder-beds below the
Cambrian in South Australia has recently been fully described by
the Revd. W. Howchin.?

In South Africa two periods older than the Talchir (Dwyka)
beds are marked by glacial phenomena — that in which the Table
Mountain Sandstone was formed in Lower Devonian, or possibly
pre-Devonian, times,® and the much earlier, possibly even Huro-
nian,* period in which the Griquatown series was formed.®

On the coast of the Varangar fiord in Norway glacial pheno-
mena have been described by H. Reusch and A. Strahan in s
formation occurring below the Gaisa beds, which are regarded as
equivalent to the Lower Cambrian or possibly pre-Cambrian spar-
agmite formation of Central and South Norway.%

Less certain signs of glacial action have been referred to by
H. Hicks as indicated by certain pre-Cambrian rocks of Wales,?
while in the new mining district of Cobalt, North Ontario, A. P.
Coleman has described striated and ‘‘soled *’ boulders in a slaty
matrix forming part of the Huronian rocks.®

When it was generally assumed that glaciation involved a
widespread refrigeration appreciably affecting most, and possibly
affecting, all, the globe, and when the phenomenon was considered
to be a rare occurrence in past ages, naturally there was a ten-

dency to regard such occurrences as probably contemporaneous.

The theory of a world-wide refrigeration is not, however, umiver-
sally accepted, and thus the extra-Indian glacial peds would give
us no reliable clue to the age of the Blaini formation, even if we
had but one pre-Talchir glaciation to consider. We are, therefore,
no more able to give an age for the Simla rocks now than we

1 Research in China: E. Blackwelder, Vol. I, Part I, Chapter XII; B, Willis,
Vol. IT, p. 39 (1807).

2 Quart. Jowurn, Geol. Soc., LXIV, p. 234 (1908),

8 A. W. Rogers, T'rans. 8. African Phil. Soc., XI, 1802, pp. 236-—242 XVI, 1004,
pp. 1-8.

¢ E. H. L. Schwarz. Trans. Geol. Soc. 8. Africa, VIIL, 1905, p. 95.

5 Rogets, Trans, Geol. Soc. S. Africa, IX, 1006, pp. 8,9, Schwarz, Journ. Geol.,
XIV, 1006, p. 685.

6 A, Strahan, Quact. Journ. Geol. Soc., LIII, p, 137 (1897) and literature quoted.
7 Geol. Mayg., 1876, p. 157 and 1880, p. 488—401,
8 Journ. Geol., XV1(1008), p. 149,
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were before the signs of very old glaciation in the Southern Hemis-
phere and South China were known. These occurrences have,
however, relieved us from the obligation of correlating the Blaini
boulder-beds with those of the Upper Carboniferous Talchir series,
and those who maintain that the unfossiliferous strata of the Outer
Himalayas should be correlated with the pre-Talchir unfossili-
ferous systems of Peninsular India have no longer the boulder-bed
difficulty to apologise for. '

A Dboulder-bed has been recognised among the pre-Vindhyan
rocks of the Son valley in Central India, but the positive signs
usually accepted as evidences of glaciation have not been detected
in this formation.! It is impossible, therefore, to accept this as
a suggestion for correlation in the absence of other parallel fea-
tures. Meanwhile, in order to accommodate the great post-
Dharwar unfossiliferous systems of the Peninsula and their probable
representatives in the Outer Himalayas, I have elsewhere® suggested
the group name Purana, on the supposition that these systems
are probably in part or wholly pre-Cambrian in age, and perhaps
the Indian representatives of the great post Huronian, pre-Upper
Cambrian formations so well known from the occurrences in Canada
and the United States.

Summary.

The occurrence of characteristically smoothed and striated
boulders supports Oldham’s conclusion as to the special origin of
the Blaini beds in the Outer Himalaya of the Punjab and United
Provinces.

The recent discovery of glacial boulder-beds much older than
the Talchir-Dwyka horizon in South China, Australia and Africa,
in addition to the evidences of very ancient glaciations in more
northerly latitudes, shows that the Talchir glaciation in Peninsular
India, being only one of many such phenomens, cannot be ac-
cepted as necessarily equivalent to the Himalayan glacial beds.

This conclusion removes the principal objection to the arguments in
favour of regarding the unfossiliferous systems of the Himalayan region
to be outliers of those south of the Indo-Gangetic alluvial plain,
which are known to be pre-Talchir (pre-Upper Carboniferous) in age.

1R, D. Oldham, Mem. Geol. Surv. Ind., XXXI, 1901, p. 152,
2 Prosidential Addrees : Prans, Min, and Qeol. Inst., India, Vol. I, 1906, p. 19,
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The unfossiliferous systems of the Outer Himalayas, and those

of pre-Talchir (pre-Upper Palemozic), post Dharwar (post Huronian)
age in the Peninsula of India are placed provisionally in one group-
distinguished by the name Purana. The systems in this group

cannot be correlated with those of the standard scales of Europe

and America, but they are probably wholly or in part pre-Cambrian.

in age,
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MISCELLANEOUS NOTES.

3 ¢ “l
Note on Jurassic and Triassic fossils from N epal
Mr. F. R. Cowper Reed has recentl i

. y made i
_covery of .fossﬂs from Nepal that have been l;iiglmulz’;r::izzddl's.
21; o:(;)illllectxé);zst l:)f ltl;:a Sedgwick Museum, Cambridge, since 187211:
. g e label preserved with the specimen il
we;e obtained from °‘the Salagrammi Riverpe::::: ml’Hozlllr:ini?m!s’
;;1. were presented by Dr. Wallich to “T. F. C.” presumabl]
a]or-Gene.ra.l T. F. Colby, F.R.S., in 1822. Dr. I:T V% :an?hl{
was Superintendent of the Royal Botanic Gardens -Sib. afr ;
:;15‘41;‘0 '1846, .and, a8 shown by his papers in the ,Traml;:l;t',omon;
'ﬁ-om aﬁa:; 18001Ie1;tyi:f Berfgﬁl, d;scribed various collections of plan:s

. . possible, therefore, i
-obt%::edfthe fossils referred to by ﬁr tlll't:te,d mith the plants, he

e fossiliferous rocks lying to tht; nortl;

" - Iy Of th i
'°n°“fd°°vmd peaks in Spiti and Garhwal have bee: ::‘y;':!hi-::gm.e,
considerable de.t?.ll by the Geological Survey of India® Th o
-currence - of Spiti sl;ales and other Jurassic beds in Easte ?1‘11?:.
ltioa yiél;l sno::sll:e of i:alkklmh'ed was also definitely established rll:y Mrt
. n attac to the Younghusband Mission i .
11::)4~ :.‘1111: re:gmt;or:h ofNJurassic fossils from Mukht?:atllln v:l;si.?l;

‘» north of the Nepalese crystalline peaks, th ’1
filée u: ftl::;l gap and. conﬁrms. the conclusion that :)n :hBe h’;il,:tat:
e o e crystalline axis of the Himalayan range there is a
Sonth ous zone of marine sediments, indicating approximately th
n0: Mlle.\rn 1:;;;1; line of the old Gondwana continent.* v e
o f.ou_nd _ h:; made provisional determinations of the fossils
now four 1&1 e Sedgwick Museum, and points out that the
ot tly all closely related to known forms in the Spitj slmly
o ;5‘;??11 and Gfarlfwal. Two specimens, however hI:we Trias .
J:ra:si ties, and it is thus probable that Triusio’ as well .
1 lc strata occur to the north of Nepal. The Jurassic (U o
urassic) forms include :—Belemnites of. sulcatus Millerslc H(O;ilpt::

1 Geol. Mag., Decade V, Vol. V, p. 256, June, 1908, +

8 0f. Hayden, Mem, @eol. §
quoted.” Pul. Ind., seren XV, Vols, Loy, " Cox 1 et I 1904, and literature

 }
Mem, Geol. Swrv. Ind., XXXVI, Part 2, p, 186, 1907.

" 4 Of. General -
166, 05k Report, G. 8. L, for 1903-04, Rec. Geol, Sury, Ind., XXXII, pp. 188,

“
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Wallichii Gray, Perisphinetes cf. biplez Sow., P. cf. torquatus Sow.,
P. aff. frequens Oppel, P. cf. sabineanus Oppel, Oppelia (Streblites)
of. Griesbachi Uhlig, Parallelodon egertonianus Stoliczka, Nucula sp.
Rhynchonella cf. variabilis Schloth.

Mr. Reed’s discovery clears up the doubts that have long been:
entertained regarding the ° Saligram > question. The name has
long been applied to rounded black stones regarded as sacred by
the Hindus. Some of these are concretionary bodies with nuclei
of Jurassic Ammonites, such as are commonly found in the Spitt
ghales; but many of the so-called Saligrams obtainable in Indian
bagars are black rounded pebbles of various kinds of rocks, and
presumably, therefore, business instincts have given rise to & wider
application of the name, the outward and visible features being’
not always accompanied by the internal structure that is supposed
to be essentially connected with the sacred character of the stone.

Ammonites from the Spiti shales, with and without the con-
cretionary envelopes, have long been brought into India from the-
North-Western Himalayas, and it was in consequence of this fact.
that Dr. W. T. Blanford doubted the Nepalese origin of Dr. J. E.
Gray’s 117ype-spe~cimens, #aid to have been obtained from °Sul-

anees.' ,

Dr. Blanford thought *Sulgranees”’ must have been & mistake-
for  Saligram,” and that the Ammonites had been obtained:
from the North-West, where similar Ammonites were known in
the Spiti shales. It now appears from Mr. Reed’s discoyyy,
that Spiti shale Ammonites were undonbtedly obtained from the north
of Nepal, and, as pointed out by Lieutenant-Colonel Wilford,2 the-
river Gandak, which rises in Nepal, is locally known as the ¢ Sal-
lagramma *’ because of the stone of that name found in its bed.
The specific names given by Gray, A. nepalensis and A. Walli-
chii, generally agree with the labels preserved in the Sedgwick
Museum in indicating that Gray’s specimens were obtained from
Nepal through the agency of Dr. Wallich, while Mr. Hayden’s-

work further east in Tibet shows that the Spiti shales are oon-
tinued in that direction on the northern flanks of the crystalline
peaks, and are thus almost certainly to be found also to the north

“of Nepal.

1 Proc., qud-, Soc., V, 1808, p- 845, and Ree. Geol. Surv. Ind., XXX\I. 1904, P 46..
2 Tyans, Ae, Soc. (Beng.), XIV, 1822, p. 415.
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. The fossils obtained by Mr. Hayden from the crushed rocks
regarded as probably Triassic in age in Eastern Tibet could not
be identified, even generically, and it is thus not possible to corre-
late these with the Triassic fossils recognised by Mr. Reedin the
-collections from near Mukhtinath in Nepal.

T. H, HOLLAND.
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THE TERTIARY AND POST-TERTIARY FRESHWATER DE- .

POSITS OF BALUCHISTAN AND SIND WITH NOTICES
OF NEW VERTEBRATES. By Guy E. PILGRIM, B.SC.,
F.G.S., Geological Survey of India. (With Plates 2, 3
and 4.)

INTRODUCTION.

OR many years it has been usual to group all the Tertiary
freshwater beds of India, in which
bones have been found, under the
general designation of Siwalik. At the
same time they have broadly been spoken of as Pliocene, with a
corollary, often feebly expressed, that the basal beds of the
series probably date back into the Upper Miocene. The apparent
admixture of Oligocene, Miocene and Pliocene species has been
a puzzle to many, but has for the most part been explained
away by assuming that in tropical climates the older species
survived after their extinction in the Temperate zone. As long
ago a8 1876 Lydekker was fully cognisant of the older facies
presented by the vertebrate remains of Sind and Baluchistdn, but .
he seems to have been prevented from assigning to the beds an
age corresponding to their fossils by the consideration that the
marine Gaj, which directly underlay them, was accepted without

, question as Upper Miocene. Now that
vie‘:vsr:gzisg:ry?t former ;i 15 been settled that the age of
’ _ the Gaj cannot- be newer than
burdigalian, such an objection no longer exists and we ave in
a position to consider the age of this fauna fairly, and on its

© PWR merits, o
W,

Previous. ideas on the
Siwalik series,

¢
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the Records® the present writer sug-
gested, mainly on palwontologlca}

The present Writer’s grounds, that the beds in the Bugti
contribution to the hills, from which a small collection of
question. both vertebrate and invertebrate fossils
had been made, was older than the Siwalik and pro.bflbly con-
temporaneous with the marine Gaj of Sind. A visit to this
country in the early part of this year has enabled me to settle

the point definitely.

In a recent paper in

At the time when I wrote my previous paper I was under
the impression that all the fossils had been found‘ in the same
beds. It appears however that Tetrabelodon angustidens, T. pan-
dionis and T. falconert are not associated with the anthracs)th.ermd
fauna and the mollusca of which Blanford wrote descriptions ;
but an unconformity occurs between the two scries of strata.
As will be shown further on, the older of these two fmu-ms
may be regarded as aquitanian in age and the younger, Whl.ch
is truly Lower Siwalik, as garmatian—with a possibility of 1t8
being even older than that.

The results obtained as a whole are interesting, and it is
with the object of making them known that the present paper
js mainly written. In connection with them a general review of
the whole set of freshwater deposits met with in Sind and
Baluchistin may not be out of place.

It is certain vhat in the Bugti hills there exist four d.lstm(.)t
: freshwater deposits, each of which 18
The existence of fonr .. nformable to the others, Three
freshwater Series in Sind of them show more or less sign of

and Baluchistdn. disturbance and two of them are

ossiferous. The fourth consists of horizontally-bedded gravels
and conglomerates, which probably date from' the Pleistocene,
but as they give no definite indication of their age theyh may
be generally referred to here merely as Post-Term?ry. Ad e;ng
to previous nomenclature these may be named in descending

order :—
1. "Post-Tertiary. 3. Lower Siwajlik.
2. Upper Siwalik. 4. Upper Nari.
e
3 Rec., Geol. Surv. Ind., XXXVI, p. 45

5y
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This classification also holds good for Sind and other parts
of Baluchistdn, although in Sind a marine formation occurs be-
tween the Upper Nari and the Lower Siwalik, while an upper
division of the Lower Siwalik seems to be added, which may
be known as Middle Siwalik. '

UPPER NARI.

The Upper Nari series of the Bugti and Marri
country,

Before dealing with the palwontology it will be convenient to
first .describe the beds generally and give an account of thejr
stratigraphy.

T.he ossiferous Upper Néri series of the Bugti country attains
a thickness of 1,000 feet, the rocks are subject to considerable
lateral variation, and it is often difficult to trace any particular
bed for more than a short distance. As it happens, the same
fossil species occur at different horizons, so that i,t has been

Lithologieal character. fou'nd impracticable to regard the
series otherwise than as a whole. It

of sandstones, which are often of i
‘ ) vari-
ous bright colours. They pass here and there into red arl;ld

yellow Sf.md}f clays, The sandstones differ from those of the
L(.)wer .Slwahks by their coarseness. They are frequently true
grits w1th. numerous quartz pebbles of the size of & pea,y Bed;
of concretionary iron, sometimes conglomeratic in characte.r and
sometimes resembling laterite, are common. Ferruginous conglo
merates are particularly well developed in Puli nala, north of Dger;
Bugti, r}ear_the base of the series, where some 206 feet of them
ocour with intercalated sandstones. Beds of an almost pure white
sandstone containing lenticular bands and patches of pbla,ck or
dark red ferruginous matter occur. These standstones, are in some
places soft and form well rounded ridges and hillocks, lookin:
like ‘sandhlllsz and occasionally actually covered wi’th :somg
quantity of drift sand, while in others they are harder and resis:t3
Yveathenng. O.ne type is exceedingly characteristic of the series—
in the DBugti area at all events. In this the sandstone h

!)een hardened by some concretionary action along branches or
in knobs, 80 that the result of the weathering of the g ftor
gandstone in between has been to produce a surface whic}(: ‘(;:

B2,

consists for the most part
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. honeycombed by ramifying passages or 'pits. 'Ithis bed f(')rms. th‘e
top of scarps and, as it occurs rather high up in .the series, ‘tthm
generally one of the. fist beds to be recog.mzt.ad when A:
boundary between the Lower Siwaliks and.the N 61_15 is crossed.
exceedingly characteristic form of concretion consists of numerous
quartz fragments, up to the size of & pes, either well rounded 0;
gomewhat angular, cemented with and entirely coated by d{;rk re
iron oxide, and aggregated into spherical masses of all sizes up
to that of a man’s head. These beds
Lithological differences ,n the whole are readily distinguished
from the Lower Siwaliks, ¢\ 4y, Lower Siwaliks by the much
coarser nature of the sandstones, the abundance of small quarts
pebbles, and the frequency of ferruginous banfis, as also by
the absence of the calcareous pseudo.conglomeratic s.a.n'dstone and
the “pepper and salt” sandstones 8o characteristic of the
Lower Siwaliks. It may be noted that some 100 fee?t above
the base of the Néri series in the Bugti area a massive sand-
stone is found with conglomerate beds that bear some resemblance
to the Lower Siwalik basal concretionary bone conglomerates.
They contain however more ferruginous matter and oocasionally
contain oysters but no bones. . ;
" The pebbles contained in this bed and elsewhere in some o
the Néri conglomerates are none of
Pebbles, whence derived, 1., of limestone, but are either .of
sandstone or quartzite, and can often be recognized as having
been derived from the sandstones of the Cretaceous.
At an horizon, which is not quite cfonsta.ni}:), bui; X w;ﬁ:
700 feet above the
Freshwater shell beds. f)rfomthgooNét:i, is a zone of freshwater
shell beds. These shell beds seem to mark the former sites of
ponds or swamps. Ripple markings have been noticed on some
of the sandstones near these shell beds at Gandoi, Al{band and
Singsila.  Paludina bugtica Blanf. is the chief .fossll, almost
entirely making up the substance of a band of hmestor}e some
6 inches thick. At Kumbhi and Iliasi the shells occur in more
scattered fashion either in the coarse sandstones or in conglomerates.
Melania occurs in the former, Unio in the latter.
Silicified tree trunks of exogenous wood occur in great abundance
in the yellow sandstones at a horzon
Fossil woods.  * gome 300 feet above the base of the series,

l .
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Fossil bones and teeth are met with at various horizons, from
the base of the series wup ‘to within
100 feet of the top, on either side
of the Zen range south of Dera Bugti and the Sihaf valley,
particularly near Gandoi and Kumbhi which are situated on the
same meridian on exactly opposite sides of the range. They are
also found, but less abundantly, at one or two places further
eastward, Khajuri, Pakti, Abband in the Shori nala. They have
not been discovered north of Gandahari hill, in the outcrop
which runs to Dera Ghazi Khan, nor in any place north of the
Sihaf or Dera Bugti valley. Unfortunately, though well pre-

served, they are for the most part isolated fragments of
small size,

Vertebrate remains,

It is probable that at the base of the series there every-
where exists & marine band representa-
tive of the top of the so-called
Lower Nfri, that is to say, the highest horizon of the stampian.
It is recognized by the occurrence of Nummulites intermedius
and Pecten sp. These fossils occur sometimes in one or more
bands of brown limestone some 3—6 feet thick producing quite
a feature on the landscape, but in other places nummulites
and Pecten are in a loose sandstone, while in other places again
the nummulites are absent and Pecten sp. alone is found ;
and, lastly, the same peculiar greenish-brown sandstone rests on
the Khirthars, perhaps only one or two inches thick and con-

taining either no fossils, or only poorly preserved Pectens found
after a prolonged search.

Marine stage at Dbase,

In Dakko nala some 5 feet, thinning away to a jew inches,

of yellowish to greenish sand or sand

Dakko section, gshale lies directly on the Uppe};
Khirthar limestone. This passes into brown Néri limestone,
Above this are characteristic reddish-brown shales with an inter-
calated bed of brown sand, all containing sabundant gypsum
and ferruginous matter. Above this again is a 2-foot band of
hard Néri limestone with numerous nummulites. Lying on this
is a ferruginous sand and a very hard sandstone simulating «
quartzite in places. This last is very characteristic of this zone

in the Bugti hills. All these beds dip perfectly conformably
to the Khirthars. '

L3

[
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In Kisharik nala north of Dera Bugti a 4-inch .peb.ble bed

with well rounded nummulitic limestone

Kisharik section, pebbles lies on the Khirthar limestone.
This passes up into a greenish argillaceous sand with numerous
Nummulites intermedius.

At Kumbhi Nummulites intermedius occurs in a pebbly sand-
stone, while a 2-foot band of brown
limestone  contains nummulit_es and
Pecten sp. along with numbers of Echinolampas radukensis Dune.
and Slad. n. var., which passes imperceptibly above and below
into a yellow sandstone. .

Between Khajuri and Shori nalas I have traced continuously,
along the Khirthar boundary, a soft
yellowish-brown sandstone witl.x .blac.;k
specks, varying from 2 inches to a foot thick, containing n
one place N.intermedius, Pecten sp. and Pecten sabsiriatus D*Orb.
and several sharks’ teeth, and below them a gyi)lsiferous 1:}’61;

; ; ith vertebrate bones. Along most O
Bones in the marine baud, :,vhe outcrop, however, Pecteﬁ alone is
found associated with three species of Ostreas, one of which my
colleague, Mr. E. W. Vredenburg, has identified with the Néri
form of Ostrea elejans L. This band passes up into red clays
and sands with ferruginous bands laterally passing into white
sand with lenticular ferruginous masses.
Here are found abundance of Reptilian
and Chelonian remains, Proboscidean
and Rhinoceros bones and teeth, Brachyodus sp. fmd Anthraco-
therium bugtiense accompanied by the same species of oyster.
Locally a ferruginous conglomerate replaces the basal brown sand.
Other places where the same association of oysters and vertebrate
remains occurs are Pishi mala, S. E. of Dera Bugti and abQVG
Gujru nala near Pakti Basal beds of a similar lith?loglcal
character have been found almost everywhere directly lying on
the Khirthars, though both marine and estuarine fossils appear
to be frequently absent. It is, therefore, evident that & marine
stage occurring at the end of the stampian was gradually succeed-
ed by estuarine and finally by freshwater conditions as the land rose.

The series is overlain by characteristic red and grey clays of

the Lower Siwaliks, with which are soft

Upper Niri overlain by crymbly sandstones having numerous
Lower Siwaliks. interbedded conglomerates of a concre.

Kumbhi section,

Khajuri section,

Oysters associated with
the vertebrate fauna,

<
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tionary nature abounding in pellets of limestone and red clay.
These beds invariably occur at the base of the Lower Siwaliks
in Baluchistdn and Sind and are always ossiferous, though the
fossils are generally very badly preserved.

The distribution of this series may now be noticed. Well

devel
Distribution of Upper eveloped both north and south of

Néri in Baluchistdn, the .Sihaf p)zzmin, it attains almqst its
maximum thickness at Gandoi and
- Kumbhi,

It dies away going westward on both sides of the Zen range
and some 22 miles west of Kumbhi and Gandoi the charac-
teristic red clays and concretionary standstones of the Lower
Siwalik rest directly on the Khirthars, An outlying patch of
both the marine as well as the fresh.
water stage occurs at Bibinani near
Quetta, To the eastward of Dera
Bugti it thins out. North of the Sihaf plain' the series dies
out a few miles west of Singsila. Both north and south of the
Kahin plain the Upper Niri beds are exposed, though on the
southern side they are mostly concealed by the Upper Siwaliks.
They die out near the town of Kahfn. From Gandoi the series
extends to the eastward, bending round to the north and
throwing out a few outlying patches connecting it with a large
outlier between Gandahari hill and the Sham plateau, where
the series perhaps attains its maximum thickness of 1,000 feet.
The main outcrop continues uninterruptedly to some distance
north of the latitude of Dera Ghazi Khan where Blanford had
observed these beds and mapped themas Upper Néri, but had
failed to recognize their identity with the ossiferous beds of
Dera Bugti, Still further north, LaTouche, examining the Sherani
hills near Dera Ismail Khan, found no trace of these Nari
sandstones between the Lower Siwaliks and the Khirthars,
Mr. G. H. Tipper, however, during a hurried visit to the same
area, recognized a representative of the marine brown limestone
resting on the Khirthars,

It is an important fact that in the large area mentioned
above between Gandahari hill and the
Sham plateau, where the Nari series
18 very thick, there is no trace of
Lower Siwalik in contact with them, although there is good

Overlap of Upper Nari
by Lower Siwaliks,

Absence of Lower Siwa-
liks at Gandahari,

3
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evidence at Gujru and elsewhere of the unconform&bl.e
deposition on them of the Upper Siwalik boulder bed. It 18
evident, therefore, that during the Lower Siwalik period, at
all events, and probably for some time previous, deposition
stopped over this area. No marine deposits are found, and the
country may bhave existed as high ground, a theory which 1s
supported by the fact that the beds are certainly much more
greatly disturbed than I have noticed to be the case elsewhere.

It is clear, therefore, merely from the local stratigraphical
Stratigraphical uncon- ©vidence as stated above that there
formity between Ui)‘l‘el' is an unconformity between this series
Nfri and Lower Siwaliks, and the Lower Siwaliks.

South of Dera Bugti at the top of the series, above the
coarse sandstones and immediately below the Lower Siwalik
clays, occurs a sandy limestone or sandstone often variegated
with ferruginous bandings. This bed would have suggested no-
thing to me if I had not seen the country near Sehwan in
Lower Sind, which I shall now briefly refer to.

Near Bhagothoro, some 16 miles south of Sehwan, occurs a
series of beds mapped as Upper Nari
Jestion astmfhmthom by Blanford, and undoubtedly exhibit-
) ing only a slightly different facies
of the typical Néri sandstone of Sind. These beds correspond
lithologically almost exactly with the Néri series, which I have
just been describing in Baluchistdn, though no trace of a
vertebrate fossil has been found in them, any more than in
the N#&ri sandstones throughout 8ind. But one harder band
of calcareous grit near the top contains marine fossils of a Gaj
type and. above this occurs the sandy variegated limestone
which 1 have mentioned above, only here containing Placenta sp.
and the typical Ga) fossils Ostrea angulata, Sow., and O. lati-
marginata, Vred. A few other oyster beds lie above this,
and immediately above them are the typical Lower Siwaliks,
with clays and concretionary bone conglomerates.

In the Bugti country no marine fossils are known with cer-
tainty to occur here, but Blanford

Possibility.of a marine entions estuarine species &t about
%t:ﬁematﬂgwnt:gﬂo;lﬁ:e this horizon, and at Iliasi I myself
, ound a cast of a shell which is
quite different from Paludine bugtica, Blanf., and may be =

e

)
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Natica. This bed overlaps all the others beneath it, and is

itself overlapped by the Lower Siwalik. It seems, therefore,
very probable that here, as has been shown to be the case
in Sind, the freshwater conditions of the Upper Nari were
followed by & marine transgression. In most of Sind the con-
spicuous Ga) stage follows, accounting for a thickness of some
1,500 feet. This is scarcely represented either at Bhagothoro
or in the Bugti hills, and may have been deposited in neither
area.
This section at Bhagothoro also makes it certain that the
series we have just been considerin
b eﬁge of the Bugti bone in Baluchistdn represents in the mahgl
the Upper Néri of Sind, and stops
short at least at the beginning of the Gaj, so that we may
salely speak of it as aquitanian,
The Upper Néri series of Sind reaches a thickness of 4,000
to 5,000 feet. Many of its beds are
0;3&;} pper Néri series variegated sands, coarse gritty sand-
stones  with ferruginous bands and
conglomerates very similar to the beds in the Bugti hills, but
the mass of it consists of a grey rather soft sandstone with
brown pale ferruginous markings. Beds of this character occur
in the Bugti hills at the base of the series, but it is in the
greater thickness of these sandstones that the typical Sind area
differs from Bhagothoro and Baluchistin, A gradual passage
is traced from the Lower Néri (stampian) brown limestones into
the freshwater sands, beds containing Nummulites intermedius
being found 500 feet above the base of the sandstones.
The series passes upward gradually into the marine Gaj.
These beds in Sind have proved entirely destitute of verte-
brate .rema.ins, the only fossils noticed being obscure plant
impressions, '
The following is a list of the species which comprise the
fauna of the Upper N4ri freshwater
sel; ?c:ls'.m of the Upper Néri series. As has been stated, the series
in Sind is unfossiliferous ; therefore the
occurrence of these fossils is at present confined to Baluchistén,
The invertebrates have already been described by Blanford !
with the exception of one new species of Unio. . It has been

1 Menm., Geol. Surv. Ind., XX, p. 129, 1883.

B
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thought better to delay the publication of full descriptions of
the vertebrates, as the Rhinocerotide have not been fully ex-
amined and drawings of all of them have yet to be executed.
These will, therefore, appear later. In this paper I shall only
indicate briefly the affinities to and distinctions {rom the nearest
known species.

b}
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Perissodactyla.
‘Macrotherium ndricum 1. sp.
Aceratherium  blanfords  Lyd.

Rhinoceros sivalensis var. gajensis Lyd.
Rhinoceros sivalensis var. intermedius Lyd.

Mollusca,

Melania pseudepiscopalis Blanf.
Melania gradata Blanf.
Paludina bugtica Blanf.

Unio wicary: Blanf.

Unio cardiiformis Blanf,

Unio cardiiformis var. Blanf.
Unio cardita Blanf.

Unio pugtunculus Blanf.

Unio n. sp.

Reptilia.

Crocudilus bugtiensis n. sp.
Crocodilus ndricus n. sp.
Garialis curvirostris Lyd. n, var.
Chelonian remains, various.

Artiodactyla.

Anthracotherium bugtiense Pilg.
Anthracotherium mus n. sp.
Brachyodus hyopotamoides Lyd.
Brachyodus giganteus Lyd.
Brachyodus bugtiensis Pilg.
Brachyodus longidentatus n. sp.
Ancodus ramsayi n. sp.
Hemimeryx speciosus n. sp.
Telmatodon bugtiensis Pilg.
Gonotelma shahbazi n. gen, n. sp.
Cheromeryz grandis n. sp.

" Bugtitherium grandincisivum n. gen. n. sp.

Palaocheerus affinis n. sp
Prodremotherium sp.
Progiraffa exiguus n. gen. n. sp.

Rhinoceros sp. afl. perimensis.
Rhinoceros n. subgenus.
Amynodon sp.

Proboscidea.

Dinotherium ndricum n. sp.
Tetrabelodon crepusculi n. sp.

Carnivora.

Pterodon bugtiensis n. sp.
Pterodon sp.

Amphicyon cf. major Blainv.
Cephalogale shahbazi n. sp.

Crocodilus bugtiensis.—This species undoubtedly comes nearest
to C. paleindicus amongst described species. The expansion at
the 9th tooth is even greater than it is in C. palwindicus. It
differs from that species by the extraordinarily nodose sculpture,
especially in front of the orbits and on the nasals,

Crocodilus ndricus.—The surface of the cranium of this species
seems to be quite without the nodose . irregularities of C.
bugtiensis. It approaches C. palustris, but is easily distinguished,
(1) by the greater width of the interorbital bar, (2) by the
rapid narrowing of the cranium in front of the orbits, (3) by

_the small size of the supratemporal vacuities.

Garialis curvirostris Lyd. n. var.—Amongst the Bugti collec-
tions are numerous specimens of the cranial rostra, in which the
maximum diameter of the premaxillaries varies from 75 mm,
up to 160 mm. The smaller ones seem only to differ from @.
curvirostris type by the slightly greater expansion. of the pre-
maxillaries and a greater interval between the 2nd and 3rd teeth.
The amount of the upward curvature varies, as also does the
relative expansion of the premaxillaries. The larger forms approach

s

3
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G. pachyrhyncus Lyd. although the premaxillaries are never
expanded to the extent that they are in that species. It is
probably to be regarded as the ancestor of both G. curvirostris
type and G. pachyrhyncus. All the specimens show the absence
of a connection between the nasals and the premaxillaries, which
character settles the generic positior of the species. It is note-
worthy, however, that a fine specimen of a mandible indicates
that this Garial possessed 18 teeth, 14 of them being in the
symphysis. This small number of teeth shows an approximation

to Tonistoma, but there is no enlargement of the Yth tooth, as .

is the case in that genus.

Anthracotherium bugtiense.—Further material belonging to this
species has been obtained, amongst it being a very large mandible
showing that this Anthracotherium must have attained an enor-
mous size, exceeding that of other known species.

Anthracotherium mus.—This species is represented by a mandible.
It is smaller than A. silistrense and differs in the lesser develop-
ment of the outer cingulum.

Brachyodus giganteus Lyd. and Brachyodus hyopotamoides Lyd.—
The fairly extensive material at my disposal has enabled me to
confirm Lydekker’s creation of two species to receive certain upper
teeth and mandibles of equal size and showing such resemblances
as to lead many palmontologists to call into question the correct-
ness of their separation. I have, however, found myself unable
to refer either of them to the genus Anthracotherium, both on
account of the less rounded nature of the columns of the upper
molars, the less complete separation of the mesostyle, and the
shorter mandible baving the four premolars close together and
a diastema between them and the canine. The following charac-
ters will afford a diagnosis of the two species.

Brachyodus giganteus runs to a greater size than B. hyopotamoides.
Cranium high and broad, flat over the nassls, Upper molars much
broader than long, with a protostyle pronounced, but compressed
antero-posteriorly. Mandible very deep and massive but short, with
molars broader in proportion to their length than in B. hyopo-
tamoides. Talon of last lower molar with a single cusp. Lower
canine elgngate-oval in cross section.

Brachyodus hyopotamoides.—Cranium low and elongated, rounded
over the: nasals. Upper molars scarcely brosder than long.

.
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Pretostyle not compressed antero-posteriorly. = Mandible shallow
and rather slender with molars relatively longer than in B,
giganteus. Talon of last lower molar with a double cusp.
Lower canine circular in cross section.

Brachyodus bugtiensis.—The mandible figured in Rec., Geol. Surv.
Ind., XXXVI, part 1, p. 45, under the name Telmatodon
bugtiensis, must now be considered as that of a Brachyodus.
Rather better mandibles have come to hand, but no upper teeth
(see also page 152).

Brachyodus longidentatus is smaller than B. giganteus and B,
hyopotamoides and also than B, onoideus Gervais, The 5th
cusp is well indicated and a clearly defined series of wavy stris
adorns the whole surface. It is distinguished from all other
species of Brachyodus by the teeth - being much longer than
broad. A broad cingulum surrounds both upper and lower
molars. The mandible is short and slight. The four premolars
are close together and there is a diastema behind the canine.
The lower molars have sharp cusps and are rather more
hypsodont than is usual in the genus. The talon of the last
lower molar has a single cusp.

Ancodus ramsayi.—A mandible having rather hypsodont teeth
with perfectly smooth enamel, broad transverse valleys, sharp
V-shaped outer crescents, and prominent posterior cusp to the last
premolar is referred to this genus. It may be compared with
4. bovinus Owen though decidedly differing from that species,
by the relatively narrower teeth, by the much broader cingulum,
especially anteriorly, and by the complete absence of any sculp-
ture on the enamel,

Hemimeryz speciosus.—The wupper molars of this species ex.
hibit resemblances to Hemimeryz blanfordi Lyd. from the Lower
Siwaliks of Sind and ‘to a small tooth from Kushélghar, in the
Punjab, described by Lydekker under the name Merycopotamus
pusillus.

In all three species the transverse valley is more or less open,

there is no trace of a O5th tubercle and a prominent cingulum
exists on all sides of the teeth.

It seems likely that they should all be referred to the same
genus. Neither o.f them agrees entirely with the type species of
Meryoopotamuq either in the open character of the transgversge
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valley or in the folding of the protostyle, mesostyle and para.
style over the outer surface of the protocone and metacone.
Merycopotamus pusillus approaches it most nearly in the former
respect and Hemimeryr blanfordi in the latter. This species
differs from Merycopomatus in both particulars.

The mandible is slender and has a very pronounced groove on
its under side beginning under the last molar and extending back
to the angle. There is a deep descending flange as in Meryco-
potamus dissmilis. The talon of the last lower molar has &
single cusp. A prominent cingulum is present and the surface of
the teeth is decorated with wavy strie. The present species is
slightly larger than Merycopolamus pusillus and much smaller
than Hemimeryx blanfords.

Telmatodon  bugtiensis—Further material has convinced me
that the mandible referred provisionally to this species in Rec.,
Geol. Surv. Ind., XXXVI, part 1, p. 54, is not only too small
to be associated with the upper molars of 7. bugtiensis, but
differs from them in the nature of the sculpture on the enamel
(see also page 151). It may be remarked that the weathering of
these specimens may give one a totally false impression as to
the character of the sculpture, if the number of specimens is
small,

In my - collection are several mandibles which are rather
bunodont, very slender and elongated, with long premolars in a
continuous series and canines circular in cross section with
a diastema behind them, These show a sculpturing of the enamel
which exactly agrees with that on unweathered upper molars of
Telmatodon bugtiensis. They also correspond in size to the upper
molars and may reasonably be placed here. The mandible erro-
neously referred to Telmatodon is now considered to be a species
of Brachyodus—cf. p. 151,

Gonotelma  shahbazi.—The upper molar on which this new
genus is founded exhibits characters which approximate to those
of Telmatodon. 1t is very much smaller, being 22 mm. in length and
23 in breadth. Whereas the 5th tubercle in Telmatodon is hardly
at all indicated, in the present tooth it is very distinct though
small. The outward slope of the inner surface of the inner
columns is less than in Telmatodon, The cingulum is more pro-
minent and passes round to the inside of the tooth, Two or

L]
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three tubercles are present at the entrance to the transverse
valley.

A mandible almost certainly belongs to this species.

Chasromeryx  grandis. —This species is larger than C. sindiense
Lyd., but is otherwise very near to: it. The median external
loop is more prominent and the external cingulum better marked
in the Bugti species.

A very distinct resemblance is also noticeable to some specimens
of Hyoboops palmindicus.

Bugtitherium  grandincisivum.—The present genus is founded
upon two fragments of the skull, one of which was referred to
in Rec., Geol. Surv. Ind., XXXVI, part 1, p. 45. They are
both identical and embrace portions of the maxillaries and pre-
maxillaries. They are figured in Plates 2 and 3. On both of them the
crowns of the teeth are absent. I have however found several
isolated teeth, incisiform in shape, with large roots, which may
be referred with reasonable probability to this species. The
larger fragment is 329 mm. long and extends back to the
alveolus of the 3rd premolar. The face must have been extra-
ordinarily elongated, mainly due to the large size of the incisors,
because the diastema between the canine and the 1st incisor is
not great, and behind the canine the teeth succeed each other
in continuous order. The suture between the maxillary and pre-
maxillary is well shown and enables us to differentiate the teeth.
The 1st incisors are enormous. Their alveoli measure 38 mm.
in diameter, but they were not excessively deep-rooted considering
their size. The alveoli of the 2nd incisors measure 45 mm. in
diameter. Their roots were long and curved and extended back
almost as far as the canine, I have isolated teeth of which
the diameter of the root is 55 mm. The 3rd incisor is small,
The diameter of its alveolus is about 25 mm. The canine was
either donble-rooted or the root was so excessively constricted as
practically to be termed so. The long diameter of its alveolus
is 43 mm, and the short diameter 24 mm,

The 2nd and 3rd incisors and the canine are almost in one
line, the diameter of this portion of the skull being very
slightly greater opposite the 2nd incisor. TIts breadth at the 2ng
jncisor is 152 mm, Behind the canine the palate contracts, ang
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i i ithin the inner edge of
ining teeth lie almost entirely within the 1 e o
:lﬁ: !:E?nu:ngThee following are the dimensions of their alveoli :

Length. Breadth.
24 mm.
1st premolar . . . . 49 mm. o
2nd do- . . . . 46 ”» ”

d
ip of the snout has a strong protuberance above an
betvf:een :LPe front incisors.  The distance.between the tip of 'It‘::
gnout and the anterior palatine foramen i about 1(:10 :}fm .
premaxillary crest ascends only very slightly an e
“evidently a free surface for some distance ~posterior y,d e
the nasals did not articulate w1t1'1 the prem:?nllanfes gn palat,ine
only slightly with the maxillaries, Remains of the pa.latine
D e e pava. The. palate nawrows s for 88 tho 310
foramen into two parts. e pa . o
i is i bly expands again. From
premolar; behind this 1t proba . gt oenin. o e
anterior palatine foramen two mndges run ! : he
i . On the outer side of each ndgfa is a deep
;;(})(:)vzi v:;llizhpzzﬁinai?es opposite the 2nd premolar :‘1}11 8 ;:?:ﬁz-
osite the 3rd premolar is another
g:ri:,nx::n.fom(l;lfenf.air?;pfrequent occurrence are exampleshof a.l ::iﬁ:
incisiform tooth, of a size cot‘r}rlespo;ﬁ;;xgdexa,c':;;)le}:1 toabzvz 8 vIt; ”
incisor tooth in the 8 escri .
::m::vixaznadnthracotheroid in general character, b}1t a8 th}e: la:gefli{
species of Anthracotherium does not possess mcls;r tezten ?ound
~ approaching these in size, and as nothing elsl?1 ;s esgociated
in the Bugti hills with which these teeth cou e & . me,
}Itl is almost certain that they are to be referred. to the ssh
: ecli‘:s as the skulls of Bugtitherium. The tootl} is longer t. a‘l;
g‘o&d, sub-conical, and broadly speaking tr'xgonal in sh;pe, ;ho:lil;t-
the external angle is well-rounded: It points forw%r . alx.l L
ward so that the posterior e"i(fe ‘1: 88 m(\lllcel:1 :;st 33, l1)1;:(:110f e
i On the inner side it is girdled
Zl:zwzerlt;;‘rmi strong crenulated cingulum, which does not extend

to the external side, but culminates posteriorly in a prominent .

iorly in another tubercle situated on an
tl{;er(:‘eﬂa:ninda?:;}::gtal area which bulges out frozq the antero-
flt,emal corner of the tooth, Two well.marked ridges run 1n
. lf:on? and * behind the tooth from the apex to the bass. T!l::
lane of these ridges does not divi.de t.;he tooth into two :ﬁ o
El,etrical portions, The external portion is much the larger a
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strongly convex. The internal portion is much the smaller and
is only very slightly convex, The posterior ridge terminates in a
prominent tubercle a short distance below and on the inner side
of the posterior cingular tubercle, while the anterior ridge dies
away on the protuberant antero.internal area mentioned above.

There are some broad somewhat obscure puckers in the ena-
mel, running down vertically from base to apex—about 6 or 7
on the outside and 2 or 3 on the inside of the tooth, Beyond
‘these the enamel is perfectly smooth and unsculptured and is
only scored by the numerous concentric lines which are to be
observed on many teeth and are specially noticeable in’ the case
of the Rhinocerotid family.

The following are the dimensions of the specimen figured in
Plate 3, fig. 1 :—

Height . . . . . 67 mm,
Maximum diameter . . . . . . 88
Minimum do. . 42

’”

The foregoing description and the plates will T hope enable the
characters of these specimens to be wunderstood. They clearly
represent something new, but beyond stating that their affinities
are distinctly suine and possibly anthracotheroid, as evidenced by
the peculiar incisors and the conformation of the palate, it would
be premature on such slender material to do more than name
them with the hope that at some future time sufficient material
will be found to enable us to classify the genus more exactly,

Paleocherus affinis.—A maxilla with m! and p* is all of this
species that I possess. It scems very near to Hyothersum peri-
mense Lyd. corresponding precisely in size and shape with that
species. The Bugti species apparently differs in the greater develop-
ment of the accessory.tubercles and the cingulum.

Prodremotherium sp.—A mandible containing the last two
molars appears to resemble nothing else so much as Prodremo-
therium. )

Progiraffa exiguus.—A mandible containing the last two molars
seems to find no place in any existing genus. The dimensions of
fﬁs are as follows .—

length 28 mm., breadth 13 mm,

It is not Paleomerycine, because (1) there is no Palmomeryx-
fold on the posterior eide of the anterior crescenta ; (2) the
cost®®e on the two internal crescents are very slight compared with
Pal@omeryz, especially the posterior one which is rounded, more

C
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like the pigs; (3) they are narrower teeth than those of
Palwomeryz. On account of its brachyodont nature it cannot be
compared with Schlosser’s genus Cervavus.

B It bears great resemblance to the giraffe; there are small
tubercles in the median valleys, and there is a cingulum on the
front base of both molars. The talon shows very distinctly &
division into two lobes, the outer crescent having a distinct costa
on its internal side, while the external crescent is represented by
a small tubercle. Between the two is a cavity. The front horn
of the crescent is however much less bent than in Giraffa. It
meets the crescent just in front of it half way between the
edge of the V and the end of the lobe. The breadth of the
teeth is also less. The rugose character of the sculpture is almost
exactly like that of Giraffa.

Macrothersum ndricum.—Remains of this species are numerous.
It differs like M. grande and probably Chalicotherium sivalense
from Chalicotherium goldfussi and antiquum by having no re.entrant
fold of enamel on the antero-external angle of the upper molars.
In Chalicotherium  sivalense the posterior ridge connecting the
metacone and hypocone is only very faintly shown. In the
Bugti species as in M. grande it is pronounced. In neither M,
ndricum nor M. grande does the antero-external angle overlap the
tooth next in front. This overlapping is very noticeable in C.
sivalense and the other species.

The Bugti species differs from M. grande by its more elongated
upper teeth, by the approximate equality in size of m' and m’
and by the much slighter indication of & median denticule, In
M. grande m* i8 much smaller than m? and the median denticule
is easily traced. It is however undoubtedly closely allied to the
Bugti species. )

The Rhinocerotide have mnot been fully examined, but an
interesting feature in them is .the indication of the existence of
ancient types in those beds. One upper molar has the posterior
loph incomplete, the hypocone being quite distinct and only
separated by & low ridge from the metacone. This is a feature
which I have never seen in any Rhinocerotid molar, and which
entitles it at all events to sub-generic distinction.

Dinotherium ndricum.—Of this species we possess the last lower
true molar, the 3rd lower milk molar, the ond upper milk molar

and the 2nd upper true molar,
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. It_ differs very markedly from the other known species, In
size 11'; corresponds nedrly with Dinotherium indicum var : nia
potamie lf‘alc. The last lower molar differs both from D .ins:cu '
and D. giganteum by the fact of the ridges not being p'arallel' t’z
one .another, but diverging from without inwards, Also the outer
p.ortlon of the valley falls very abruptly from the longitudinal
ridge and there is a well-marked crenulated cingulum at t}gle i

entrance of the transverse valley, The 2nd upper milk IEE;:I'
possesses a prominent tubercle at the outer entrance of the transr
verse valley and a smaller one at the inner entrance. The on] .
specimen of D. sindiense Lyd. is so battered as to .render any
comparison with the teeth impossible, The species was founaezi'
solely on the shape of the mandible, Consequently, beyond the

fact that the present speci indi
pecimens indicate a la i i
further can be said, "B Speckss, nothing

Tet‘mbelodon crepusculi.—The mastodon teeth contained in m
collection are those of a trilophodont species, undoubted] nearey
to Mastodon falconeri Lyd. than to anything else IZ diff ;
unmistakeably from that species in the far more .o en lters
of the va:]leys, which arec not blocked by accessor;') colr:?mlrllre
by tpe simpler talon and by the more prominent cingulum 05»-
al} sides of the teeth. To this species is referred f m 'lln
with a small slightly worn teoth 58 mm, long preceded ?)XI a
much worn tooth 34 mm., long and by an empty alvegiu:
.Is?e no sign of premolars to succeed them, but all the sam'
it is not unlikely that they are milk teeth, which from theie
size and general character they might well be, :

Pt.er.odon bugtiensis.—This species is founded on a mandible
containing the last two molars and showing the alveoli of ‘th
last premolar and the first molar, °

The length of is 54 mm. and that of m.
will thus be seen tll:::t it is immensely bigger th:rlzz :fymhliix rtI X
known species of Pterodon. The teeth however so nearl e
sen%ble In structure those of P. dasyuroides Blainv. anﬁ 1'18;
africanus Andrews, that its generic position seems hatdl‘y doubtful‘

Apart from its size—twice that of P, africanus Andr.—it
differs from oth i i m, .
other species by the larger size of m, relative tg

m,, by the greater breadth of the teeth
renncel cingubims eeth and the more pre.

v
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Pterodon sp.—A maxilla with m* and m® and a last lmlvler
premolar find a place here, They belonged 1;(:.’l a r.nuchs :m; ;r
enimal than P. bugtiensis, the length of m’ being .
They are only slightly inferior in gize to the cot'res!p01;1(()1;!cllgl
teeth of P, africanus, but in form m" seems rather to app .
P. biincisivus Filhd. The occurrence of the genus Pterodor:,i ;d
these beds is interesting as it has not hlthe.rto been rei:or o
in beds newer than upper Eocene (bartonian) from Krance,
Switzerland, the Hampshire basin and Northern Afnca.l rich

Amphicyon cf. major Blainv.—The tubercular upper tooth, ;v .
represents the species, shows me no characters by which . c:d
distinguish it from the figures of specimens from Sansan fgur

‘ ile
by c}zrh%l;fz; shahbaz&-—'l‘hehchx:iracters of the whole mandible are
gpecimens in my hands. .
Sho;rtn lga:hea pspecies of izmense size and havinga very massive
jaw. The length of E. is 21'6 mm, and t_,hat of m, 30 mm, while
the depth of jaw below the first molar is 65 mm,

It presents affinities to a number of species which have been
referred by Schlosser either to the genera Cephalogale or Pachycy-
nodon. Certain of these are considered by Schlosser as passage
links between the two genera and the Bugti species seems to
stand in such & position, In the depth of jaw it approaches
Pachycynodon. In the slightly developed posterior tubercle of p,
it is nearer Cephalogale geoffroyi and minor. In Pachycynodon the
inner cusp of the camassial is distinctly sepamt.,ed from t}\e prin-
cipal one, in which respect the Bugti species differs and is nearer
to Cephalogale geoffroy: and robusta. o

Onpcolr(:lz)aring gxigy founa with that of the Lower Siwaliks, of

which a list is given on pp. 161-162, one

Paleontological evidence joes not find a single absolute identity.
as (0 ille age of the . gyo species, Rhinoceros sivalensis
Upper Narl and Garialis curvirostris, which are
common to them, possess vetietal differences in the two forma-
tions, and ome of them is a reptile, and therefore of less value
for (,letermin'mg the horizon. On the other hand the Anthrac‘o:
theroids, which constitute such a marked feature of the Niri
fauna, have almost entirely vanished from the scene by Lower
Siwalik times. Thus the palmontological no less than the strat:-

. 1 Blainville, Ost. Subursys, PL XIV,
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graphical evidence points to a great time-break between the two
series.

Although Amphicyon major, which seems to be identical with,
and Macrotherium grande, which comes near to, Bugti species, occur
in late burdigalian, their evidence is largely discounted by the
presence of Anthracotherium bugtiense, which is closely allied to the
large species from the stampian of Europe, and
like Pterodon and Ancodus.  Brachyodus, which
Rhinocerotide, to dominate the formation,
aquitanian genus.

On the whole, therefore, we can say that the vertebrates do not

contradict other evidence in assigning this freshwater formation to
the aquitanian,

of ancient genera
seems, after the
18 s typically upper

THE LOWER SIWALIKS.
The Lower Siwaliks of the Bugti Hills.

The Lower Siwalik series in the Bugti hills is generally from
1,000 to 1,500 feet in thickness. It is sometimes difficult to
draw the line between it and the Upper Siwaliks, as the one
series often succeeds the other without any unconformity of dip.

The most convenient distinction to draw, however, and one which
probably has a deeper significance apart from the mere litholo-
gical fact, is that, in the Lower Siwalik sandstones and conglo-
merates, nummulitic limestone pebbles are almost invariably
absent, contrary to what is the case in the upper series. Tt is
to be inferred from this that much of the nummulitic limestone
was covered by other deposits during the Lower Siwalik period.
Subsequently disturbance of the land area took place and exten.
sive erosion followed, laying bare the limestone hills to contribute
to the Upper Siwalik boulder deposits.

The base of the series everywhere seems to be characterized

. by red or grey clays intercalated with
thléitl,lz(g%%lg?\lvg}'iigﬂfcter Of which are soft, grey, brittle, well
bedded sandstones amongst which occur

bone conglomerates. These conglomerates are amongst the most
characteristic beds in the series. ~ They seem to be largely
concretionary and contain pellets of red clay and calcareous
matter with occasionally small ferruginous nodules in a sandy
matrix. Actual pebbles, which are not irequent, are invariably

2

v



160 Records of the Geological Survey of India. [Vor. XXXVIIL

of sandstone. They occur very frequently and from their superior
hardness give rise to a series of scarps.  These f:oncretlonaz
conglomerates continue to occur as lentipular beds in t.hc 111:; y
higher member of the serics,—a massive sandstone, in  whic

calcareous segregation has taken place to such an extent as t?’
make Dr. W. T. Blanford’s name for it of “ pscud().-conglomel‘ate

a very appropriste one. These calcarcous concretions are somo-
times several feet in diameter and aro often of red colour,
thus showing up distinctly in the midst of the lighter cologre(t
matrix. In some places the calcarcous matter is 8o ﬁbun l:ln
that the rock may fitly be called a limestone. T'his  pseu 3~
conglomeratic sandstone ” weathers, as might m‘xtumlly be expected,
in a characteristic columnar and nodular fashion.

In some cases, as Dr. Blanford observes, thcere _seems to have
been contemporaneous erosion of the red clays, .wluch have beer:
rolled and re.deposited in & sandstone matrix of a differen
colour. o

Above these occur a greater or less thickness of chamct'erlstl:
fine-textured grey sandstones containing numerous black gra‘l.ns o
hornblende, with never & trace of a pebble. The Lower bnwahlf
sandstones may readily be distinguished {r(?m those of the Nér
geries by their much finer chafmcfter, .thclr free(i:em from quartz

by the absence of ferruginous matter.
pebtil::s’ tl?en dMazri country between Kilum and Si.bi, the Lower
Siwalik beds are characterized throughout

Distribution of the by a red colour, pseudo-conglomerates
Lower Stwaliks. as well as sandstones and clays. As &
general rule, wherever the N4ri series is exposed, the Lower
Siwaliks are found overlying them with a perfectly 'conformable
dip; in the absence of the Néris the Lower Siwaliks rest on
the Khirthars.

An exception to this has been noted above in the case of
the Gujru outlier. Further north at Pishini a very thin repre-
sentative, 100 feet at most, of the Lower Siwaliks occurs between
the Upper Siwaliks and the Néris; its character could not be
well ascettained through the outcrop being obscured by e_iub-
recent deposits. The series doubtless extends further north into
the Bannu and Kohat districts, where it is probably represented
by some portion of the great freshwater formation there mapped
by Wynne and others,

3
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It also appears to be found in other parts of Baluchistén.
Here, besides attaining an immensel
“Middle Siwaliks.” 8 ey

greater thickness, it probably includes
higher beds deposited between the Lower and Upper Siwaliks,
which may be known as Middle Siwaliks. Near Quetta, according
to Mr. Vredenburg, the thickness of the whole Siwalik series cannot
be far short of 10,000 feet, of which only the smaller portion
must be Upper Siwalik,

Fossil  vertebrate remains, chiefly of Croccdiles, Chelonians,
Proboscidians and Rhinocerotids, occur in the basal concretionary
conglomerates, but they are always fragmentary snd isolated.

I have recognised in the Bugti hilis Tetrabelodon angustidens
var, paleindicus Lyd., T. falconeri Lyd., T. pandiomss F. and
Dinotherium indicum var. pentapotamie F.

Lower Siwaliks of Sind.

The character of the series in Lower Sind is almost identical
with that of the Bugti hills. The bone beds at the base are
rather more true conglomerates. West of Sehwan they cannot be
much more than 1,500 feet thick and thin out still more to the
southward, but in Northern Sind they are much thicker than in
the Bugti hills, and here also “Middle Siwaliks” are doubtless
represented.

The following is alist of the species knowa with certainty
Vertebrate faons of the ]t301 o;curé in the SLower Siwaliks of

riebr ¢ " Baluchistdn and Sind. No mollusca
Lower Siwaliks, have been identified with certainty
from these beds. Near Quetta at the base of the series Mz,
Vredenburg found a Melania, certainly different from the two
species of Melania from the Upper Néri described by Blanford
but in too poor a state of preservation to permit of identification,

I have examined the specimens in the Indian Museum, and
removed, as far as possible, the doubtful species from the
previous lists, at the same time revising names and making
additions in the light of our subsequent knowledge.

Reptilia.

Crocodilus paleindicus’ F.
Garialis  pachyrhyncus Lyd
Garialis  curvirostris Lyd.
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Artiodactyla.
Anthracotherium  silistrense Pentland.
Hemimeryz blanfordi Lyd.
Agriochoerus  sp.

Cheromeryx sindiense Lyd.
Hyoboops paleindicum liyd.
Pal@ocharus sindiensis Lyd.
Listriodon sp.
" Sus hysudricus F. & C. var.
Dorcatherium majus Lyd.
Dorcatherium minus Lyd.

Progiraffa sp.

Perissodactyla.
Chalicotherium  sindiense  Lyd.
Rhinoceros stvalensts F. & C. var.
Aceratherium perimense ¥. & C.

Proboscidea.
Dinothertum indicum F. type sp.
Dinotherium indicum var. pentapotamic.
" Dinothertum  sindiense Liyd.
Tetrabelodon angustidens Cuv. var. paleindicus Lyd.
Tetrabelodon pandionis F.
Tetrabelodon  falconer: Lyd.
Mastodon perimensis C. & C.
Mastadon latidens Clift.

Carnivora.
Amphicyon sp. (paleindicus ?).

Hyoboops pal@indicus.-—This species was originally described by
Lydekker ! under the name Hyopotamus paleindicus. He remarked
that it was an aberrant form of the genus, and as Madame
Marie Pavlow has since pointed out® the species does mnot show
the typical generic characters of either Brachyodus or Ancodus.
The 5th cusp is feebly represented, the protocone is very much
weakened, and the tooth in general is much less bunodont.

M. Trouessart® has suggested for it the name Hyoboops which

1 Pal. Ind., Ser. X> 11, p. 18.
2 Bull. Soc. Imp. Nat. Moscow, XIV, p. 287 (1900).
3 Calalogus Mammalium Suppl, 1904, p, 651.

)
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I shall adopt. At the same time I consider it very doubtful it
the genus can be maintained distinct from Charomeryz. '

Palwocharus sindiensis.—Following Stehlin, I have alteréd the
generic designation of this species from Hyotherium.

Listriodon sp.—Stehlin! has pointed out that the premolars
figured by Lydekker in Pal. Ind. under the name Hyotherium
gindiense are really those of Listriodon, which an
of the specimen leads me to confirm,
that in Rec., Geol. Surv. Ind., IX, p. 94,
the occurrence of Listriodon in Sind.

Sus hysudricus, var—The Sind specimens
than thc type.

Progiraffa  sp.—Lydekker® mentions a poorly preserved lower
molar from Sind and refers it provisionally to the genus Paleo-
meryz. It has no Paleomeryx fold hcwever and the resem-
blance to the corresponding tooth of the Bugti genus is so great
that I must place it in the same genus.

Under the name Chalicotherium  sindiense I include the
ungual phalange described by Lydekker® first under the name
Manis sindiensis and then under that of Macrotherium sindiense
and some lower molars, probably the ones referred to by
Lydekker in Rec., Geol. Surv. Ind., 1X, p. 91.

Lydekker in 1876 remarked on the older facies of the Sind
fauna as compared with that of the Punjab and the Dun area
(Rec., Geol. Surv. Ind., 1X, p. 94), and looking at it in the light
of our additional knowledge I see more reason than ever to
agree with the statement,

Having separated off the Néri vertebrate fauna of the Bugtis,

... the L. Siwalik fauna of Sind and Balu-
vﬁlgteel?l{attl;e Loi‘,:;‘:";lilwah;‘f c}pstén is the olde_st of what remains,
Baluchistsn and Sind, with the exception of a small fauna

obtained from Kushflghar on the
Indus which may possibly be slightly older. It is hoped that a
prospective tour in that area will enable the writer to settle that
and other points relating to the ossiferous beds of the Punjab.

In the first place the three Crocodilian species are, confined to
the Sind fauna, while Garialis gangeticus, Crocodilus palustris and

examination
It should be added
Lydekker mentions

are much smaller

1 Abk, Schw. Pal. Gesells., pt. 1 1899.‘
2 Pal. Ind., Ser. X, Vol. I, vaii.

8 Pul. Ind., Ser. X, L p. 82, & 1V, p- 50.
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others of the newer species found in the Punjab and Dun area
are absent from Sind. Although some of the Sind mammalian
species also recur in the Punjab, they are invariably the more
ancient types such as the Dinotheridm, Tetrabelodon, Listriodon,

Amphicyon and  Anthracotherum silistrense. Some of the others

differ varietally from the Punjab forms, On the other hand
Hipparion and the numerous members of the Giraffe family, so
characteristic both of the Punjab and of the original Siwalik ares,
are unrepresented. Their place is taken by selenodont pigs, of
which Merycopotamus is the only genus met with in the newer
Siwaliks, this particular genus mnot occurring in Sind.  The
recent discoveries in the Néri beds of the Bugti hills shed
fresh light on the unique genera Hemimeryz, Chmromeryz and
Hyoboops and so enable us to deduce important evidence on the
question at issue, For it is now clear that we must search for
their affinities in an older rather than a newer epoch, Hence
their presence here increases the faunistic gap between the Lower
Siwaliks of Sind and the fossiliferous Siwaliks of the Punjab.
A like value attaches to the occurrence of Palmochwrus and
Progiraffa here as well as in the N&ris, All that has been
gaid about the Siwalik fauna of the Punjab and the Duns
applies equally to the faunas of Pikermi and Samos. One
cannot help being struck by the older facies of the  Sind
fauna. Since the Pikermi deposits are pontian in age, the
lowest Siwaliks must be older than that.

Tetrabelodon angustidens ranges in FEurope or Africa from
burdigalian to sarmatian inclusive. Consequently the evidence of
this species will impel us to assign the fauna we have been
considering to the sarmatian at latest, while there is a possi-
bility of its being as old as tortonian,

In this connection, it must be borne in mind that it is the
foesiliferous basal beds of the Lower Siwaliks that are hers
classed. The upper beds and the so-called * Middle Siwaliks”
may pass into the Pliocene, and it is from this part of the
series that the Hipparion fauna is probably derived in other
parts of India.

THE UPPER SIWALIKS,

As has been stated above (p. 1569) these beds are sharply
- distinguished from the Lower Siwaliks by the frecquency of
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pebbles of nummulitic limestone in the sandstones, grits and
conglomerates. In most cases there 1is a great thickness of
boulder beds with limestone fragments bigger than a man’s head.
Brown sandstones and sandy clays are also very characteristic
beds in this division. On the northern cdge of the Sihaf plain
the boulder beds are well developed; also in the Kahan plain
and elsewhere, where the boulder débris conceals all other for-
mations from view. South of Gandoi the series is well developed,
going towards Jaccbabad. They generally dip perfectly confor-
mably to the Lower Siwaliks, but north of Kalakhu some 500
feet of them are exposed restingon jthe
upturned edges of the Lower Siwa-
liks, while in the Cujru and Sham
arca they are found in many places either overlying the Nén
sandstones or Khirthars directly or with only a small thickness
of Lower Siwalik intervening.  There must therefore be a very
considerable unconformity and time.break between the Lower and
Upper Siwaliks, especially when it is remembered that in other
parts of Baluchistin and Sind the same beds are separated from
the base of the Lower Siwaliks by an extra 4,000 or 5,000 feet
of “Middle Siwalik,” which is unrepresented in the Bugti hills.

Unconformity of Upper
Siwaliks to older beds.

In the Bugti country they are rarely more than 500 feet in
thickness, but in the Marri hills east of Sibi they are 2,000 feet
or more thick, and these thicknesses are probably exceeded in
other parts of Baluchistén and in Sind, where Blanford estimated
their thickness as approximately 5,000 feet. They are absolutely
unfossiliferous, but probably correspond to certain fossiliferous
beds at the top of the Siwaliks in other parts of India and
belong to the upper part of the pliocene,

POST-TERTIARY DEPOSITS.

Post.Tertiary deposits are met with everywhere about the hills,
They are often very similar in appearance to the Upper Siwaliks,
but are distinguished by their horizontal bedding. In more than
one place I have been able to trace a later pebble-bed resting on
tilted Upper Siwaliks where there was no line to be drawn
lithologically.  Some of these deposits may be pleistocene, and
the same is probably true of the ancient Indus alluvium, which
extends up on either side of the railway almost as far as Sibi.

+
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Borings or excavations in the future may bring to light a

pleistocene fauna of a similar character to that which has been -

discovered in the older Gangetic alluvium.

SUMMARY.

The main conclusions arrived at in this paper may be
summarized as follows :—

a®

1. The ossiferous formation described by Blanford in the
Bugti hills as Lower Siwalik is not a single series,
but is divided into two by a distinct unconformity,

2. The older of these two series contains a rich anthracothe-
roid fauna of aquitanian type associated with a fresh-
water molluscan fauna, described by Blanford, which
has no affinity whatever to modern types, The newer
series contains Tetrabelodon angustidens var. pal@indicum
Lyd., T. pandionis F., T. falconeri Lyd. and Dino-
therium indicum var. pentapotamie F.

3. The first-named is identical with the Upper Néri of Sind
and is aquitanian in age.

4, The second is truly Lower Siwalik and is identical in
character with the Lower Siwalik of Sind. It is older
than the deposits of Pikermi and Samos and is at
latest sarmatian in age.

5. The Upper Siwaliks are absolutely unconformable to the
Lower Siwaliks in the Bugti hills and separated from
them in Sind and other parts of Baluchistén by a
considerable thickness of strata known as “ Middle
Siwalik.” The Upper Siwaliks are unfossiliferous in this
area, but probably correspond to the newest fossili-
ferous beds of the Siwaliks elsewhere in India and
belong to the upper portion of the pliocene,

6. Lying unconformably on all the older beds are horizontaily
bedded gravels of Post-Tertiary age, many of which
are no doubt pleistocene, The same is probably true of
the older Indus alluvium.

LIST OF PLATES.

Prates 2 and 3. Skull of Bugtitherium grandincisioum.
Prate 4. Incisors of Buglitherium grandincisivuma .
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I.—PHYSIOGRAPHY. =

RAJPIPLA, the premier State in the Rewdkdnthd Agency, is
: . ) situated between 21° 23’ and 21° 59/
Situation. north latitude and between 73° b’
and 74° 0’ east longitude, and comprises an area of about 1,500
square miles. In- 1901 it had a population of 117,175.
The State is divided into six talukas—Gardeshwar, Néndod,
Bhdlod, Dedidpérd, VA4liA and Jhag-
General aspect: hlls.  y .45, The greater portion of the
Gardeshwar taluka is a rugged jungle tract north of the Narbada
river, about twenty miles east and west, by eight miles north
and south. The whole of the Dedidpard taluka and parts of the
other talukas form a sparsely populated, forest-clad, hilly upland,
the western continuation of the S;itpur{t range. The upland is

.o
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bounded on the northern and castern sides by high, eraggy
rather sharp-crested ridges. The northern ridge, which may be’
called the Ré4jpipld ridge after the ancient capital of the State
which is situated upon it, runs roughly parallel to the Narbadz;.
river. It is loftiest at the eastern end, wherc one of its peaks
(Dhéman M4]) rises to a height of nearly 3,000 feet above
sea level, and gradually decreases in height and loses in defini-
tion south.westward until it merges into the alluvial flat of
Guzerat. The eastern ridge is rather an offshoot of the northern
one, and being comprised chiefly within the limits of the depen-
dent State of Sigbdr4i may be called after that place.  The
forest-clad highland mentioned above has an average height of
about 800 feet above sea level at the ecastern end in the
Dedidpérd taluka. It, too, slopes south-westward like the R&i-
piplé ridge until it is gradually lost in the undulating plain (])f
the Vali4 and Jhaghadia talukas in the western portion of the State
The Narbada river enters the State at Mfnkadkhida (28 m.iles
east of Nfndod as the crow flies)
straight course through i tF s e miles it run .
g gh a picturesque, well- i
then merges into the ferl;ile alh?vial plair‘:7 oz?e(é:u:eﬂrlag s émd
deshwar, through which it meanders until it fallg intone:}f o
near Broach. At places the river is deep and narrow, i ot
i.n gorges cut through black trap rock, and elsewhere ,it mlg)rrlszned
into shallows and rapids. Of the rapids, those of Mokh d_Oﬂ] v
the greatest fall. Notwithstanding the rapids, the rive "is navi
gable to the extreme eastern border of the State for U ot
about 256 maunds burden. mall oraft of
The portion of the alluvial flat b ich i
included in the Néndod State (Néndoi?th(;?gges: ‘Tiar J:hwh y
talukas) measures about 40 miles in length and 8n i fighadl&
f T}llle Deva river, which formsa part of th o dih.
of the State, joins the Narbada at Sul i
Blace of Hindu pilgrimage. For abof: %énx,nil?as r:lt)}cl)iz lir:;l iy
tion, nearly as far as the ruins of Dumkhal it cuts ist g
thrc,zll‘lhgh Etee.p, high, overhanging scarps of sand;tone T
e Karjap river drains the central portj :
upla:nd mentioned above and falls into Izchlzlolr\;aﬁ)a(tl};e f](;zetf-ctlz:d
Ka.r]an and the Deva run a south-north course. but 'their trib :
taries and the other rivers of the State (e};cluding Viri a:(i

Rivers.
8 in a fairly

e eastern boundary

)
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Sagbéra)—the M#dhumati, the Bundva, the Kiveri, the Umravati,
the Kim and the Tar4n—run in channels roughly directed east
anid west. This direction, as will be seen hereafter, coincides
roughly with that of the rock strike, and of the trend of the
faults, dykes and veins occurring in the area.

II.—_PREVIOUS OBSERVERS.

The earliest reference to the geology of the Rdjpipld State

is contained in a paper on the well-

Copland, 1819. known carnelian mines of Ratanpur

by Dr. J. Copland, of the Bombay Medical Service, published in

the Transactions of the Literary Society of Bombay (Vol. I,

p. 289, 1819), an cxtract from which is given in the appendix.

Much of the description given by him still holds good. I

did not, however, notice any *‘fire-damp” mentioned by him,
nor did T come across any ‘‘mocha’ stones.

The next observer was Dr. Lush, who in a paper entitled

‘“ Geological Notes on the Northern

Dr. Lush, 1836. Concan and a small portion of Guzerat

and Kathiawar ” (Journal, Asiatic Society of Bengal, Vol. V, p. 761)

refers to the carnelian mines of Ratanpur.

In 1838, Major Fulljames contributed to the Transactions of

__ the Bombay Geographical Society

Major Fulljames, 1838, 1852. (Vol, TI, p. 74) an account of the Ratan-

pur mines which he had visited in 1832. Later on, in 1852, he

gubmitted ¢ Statistical and Geological Notes” to the Government

of Bombay, which were embodied in the *Bombay Selections ”

(New Series, No. XXIII, pp. 93—114). The Nummulitic rocks

in the western portion of the State are referred to in these

notes, and mention is made of the slag heaps at Limodra
(Jhaghadia taluka).
The first comprehensive account of the geology of the State
was published in the Memoirs of the
W. T, Blanford, 1863-63, (o 1ogical Survey of India (Vol. VI,
part 3) in 1869. The Memoir, which was written by Dr. Blan-
ford, records the results of a survey which he made of the State
during the season 1862-63, with the assistance of Messrs. Wynne
and Wilkinson, The generdl geolog)_' of the country is so fully
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dealt with in it, that I have not much to add to it, especially
a8 I could devote only about four months to the work, and
my attention was directed to economic inquiries in which the
State is interested. The geological sketch which follows 1is
based chiefly upon the observations of Dr. Blanford and his
colleagues. It is only in the section on economic geology that
I shall have to notice a few things which either escaped their
observation—and in a general examination they well might do so,—or
were noticed in a casual way.

III.—GEOLOGICAL SKETCH.

The following formations occur in the State (in descending
order) :—

4. Alluvium.

3. Tertiary system (Nummulitics and higher beds).
2. Deccan and Malwa trap.

1. Cretaceous (Bagh beds).

1.—Cretaceous system.

This system consists of—

(A) Sandstones, superposed by (B) Limestones. Tt is best
exposed in  the Deva valley be-
tween Sulpin and Dumkhal. Here
the portion of the inlier west of the Deva (that within the
Rajpipld State) measures about 6 miles north and south and
4 miles east and west at the widest part.

Four inliers of the Cretaceous rocks were met with in the
Gardeshwar taluka. Of these, two are situated north of the
Narbada—one extending from Nasri and Valpur westward to
Khadgada and Sultanpur and the other from Limkhetar south.
westward to Vanji. The other two occur partly north of the
Narbada and partly south of that river—one between Vadgam
and the Falls of Mokhadi, and the other extends from Limdi
and Navagam to south of Gora. A small patch of the Creta-
cezus rocks occurs in the Néndod taluka south and south-west of
Sakva, ‘

Area and Lithelogy.
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A.—The sandstones are massive, coarse and conglomeratic
towards the base and finer grained above. They are generally
white, but occasionally tinted red or brown. False-bedding is
common. Owing to the numerous intrusions of the Deccan trap
which intersect them throughout the area, the sandstones have
been considerably altered. Generally, they may be described as
quartzitic sandstones, and, in places, as quartzites:

The base of the sandstones was not observed anywhere,
Their thickness must be considerable. On the Deva river, which
exposes superb sections, scarps of sandstone some 800 feet high
occur in places. As ‘they extend for miles and are everywhere found
inclined, their actual thickness must be several thousands of feet.
But the dips being inconstant both in amount and direction, I
could not attempt even an approximately accurate estimate of
it without giving more time than I could spare to the examination,

The sandstones are superposed in places—Mathasar (3 miles
south-west of Sulpan), east of the Deva river near Sulpan,
etc,—by a brownish limestone crowded with a species of Ostreea.
It appeared to me to resemble O. Leymeris. If it be identical
with that species—a point which is yet to be settled—then the
sandstones may be correlated with those higher up the Narbada
valley which have been described by me under the designation of
““ Nimar sandstone.”  The increase in thickness of that group
westward near Ali and Kawant was noticed by me, and what
has been said above shows still further increase in that direction.

B.—In Dr. Blanford’s memoir the limestones are described as
¢ calcareous shales”—a description whichis hardly accurate. The
limestones are usually black, occasionally greyish-white, or greenish.

They are generally fine grained and compact; but coarse
siliceous or shaly strata also occur. Like the underlying sand.

. stones they have been greatly affected by intrusions of the

Deccan and Malwa trap which are seen to pierce through them
everywhere. In fact they have, as arule, been altered into marbles,
The individual beds vary in thickness from an inch or two to
several feet. Specks of iron pyrites are disseminated through
them in places. They were specially noticed in the valley of
the Todakhal stream (about half way between Sulpan and
Dumkhal).

1 Memoirs, Geological Survey of India, Vol. XXI, pp. 23—35,
' D

o
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' The relation of the limestones to the sandstones is not
quite clear. There may be a slight unconformity between them.
The thickness of the limestones is not so great as that of
the sandstones. Still, in the Todakhal valley it is probably not
much less than a thousand feet.
Both the sandstones and the limestones have been disturbed,

: and not seldom considerably so.
Disturbance. Folding (synclinal as well as_anticlinal),

faulting, crushing and twisting were noticed in places. The dominant

strike is north.east to south-west,
The limestones have been correlated with the Bagh beds by

Dr. Blanford. Lithologically, however,
Age. they are as dissimilar as any two sets
of rocks could possibly be.
In appearance the limestones strongly resemble the Vindhyan
limestones of Chhattisgarh and other places. The underlying
sandstones also might well be taken for Vindhyan sandstones as,
indeed, they actually were at one time by Dr. Blanford! The
limestones have nowhere yielded the fossils which are so charac-
teristic of the Bagh beds. In fact, except in the band of lime-
stone interposed between them and the underlying sandstones,
which has been referred to above, I did not find a trace of &
fossil in them anywhere. This is all the more surprising as they
are immensely thicker than the Bagh beds and were apparently
deposited in a deep and tranquil sea. It is highly probable,
however, that both the change in appearance and the obliter-
ation of fossils are attributable to the metamorphism of the
Réjpipls rocks due to igneous contact. The determination of
the age of the Réjpipld beds will probably depend to some
extent upon the identification of the fossil Ostrea which has been
mentioned above. The presumption, however, is in favour of the
correlation suggested by Dr. Blanford.

2.—Deccan and Malwa trap.

The rocks belonging to this series cover by far the greatest
portion of the State. Porphyritic traps
) ' with greyish-white felspar are very
conspicuous in the Dediapada taluka; and amygdaloidal traps

‘Area and Lithology.

} Memosrs, Vol. VL, pt. 2., p, 185,
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appeared to be commonest in the eastern i
‘ portions of th ii
and Jhaghadla.tz.alukas. Tuffs are met with at various ° 1?:2:3
notably near R4jpipla and south of Samaria and Mota Amb P ;
i a (Nandod
- Sttl‘,lveralt interesting occurrences of trachytic rocks were noticed
® trap area in the Valia taluka. The 1
_ . . . argest
wfhlch includes a hill called Karia hill, lies betwee; 1:heOf 'ﬁlese’
o lAvadhra and Balgshwar, and is about two miles and S ?18612
in length a.nd a mile and a half in breadth. The . 8Jd
occurrence is 'siouth of the village of Ashndvi and forms seco}il'll
ca,lleq, Bardarid, and the third north of Pathar d’ ot o
iy and east of
In all these places the trachyti v
. . chytic rock
intruded through the Deccan and Malw); 1;rap.0c > eppeared o have
Dykes abound throughout the area. They usually take an
Dykes. east-west direction. The dyke rock is
Ve f . generally crystalline,
s of calcite, or a mixture of calcite and quartz, were
Veins of caleite. encouni‘:ere;lh at various places., They
. occur in the amygdaloidal ¢
are most abundant in the western portion of frzla:ss tand
up.land vs"here those. rocks are found in great force Thrap
(v}eemls WIHL'::G r}totlced in detail in the section on Econoxfl:
ology. lLike the trap dykes, the most consid
) ble of the
were found to take an east-west directi Veins. ot
lon. Veins
of chalcedony and other forms of quartz are ratherarll':re geol(‘ll?s
most noteworthy veins of that description were met i h '
Jesp(;lre, Vellavi, Tapda and Ghantoli i ut
Throughout the area the tra .
' ps were f
disturbed. The prevailing dip is southerl;. und more o less
The extravasation of the trappean rocks took place some
Age. time after the elevation and disturb
. ance of the Cretaceous rock -
;izzsi(:uuabove. 1.)yk.es and intrusive sheets of the formesr g:e
boaut )i ::en plercing through or following the bedding plane
o ane az ei along the Narbada river, between Gorz an(:
S pan and also at several places in the Deva valley. 1In fact
n gc:ng over the area.doubts often assailed me as t.o ho ?C'
fe' trap?ean 1:o<.:ks which now surround the Bagh inlie " are
of intrusive origin, and to what extent they are la,va,rs ﬁoare
ws

P2
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deposited upon a much denuded surface of the Cretaceous rocks. The
problem is such an intricate one that I could not attempt to
solve it within the time at my disposal. .There can be no doubt,
however, of the age of the traps being long subsequent to
h beds.

thm';l‘h(e:f fll;(;efaglimit of the age of the traps is olgtained in the
western portion of the State. There the Lower Tertiary strata arg
deposited upon & denuded surface of the trappean rocks; an
the materials of the former are to some extent derived from the
disintegration of the latter. Sothe age of the trappean rocks
is intermediate between the age of the Bagh Cretaceous beds
and that of the Nummulitics.

8.—Tertiary system.

The rocks belonging to this system cover the western portion
of the State comprising parts of the Jhagadia and -Valia talukas.
They are nowhere well exposed, and only disconnected sections
qre visible in the streams which flow through the ta,]ukas,' the
Bhundra, the Kaveri, the Amaravati and the Kim, Litholloglcally
the system is composed mainly f’f

Lithology. alternations of siliceous and argil-
laceous strata. The former are as 8 rule soft, and often
coarse enough to be styled grits. Occasionally they are conglo-
meratic. Two well-marked horizons of the cong!omerates were
noticed in ‘ the area—one at the base gf the series as exposed
in the area under deseription, near Maljlpqra, Ambos, etc.., 'a.nd
the other towards the top as at Kandh, Limet and the vicinity
of Jhagadia. In the basal conglomerates trappean pe.abbles are
commoﬁ; but in the upper conglomt?rates t.hey are either very
rare or entirely absent; there occur instead in the latter pebbles
of agate or other forms of quartz whxfzh are very abundant
in the Ratanpur-Damlai area, or rolled pieces of llmestone_ and
calcareous sandstone derived apparently from olfier, sul?]acent
strata, as is most conspicuously the case at lee.t, Hu‘apul:,
Kandhre. The lower gritstones and conglomerates with .subordl-

' nate bands of clay are fairly well

Lower group, Nummu- displayed in the Amaravati stream
litics. between Ambos and Vagadkhol, where

they are superposed by a great thickness of clay beds inter:

s
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calated with thin bands of limestone, in places very fossiliferous,
containing nummulites, gastropods, brachiopods, etc. The clays
where exposed are more or less ferruginous, presenting various
tints of red and lilac.

Occasionally, as near Padvania, they are sufficiently forruginous
to be worked as red ochre. Elsewhere they are converted into
laterites. This transformation of the clays into laterites is well
_seen at several places, asnear Borjai and near Valis, The laterite
forms a thin crust (not more than 6 feet in thickness) over the
clays. There is a large spread of such laterite in the Valia
taluka extending from Borjai and Panvadi through Vagadkhol
and Valia to Dungri and Karsadh. At the last-named place the
laterite is covered uap by alluvium and was only visible in a
well at a depth of about 13 feet from the surface.

The upper conglomerates and grits are well seen about Kandh,
Limet, Damlai and Ratanpur. They

Upper group. too are superposed by clays which are
sometimes siliceous or calcareous or both. Thin bands of lime.
stone also occur, but they are either unfossiliferous or the
fossils they contain are different from those of the lower group
mentioned above. Mr. Blanford found Balanus in some abundance
at Singpur, below Hirapur, just outside the Réjpipls State. I
found fossil leaves in some quantity in clay rocks at Bharan. As
in the lower group, the clays towards the surface become more
or less ferruginous, being tinted red, yellow and purple, and are
in places lateritised. They are well seen in the vicinity of
Ratanpur, Bhimpore, Damlai, etc. East of Padvania numerous
fragments of fossilised wood (monocotyledonous) were met with
in association with a lateritic rock. But the sections are so
obscure that it is difficult to tell whether this rock is to be

located in the lower or the upper of the two groups which have
been described above.

The strata belonging to both the groups are disturbed

throughout the area, and sometimes
Disturbance. . . ’ 0
¢ as in the neighbourhood of Jhagadia,
considerably so. But as a rule the dip does not exceed 10°, and
the prevailing direction is north-westward. Between Ratanpur

and Damlsi the strata have undergone anticlinal folding, the dips

near the latter place pointing south and those near the former jn
the opposite direction.
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The Nummulitic age of the lower of the two groups
described above is established by
palmontological  evidence. That the
strata of which the wupper group is composed were formed
at least partly by the denudation of those belonging to the lower
is shown by the presence of rolled fragments of limestone and
calcareous sandstone from the latter in conglomerates which form
the base of the former. The paleeontological contrast between
the two groups is also remarkable. On account of the paucity
of good sections and the discontinuity of the few that occur in
the area, the two groups could not be separated on the map.
But my observations have led me to confirm fully the surmise
of Dr. Blanford that the upper group is younger than the lower
and is probably of the same age as the Perim beds (pliocene),

Age.

4.—Alluvium,

| ¥ The alluvial deposits were nowhere closely studied in the valley
of the Madhumati. Close to the trap hills, where their base is
seen, the thickness amounts, in places, to nearly eighty feet.
Bands of trappean pebbles occur at various horizons, from the
top to the bottom. Calcareous concretions are generally abundant
and tufaceous limestone is by no means uncommon. In places
the sandy beds are sufficiently hardened to be called sandstone.

IV._.ECONOMIC GEOLOGY.

1~ Carnelian and Agate.

The carnelian mines of Ratanpur in Jhagadia taluka have
long been celebrated. The first authentic reference to them,
however, does not appear to date earlier than the commence-
ment of the sixteenth century. The * Carnelian hills seventy miles
from Cambay ” referred to by Varthema (A.D. 1503-—1508) can be
no other than those in the vicinity of Ratanpur. About this
time, according to a tradition of the Ilapidaries of Cambay, an
Abyssinian merchant named Bawaghor established a carnelian

-
e

y
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factory at Limodra (or Nimodra).! At first the stones were
prepared by Mahomedans, but the Hindus soon took to the
craft. The merchant died at Limodra, and a shrine was raised
to his honour on a hill close to the carnelian mines now well
known as the Bawaghor hill. “The Sidi (Abyssinian) merchant, »
says the writer of the Bombay Gazetteer, ““is still remembered by
the Hindu agate workers. Kach year on the day of his death
Shravan Sud Purnima (July-August full moon) they offer
flowers and cocoanuts at his tomb. As it is far to go from
Cambay to Bawaghor, they have in Cambay a cenotaph takiya
in his honour, and those of them who are settled in Bombay
have brought with them this memorial of the founder of their
craft. The Cambay agate workers assert that the well-known
shrine of Bawaghor was raised in honour of their patron.
According to their story, while wandering from place to place
as a religious beggar, the Bhawa did business in precious stones,
and becoming skilled in agates set up a factory at Nimodra
(Limodra). Here he prospered and died rich.” Limodra appears
to have continued to be the principal seat of the carnelian
industry during the 16th century. According to Barbosa (1514)
the stones were polished and worked there into rings, buttons,
beads, etc., and merchants from Cambay wused to come to
Limodra to buy them. In the beginning of the 17th century
the seat of the carnelial industry appears to have been trans-
ferred from Limodra to Cambay. Henceforth only the preli-
minary operations of sorting the stomes and exposing them to
fire to develop the colour were performed at Limodra. They
were then taken to Cambay to be cut, polished and worked up.

1 Quzetteer of the Bombay Presidency, Vol. VI (1880), p. 206. According
to the writer of the Gazetteer the factory was established at Nandod. I
have but little doubt, however, that the place was Limodra. Nandod is 22
miles (as the crow flies) eastward from the mines. In the beginning of the
sixteenth century it was a place of no great impcrtance, and there is no
tradition of the existence of a carnelian or, indeed, of any other industry
of importance there. Limodra, on the other hand was within 4 miles of
the mines. Its ruins testify to its having been a place of great importance
as early as the beginning of the 1lth century, and inscriptions, on the
footstool of an image of Rikhadevji found there are dated Sambat 1126 (A.D.
1004). Barbosa (1514) refers to Limodra as the headquarters of the
carnelian industry. Even now the preliminary operations of sorting and ex.
posing the stones to fire to develop their colour are carried on there,
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Speaking of Cambay, Tavernier (1651) says that it was there
that the agates and carnelians were worked into cups, knife-
handles, beads and other sorts of workmanship. “ Of eighteenth
century travellers, Hamilton (1700—1720) mentions, among articles
made at Cambay, stones for signets and rings, some of these
worth double their weight in gold, cabinets of stone, in some
cases fourteen or fifteen inches long and eight or nine deep,
worth from £30 to £40, bowls and spoons of several sizes,
handles of swords, daggers and knives, buttons and stones to
set in snuff boxes of great value (New Account, I, 140—145).
Half a century later, Tieffenthaler says that the white Ratanpur
agate, baked red at the mines, was in Broach and Cambay
worked into vases, little plates, basing, and other pieces, and
sold in Surat and thence taken to Europe.™

In 1805 the value of manufactured carnelians and agates
exported from Cambay was estimated at £9,490. The returns
for the five years ending 1878 give an annual average of £7,000.

The carnelians and sagates which in the vernacular are com-
prised under the general name of
akik occur in the conglomerates of
the upper group of the Tertiary system found in great force
about Ratanpur, Damlai and Dholikuva. The following strata
were met with in a recently abandoned pit near Damlai which
was cleared for my inspection :—

Mode of occurrence.

Feet.
(1) Soil with scattered akik pebbles . 8
(2) Conglomerate, somewhat ferrugmous w1th akik pebblea 15

(3) Rather loose akik pebbles . . . 3
(4) Reddish ferruginous sand .

Rather good pieces of akik are sometimes found in (2) but
the most paying stratum is (3). I was informed that in the pits
on the deep side the conglomerate (2)is interstratified with clays.

1t should be noted that the strata (2) and (3) are composed
exclusively of fairly well-rounded pebbles of different forms of
chalcedony (especially carnelian). That they have been derived
from the disintegration of the trap beds hardly admits of any
doubt. But these beds must have been very different from those

1 Qazetteer of the Bombay Presidency, Vol. VI, 207.
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which are seen at the present day in the adjacent teap area
{east of that occupied by the Tertiary rocks), where veins and
geodes of chalcedony or any other form of quartz are, as have
been noted above; very scarce. Incidentally it may be men-
tioned that the akik pebbles throw some light on the age of
the Deccan and Malwa trap. As has been noticed before, they
are rare in the lower or the Nummulitic group, but are very
abundant in the upper group which is probably of pliocene
age. It would appear that by the beginning of the Tertiary
period there had not lapsed sufficient time for the formation
of those veins and geodes of carnelian and agate the dis-
integration of which yielded the akik gravels of the Ratanpur-
Damlai area.

The akik pebbles are usually two or three inches along the
longest diameter. As raised from the
mines they are light-coloured with
generally a slight milky tinge. They
are chipped at the mines to see if they have any flaws. Those
that are approved are carried in baskets to Limodra. Three
annas per basket is paid for stones {rom ome inch to about
three inches along the largest diameter; and eight annas per
basket for stones of larger size.

At Limodra the stones are exposed to the sun for about four
months. They are then partially baked in the manner described
by Dr. Copland.! The following description of the effect of
the baking process is given by the writer of the Bombay
Gazetteer :— .

Nize of pebbles, varieties,
éte.

“QOf yellows, maize gains & rosy tint, orange is intensified
into red, and an intermediate shade of yellow becomes pinkish
purple. Pebbles in which cloudy browns and yellows were at first
mixed are marked by clear bands of white and red. The hue
of the red carnelian varies from the faintest flesh to the
deepest blood red. The best are a deep, clear and even red, free
from cracks, flaws or veins. The larger and thicker the stone
the more it is esteemed. White carnelians are scarce. When
large, thick, even-coloured and free from flaws, they are valu.
able; yellow and variegated stones are worth little.”

! See Appendix.
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The writer of the Gazetteer mentions three stones which are
left unbaked :— An onyx called mora or bawaghor, the cat’s-eye
called cheshamadar or dole, and a yellow half-clear pePble called
rore.” .

’ When I visited Limodra last January (1907) I did not hear of
any such stones, nor of any baked stones other than those
which are tinted red or yellowish. Probably my informant, re-
presentative of the late lessee of the Ratanpur mines at Limodra
(@ Cambay merchant), who was there only to despatch the
remainder of the outturn of the previous season, did not know
much on the subject himself, or, if he did, was unwilling to im-
part to me the information he possessed.

The baked stones which I saw at Limodra are tinted red
or yellow. I did not see any white ones. I was informed that
the baked stones were divided into the following four classes
according to their colour and size :—

1. Selan . . . very deep-red (selling at Rs. 100 per cwt.)

2. Madhya,m . . light-red ” [T 50 ” ”
.3. Tukri - - . ”» » TR 1] 20 " ”
4. Mala.i . . . ’” »” » » 10 12 ”»

Mr. R. B. Foote, late of the Geological Survey of India,
who paid a visit to Limodra about 15 years ago, was furnished
with the following classification of the stones by the then lessee
(a Parsi merchant) :—

é' l{;::il; } . . . . very light colour,

3: Macta?;?a . . . . white and bluish.

4. Lambidunghi! . . . good colour, red.

5. Rodi Damli . . . . ” _ » » (small),
6. Moti Damli . . . . common Kkind.

g‘ ﬁsli } . . . . white to yellowish®after baking.
. Baman

9. Devnapug. .

10. Datora . . . .. white.

11. Bimpore - . . . large agates (rare).

12. Pipodra . . . . poor stones.

It will be seen that with the possible exception of ‘‘ maddya’'
which is very likely identical with * madhyam,” there is not a
gingle name which is common to the two classifications. The list

1 Qeology of the Baroda State, p. 149,

L]

Parr 2.] Bose: Geology and Mineral Resources of Rajpipld. 181

given by Mr. Foote’s informant is more comprehensive than the
one given by mine, as the latter is confined only to red car-
nelians. But even then the discrepancy is very marked. Several
of the names: in Mr. Foote’s list are apparently given after
villages at or near which the stones occur. Damli is probably
the same as Damlai, near which village there occurs, as has been
noted already, an important group of carnelian mines; and in
‘“ Bimpore ” is recogrised the village of that name near Rajpardi
Railway station where I picked up a large piece of beautifully
variegated chalcedony measuring about 4 X3 inches.

The stones, after being partially baked and slightly chipped
to ascertain how they are coloured and whether they have
any flaws or cracks, are sorted, and then transported from
Limodra to Cambay to be there worked up into beads,
necklaces, wristlets, armlets, etc. A very interesting description
of the processes of sawing, chiselling, polishing, etc., is given by
the writer of the Bombay Gazetteer! Though it was written
as long ago as 1878 it still holds good, at least to a great
extent.

There would appear to be considerable room for improve.-
ment in some of the processes of manufacture adopted by the
Cambay lapidaries.

No mining operations were carried on during the winter,
1905-06. So I could only visit the
deserted pits. There are two groups
of these, about two miles apart, one near Damlai, and the other
close to Ratanpur. No work has been carried on in the Ratan-
pur area for some years past, as the quality of the stones there is
considered to be inferior to that of the stones in the Damlai
area. The deserted pits in the latter area, which are marked by
mounds of rejected gravel, cover an area about three.quarters
of a mile in length and less than a quarter of a mile in
width. The strike of the akik beds is very mnearly E.S.E.—
W.NW. and the dip is S.S.W. I was informed by the men
who had worked the pits during previous seasons that the
stones improved in size and quality on the dip side, but the
workers could not proceed far in that direction on account of
trouble with water.

Mining.

1 Op. cit. Vol. VI, pp. 201—205.

-
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Near the outcrop the pits are from 25 to 30 feet deep. One
pit which was cleared for my inspection was found to be 26
feet in depth.

The deepest pits in the direction of the dip were reported
to me to have gone down to about 70 feet.

Mining is still carried on as it was when the carnelian beds
were first opened up centuries ago. It is, I need hardly say,
very unsystematic and wasteful. One or more pits according to
the demand are sunk during the cold weather, and as much
gravel is extracted from them as is possible by driving galleries
for short distances in various directions. The roof partially
falling in during the monsoon, when no work is carried on, the
old pits become unworkable in the next working season and fresh
ones are dug at a safe distance from them. A large quantity of
valuable material is thus left anworked. The amount which has
thus been wasted in the past must be enormous.

If mining were conducted on modern methods not only
would all this waste be prevented, but it would be possible to
carry on operations to much greater depths than at present—
depths where carnelian and agate pebbles of larger size and
better quality than those extracted at present are found. The
higher value which such stones are expected to fetch will pay
for the larger initial outlay of modern mining.

The conglomeratic bed' just above the most valuable layer
of akik appesred to me to be firm enough to afford a tolerably
good roof. Timbering would, however, be necessary to some
extent.

During the five years 1902—1906, the akik mines were leased

out to a contractor on a fixed royalty

Output of the Carnellan  ,* 4 thousand rupees a );vear.
Mines. The total quantity of stone raised
within that period was about 100,000 cubic feet. The annual
output was thus about 20,000 cubic feet.

2.—Iron ore, Bauxite, Ochres.

The laterite of the Tertiary area® (Jhagadia and  Valia
talukas), which covers about 16

Laterite as iron ore ; slags. . -
 HIag square miles, was very largely utilised

1 See ante, p. 188,
2 Beo ante, p. 175.
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by the ancients as iron ore. Extensive mounds of slags were
encountered at  various localities, among - which Limodra,
Bhimpore, Amaljhar and Padvania may be specially noted
a8 being either on or close to the railway line.  Ground slag
being now largely used mixed with cement for floors and
pavements, the large quantities of it lying at those places
should have a ready sale at such places as Surat, Broach,
Baroda and Ahmedabad. There are calcareous beds in the
Tertiary series which appeared to me suitable for the manu-
facture of cement. If actual trial confirms this conjecture of
mine, the enormous quantities of slag just mentioned which
occur in the Tertiary area oould be utilised for the manufacture
in the Ré&jpipla State of an artificial stone like the ** Patent
Stone * now made and largely used in Bengal. An idea of the
quantity of slags available may be formed from the fact
that at Limodra they cover an area of about 6 acres, and
average b feet in thickness.

As might be expected, the laterite as an ore of iron is of

Quality of the Ore. very variable qua,li'ty. An average

sample from Dungri was analysed
by Dr. C. Schulten with the following result :—

Oxide of iron 73:17
Alumina . 9-26
Silica . . . . . . . . 1l0-68
Lime 1-20
Water 4-:90
Loss . 0-79

100-00

This analysis proves the ore to be of good quality, and
Prospects of an fron from the extensive area covered by
Spects of an yr the laterite a very large quantity of
Industry at Réjpipld. it may be expecz;d. gutquntil zrork-
able caking coal is found in or near Guzerat, the question of
the regeneration of the now extinct iron industry of R4&jpipls
cannot be seriously discussed. I may note in this, connection
that there is a bare chance of such coal being found in Kathia.
war, if not in Guzerat. Within the R4jpipld State I found,
in the Tertiary beds at Bharan, clay beds crowded with fossj]
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leaves, and T have recommended the sinking of shallow pits
in the area. I met with much more promising indications of
workable coal in the Gondwana formation in Kathiawar where
prospecting operations are now in progress.

Besides iron-ore the laterite may vield workable ore of
aluminium (bauxite). The percentage
of alumina found in a sample from
Vasna is rather low (37-51 per cent.),
but further investigation may reveal the presence of bauxite
with a higher percentage.

Laterite as a source of
Bauxite.

Red and yellow ochres are found "at various places in the
Jhagadia and Valia talukas—vicinity

Ochires. of Ratanpur, Bhimpore, Padvania,
Vasna, ete. Of all these deposits, the best are the red ochres
occurring at Padvania. They have been worked for many years
past. Mining is carried on in the same unsystematic way as
that in vogue for the carnelian deposits. The following section
was exposed in a pit which was opened last cold weather for
the extraction of the ochre:— '

Feet.
2
Red and white-mottled cla, . . . . . 18
Red ochre . . . . . . . . 4

About 3,200 maunds are annually taken out of the State
on pack-bullocks by Mahomedan traders (Banjaras). The royalty
paid by them is two annas per maund. A sample of the
ochre was analysed with the following result :—

Oxide of iron . . . . . . . 23:80
Alumina . . . . . . . . 21-30
Lime . . . . . . . . 2-8
Mangnesis . . . . . . . . I-70
Silica. . . . . . . . . 35-32
Carbgnic acid and water . . - ) . 14-40
Loss . . . . . . . . 0-68

100-00

>
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8.—Limestone, Calcite, Gypsum, Pottery Clay.

The limestones of the Tertiary system are of inconsiderable
thickness. They did not anywhere
appear to be pure enough to yield
lime of good quality. Some of them, however, as near Hirapura
and Kandh, might be suitable for the manufacture of cement.

Deposits of calcareous tufa are met with at numerous places.
Among the more noteworthy of these are Tejpur by the Madhuvati
river, about 3 miles south.west of Umalla station (R4jpipld State
Railway); Mota Amba (9 miles east of Nandod); Mota Machi and
Rakhaskundi (Dediapara taluka). ‘

A sample of the limestone from Tejpur assayed by Dr.
Schulten gave the following result:—

Limestone,

Lime . . . . . . . 50-67
Carbonic acid and water . . . . . 373¢
Oxide of iron and alumina . . . . . 145
Magnesia . . . . . . . . 045
Silica . . . . . . . . 1000
Yoss . . . . . . . . . 009

10000

Veins of ‘calcite were found at sundry localities in the
Calcite. Deccan trap area, the m.ost note-
worthy among them occurring at:—
(1) Rupania (Jhagadia taluka).
(2) South of Vali, Khalak and Bamanfalia (Bhalod taluka).
(3) Chandravan, Vadkhunta and Janoti near the deserted
village of Sajanwalla (Valia taluka),
(4) Behej (Nandod taluka).

The veins occur in association with amygdaloidal trap
and were invariably found to be superficial. The one at
Chandravan was found, by digging, to go down to five feet.
Below that depth occurs decompos.ed amygdaloidal trap with
nests and strings of caleite.

The direction of the vein at Chandravan was found to be
N.N.E—SS.W. It is 600 feet long and about 30 feet wide.
The vein at Janoti near the deserted village called Sajanwalla
measured 125 feet in length and 15 feet in breadth,



¢

186 Records of the Geological Survey of India. [Vor. XXXVIIL.

Though superficial, there is a fairly large amount of calcite
available in the area. I did not, however, come upon any
specimens transparent enoughto be of use for optical purposes.

It would, however, yield lime of superior quality.

Gypsum was met with in the clay beds of the Tertiary
system at Bhilod by the Amravati
river and at Dodvada. It is some-
what earthy, and there did not appear to be any very large
extent of it.

Clays well suited for high class pottery occur in the Tertiary beds
at numerous places in the Jhagadia
and Valia talukas. Those occurring west
of Damlai appeared to me to be the best.

Gypsam,

Pottery Clay.

4.—Building Stones.

There is a large variety of excellent building stones in the State.
The Bagh beds: Mar- The n..'mrb!es and quartzitic sandstones
bles and quartzitic sand- occurring n the Bagh beds have been

stones, referred to already. The marbles aro’

usually of a black colour, but white, greyish and greenish tints are
also occasionally met with. The black marbles take a good polish.
They occur in strata from 2 or 3 inches to as many feet in thickness.
At places they have been much crushed and shivered as at Mota
Amba and thus rendered useless. The somewhat frequent presence
of iron pyrites is also a drawback. Workable marbles of good quality
were met with at the following places :—

(1) A mile south-east of Gora (Gardeshwar taluka) close to the
Narbada river, about 12 miles east of Nandod.
(2) About Zulta Amba and Vanji (eastern portion of Gardeshwar
taluka, south of the Narbada river).

(3) Mokhadi on the Narbada.
(4) The most extensive deposits of black and other marbles occur

in the valley of the Todakhail stream (a tributary of
the Deva river) about half way between Sulpan and
Dumkhal.

The deposits (1) and (3) are favourably situated in regard to
river transport, and those near Gora in regard to cart-carriage

~
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a8 well, there being a good cart road from Nandod to that
place.

Quartzitic sandstones well suited for building purpose, as
well as for millstones, grindstones, etc., are found in all the
outcrops of the Bagh beds. The most conveniently accessible
occurrences, however, are those near Gora and Sakva (8
miles east of Nandod). There is an old quarry at the latter
place.

The best stone for all ordinary building purposes is a
trachytic-looking rock  intrusive in
the Deccan trap series. In durabil-
ity and appearance it compares very favourably with the best
stones now used.in Guzerat, and occupying, as it does, an advan.
tageous situation, it is likely to have a large sale and
yield a handsome revenue to the State. The Xaria Hill
between Zazpore and Goratia, and Bardaria hill near Undi are
composed of it. The Karia stone is a greyish white, massive
moderately hard rock. It takes a fairly good polish and resists’
weathering remarkably well. The area occupied by it would be
about 2 square miles. It was rather extensively quarried in
ancient times, the memory of which is still preserved in the
name of the hill, “Kara”, in the Guzerati dialect, meaning
masons, and in a fair which is still held annually at the foot
of the hill. There are also two caves at the top of the hill,
one of which is consecrated to the god Mahadeo and the other
affords shelter to his custodian. Barring this solitary habitation
the vicinity of the hill is now a dense jungle, and it is no
wonder that, though I found that the Karia rock was used in
all the old temples and other masonry structures in the western
portion of the State, no one could inform me as to where
it had come from.

The Deccan trap series,

Karia hill is only 7 miles as the crow flies from the Rajpardi
station of the Réjpipld State Railway, and a branch line could
be constructed without serious difficuity. The hill is surrounded
by basaltic traps which would afford good road metal and
ballast. As there is every likelihood of there being -a consider-
able demand for these as well as for the Karia stone in the
area between Surat and Ahmedabad, I would strongly recommend
the construction of the branch line. ‘

¥
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The traps do not afford building stones of superior quality.
But at R&jpipld (the old capital of the State) there are. some
bedded tufis which have been extensively used in local templgs
and other structures. Similar tuffs occur also south of Samaria
and Mota Amba.

The rocks of the Tertiary system being as a rule very
soft do not afford good building
stones. The conglomerates and grit-
stones and the thin, comparatively hard, calcareous bands
occurring in association with the clays in the upper group, as
about Hirapur and Kandh, may, however, be used for rough
purposes.

The conglomerates and gritstones are quarried at Kandh 1_md
Hirapur for grindstones. But they are of very 'inferior quality.

Tertiary rocks.

APPENDIX.

Account of the Carnelian Mines in the neighbourhood
of Broach by J. Copland ( Extract).

“On account of the tigers with which the country abounds, no human
habitations were found nearer the mines than Rutunpoor, which is seven
miles off. The miners reside at Neemoodra, where alone the stones are
burnt. The mines are in the wildest part of the jungle, and are very
numerous ; they are shafts working perpendioularly downwards, about
four feet wide: the deepest we saw was 50 feet ; some extznq in a
<horizontal direction at the bottom, but in consequence of t.he earliness of
the season few had reached a depth sufficient to render this return neces:
sary, and in those that had it was not carried many feet. In using the
term ‘earliness of the season,’ it is proper to mention that the pits are
such as to prevent their being worked a second year on account of the
heavy rains which cause the banks to fall in, so that new ones are opeped
at the commencement of every fair season. We arrived at the mines
about 7 o'clock a.M., when none of the workmen had come except
one, who accompanied us as a guide from Reemoodra. .We were.mformed
that the fire-damp (hydrogen gas) was not uncommon in t:he mines, .a.nd
that the miners did not descend till the sun had risen sufficiently to dispel
the vapours, We went to the bottom of one pit, about 30 fe?t deep,
without any assistance from ropes, or ladders, by means of small niches for
the feot and hands on opposite sides of the pit, but understood that the
miners always made use of a rope to hold by, of which we could no_t
avail ourselves, as the workmen at the close of their labour carry to their
homes the simple instruments of their vocation, together with the s.toneu
which the day’s labour has acquired. The soil is gravelly, consisting
ohiefly of quartz sand reddened by iron and a little olay. The nodules

-
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" may weigh from a fow ounces to two or even three pounds, and lie very

olose to each other, but for the most part distinot, not in strata
but soattered through the mass and in the greatest abundance. I saw
none of a red colour at the mines; some were blackish olive like common
dark flints, others somewhat lighter, and others lighter still with a slight
milky tinge. The first our guide informed us would be black when
burnt, the second red, and the third white. In this he may have
been correct; but I doubt the fact as to the first, which we found in a
proportion inconsistent with the well-known rarity of a black carnelian. I
sont specimens of each to Captain Hall of the Royal Navy whose zeal
in all scientific researches I doubt not has sottled this point. I confess
myself of opinion that there can be no precise rules drawn from the
appearance of the stones before, for that which they will assume after
burning ; because it depends partly on the degree of heat they undergo.

“A red carnelian by an intense heat will become white; but as far as
my observations go, no stone of the former colouris found so in the mines
(eXcepting jaspers), although a large proportion of them assume it at Nee-
moodra. Many also, after having been burnt, show both colours some-
times distinot and sometimes mixed, and of a pinky blue; while the colour
was uniform, or very mnearly so, in all which I remarked at the mines.
The lightest coloured stones came out of the fire of a much more delicate
and transparent white than before, and often surrounded by a cortex of
red, but without any distinot line separating the colours. We were unfor-
tunate in the time of visiting Neemoodra, for all the good stones had been
removed and only a few heaps of refuse left. I saw none imbedded in
rocks as flints are in the chalk; some nodules on being broken showed a
mixture of quartz and agate, and others in a orust of quartz minutely
orystallized on the inner surface contained a black oxide of iron of a pow-
dery appearance, many pieces of which we found by themselves .in the
gravel. Hematites chiefly of the brown and green (without red spots)
varieties, mooha stones and jaspers of various ocolouts are very common
here; indeed the last was found in almost every part of the province we
visited on our route; each stone is chipped in the mine to discover its
quality, and those whioh are approved separated from the refuse, heaps of
which lay at the mouth of every pit which had been worked.

“I shall now attempt to give an acconnt of the mode in which the
carnelians undergo the action of fire, as derived from the testimony of a
respectable native attached to the adawlut at Broach, who was formerly
in the carnelian trade, and had himself superintended the process at Nee-
moodra; his account is ocorroborated by our personal observation, and by
what we learned on the spot. .

‘“The stones are brought to this village every evening, spread on the
ground exposed to the sun to propare them for the further process, and
turned eovery fifteenth day till the time of burning, which is only once a
year, one'month before the commencement of the monsoon. They are then
put Vinto round earthen pots about fourteen inches in diameter, the bottoms
of which have been taken out, and the pots inverted (mouth downward) ;

E2
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the pieces taken from the bottoms are put inside and placed over th
mouths to prevent the stones falling out; in this state the pots are plai
side by side in a trench of indefinite length, but of which the depth
breadth are about two feet, having a layer of five or six inches of
goats” dung below, and the same above the pots.

“This is set on fire about eight o'clock in tho evening. All the fuel i
consumed before daybreak, -when the pots are removed from the trench to
the open air for the stones to cool which requires about threo hours: after
this they are taken out of the pots piled in heaps and again chipped for
the same purpose as when taken from the mines, and aro finally thrown
into a pit where they remain till called for (more to be out of the way of
thieves than as constituting any part of the operation). From Neemoodra
the carnelians are carried to Cambay by the merchants who come from thenoe,
where they are cut and formed into the beautiful and much sought after
ornaments peculiar to the place.

“1 ought to mention that the miners do not forsake a pit on meseting
with a spring, but merely change their direction, the water nover rising to
any great height."
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REPORT ON THE SUITABILITY OF THE SANDS CCCURRING
IN THE RAJMAHAL HILLS FOR GLASS MANUFACTURE.
BY MURRAY STUART, B.Sc, F.G.S., Assistant Super-
intendent, Geological Survey of India. (With Plates
7 and 8.)

URING the latter half of the season 1907-8 I was deputed to
the Rajmahal hills to investigate the district for sand for
glass making purposes, as well as for kaolin and fireclay.!
The area investigated is that described by V. Ball in Memoirs
of the Geological Survey of India, Vol. XIII, Part 2.
The sand deposits in the district can be divided into two
groups—namely (a) River sands, and (b) Bedded sands.

(a)—River S8ands.

The only sand in the first group which is at all suitable for
glass manufacture is the Ganges sa.nd which occurs plentifully along
the banks of the Ganges.

I have investigated a sample of this sand (20/975)° taken from
the right bank of the Ganges at Colgong (25°16’; 87°17’) and have
made glass from it (20/976). This glass is of a dark-green colour
owing to the iron contained in the sand, and is only suitable for the
cheapest and darkest kinds of bottles, such as claret and beer bottles,
and oannot be utilised for the manufacture of medicine or soda
water bottles.

I also made an experiment to determine the effect of treating
with manganese, which shows that hock bottles can also be manu-
factured from this sand; the combined effects of the iron (already
present in the glass) and the added manganese (manganese dioxide}
giving the brownish red, non-actinic colour of the hock bottle
(20977).

The variation in the composition of the Ganges sand throughout
the distriot is negligible, as a slight difference in the percentage of

T Tho rezults of my enquiries into the latter subjeot will be published later.
2 Tho nnmbers in brackets refer to the registered numbers of specimens pro-
served in- the Geologloal Survey Museum, Caloutta. .
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iron present merely causes a slight variation in the tint of @
colour produced, which is not of the least oonsequence for bottem
glass. As regards the purification of this sand, it is practically - o
sible to make much improvement by the ordinary means ab prestig
at the disposal of the manufacturer. Some of the iron 18 pressii
as magnetite, and this of course may be separat.ed m'gneh“uZl.:i s
the greater portion is present as ferro-magnesian mmert}h, -
biotite mica with a little garnet and iron.stained quartz-grains. 1&
impossible to remove iron by burning, and since the sand.m _
from water, it is impossible to effeot any change in 1ts cOm:§

are the following'— -
the Godhanee river which flows through the Chuperbhita

T

field ;

the Bansloi river whioh flows through the Pachwars M

field ;

the Brahminee river which flows through the Brahminee

field ; i
the Kujeea river whioh flows westwards by Godda (24°49’
87°17'),

-y

: )

The sands in these rivers all contain much more iron than ﬂ”;
Ganges sand. The diffioulties of access and transport are also M

. as no barges or boats come up these rivers in the rains, and in ”h‘;
dry season they are reduced to mere threads of water. The only:.
transport of the district is by bullock or bufialo cart. These faots:
quite put the sands out of consideration for ylass manufacturs,-
as, in the manufactare of bottles, cheapness of crude matenatl; ‘l:
sands would be of a darker colour, and consequently of not such &

one of the most important points. Also glass made from

good quality as the glass made from the Ganges sand.

(b)—Bedded 8ands.

Passing jo the consideration of bedded sands:—White Damuds.
sandstones Qto:oureino this district at Mangal Hat (25°¢ ; 87951')
and P# Pahar (25°6’% 87°56%), on the east side of the hills, snd

in ‘the Hurs and, Chuperbhita Coslfields on the north-west.

is deposited

A

4

g
[

)
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These sandstones are, or rather were, felspathic sandstones, in which
now most of the felspathic material has undergone decomposition
into kaolin. This kaolin is at present being extracted from the
sandstone at Mangal Hat by & system of crushing and washing, and
is being sent to Calcutta for the manufacture of porcelain and china-
ware by the Calcutta Pottery Company.

I am informed that all the sand obtained as a bye-product in
the extraction of this kaolin is being utilised by the Company in
the manufacture of their goods. Consequently the glass manafac-
turer must start with the crude sandstone and extract the sand
from it.

To do this it will be necessary to break down the sandstone into
sand, and in this operation care must be taken mnot to crush it so
as to give a fine quartz powder, as the presence of very finely
divided silica is a distinet disadvantage, and it would have to be
removed by careful washing. As in this case the kaolin has to be
removed by washing, forming a valuable bye.produst which would
compensate for some of the cost of “crushing,’” it is desirable to
obtain this kaolin in as pure a state as possible, and the presence
in it of finely divided silica would much diminish its value.

Although washing will remove the greater part of the kaolin, I
bave found it practically impossible to remove it completely by this
means (20/979 and 20/980), and in addition to my laboratory ex-
periments on this point, Messrs. J. Walsh Walsh, Glass Manufac-
turers at Birmingham, England, were kind enough to wash, burn
and sieve a small sample of this sand for me under working condi-
tions, and the resulting sand still contains a small amount of kaolin
(20/982 and 20/983).

After “orushing’’ and washing, the sand is still muoh too coarse
and unsorted to be used as it is, and it must be first sieved.
Sieving with a No. 20 asieve (20 wires to 1 inch) yields a sand
comparable in size with the Fontainebleau sand (20/989) which is
the purest and best sand known for the purposes of glass manu.
facture. _ ;

If the standard of quality of the glass required be somewhat re.
laxed, & No, 16 sieve would yield a coarser sand which would be
quite satisfactory for window glass and glass for the cheaper kingd
of tumblers and pressed ware, and for all but the highest quality
glasa (20079, 20/080, end 20/981). .

\

@
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A sample brought from Mangal Hat (20/978) was washed and

sieved by me with the following results :—

Kaolin obtained . . . . . . . . 6-2
Fine sand obtained from number 20 sieve . . . . 408
Coarser sand obtained from number 16 sieve . . . 330
Waste very coarse sand . . . . . . . 200

100:0

Although the sandstone is very false.bedded and alters in charac.
ter within a few feet in the same quarry, nevertheless these figures
may be taken as fairly representative for the amounts of sand ob-
tained, because the samples containing much coarse material contain
little kaolin, and those containing higher quantities of kaolin contain
little or no coarse material. :

The fine samd so obtained (20/979) was tested by me and &
potash-lead glass made from it (20/984). The glass obtained was
of a very pale.green colour owing to the presence of a small quan-
tity of iron in the sand ; but the conversion of the iron which exists
in the ferrous state in the green glass, into the ferric state by the
usual methods employed by the manufacturers, such as the addition
of potassium nitrate to the *“ batch’’ (or mixture of raw materials
before melting) in the case of a lead potash glass, would make the
colouration due to the iron much less conspicuous since the colour
resulting from iron in the ferric state is a pale yellow.

In addition to this, however, the colour resulting from the pre.
sence of iron is pale enough to come under manganese control, and
an experimental glass made by me with this object in view proved
that it is possible to manufacture a perfectly olear high-class glass
from this sand, suitable for the best cut and table glass (20/985
and 20/986),

. The sand obtained from the coarser sieve would make excellent
plate and window glass, and with less carefully selected materials
would make a very good quality of medicine and soda water bottles.

Still, the objections to this sand are, (1) that it requires crush-
ing in order to be brought into a condition fit for use, and the
crushed product would probably require to be washed to remove the
fine dust, a process which leads to the loss of a serious percentage
of the material ; and (2)—a more serious disadvantage—that it -con-

v

i
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tains kaolin, which it is practically impossible to eliminate’ com-
pletely. Each of the test glasses made by me from this particular
sand had a top layer or scum of glass containing a large quantity
of unvitrified opaque material, which seems to be practically china,
occurring in the form of small isolated grains about }rd of the size
of the head of an ordinary pin (20/984, 20/985, and 20/986).
Below this layer the glass was perfectly clear and good, and the
absence of bubbles in the glass shows that the glass was well fused
and that therefore this scum of glass containing opaque white grains

has some other reason for its existence than defective or insufficient
fusion,

My experiments were conducted in a Fletcher’s Injector Gas Fur-
nace at temperatures ranging between 1600°. and 1700°F. The
quantity of glass made was some 70 grammes, and the glass was
kept fused for one hour, when the absence of bubbles showed that
fusion had been complete. In the case of the glasses containing
these white granular inclusions, I tried the effect of keeping the
glass fused for another hour but it had no effect upon them.

It is impossible to say definitely from small tests such as these

what will be the effect of this kaolin under working conditions, and
the question must be met and dealt with by the manufacturers
themaelves.
I have studied these inclusions under the microscope, where they
appear as a white opaque substance often including and com-
pletely surrounding a small quartz grain which is quite isolated
from the surrounding glass, and the assumption that they are china
or pottery seems to be maintained (microscope slide No. 6422).

For reasons concerning the stability of the glass and the neces-
ity for it to be as little aflected by water, alkalies and acids
as is possible, it is out of the question to increase the alkali, or
“flux,” in the mixture of raw materials; and therefore this method
of dealing with the kaolin is impossible.

Consequently I fear that this kaolin will prove a serious
obstacle to the satisfactory manufacture of glass from this sand,
and especially so in the case of the best “flint’’ glass which is

" manufactured in ‘“olosed’’ pots with onlyf a small opening to

allow the glass to be gathered on the irons by the workmen, and
consequently will not admit of the top layer being drawn or
skimmed off. -
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It is worthy of note, however, that thess inclusions of what will .

be practically Jchina all rise to the top, and form & distinot layer

or soum, and that the “metal’’ underneath is perfectly olear and

free from them.

_The place where these sandstones may be most conveniently ob-
tained is at Mangal Hat, which is about one mile from Taljheri
station on the East Indian Railway, to which there is a good me.
ta!led road. After Mangal Hat the most convenient place to ob-
tain this sandstone is at Pir Pahar. The occurance in the Hura
and Chuperbhita Coalfields is far from any railway, the Hura field
beirfg some 27 miles by road from Pir Painti station on the East
.Inchan Railway and tbe road bad, and the Chuperbhita Cualfield
is still further from the railway. Also this sandstone as found
to the west of the hills generally contains some white mica, which
;ﬁ::: it of an inferior quality to that at Mangal Hat and Pir

‘The supply of thess sandstones is practically unlimited.

Geological Consideration of the Damuda Sandstone.

Fro;n my ex?,mination of the Damuda white kaolinitic sand-

stone in this district I have come to the conclusion that the
w.h.lte, .u'on-f¥ee (fondition in which it now exists was not the con-
dition in which it was originally deposited, but that it was origin-
ally a ferruginous sandstone, and that the iron then present has
been subsequently removed.
_ The sandstone as it exists to-day is & white rock which occa-
sionally becomes coarse and grit-like, and contains kaolin through-
out. It is very false-bedded and on the west of the hills
contains several beds of white clay.

The kaolin exists in two forms in the sandstone, the one
form being the decomposition product of felspar oiginally present
in the rock, This is illustrated by the rock exposed at the eastern
end of the Chuperbhita Coalfield, which contains kaolin and felspar
both partially decomposed and undecomposed. The second form is
that of inclusions of white clay deposited contemporansously as
such : these inclusions - or fragments of clay range from quite
- small fragments up to others which are many ocubic inches in.
volume, end their presence in the rook is due o a changs .of
direction on the part of the depositing river or s saltering

©
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the local conditions of deposition, cutting out in places the white
clay beds and redepositing the fragments along with the sand.
Occasionally, where a large expanse of this sandstone is exposed,
it is seen that a bed of white sandstone passes laterally into red
ferruginous ssndstone without any break or discontinuity in the
particular bed. This is well seen on the west scarp of the hill
gituated between Lohundia (25°3%; 87°27’) and Simru (25°2';
87°25%); but the evidence in favour of the view that there has
been & segregation of iron, which was originally present in the
rock, lies in the fact that wherever the top of the sandstone is
seen it always consists of a dark-red very ferruginous sandstone
containing in most cases distinct bands, much richer in iron than
the sandstone itself, and obviously due to segregation (20/993
and 20/996). Where the top of the sandstone is not scen, the

- surface of the white sandstone is often lamellated with thin bands of

what is practically a hydrate of iron.

This is well seen just to the south-west of Bora Ghat (25°1'5";
87°27’), where also there are many fossil plant stems in the sand-
stone, all of which are preserved in this hydrate of iron (20/995).

In many places, notably south of Bora Ghat and on the western
gide of the valley lying to the south of Simlong (24°45; 87°30")
this very ferruginous top layer shows a peculiar modification, and
there is developed what may be termed sandstone laterite. This
gandstone laterite is a very ferruginous sandstone which is con-
siderably enriched in iron by segregation bands as mentioned
above, and which has developed the lateritic structure of cavities
and holes, and shows in some instances the characteristic pipe
structure of laterite (20/992, 20/997, and 20/999).

This sandstone laterite can be seen in all conditions ranging
from very ferruginous sandstone, with iron segregation bands and
very few cavities, to a rock indistinguishable from ordinary laterite,
and this structure is due to accumulation of iron and not to
disappearance of silica.

The proof that this iron once extended right through the rock
is seen in the low-lying range of white sandstone hills running
porth and south to the south-west of Bora Ghat, where, on the
western face, very frequent spherical ferruginous segregations are
scattered through the white sandstone. These segregations range
in size from that of a golf ball to many inches in diameter

(20/991).
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PratE 7—Fic. 1. Microscopic section of the scum which forms
on the top of glass made from the Mangal Hat
sand, showing inclusions of china.

Fig, 2. Fossil plant stem preserved in hydrate of iron
in the Damuda white sandstone (20/995), Bora
Ghat.
PraTe 8— Lamelle  (I) of ferruginous segregations in
Damuda white sandstone at Bora Ghat.

Fig. 1.

Photo. by M. Stuart. Fig. 2. 8. 1. 0, Caleutta, 1,

FIG. 1. INCLUSIONS IN GLASS MADE FROM MANGAL HAT SAND,
MAGNIFIED 25 TIMES.

FIG. 2. FOSSIL PLANT STEM PRESERVED IN HYDRATE OF IRON IN THE

DAMUDA WHITE SANDSTONE, RAJMAHAL HILLS, |2- NATURAL SIZE.
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THREE NEwW MANGANESE-BEARING MINERALS :(—VREDEN-
BURGITE, SITAPARITE, AND JUDDITE. By L. L.
FERMOR, A.R.S.M., B.Sc., F.G.S., Assistant Superin-
tendent, Geological Survey of India.

URING the ccurse of a survey of the Indian manganese-ore
deposits several new varieties and species of minerals,
mostly containing manganese, have been found. Concerning three of
these—hollandite' (a manganate), blanfordite® (a manganese pyroxene),
and” winchite’ (a manganese amphibole)—notices have already been
published. Further information about these three minerals is.
given in a forthcoming memoir on the manganese-ore deposits
of India. In the same memoir accounts are also given of three
more new minerals, to which the names vredenburgite, sitapa-
rite and juddite have been assigned. Since, however, there is
likely to be some delay before this work is issued, I have
thought it well to publish the accounts of these minerals in
this place also, in order to prevent the confusion and inconve:
nience that would arise should anyone find the same minerals
elsewhere and give them different names to those I have chosen.
Of these new minerals, vredenburgite and sitaparite are man.

ganese-ores containing a considerable quantity of iron. They are

probably to be classed with the group of intermediate oxides
given on page 220 of the last edition of Dana’s Mineralogy.
They are distinguished from all other manganese-ores by the fact
that as seen in the sun they showed a distinct bronze tint, and
from one another by the fact that vredenburgite is strongly
magnetic and sitaparite only weakly so.

The third mineral, juddite, is another manganese amphibole.
It is distinct from winchite, and, although it has not yet been
analysed, its extraordinary and beautiful pleochroism—comparable
only to that of the manganese pyroxene, blanfordite, with which
it is intimately associated—is considered sufficient to prove that it
is & new variety of the amphibole group requiring & new name.

1 Tyansactions Min. Geol, Imst, Ind., I, p. 76 (1908); Rec., Q. 8. I,
XXXVI, p. 295 (1908).

* Trans. Min. Geol, Inst, Ind., 1, p. 78.

8 Rec. G. 8. I, XXXI, p, 2356 (1904\; Trans, Min. Geol. Inst. Ind., I
pi79 (1004 S T
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1.—Vredenburgite.

This mineral has been found in two different parts of Indiag
o namely Beldongri in the N4gpur distrioty
Charaoters And 00CUT- (onpry] Povinces, and Garividi in the

Tence. - Vizagapatam district, Madras. In eoloury
the mineral is & dark steel-grey exhibiting a bronze tint, especis:
ally in the sun. In fact it was this bronzy colour that fies§
drew my attention to the mineral at Beldongri ; the difference il
tint between this and the ordinary manganese-ore of the mine’
was most marked, the latter, composed of a mixture of braunite’
and peilomelame, being of a dark steel-grey to black colour, with:
gometimes a tinge of bluish. The lustre of the mineral i’
metallic, but not very bright, except on oleavage surfaces. The:
Garividi specimen shows & well-marked oleavage, the nature of
- which' is not obvious, but which I would suggest is paralled
either to the isometric octahedron or to the tetragonal pyramid
according to whether the mineral be isometric or tetragonal ; for
it will probably be found to belong to one of these two systems
. it specimens ever be found showing recognizable faces. The
streak of the mineral is a deep brownish black tending to &
deep chocolate. Its hardness is about 6'5. The most interesting'
feature of the mineral, however, is its magnetism, for it seems
to be just as strongly magnetic as ordinary magnetite; and,
indeed, any one picking up a piece of it and testing it with
a magnet would say at onoce that it was magnetite. That this
would be incorrect isshown by the fact that the mineral contains
& high percentage of manganese; in fact, about twice as much
of this element as of iron. The mineral is, further, distinot-
ly polar, and pieces can be broken off, one end of which
will attzact one pole of a balanced magnetic needle and repel
the other. The coarsely crystallized Gerividi specimen is more
suitable for this test than the more finely crystalline ore from
Beldongri, the latter being of the nature of an aggregate in
which the polarity of one individual may neutralize that of
another. ‘ :

. The Beldongri specimen was found as a thin band, one inch
in thiokness, intercalated with the other ores in the scuth-
east comer of the quarry. This: ore is moderately coarsely
ctyatalling, ‘as. vonspared -with . the wususl manganese-ores of this
part of Indin, the individusl grein averaging 1 to } inch

g
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across. This crystalline aggregate is very compact, and in parts

‘the magnetic mineral tends to get mixed with a little pailome-

lane. A piece, apparently free from this latter impurity and having
8 speciﬁc gravity of 4'74, was selected for analysis, the latter
being carried out at the Imperial Institute. The other specimen
was obtained from amongst the heaps of ore from the Garividi
deposit stacked ready for despatch at the station of the same
name. In contrast to the 'Beldongri specimen this is very coarsely
orystalline, a piece about three inches in length consisting of only
three individuals interlocking one with the other in a sort of
poikilitic way. One of these individuals is two inches long.
The Garividi specimen, moreover, does not contain any other
admixed mineral. The piece of it chosen for analysis has a
specific gravity of 4-84, which is somewhat higher than that
of the Beldongri specimen. This may mean that there waa a
little admixed psilomelane in the Beldongri ore, 'although the
way in which the analysis works out to a definite formula
does not support this supposition. The slight -difference in specific

gravity may be due to slight differences
- Chemical composition. in the impurities that each of the spe-

oimens probably contain. The Garividi
specimen was analysed by Messrs J. & H. 8. Pattinson of
Newoastle-on-Tyne.

The two analyses are given side by side below ;—

\ 8pecimen No, 1080. Specimen No. 4.346,
(Beldongri,) * (Garividi.)

Manganese peroxide (MnQ,) . 2367 . . . 24-94
Manganese protoxide (MnQ) . 38 . . . 38:53
Ferrio oxide (FogOg) .. . . 28:85. e . 31°29
Alumina (Al,0,) . . . 1-32 . . 210
Baryta (BaO) . . .« . 1-30 . . 003
Lime (Ca0O) . ¢ -« 183 , . . 090
Mﬂm (MBO) . » 0-99 ’ . . 1:20
Potash (K,0) . . . . .. . . . 006
Soda (Nag0) . . . . . . . . 014
Combined silica (8i0g) . . 091 . . . 02
Free silica (8i0;) . o e 0°86 . . . Nil

Sulphm‘ . . . . . .o’ . . . 0403
Phosphorio oxide (P30;) . . 107 . .« 003

Armo oxide (Akos) . . 001 . ' ) ‘e . Nit

Oohﬂtoul oxide ‘000) L3 [ (13 ) ’ r 0 'N
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Quartz . . . . 086
: i . _ Arsenic oxide . . . 901
Nickelous oxide (NiO) -+ -+ . . . Ml Moisture . ., . g
Cugprio oxide (CuO) . . .. . . . 003 )
Lead oxide (PbO) . . Nil, . 10046
Zine oxide (ZnO) .o Nd. Subtract oxygen assumed . 0-12
Titanic oxide (Ti0y) . .. 014
Chlorine and fluorine . . Nd 100-3¢
Combined water . . . 1-32 0-30
Moisture at 100°C . . 018 0-20
' Carbon dioxide (COp) L. 009 . . Nl On. the supposition that the combined silica is :
: — braum?e there is no alternative to the above i present as
100°34 100-17 analysis ; for the MnO, and Fe0 Interpretation of the
. . any simple molecular p . #a¥s Bro Dob theu present in
Manganese . . . . 44682 . . . 4562 . : proportiori. But in accordance with thi
Irom . . . . . 201 . . . 2I'0 mterpretation there should be three constituents eadily visi 8
Silica (total) . . . . YT .. 020 the hand-specimen, namely, braunite, hausma, it y visible |
Phosphorvs . . . . 047 . . . 00 Examination of the specimen, howc;ver doesmrlxt): ,reandl htilmatlte.
—_— . ’ veal the pre-
Specifogravity . . . 4T& . . . 484 :::s:n;ftﬁ::rethihaioafngnfﬁ?m'. If, on the other hand, p:'ae
— . e ca 18 In combination with s
It is evident from the foregoing analyses that these two specimens of the impurities, then the analysis can bo stated as follows ?ile
represent one and the same mineral composed practically entirely Apatite . . ., . 9.4y
of oxides of manganese and iron; all the other constituents Calsite . . . .
being ~present in insignificant proportions may be regarded as g"xbof’. s+« . 6193
impurities. The question is then to calculate from these two I::p :;“lm « .« . 2885
analyses the formula cf the mineral. Quartz . g::g
1 will first consider the mineralogical composition of the As,0, .. el
Beldongri specimen. If the combined silica shown in the Moisture . .. 018

analyses be really in this condition then it will probably be

as braunite.) On this assumption the analysis can be re-stated - 10036
, Subtract oxygen assumed 0-

as follows :— ~ 02
. Apatite . . ' . 247 .
- Caloite - . . . 02
Braunite . R B 100-34
- Hausmannite . . - 5382
Hematite . . 2885 Now the MnO, and Fe O
" 243 - . . . &r 13 .
Impﬁ::x—m o . 132 portions of 3 tn; 42 a8 sho v:'n 3 belzwp:risent in the molecular pro-
- Baryta . . . 1'80
- Lime . « " 0°02 61-93
- Magnesia .** . ' . 099 oo = '210¢ = 3 x ‘09013
» Conrbined water . 1-32
" 3"Agsymed to have the formula 3Mng Oe. Mn Bi Oy ' : 2?:: ‘1803 = 2 x ‘00015
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ose that they form a mineral of the

Hence we can BSupp
composition 3Mn0,.2Fe, 0y, rather than & mixture of hausmannite

and - hematite.

Taking now the case of the Garividi analysis, all the con-

stituonts may be regarded as impurities accidentally picked up
during the formation of the mineral, exoept the oxides of
menganese and iron, to which, as in the case of the Beldongri
specimen, we will confine our attention. The oxides of man.
ganese given in the analysis on page 201 correspond to:—

Manganeﬂe . . . 45-61
Oxygen . . . 17-86

Now 45:61 manganese requires 17°70 oxygen for the formation
of MnO,, so that here also it seems almost certain that the
manganese is present in the form of the proto-sesquioxide.
Again the question arises as to whether this* MnO, is to be
regarded as hausmannite in mechanical admixture with the Fe,O,
in the form of hematite, or whether the oxides of manganese and

iron are in combination as some definite ‘molecule with a definite

" molecular formula. Calculation shows that the relation between

the MnO, and the Fe,0, is not so exact a8 in the case of
the Beldongri specimen. Neglecting all the constituents except
the oxides of manganess and iron the composition of the mineral

is :—
Mnso‘ f . e e . 08 ¢ 31
F O’Oa . . . .

g Surplu’ oxygen . .

| 2

Now to satisfy of the formula 3Mn0, 2Fe,0,, 63-31 MnO,
requires 29°49 Fe,O,, whilst 31-29 is available; that is, thereis-a
surplus of 180 FeO, This is not excessive and may be
the Garividi specimen has the same for
mula s the Beldongri “specimen, the extra Fe,0, being regarded

taken as showing that

as a further portion of the impurities.

On the evidence of the foregoing caloulations it might then
a of this mineral’

be considered as fairly certain that the formul

Y]

Part 2.] FeruMor: Vredenburgite, Sitaparite and Juddite -205
is really 8Mn,0,2Fe,0,. At first sight, however, there might |

. seem to be an objection to this formula in the fact that the

mineral is so strongly magnetic that the iron m

::albe:) b?ﬁs; asb ch:&(s); izther than as Fe,O,. BIE:Bt t}})ilse ;supr:bs 0‘:
! ’ ore are : R

netio properties—usually it is trues:?r: 1 mﬂer:lﬁﬁll&?mg 1;1]:8-

metm_hﬂ::;z do not co.ntain -their iron in the form gfreeFe OB‘n

Thus py;-: o;t or magnetic pyrites, a sulphide of the formulf

oy, le’t’io ;tsen strongly magnetic. Ilmenite is often sl htla

(?eg;i) 0 formula. may be written either as Il'e'l‘iOlg a{
»I1),0;, or as mFeTiO, nFe O, Whichever interpretatiozsl, be

- the oorrect one it is seen that the iron is in the form of either

i?o or z:,Oisf. 1?lnce hem.atlte (Fe,0,) is usually non-magnetio
seems as if ¢, o mg,gnetlsm of ilmenite must be due to th
f;:uf:;'m ll;t of.txta.mum and not iron. In the same wa aﬁ
o Ind u:x)zf ;aumifes are more or less magnetio. Alt'.houghy the
ol ;::;1;9 ;et op:n .totesome doubt, as shown in the
) o Interpretation of i
sence of an R,0, group. Now the Indian ;r:z;:?t:s th:sul;ll.f}:

~ oontain an appreciable proportion of iron replacing a part of the

manganese. Such iron must, therefore, be i
i 1 » ) in the f i
of Fe, O, or, less likely, of FeO. It so happens, how:?elr 01311::

~ some braunites are very low in their iron percentage, and yet are

still! magnetic. Hence we must suppose that i
. . » 88

::: tﬁez.ute the magnetic properties of the mmor1:l 1::lree ?1::: t?:‘
the mu? rat‘her than to the iron, so in the case of braunite
Henoemagnein tl}::n is due to the manganese rather than to the iron.
Hence n th o:se of the x.mneral under oconsideration it does
nok 1 y follow that its magnetio properties are due t
o iron, even though it is present in large amount Thue .
ganese hm.aoyf l;;. the cause of the magnetism; but ooisider?ﬁgm:]l:;
has something " o wih the. g, "y it e fon
. > { . may be i
g::tx?:la; e};{:flortu}n of. manganese and iron oxidez give:h&rii;setht":
o o i!:) will _be seen from the foregoing that even
Bt no:mfizl:l ) smth e ?ntn:ely due to the presence of the iron it
doo inme::,' at It is present' in the form of ¥e, 0. Tt
thmg’ howev‘etz, to see if the analysis cans I:e in
l'two on the supposition that the iron is i o
%0, iy } - the present in the

* B ' qu
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If in each of the analyses the iron be supposed to be present in
the form of Fe0, and the manganes in the form of Mn,O,
then the amounts of these oxides work “out. as follows :—

Baldongri. QGarividi.

Mn,O, . 64°08 65-51

Fo,0, . 2789 30-26

‘ 91-97 9576

‘Subtract O assumed 1-21 . 1-00
90°76 94:76

—— S——

With this arrangement the formula works out as corre-
sponding in both cases very closely to 10Mn,0,.3Fe,0,. Since
however, the error in the oxygen is on this interpretation 80
large, it would be better to suppose that the manganese is not
all in the form of MnO, but that a portion of it is in the
R,0, group isomorphously replacing & portion of the iron. On
thie supposition, and using the oxygen, manganese, and iron, a8
actually determined as the besis of calculation, the composition

works out as follows :—

Beldongri. Garividi.

MnO, . 2823 . 85-89
Mn O, . 8464 2862
Fe0, - 2189 80-25
00-76 9476

| om—— A

The molecuiar proportions cf the three oxides then work ou!
as follows:— ‘ ‘
Beldongri.

MngO; . . = 1787
Mn,0, . . = °*1513

= 2 X -0803

}‘2715 = 3 x °0905

Fo,0, - . = 1202
. ) Garividi. , )
MnO; . . = ‘27 =7 x -0324
Mn,0, . . = 1249

}'2563 = 8 x . 0319
: FoO, . = -1304
These onrrespond respectively to the formule :—

Beldongti « 2Mny04, 3(Mn,Fe), 04
Garividi ¢ . mnq()a. S(Mn,Fe)go‘

PR B
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iZWe ‘have thus arrived at the following alternative formule :—

Beldongri. Garividi.
3Mn,0,.2Fe,0s 3Mn,0,.2Fe,0;
10Mn 0,.3Fe 0, 10Mn,0,.3Fe,0,
2Mn,0,4.3(Mn,Fe),0,  TMn,0,8(Mn,Fe),0,

Of these formule the simplest is the first, to which the analyses

< oorrespond more nearly than to any other, if a little of the

jron be regarded as impurity in the Garividi specimen. The

 second is the least probable interpretation as it is then neces-

gary to assume errors of 100 and 121,

inati Tespecti ;
determination of the oxygen. pectively, in the

Whichever be the correct formula

' there i8 no doubt that this mineral is a new mi i

- . ineral species,

¢ propose to call it vredenburgite after my colleague MrIT E‘Ts WI
* Vredenburg, under whom I spent my first field season in Tndia

and first oame in contact with deposits of mangsnese-ore. Its

" main interest lies in its combination of strongly magnetic char-

. acters with a high percentage of manganese. In consequence of

© js magnetite—its chemical character be not determined ;

i the former property it i8 liable to be mist i
4 r : aken for magnetit
" if—as is only natural, considering that up to the preseft th:

only black strongly magnetic mineral! that has been recognized
whilst,

. on account of its well-marked cleavage and the fact that it is

.found. in manganese deposits, it is liable to be mistaken for
. braunite, unless its magnetic characters be examined.

ite, : The fact
that 1.t dissolves up practically completely in acid, without I:av?xfg
a residue of silica, serves to distinguish it from braunite; so

. also does its duller lustre on cleavage surfaces and its curious

bronzy lustre in the sun. Otherwise, in hardness, cleavage, and

- specific gravity, there is & remarkable similarit
e arity between these

2.—8itaparite.

At Sitapér in the Chhindwéra district, Central Provinces, there
ocours amongst the interesting association of minerals forming the

- ores of this place a dark bronze-coloured mineral that look
_ like the one I have called vredenburgite. 008 vory

ike t It is, Lowever, di
tinguished from the latter by the fact that it is only slighi:;

. magnetio, vredenburgite being about as magnetic as magnetite

1 Exoluding native elements,
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The actusl colour of the mineral (nay be described as ‘dark
' ' _ bronze-grey, the bronze tint being
Characters. especially well seen in the sun. It

is, moreover, sufficiently well marked for the mineral to be &t
once distinguished from its associates in the oresin which it ocours. The
streak is black, the lustre metallic. The mineral is brittle and
tends to break along almost perfect cleavage planes, which may

be octahedral. The hardness of the mineral is about the same.
as that of quartz. The specific gravity seems to be somewhat -

variable, three pieces showing values for this constant of 493,
499, and 509, the mesn value being 5:00. An analysis of this

mineral was made by Mr. T. R. Blyth, of the Geological Survey

. of India, on & piece having & speoi-
Chemical compesition. fio gravity of 493. The result is as

follows ;-
Specimen No, 843 4. .
Manganese peroxide 36°79
Manganese protoxide . . 20689
i ) Ferrio oxide . . . 2760
' Alumina . 102
*  Baryta . . . . 010
Lime . . . . 614
Magnesia . . e . 108
Silica . . . . 1I'17
Moisture at 100° C . 0°09
- ’ 100:82

Maogunews . . .
Iron . . e e . 19082
Specifiogravity . . . 4'08 ,

Below are compared the figures for the oxides of manganese
and iron, and metallic B and iron, with those for the
two specimens of vredenburgite of which the full analyses are

- given on page 201 :— o :

‘ o Beuowi. Garividi. Bitapér,
MnO, . .0 . . 2867 0 s T 36
MO . oo, 8824 . 8888 2689
i Fep e s, s 2986 3 27-60.
P e 0076 . 9476 91-28
el . e "o
L Srlel 200 19-%2

. ?
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It will be seen that there is a striking resemblance between
the Sitapfir mineral and the two specimens of vredenburgite,
partioularly in the amounts of ferric oxide, manganese and
iron. The difference between the two minerals lies, however, in
the state of oxidation of the manganese. Whilst vredenburgite
eontains  copsiderably more MnO than MnO,, the relative
amounts of these two oxides are reversed in the Sitapr mineral.
Consequently the Sitapir mineral cannot be made to conform to
the formula of vredenburgite. In the case of vredenburgite I
regarded the constituents other than the above as impurities,
because none of them was present in any important quantity,
nor had any important effect on the formula. Their total amount
was, however, not so small, being about 9 per cent. in the
Beldongri specimen and 5 per cent. in the Garividi specimen.

. In the present case one of the constituents other than oxides
of manganese and iron i8 present in sufficient quantity for it
to be uecessary to take it into account in caloulating the for-
mula. This is the lime; and in investigating the significance of
this constituent in the formuls, I have grouped with it the
oxides of barium and magnesium. Below I give the figures for
the molecular ratio of each constituent :—

MnO, = ? = 04230 =10 x -0428
MnO =.268% _ o887 . =9 x -0
Fou0y = T2 o o178 - | =4 x 0431
Ca0 = = 0'1008

MgO =—= = 0°0283) = 01356 = 3 x 0452

£
]
|2
il

0:0008 L .

_“”-Sio. = = 00w =2 x 05

In the last line I have also given the molecular ratio for the
silica, to show that it is present in too small a quantity to be taken
iito . account in working out the formuls of the mineral. It will
be.seen, however, that the CaO, MgO'and BaO taken together are

L]
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molecularly nearly as important as the ferric oxide. According to

the above the formula is as follows :—

10MnO,.9Mn0.4F¢,0,.3(Ca,Mg,Ba)0.

Leaving out the MgO and BaO and grouping together the oxides
_of manganese this can be stated more simply as follows :—

9Mn,0,.4Fe,0,.Mn0,.3Ca0.

From this it might be thought that the mineral is only to be
regarded as a variety of the very rare sort of braunite having
the simple formula Mn,O, in which a portion of the manganese
is replaced by iron, the ome molecule of MnO, and the three
of CaO being impurities. The quantity of the latter seems to
me to be too large to be treated as an impurity, eapecially
a3 the specimen analysed was a portion of one crystal only and
was apparently quite pure and free from adventitious matter.
Apart from the presence of the lime and excess MnO,, the
bronze tint of the mineral is sufficient to show that the mineral
i8 not a variety of any sort of braunite; for the latter usually
possesses a rich black colour, and is, moreover, present in the
same ore, a8 a mineral of very different appearance. Another
alternative is to regard the iron as being present in the form of
Fe,0,. Under this supposition the formula of the mineral works
out as 6MnO, 4F980 .12Mn0,.5Ca0. It does not, even in this
form, show any close relatlonshlp in formula to any other
mineral. Hence it seems ~better to accept the simpler formula
9Mn O, 4Fe,0, Mn0,.3Ca0, as the best "expression of the composition
of this mineral, and to regard it as a new species, As the locality
where it is found contains such a number of interesting mmerals
I think this mineral can be most appropnatoly called sitaparite.!
I do not at present know what is the meaning of the variable
specific gravity noted above. It may correspond to a variation
in the composition of the mineral in which .one constituent is
replaced by another without altering the general formula of - the
mineral. Further work on the mineral, when & larger number
of specimens have been analysed, may result in a modification
of the formula of the mmeral 88 given above, but it will not alter

lTobopronomoodmﬂxﬂxemtonﬂlothndsylhble,hwhmhthe
49 is like the:ts’ in _pqu :’l‘ho ‘i im sm upmnounoedlih'ee
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» ﬁxe fact that the mineral has an individuality that enables it to be
distinguished from all other mangsnese minerals. The only two
“minerals to which it bears any resemblance are manganmagnetite
‘and vredenburgite. It is distinguished from the former by its
‘bronge tint and weak magnetism; and from the latter which it
usemblas in its bronze tint, by its weak magnetism.

.~ The other minerals found at Sitapdr are hollandite, brau.
¢ mite, 8 manganchlorite (?), and an arsenate (with phosphate)
v not yet worked out. The chief ore obtained from this deposit
' consists, as seen in the sun, of beautiful sparkling silver-grey
.. prismatic hollandite with spots, patches and bands of bronze-
.- coloured sitaparite. Some thousands of tons of such ore have
* been despatohed to the market.

F
t%
Q”
%
4‘
£

8.—Juddite.

. Associated with the blanfordite of Kacharwéhi in the Négpur
. distriet there is a manganiferous amphibole with a pleochroism
. snalogous to that of the blanfordite with which it is associated ;
. but it is, if possible, still more beautiful. The tints seen in a
> microscope slide, showing a considerable number of sections of
the mineral, consist of various shades of rose, carmine, lilac,
“ purple, blue, green, orange and orange-pink. These tints are
. often very delicate and their great variety is doubtless due to
" the ocombination of the colours corresponding to the different axes
* in different proportions in different sections. As orystals of the
. mineral have not yet been isolated, it is difficult to say which
Cpartioular sections show the unadulterated axis-colours.. But I
"".think the following is somewhere near the true pleochroism
scheme —

- g=carmine,
b=Dblue with a lilac tinge, to pale green with a lilac
tinge,
(==orange or pinkish orangs. _
~ .- It will be seen that the colours corresponding to the a and b
- gxes are somewhat similar to those of winchite; but the g axis
“: oolour is quite different. The extinction angle # A ¢ seems to have
'a:’.s maximum value of about 30° in sestions showing ‘the g and
"B axis ocolours. Some of the sections showing carmine and
. shades of green are at right angles to an optic axis, and from
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the brushes obtained in these sections it seems that the mineral -

is positive, so that ¢ is the acute blseotnx I did not _succegd
in finding a section accurately at right angles to this biseotrix,
but ome, not very good, figure that approached this .pogltxon
goemed to show orossed dispersion, as ome would expect if b=C.

One soction showing orange and green tints and hence at right
" to the's axis was apparently also at right angles to the
obtuse. bisectrix, this also pointing to the positive charafst?r
of the mineral. In a basal section showing the cl.mra.ctermtm
cross-cleavages of amphibole, the colour corresponding to t.he
long axis of the cleavage rhombs is pinkish orange to reddish
orange (f), and that to the short axis is righ violet, the latter
colour being compounded of the @ and b axis colours. It seems
probable that the mineral is monoclinic and that the { axis
coincides exactly with the b orystallographic axis, and .that the
% and baxes lie in the plane of symmetry. But certain anoma-
lies in the behaviour of the mineral suggest the possibility that
the mineral may be triclinic, approximating closely to monoclinic
in the axial angles. This point cannot be settled at present.

- Hence we can say provisionally that this mineral is positive,
has its optic axial plane at right angles to the plane of sym-
metry of the mineral, and shows a pleochroism not shown
by any other amphibole yet described. The position of the
optic axial plane is interesting because with tare exceptions the
optic axial plane and plane of symmetry in the members of
the amphibole group are coincident. The only two exoeptions
to this rule mentioned by Iddings in his ‘Rock Minerals’ (p. 346)

are crossite from California and a blue amphibole from Viezzena

Thal. . .

It is not yet possible to give any details as to the
macroscopic or chemical characters of the mineral, becsuse it has
not yet been distinguished in hand-specimens from the blanford-
ite with which it is associated. But the optical characters of
the mineral leave no doubt - that it is a new Y&riety of the
amphibole group; I pr y t0 name it juddite in honour of
Professor J. W. Judd, F.R.8, and es 8 respectful tribute
from s former student. It gives me special pleasure to be able
"to associste*the names of Profestor Judd snd the late Dr. W. T.

Blaoford . with' twe. such :bsputiful minerals as the  amphibole

ond_ pyroxens, found jin’shis Kécharwhhi rook..

e
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REPORT ON LATERITES FROM THE CENTRAL PROVINCES.

BY PROFESSOR WYNDHAM R. DUNSTAN, MA., LL.D.,
F.R.S., “Director, Imperial Institute.

"o JN & letter dated the 2nd February 1905 the Officiating
! Reporter on Economic Products to the Government of India
. forwarded to the Imperial Institute copies of communications
. from the Director of the Geological Survey of India, on the
~ subject of the exploitation of the laterite deposits in the Central
. Provinces, and requested that six specimens of laterites sup-
.. ..plied by the Geological Survey should be examined.

;~  The investigation of the laterite deposits of India was com-
. menced by the Geological Survey in 1903, and, as some of
. the specimens collected during 1903-1904 were found to contain
- high percentages of free alumina, proposals were made to the
.. Government of India (1) that certain promising deposits of
. laterite which were being quarried for road metal should be
. protected ; (2) that the information obtained up to that date
-~ should be published for the information of those likely to under-
" take more detailed prospeocting operations ; and (3) that large
** specimens should be sent to the Imperial Institute for report -
7 and for exhibition.

"+ The Government of India having sanctioned these proposals
{* in] December 1904, large samples of the most promising exposures
. of laterites were collected and the first instalment of these was
forwarded to the Imperial Institute in February 1905. These
" samples are dealt with in the present report.

» The 'observations of the Geological Survey had shown that
‘ an enormous quantity of highly aluminous laterites would be
" obtainable by simple quarrying in parts of the Central Provinces,
" ‘but i appeared that the low value of the bauxite in European
and American ports would not cover the cost of mining and

Q‘;. transporting this material.

;4 B was thought, however, that if the extraction of alumina

" could be carried out on the spot the purified oxide, would com.
“ .mend @ price which would meet the transport ‘charges either for
» export or for the manufacture of aluminium or its compounds in

. Tudia.
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The question of the profitable extraction of pure alumina in
India is referred to below.

Description of samples.

Specimen No, 1 Wrj., Warjhori, 2 miles S.8.W. of Rupjhar,
Baihir tahsil, Balaghat district, Central Provinces.

This specimen consisted of a large block of laterite weighing
over one hundredweight. Its colour varied from whitish or
light yellow to red, the distribution of the more ferruginous
material giving it a mottled to pisolitic appearance. Cellular
cavities ocourred, some of which contained colourless crystals.

Specimen No, 2 Rjp., 1} mile EN.E. of Rupjhar, Baihir
tahsil, Balaghat district, Central Provinces.

The specimen consisted of a large block of laterite weighing
over one hundredwelght It had a pisolitic -or mottled appearance,
and varied in colour from light yellow to dull red. Minute
crystals of various other minerals were present.

Specimen No, 3 Rjp., 1} mile EN.E. of Rupjhar, Baihir
tahsil, Balaghat district, Central Provinces.

The specimen consisted of one block of laterite weighing
about half a hundredweight. Most of the material was of very
light colour, compact, and had a distinctly pisolitic structure.
Small crystals of other minerals were present.

Specimen No. 4 Wrj., Warjhori, 2 miles 8.8.W. of Rupjhar,
Baihir tahsil, Balaghat district, Central Provinces. :

The specimen consisted of one block of laterite welghlng
about 20 pounds. It was light yellow with dark red ferruginous
segregations. The speclmenwas fairly compact and amorphous,
' but showed colourless ¢rystals in the cavities of the mineral.

Specimen No. & Smr., West side of scarp, north of Samnapur,
Baihir tahsil, Balaghat district, Central Provinces.

The specimen consisted of a block of laterite weighing
about 40 pounds. It was minutely pisolitic and of a light terra-

cotta oolom'
No, 6 Smr., West side of scarp, north of Samnapur,

Balhlr tahsil, Balaghat district, Central Provinces.

© 'The specimen consisted of a block of laterite weighing about
20 pounds. It was compact and of nearly uniform terra-cotta

colour.

bl
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These samples have been examined in the Scientific and
Technical Department of the Imperial Institute and have fur-
nished the following results. No attempt has been made to
estimate traces of rare elements, which are generally present in
residual minerals of this description :—

No.1' | No.2 | No.3. | No.4. | No.5. | No.s.
Aluminium oxide, AlgOs . | 53'52 | 656°63 | 58°83 | 54'95 | 54-12 | 5214
Ferric oxide, FegOg . .| 1058 5°34 270 700 408 755
Manganous oxide, MnQ . . trace .. trace | trace trace
Magnesium oxide, MgQ . 061 . .. .. 0°33
Titanium oxide, TiQg. . 6-22 7'02 | 10°24 | 13-76 { 11°82 | 11-68
8ilica, 8iOg . . . 183 2+65 0°58 0-37 1-54 060
Potash, K320 . . . 0°30 012 0-12 0-06 007 0-13
Soda, Nag0 . . . 089 0°39 0°18 0°36 0°14 0-21
~ Combined water . .| 24704 27°14 | 26°80 | 22°76 | 26°'87 | 27-°09
Moisture . . .l o9 08| 040] 14| o065] o071

The analyses of these laterites from Balaghat show percent-
ages of alumina varying from 52 to nearly 59, calculated on
the samples as received. By calcination the water would be
driven off and the percentages of alumina would then be in-
creased to the following figures : —

No. I, | No. 2,

No. 3. | No. 4. No. 5. No. 6.

80°8 | 722 7| 722

AOs . . . .| T2 | 786

Previous analyses of laterites from the Balaghat district are
referred to in Sir Thomas Holland’s lotter and in the * Records of
the Geological Survey of India,” Vol. XXXII, page 179. The
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following figures may be gquoted for comparison with the
preceding table :—

Rupjhar, Samnapur,
. | BalaghatDistrict.| Balaghat Distriot.

Aluminium’ oxide, AlpOs

51°62 54°20
Ferrio oxide, Fe20g 552 4:02
Calcium oxide, CaO . 5°25
jum oxide, MgO . .. .o
Titanium oxide, '1‘102 781 12°21
Silica, 8i02 . - 008 158
Water, HeO . 80°72 27°93

_ Bubsequently in a letter of the 25th February 1905, Sir Thomas
Holland referred to the large percentage of titamic oxide found in
these laterites. The- results obtained at the Imperial Institute
show percentages of this oxide corresponding generally to those
previously recorded, and there i8 no reason to doubt that titanic
acid does exist in these large quantities in the laterites. With
reference to the presence of rare elements in the laterites it may
be mentioned: that the powdered sam’ple from -Katni, which was
received subsequently to the specimens from the Balaghat dis-
trict, is being subjected to a complete examination for these
constituents. The results of the analysis of thls specimen will be
forwarded at a later date.

These laterites from Balaghat compare very favourably with
the bauxites placed on the English market. A series of specimens
of the bauxites of commerce recently received at the Imperial
Institute were found to have the' following composition :—

) : Com-
AlgOg . | PagOg. |. 8iOg TiOz | bined [Moisture.
. water.
Irish Dbauxite from Oo. 42 2 18 6 21 18
Antrim .. . . )
Qibbsite (from Arksnm) 64 3 9 2 28 4
White bonxlto _from the _ .
.- South of , Frésoe . 68 3 9 4 18
X Bod bauxite &om the !mlth . o ah
M R 87 a1 | 8 2 .12 S

3
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. In .the Indian laterites the percentage of silica is low in
comparison with the above figures. This feature is of great ad-
vantage in the extraction of alumina by Bayer’s process as will
be shown later in this report.

The chemical properties of the laterites may be stated briefly
as follows. The powdered material is readily attacked by dilute
sulphuric acid leaving & residue containing most of the silica
and part of the titanium oxide. As the solution contains the
greater part of the iron, this method could not be utilised for
the manufacture of aluminium sulphate. The finely ground
mineral is also readily attacked by a solution of caustic soda or
potash. The insoluble residue in this case contains the whole of
the ferric and titanic oxides. After calcination the mineral is
etill soluble in caustic alkali though not quite so readily.

The commercial method of extracting alumina from bauxite
for the ultimate manufacture of aluminium formerly consisted in
calcining it with a mixture of caustic soda and sodium carbonate.
The cooled mass when extracted with water gave a solution of
sodium aluminate from which the alumina was precipitated by

© passing in a current of carbon dioxide.

C. J. Bayer’s modification of the process (Eng. Pat. 10093,
July 13th, 1887) consisted in the precipitation of aluminium
hydroxide without carbonating the lye. The solution of sodium
aluminate formed by extracting the above-mentioned * melt ”
with water is very unstable, and, if simply agitated or .allowed
to stand, aluminium hydroxide separates and the separation
continues until the proportion of ALO, to NaO is 1: 6. If
the proportion of AlLO, to Na,O in the original solution is 1:2
& permanent solution is obtained, and precipitation does not take
place unless precipitated aluminium hydroxide is introduced or
formed by passing in a little carbon dioxide, when the action
proceeds until the 1: 6 stage is reached.

. On a commercial scale the precipitation takes place in a series
of iron cylinders each provided with a number of helical blades
for agitating the liquid. The top of the first cylinder is con-
nected by a pipe with the bottom of the next and so on. In

A startmg the operation aluminium hydroxide is pfaoed in the

first cylmder and the sodium aluminate solution ig passed
through in a constant stream. - :
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A further advance was made by C. J." Bayer (Eng. Pat. 5296,
March 17th, 1892) by utilising the mother liquor containing 1
molecule of AlLO, to 6 molecules of NaO from the process
above described, for the direct solution of the alumina in baux-
ite. The mother liquor is concentrated to about 77° to 88° Tw.,
fresh quantities of finely ground bauxite are introduced, and the
Liquid is then heated to about 160° to 170° C. in closed
vessels, the pressure developed being 3 to 4 atmospheres. The
materials are used in such proportions as to produce a solution
containing 1 molecule of alumina to about 1'8 of sodium oxide.
The solution is then treated as before in the precipitating tanks.

When silica is present in the bauxite the lyes gradually be-
come exhausted and numerous patents have been taken out for
processes designed to eliminate silica or prevent its solution. Many
of these appear to be of doubtful utility. Bayer’s method con-
sisted in carbonating the lye and recrystallising the sodium
carbonate formed, which was then rendered caustic again in the
usual manner. _

Alominium hydroxide prepared by the method above de-
scribed is often known as “ crystalline ” hydrated alumina and is
in a condition in which it can easily be filtered and washed.
These two operations are generally carried out in centrifugal
machines.

For the manufacture of aluminium by the electro-metallurgical
process complete dehydration of the hydroxide is necessary, and
for this purpose several special furnaces have been devised for
calcining the hydrated alumina ata high temperature.

One used by the Société Metallurgique Frangaise (Fr. Pat.
364736, March 29th, 1906) consists of a series of ovens divided
into horizontal chambers, which are worked in succession. The
principle on which the ovens are constructed is that the hy-
drated alumina, which is spread out in thin layers, remains
stationary while the zonme of combustion is progressively moved
forward as the contents of each chamber become completely
calcined. The furnaces are fired with gas.

In applying any of these processes to the Indiun laterites
many of the details would have to be worked out experimentally
on the spot.* , ‘

An  electro-metallurgical process of cbtaining pure alumina
for the manufacture of aluminium has been patented by C. M,
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Hall, Niagara Falls, United States of America, English Patent
14572, 14th August 1900. Inthis process the bauxite is mixed
with a small proportion of carbon and is then calcined. Sufficient
carbon is afterwards added to bring the proportion up to 8 or
10 per cent.; a quantity of aluminium powder is also added
in stated proportion to the ferric *oxide, silica and titanic .acid
present in the ore. The mixture is charged into an electric
furnace and kept at an intense heat for a considerable time in
order that the impurities (iron, silica and titanium) may be re-
duced and form an alloy with a small proportion of aluminium,
which, sinking to the bottom, can be removed.

In a second patent (C. M. Hall, Niagara Falls, U.S.A., Eng.

Pat. 2260, January 28th, 1902) aluminium is not employed, but
if the bauxite is deficient in ferric oxide, sufficient iron is added
to alloy with the silicon and titapium. The mixture is heated
below the point of fusion, allowed to cool, and the partially puri-
fied alumina broken and reheated till it fuses. The two opera-
tions are conducted simultaneously in one furnace consisting of
an inner and an outer chamber. The process was reported to
have been carried out successfully with a current of 7,200 amperes
at B0 volts.
.. A similar process (French Patent 344549, July 4th, 1904) has
been adopted by the Sociéte Anon. Electro-Metallurgique in which
purer alumina is obtained as a bye-product in the manufacture of
ferro-chromium by utilising bagxite as a flux inplace of lime. The
slag so obtained is said totconsist of nearly pure alumina.

Commercial Valuation.

. Specimens of the laterites, with the results of their analysis,
were submitted to commercial experts, who reported that the
mineral in general is of satisfactory quality for the manufacture
of aluminous compounds such as sulphate of aluminium, alum,
etc. It was stated however that such material could not be sold

. in this country at a price which would be remunerative after

paying freight, unless very low rates could be obtaingd. Sample
No. 3 was said to be the most suitable quality for the manu-

facture of aluminous compounds.
The value of bauxite suitable for the manufacture of alumin-

ons compounds is about 22s. to 23s. per ton delivered to United

»
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Kingdom ports. The price obtainable for manufactured alumins
in this country varies from £12 to £38 per ton, depending on its
purity and to some extent on its physical condition.

Conclusions.

These reports confirm Sir Thomas Holland’s opinion expressed
in paragraph 5 of his letter No. 395 of the 25th January 1905
that ‘“in any case the low value of bauxite at European and
American ports would not cover the cost of mining and transport
to Europe from any part of India removed from the coast.”

There appears however to be no great obstacle to the adoption
of Bayer’s process for extracting alumina in India, and, as the
above quotation shows, the manufactured product if of good quality
would probably fetch a price which would be remunerative to ex-
porters. The waste of alkali should be small with laterites of a
quality equal to the present samples, and the only other necessary
material would be lime for reconverting the sodium carbonate
into caustic soda.

Much more might be said on the general subject, and as to
the details of the processes which might be employed. This how-
ever is unnecessary at this stage since it is clear from the facts
now presented that the utilisation of laterites in India presents a
favourable field for industrial enterprise.

" «describes briefly an oyster-bed found un
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MISCELLANEOUS NOTES.

‘Hunza and Nagar Glaciers.

'FROM enquiries I made it appéars that some of the Humza and
‘ Nagar glaciers are at present advancing.

The people at Minapin told me that the Minapin glacier has al-
-ready overthrown one of the pillars placed by Mr. Hayden in the
-nullah during September 1906.

The Hassanabad and Muhammadabad glaciers, I am told by Wazir
Humayun of Hunza, are both steadily advancing, and are now threaten-
ing to destroy the waterchannels (kuls) which have been made from
‘these nullahs. The Muhammadabad glacier has already destroyed the
upper of the two waterchannels, and is now close to the lower onme.

I placed a pillar of stones to mark the snout of the Passu glacier.
“This pillar is on the right bank of the glacier, close to the road, where
it begins to descend steeply into the Passu nullah bed. Opposite
‘this pillar on the other bank is a large white stone. Wazir Humayun
left orders ‘for the Passu people to erect another pillar on this white
-rock so there should be no difficulty in finding these marks. I regret

. that I had not time to visit the Minapin and Hassanabad glaciers

.and examine the marks put up by Mr. Hayden, and note any move-
ments of these glaciers. .

I have made the above notes, as, although the information is only
-what I obtained from questioning the local men and therefore rathez

-vague, still I thought it might be of interest so far as it goes.

{H. F. Bermaes, Captais,
5th Qurkhas.]

Second note on a Recent Estuarine Deposit below
Clive Street, Caloutta.

In Vol. XXX1T of these ‘‘Records,” (fuge 175, Mr. E. Vredenburg

er one of the.streets of Cal-
cutta. With the hel& of Mr. H. B. Preston I' have now been able
<o identify most of the animal pemsins included in the deposit, and

_shherefore o cast @ little move light on its aatwre. With the exception

2
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of a barnacle (Balanus patellaris, Spengler) and a polyzoon [Lepralia (Zs-
charioides) occlusa, Busk, var. sive mov. sp. proz.], the recognizable-
remains consist of molluscan shells : there are also some small calcareous-
worm-tubes, as to the identity of which nome but a palmontologist
would venture to guess, and a fragment of mammalian bone certainly
belonging"to a carnivore and probably to a large dog or wolf. The
following is a list of the shells:— .

Telescopium fuscum, Ch.—A common species in mangrove swamps,
extending its range landwards in the Ganges delta to the environs.
of Calcutta, round which it is common in ditches. Essentially an
estuarine form.

Paludina (Vivipara) bengalensis, Lam.—One of the commonest fresh-
water shells in Lower Bengal. I have taken it in slightly brackish
water near Calcutta. ‘

Ampullaria globosa, Swains.—The same remarks apply to this species.
as to Paludina bengalensis. 1 may draw attention to the fact that
operculate shells like these two species are very much more com-
mon in the deposits now)] being formed round some of the ‘‘tanks’
in Calcutta than non-operculate forms such as Limnaa, although the

latter are just as abundant in the * tanks.' This appears to be due-

to the greater sensitiveness to the approach of drought natural to a
mollusc not provided with an operculum. When a pond begins to-
dry up, such forms as Limnwa make their way to the deeper parts,
or, as a final resort, crawl over the damp grass at night to other
ponds. Operculate forms, however, are apt to. close their opercula

and stay where they are, often) perishing before the water returns.

to them.

2Aricia moneta, Linn.—There is a small, very much worn shell in.

the deposit which appears to belong to this species. It is the only

mollusc in the collection that is essentially marine, being an inhabitant.
of clean salt water. As, however, its shell was at one time used as-

money in Lower Bengal, its presence in the deposit may be purely

adventitious. Its worn and polished surface would suggest a different.

origin from that of the other shells. '
Planorbis erustus, Desh.—A sgingle specimen. This is a very com-

mon molluse in ponds round Calcutts. During the floods in July,.

1907, I found that it migrated into certain brackish ponds at Port

Canning on the River Matla (Ganges delta) from which it was usually’

Absent; being & thoroughly freshwater species. When the water eva-

porated, howe7ar in the sticceeding cold weather, aud the salt became:

L,
Pant 2.] Miscellaneous Notes. 293

concentrated, it disappeared from these ponds. Apparently it cannot
endure water that contains more than about 1 per cent. of saline

- residue,

Anomia achaus, Qray.—A common species in tile estuaries of the
Ganges, often found in water that contains a sufficiently small propor-
tion of salt to be called brackish. .

Arca adamsianas, Dkr.—A single small and imperfect i
identified by Mr. Preston. periect spectimen

Ostrea ocucullats, Bow.—Common in brackish water. In the Matla
River it is abundant in water containing only 2°5 per cent. of saline

. residue,.

Ostrea canadensis, Tk.—Many large oyster-shells of an elongated
form and with a peculiarly elongate hinge occur in the deposit. One
of them was sent to Mr. Preston, who writes regarding it: *‘Mr,
E. A. Smith is of opinion with me that this is O. canadensis, Lk.
though how it got to Calcutta except as ballast it is difficult to ima:
gine.’’ Similar shells, however, are still common in a living state in
the Sunderbans, and we have others in the Museum collection which

*evidently belong to the same species, from Mergui, Penang and Cutch.

It will be seen from what has been said that the deposit is an
estuarine one from fairly near the upper limits of brackish water, as
is proved by the presence of essentially freshwater species known to
live in ponds and canals of water containing & small percentage of
‘salt. The only barnacle present (Balanus patellaris) has been found
by myself living in & pond the water of which contained not more
than about 1'7 per cent. of saline resilue. As regards the Lepralia,
which coated some of the oyster-shells in considerable profusion, we
know as yet very little about the estuarine polyzoa of India. Mr. A. W.
Waters has published a short note on a specimen submitted to
him (Rec. Ind. Mus., ii, p. 110). He says regarding it: ¢ Possibly
it is & marked variety of Lepralia occusas, or an ancestor.’” It is
however improbable that the latter supposition is correct taking
into consideration the organisms found with the polyzoon; the whole
facies of the deposit is recent and there is nothing to prove that this
Lepralia no longer exists in the estuary of the Ganges, as the molluscs
to whose shells it was attached still do. Even if it could be proved

© to be extinot in its old haunts this would mean very little, for Mem.
. branipora bengalensis, Stoliczka, another estuarine species, has entirely

disappeared within the last forty years from localities mear Calcutta
in which it was once common.
' [N. ANNANDALE.]
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Growth of Alunogen crystals on a Meteorite (Plate 9).

My attention was recently called to a growth of white fibrous crystals on
a portyion of the meteorite which fell at Cold-Bokkeveld, Tulbagh, Cape Colony,
on 13th October 1838 ; and which had been kept (under ordinary atmospherie
conditions prevailing in Calcutta) in a card-board box having a glasslid
standing in a show case in the Geological section of the Indian Museum.
The specimen was obtained in 1865.

One side of. the specimen, which was an original surface of the
entire specimen, was quite free from the encrusting crystals, but the
other sides, which were fresh fracture surfaces, were entirely covered by
them.

On analysis I found the crystals to consist of alunogen (hydrous
sulphate of alumina), and their formation is due to the peculiar com-
position of the meteorite and the favourable conditions of the climate
of Calcutta.

Dana states: ¢* Alunogen occurs commonly asthe result of the
decomposition of pyrite in coal districts and alum shales,”” ! and it
has been noticed to form on specimens of the latter in the Geological
Survey Offices.

The meteorite is of the stony, non-metallic variety, and is peculiar
in that it is carbonaceous.2

That the original surface of the meteorite did mnot undergo this
change seems to be accounted for, partly by the surface being vitri-
fied, and partly because the sulphur then must have been fully oxidised
by the atmosphere during the falling of the meteorite.

Explanation of plate 9.

Fic. 1. Portion of the Cold-Bokkeveld meteorite with growth of
alunogen (natural size).

Fia. 2. Ditto showing portion of the original surface of the meteo-
rite (natural size),
[MURRAY STUART.]

1 A system of Mineralogy, p. 958.
¢ Studien iiber Meteoriten, C. Klein, p.13.
British Museum, Introduction to the study of Meteorites, p. 36.
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PORTION OF THE COLD-BOKKEVELD METEORITE WITH
GROWTH OF ALUNOGEN (NATURAL SIZE ), PORTION
OF ORIGINAL SURFACE MARKED 1 S
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THE SOUTHERN PART OF THE GWEGYQ HILLS, INCLUD-

- #ING THE PAYAGYIGON-NGASHANDAUNG OIL-FIELD.
By G. DE P. COTTER, B.A. (DUB.), F.G.S., Assistant
Superintendent, Geological Survey of India. (With
Plates 1oand 11.)

URING December 1907, and January 1908, I examined that
part of the Gwegyo bhills which lies south
of the village of Nyaungnigyin, and aleo
the area which lies south of these hills, known as the Payagyigon-
Ngashandaung oil-field. It will be remembered that these hills have
already been mapped on a }-inch scale by Grimes' and that the
country to the north of Nyaungnigyin has been described in detail
by Pascoe.’ The present survey was undertaken with a view to
continuing the latter’s work towards the south and formmg an idea
of the prospects of oil in this southern part of the hills, and in what is
clearly a continuation of their structure to the south, partially concealed
under alluvium, viz., the Payagyigon-Ngashandaung oil-field.

The Gwegyo hills, as will be seen from a glance at the map,®
rup. near Nyaungnigyin in two parallel ranges as far south as the
village of Minganzu, each range showing a scarp on the east and
gy idip-slope on the west. To the south of the latter village the
¥ " afe represented by a single range, which dies out at the wvil-
‘agp of Zigyobin. South of this point the country is more or less
i ered by alluvial deposits, which in three places conceal the

Introduction.

'lﬂ'em Geol. Swrv. Ind, Vol. XXVIII,
2 R, Geol Surv. Ind., Vol. XXXIV,

.8 pan map is taken from tho Bum Survey nrbests 153, 164 ;
ol %bnl miﬂns
3 .
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structure and the boundaries of the outcrop of the miocene or, as
. we may term it with Theobald,! the Pegu series, viz..—

(1) between Zigyobin and Payagy?gon; .
(2) between Yonyws and Kanlwin ;
(3) east and south of Ngashandaung.

In contrast to the Gwegyo hills, which have be!an protected fron;
denudation by a hard layer of sandstone capping the shales o
which they are mainly composed, the outcrop of the Pegu series
south of Payagyigon is chiefly expose?d in strgam—beds owing ;';0
the partial denudation of the overlying alluvium. Although the
gouthern boundaries of the outcrop cannot be seen, there 1is 1ixlo
doubt that it ceases close to Ngashandaung, since the Red Bilt
has been extensively removed on either side of the Pin Ch?ung,
3 miles south of this village, and here only rocks of Irrawadi age

ed.
" T;I:P(;lszra of the area is typically that of the wnterless' tracts
s short distance inland from the Irrawadi river, to which the
name ‘‘ desert zone’’ has been applied by Captain Gage.* .

A peculiarity of the Pegu beds, both of the Gwegyo bills an
of the country south of Payagyigon, is the abundance 'of_ shale and
the rarity of sandstone. This has an important bearing on the
surface features in two respects :—

(1) the shales, being impervicus to water, form excellent re.
servoirs for the storage of the monsoon rains. Accord-
ingly we find many large tanks throughout the area,
especially near Payagyigon. The occurrenceof several
tanks between Payagyigon and Zigyobin where the Gwegyo
hill-range ceases, suggests the presence of beds of Pegu
shale underlying the alluvium that separates these two
outcrops; . )

(2) the softness of the shale has caused extensive denudatlpn
in the area south of Payagyigon. Here the Pegu series
has been denuded to a considerably lower level than the
surrounding Irrawadi sandstone plateau, and the outcrop
forms an ares of depression. In contrast to this ares
the Gwegyo hills have been protected from denudation

Theobald : Mem., Geol. Surv. Ind., Vol X, p. 80. .
2 Bone Bot. Swre Inde Vot I, Now 1. Tha Vegetation of the Distot of

Minbu in Upper Burms-

o ‘v
i
il
T

s

Parr 3.] Correr: Southern Part of the Gwegyo Hills. 227

by a hard capping layer of sandstone. The Gwegyo
hills and the Payagyigon-Ngashandaung oil-field being
separated by a broad belt of alluvium, it seems advisable
to treat the two areas separately.

I.—The Gwegyo Hills south of Nyaungnigyin.

The hills are entirely composed of Pegu strata, and show a
preponderance of shales. These are of a steel-blue colour in fresh

exposures, but where they have been subjected to weathering their
hue is a light olive.!

Pegu beds are found also extending for about a mile west of
the hill range; and in these higher zones, fossils and selenite
occur. I have found no fossils in the Jower zones of the Pegu
series exposed on the eastern scarp of the hills.

The locality from which fossils were obtained is about 2 miles

Fossils, SS.E. of Kyauktan village, in s

stream-bed running northwards towards
the village. Three fossil-beds were found exposed in this chaung,

the highest being about 175 feet above the lowest bed. The speoi-
mens from these beds are as follow :—
Ceratotrochus alcocki, Noetl.
Flabellum distinctum, Milne-Edwards.
Paracyathus ceruleus, Duncan.
Tellina hilli, Noetl.
»  protostriatula, Noetl.
»  protocandida, Noetl.
Dione protophilippinarum, Noetl.
Area sp.
Ostreea sp.
Turritella angulata, Sow.
T'rochus sp.
Triton pardalis, Noet).
Cancellaria davidsoni, d’Arch. et Haime.
Fasciolaria nodulosa, Sow.
Surcula feddens, Noetl.

"1 8pe Pascoe : Gwegyo anticline, Rec., Grol. Sury. Ind,, Vot XXXIV, p. 261.

\Qp B2’
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Pleurotoma sp. cf. woodwards, Martin.
- Voluta dentata, Sow.
* ConusImalaccanus, Hwass.
,»  yuleianns, Noetl.
Cypraa sp.
Callianassa birmanica, Noetl.

The fauna above given show "that these beds belong to the
Yenangyaungian stage of Noetling.

The thickness of the outcrop near Nyaungnigyin is perh;{m

over 4,000 feet, that is considerably
Thickness of Pegu beds. grester than that of the Pegu beds
exposed in the better kmown anticlines of Upper Burma. It is
a possible conjecture that the lower horizons exposed in this field
are to be correlated with the unfossiliférous Sitsyahn shales of
Theobald, while the upper beds would be contemporaneous with
his Prome series or, a8 it is now usually called, Yenangyaungian.

South of Nyaungnigyin only westerly-dipping rocks can be seen
Structare and faults. - in the outcrop of the Pegu series. While

' ’ portions of the crest still remain in the
: Pagan hills (see Grimes : Mem., Geol. Surv. Ind., XXVIII, p. 66)

“and also in the northern part of the Gwegyo hills (see Pascoe, op.

cit.), the crest in this part of the field appears to have been
entirely faulted away, and sand rock of Irrawadi age is found on
the east of the hills, in juxtaposition with westerly.dipping Pegu
beds. I have found no evidemce to show whether these faults
are lag-faults downthrowing to the east, or thrust-faults with an
@upthrow from the west; Pascoe however (op. cit.) believes them
to be lag-faults. One of these boundary-faults runs N.W.—S.E.
from Nyaungnigyin towards Minganzu, a second runs northwards
from near Gwegyo to meet it. Although there is no positive
evidence that the eastern scarps are bounded by faults south of
Gwegyo, the whole country up to the base of the bhills being
covered by alluvium, yet it seems obvious that such faults exist
¢ ginoe boundary-faults are found both to the north and near Payagyigon
to the south.

o 1Theobeldy Geology of Pegu, Mem., Geol Swru. Ind., Vol. X,.p 8L

@
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IX.—The Payagyigon-Ngashandaung Oil-field.

This field has been divided into six blocks by the Burma Oil
Company; I shall therefore refer to the block numbers for con-
venient reference.

Perhaps the chief point of interest is the prevalence of beds
of dark blue and often gritty shale without selenite. The upper-
most beds show true sandstones alternating with shale, the former
being of a buff or light olive colour, and are well seen in the
exposures in stream-beds in block 1, but in the south of the field
great thicknesses of blueshaly beds are found in which the nearest
approach to a sandstone is a gritty rock of the same colour as
the adjoining shale, and composed of grains of quartz in a more
or less argillaceous matrix.

In block 1 the outcrop of the Pegu series is at its widest, but
it is difficult to estimate the thickness, which is probably not less
than 2,000 feet, since the outcrop is faulted. The thickness of
strata exposed in the Kye-ma-ngai Chaung, block 5, is probably
not much over 600 feet. As the crest is sinking to.the south, a
decrease in thickness is only what might be expected, but it is
worth noting that in contrast to the alternating beds of buff
sandstone and blue shale or gritty argillaceous beds of blocks
1 to 4, the exposures in this section show only rocks of the
latter type, and the true sandstones seen from blocks 1 to 4 are
here entirely absent. It is difficult to explain what has become of
them, unless we suppose that they have been removed by denuda-
tion previous to the deposition of the Irrawadi beds.

The evidences in favour of an unconformity between the Irrawadi

Unconformity. beds and the Yenangyaungian in this
field are as follow :—

(1) the sections in stream-beds from blocks 3 to 5§ show
a sharp division between current-bedded Irrawadi sand-
rock containing fossil wood and presumably a fluvistile
deposit, to Yenangyaungisn dark blue argillaceous beds
or shale. Fossils (corals, marine gastropoda and pelecy-
poda) have been found in these beds within 100 feet -

- of the base of the Irrawadi beds. Thus there is g

sudden transition from marine to fluviatile strata ;

(3) the Irrawadi series is separated from the Yenangyaungian
by a bed of red earth' thres or four feet thick, some-

o
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times conglomeratic. This bed perhaps represents an old
land surface ;

(3) little evidence can be adduced from the respective dips
" of the two series. Such dips as have been obtained
appear to point to a slightly greater angle of dip in
; the Yenangysungian as compared with the Irrawadi
beds, but the latter are so current-bedded that reliable
dips are almost an impossibility, and this type of
evidence cannot be regarded as very reliable. So much
at any rate may be taken as certain that, considering
the disturbance of the Yenangyaungian in this field,
the Trrawadi beds are less disturbed than we should
expect, since about a mile from the Yenangyaungian

outcrop only very gentle dips are seen.

The Pegu beds of this field contain abundant fossils, and
specimens have been collected only from
the more important localities. In
describing the fossil-zones, block 1 and blocks 4 and 5 have been
treated as distinct areas, since they are separated by country
covered by alluvium through which it would be impossible to
trace a fossil-bed.

Fossils.

Fossils from Block 1.

Bed 1, a thin band of limestone close to the base of the
Irrawadi beds, containing broken remains ;—

Tellina sp.

Lucina nessquaimoca ? Noatl.
Natica sp.

Sharks’ teeth.

Bed 2, at a rough estimate about 90Q feet below th> base of
the Irrawadi beds, and containing a rich fauna, from which some
specimens have been already described (Rec., Geol. Surv. Ind.,
XXXVI, p. 131), The following have been identified :—

Dendrophyllia sp.

Flabellum distinctum, Milne-Ed.
» sp. indet.

Paracyathus ceeruleus, Duncan.

Ueratotrochus alcockt, Noetl.

~
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Pecten kokenianus, Noetl,
Ostraa sp.

drea sp.

Dione dubiosa ? Noetl.
Calliostoma blanfordi, Noetl,
Vermetus javanus, K. Martin.
Siliquaria sp.

Scalaria 8p.

Turritella angulata, Sow.

Cancellaria davidsoni, d’Arch. et Haime.

Fusus seminudus, Noetl,
Oniscidia minbuensis ? Noetl,
Genota irravadica, NoetL
Voluta dentata, Sow.
Ficula theobaldr, Noetl.
Cypraea spp.
Drillia yenanensis, Noetl.

»  protovnterrupta ? Noetl.,
Conus malaccanus, Hwass,

»  8p. indet.
Nautilus sp.
Balanus tintinnabulum, Linné.
Ozyrhina spallanzanit, Bon.
Carcharodon megalodon, Agassiz.

Bed 3 is exposed inthe Sagyin Chaung, Here there is a bed of

reddish brown samistone with shale above.
come from the overlying shales:—

Flabellum sp. indet,
Ma®andrina sp.

Pecten sp.

Nuculs alcocki, Noetl,

Drione protophilippinarum, Noetl.
Trochus sp.

Vermetus sp.

Turritella lydekkers, Neetl,
Natica callosa, Sow.
Semicassis protojaponica, Noetl.
Voluta dentata, Sow.
Fasciolaria modulosa, Sow,
Triton pardalis, Noetl,

Some of the fossils
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Genota srravadica, Noetl,
Conus protofurvus, Noetl
,  malaccanus, Hwass,
»  yuleianus, Noetl,
Callianassa birmanica, Noetl,
Crab remains.

Blocks 8 and 4.
The followin
Chaung :—

Bed 1, about 100 feet below the base of the Irrawadi series,

i8 a thin argillaceous limestone with fra it '
tary fossils, includin,
Paracyathus ceruleus, Cancellaria davids By ’ g
’ ons, and trace ]
Bed 2, coral limestone, rather 8 of pelecypoda

base of the Irrawadi beds :—

Ceratotrochus alcocks, Noetl.
Paracyathus ceruleus, Duncan,
Flabellum distinctum, Milne-Ed.
. ;;wy sp.  indet.
rochocyathus sp. afl. nariensis, .
Nucula alcocki, Noetl. Duncas
" Ficula theobalds, Noetl,
Genota srravadica, Noetl.
Oliva rufula, Duclos.

. Bed 3, about 420 feet below bed 2, consists entirely of argil-
laceous beds, in which the fossils are very well presez}',ved ::rg

Ceratotrochus alcocks, Noetl.

Nucula alcocki, Noetl.

Tellina protocandida, Noetl.

Turritella leiopleurata, Noetl,

,  lydekkeri, Noetl

Vermetus sp. ‘ ' .

Solarium sp. . ) "

Natics obscura, Sow. ' S

- Voluta dentata, Sow. :

Genota irravadics, Noetl, S
Senpicasris. prolojaponica, Noetl. - | .
Anion pordalie, Nowtl. T
&cowlcma noduloss, Sow, L

g fossil-beds are all exposed in the Taungma -

argillaceous, 400 feet below the |

show that the snticline is sinking to the south.
{l;on Company’s bungalow in block 4.

[N
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Oliva rufula, Duclos.
Pleuroioma 8p. of. woodwards, Martin.
’ sp. of. karenaica, Noetl.
‘ Murex tchihatcheffi, d’Arch. et Haime.
Conus literatus, Linné.
Crab remsins.

Besides the above fossils, two species of Nauftlus h-ve been
found in this part of the field, one (sp. 1) coming from about
the same horizon as the bed described immediately above, and
the second and larger species (sp. 2) comiug from detritus close
to bed 2, blocks 3 and 4. The first species has also been
found in bed 2, block 1 (see above).

.. The structure of this area is a close parallel to that of the
) Gwegyo hills. A remnant of the crest
gbruoture, - oreat. 81 s ound in blocks 5and 5A. Tts direc

tionis N.-S. similarly to the crest in
the north of the Gwegyo hillsnear Tetma (see Pascoe, op. oit.).
Botwoen these two points the orest has been completely faulted
away by faults upthrowing from the west, or downthrowing to
the east, which have brought the Irrawadi series into juxta-
position with westerly-dipping Pegu beds. It is possible that the

remnants of the crest in the north near Tetma, and in

‘the south in block 5, are features connected with the

sinking of the anticline at these points. At any rate there

‘would: presumably be less strain where the anticline was sinking
‘than where there had been & maximum upheaval of strata.
There is an excellent section showing the anticlinal structure in
‘the Kye-ma-ngai Chaung, blocks 5, 5A; the fold is sharper than
‘that of Yenangyaung, the dips rapidly approaching 30° close to

the orest on either side. The strata are broken in appearance

‘along the orestline and possibly the crest is faulted. The want

of oorrespondence of the beds on either side of the crest in the
above mentioned section bears out this view.

. ‘Bome steeply dipping strata close to the oil-sand in the Kye-

ma-ngsi Chaung (see map) may be caused by this fault, which in

‘this locality apparently runs a few yards to the east of the crest.

The dips in blocks 5 and 5A are unreliable, but apparently

The crest is cut off by a boundary-fault north of the Burma
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The eastern boundary of the ountcrop of the Pegu series is
faulted in a manner exactly similar to the faulting of the Gwegyo
hills. The faulting apparently dies out into folding in the extreme
south, as is suggested by the Kye-ma-ngai Chaung section, whicb,,q'
gshows Irrawadi beds dipping vertically at the junction. A minor
fault passes through block 1 (see map). I was unable to trace
it southwards through block 2, since the structure is obscured by
alluvium.

The Pegu beds of this area are probably entirely marine,- no
brackish water shells or other evidence having been found to
indicate an estuarine type. Dark-coloured shale beds preponder-
ate, and selenite is scarce. The Irrawadi beds are frequently
hidden by a covering of Red Silt' on the high ground. In
the valley of the Pin Chaung, this alluvium has been denuded,
and Irrawadi beds are well exposed Red 8ilt is found cover-
ing the Pegu outcrop. It is now being again denuded.

The chances of oil in the Gwegyo hills have been already

' . discussed by Pascoe. His remarks apply
Prospects of oil. with ‘equal force to this area in which
three wells have been drilled on the crest in block 5; two have
been drilled close to the boundary-fault in block 1, and three
near Tetma in the north of the Gwegyo hills. The results, I
think, have proved that this field cannot be made to pay, since
the 011 occurs in too small quantity. If the fault-rock has
partially plugged the oil-sands, small quantities of oil, but most
probably not sufficient to pay, may be reasonably expected in
wells drilled immediately west of the boundary-faults. Again, oil |
might be looked for along the remnant of the crest in block 6; -
here, however, 1t has been shown that the crest is sinking, hence
the oil-sands would probably be too poor to pay-
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THE SILVER-LEAD MINES OF BAWDWIN, NORTHERN SHAN
STATES. BY T. D. LATOUCHE, B.A.,, FG.S., Superin-
tendent, Geological Survey of India, AND J. COGGIN
BROWN, B.Sc., F.GS., Assistant Superintendent,
Geological Survey of India. (With Plates 12 to 24.)

I.-.GEOLOGY,
By T. D. LaTouche.

HE existence of rich ores of silver and lead in the Northern
Shan States has been known for many
years. In the accounts of the various
missions to the Court of Ava, from
that of Michael Symes, in the year 1795, to that of Sir A. Phayre,
who was accompanied by Dr. T. Oldham, Superintendent of the
Geological Survey, in 1855, reference is made to these mines, but
no FEuropeans were allowed to visit them, and even so late as
1895, when the sixth edition of the quarter inch Topographical
Survey map was compiled, so little was known of them that their
position is not marked.

A very high antiquity has been ascribed to the Bawdwin
mines. Mr. C. H. Henniker' says that work probably commenced
there over 1,000 years ago, but gives no authority for the state.
ment. The first authentic record of the mines is found in an
inscription, discovered at Bawdwin and translated for Mr.
Maclaren, late Specialist, Geological Survey of India, by Mr. Taw
Sein Ko, the Government Archmologist, Burma. According to this
inscription, work was commenced at Bawdwin by the Chinese in
the 9th year of the Emperor Ch’ingtsou (Yonglo) of the Ming
dynasty. This date would correspond to 1412 A.D.2 The first
mention of the mines to be found in a European work is by
Symes in 1795, who calls the place Badouem, and says that it
is six days’ journey from Bamoo (Bhamo) near the frontiers of
China.® Crawford, in 1827, estimated the production of the mines
at 960,000 ticals or £120,000 sterling annually, and was informed
by two Chinese merchants, who had been to the place, that about

Introduction.  History
of the mines.

1 Mining Journal, Vol. LXXIX, p. 52.
2J. Malcolm Maclaren, MS., Report, 1906.
3 Symes, Embassy to Ava, p. 324.
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1,000 miners were employed and that the tax paid to the King
of Ava was 4,800 ticals, about £600 sterling. He places the
locality, which he calls Bor-twang, at 12 days’ journey from
Bhamo, towards the Chinese frontier.!

At the time of Sir A. Phayre’s mission, in 1855, Dr. Oldham?
says that the tax paid to the King of Ava was only 40 ticals
per annum, but it was stated that 10,000 Chinese were employed,
a number that was probably greatly exaggerated, if one may
judge from the evidences of their occupation that now remain
at Bawdwin. The reduction in the amount of revenue received
by the King of Ava seems to indicate that the production of the
mines had greatly fallen off since Crawford’s time.

At about the time of Sir A. Phayre’s visit to Ava the
Panthay rebellion broke out in Yunnan, and taking advantage
of the unsettled state of the country, the Kachins of the northern
hills began to advance southwards, rendering the position of the
Chinese at Bawdwin very precarious. It may have been at this
time that the extensive lines of entrenchments, which can still be
traced along the ridges and spurs of the hills surrounding the
mines, were constructed. A further cause for the decline of the
industry which now took place must have been the increasing
difficulty of procuring fuel and supplies and of extracting the ore

" as the galleries approached the level of the - stream flowing
through the valley, in the absence of more efficient appliances for
dealing with the increasing influx of water than were possessed by
the Chinese, and the mines were finally abandoned by them about
the year 1868.

After the departure of the Chinese the Burmese Kings
Mindun Min and Thebaw made several attempts to work the
mines, but owing to the ravages of disease and the want of
metallurgical knowledge these efforts resulted in failure.

I have been informed by Mr. C. A. Freymuth, who was one
of the first Europeans to visit the mines on behalf of the syndi-
cate formed to reopen them, that on his arrival he found a
number of Kachins employed in smelting portions of the slag

1 Crawford, Journal of an Embassy to the Coust of Ava, pp. 427, 444.

2 Captain H. Yule, Narrative of the Mission to the Court of Ava in 1885,
p. 345.

2 Tam indebted for much of the information regarding the history of the
mines 51:0 Dr. J. Malcolm Maclaren, who was the first geologist to visit the mines,
in 190 v

0
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heaps left by the Chinese. For this purpose they picked out
the richest fragments of slag, containing 50 or more per cent. of
lead, and smelted them with a large excess of charcoal in the
small furnaces shown in Plates 16 and 17. The furnace was
filled with the mixture of ore and charcoal, and then covered
over with a heap of earth and turf. It was then lighted from
below, and the metal, percolating through the mass, collected in
a hollow beneath the furnace, .and was ladled out into moulds.

Within the last few years interest in the mines has been
revived by the discovery that the Chinese worked them principally
for the sake of the silver contained in the ore, and threw away*
the bulk of the lead in the form of slag, huge heaps of which
now mark the sites of their smelting furnaces. A Company has
been formed with the object of collecting and smelting this slag,
and has been engaged in constructing a tramway from Manhpwi,
the nearest station on the Northern Shan States railway, to the
gite, in order to bring away the material and smelt it at some
more convenient spot.

Up to the present time the Company has confined its attention
to the slags lying on the surface, but it should not be forgotten
that, below the water level, there may still remain bodies of ore-
untouched by the Chinese miners, and it is to be hoped that as
soon as the present scheme is in working order the ground will:
be thoroughly prospected with modern appliances.

The mines of Bawdwin' are situated close to the northern

situation and physical border of the State of Tawng Peng,

‘ ! in approximate latitude 23° 6’ 45”
aspect of the locality. longitl;)ude 97° 20° 30", on the banks o’f
a small stream called the Nam-pang-yun,? a tributary of the Nam
Tu (Myitnge of the Burmese). For several miles round this spot
the hills are almost entirely denuded of trees, but are thickly
covered with grass (Pl. 12). This absence of tree jungle in a
country generally so thickly wooded gives the district a peculiar
aspect, as seen from the surrounding heights, and is probably partly
due to the destruction of the forest for fuel, and partly to the
fumes from the smelting furnaces, for the Chinese apparently

1 Burmese = Silver mines. These mines are also known as Bawdwin-gyi, the
great silver mine.

2 Shan=17"¢ Stream of the pearo-k camp. Probably in allusion to the brilliant
blue and green films of copper ores spread over the rocks at several places in the
gorge.
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made no attempt to collect the products of volatilisation, which
were discharged directly into the atmosphere. Since the desertion
of the mines little change in this respect has taken place,
but bamboos are springing up in the ravines, and a few
scattered trees on the hillsides, and in time, if left alone, they
will no doubt become as well-wooded as before.!

The mines lie several miles beyond the northern edge of the
Burma Survey sheet No. 331, on the one inch scale, and the
only map of the neighbourhood available is the quarter inch
sheet No. 4 N. W., which is by no means accurate. Moreover, the
country for several miles to the south of the mines is quite
uninhabited and covered with dense jungle, without paths, in con-
sequence of which it was impossible to follow up the formations
found to the south continuously into the Bawdwin area. Some
doubt exists, therefore, with regard to the exact position of
some of the Bawdwin rocks.

The general sequence of rocks to the southward is the fol-
lowing :—At a variable distance of two to five or six miles to
the west of the Nam Tu, which in this part of its course
runs almost due north and south through a deep gorge, is
found an ancient land surface, composed of slates, quartzites,
and grits of pre-Ordovician age, along the eastern border of which

‘rocks of Ordovician, Silurian, and Devonian age were deposited in

succession. These rocks have been traced northwards from the
neighbourhood of Hsipaw, forming a broad belt along the valley
of the Nam Tu. Along the outer or western edge of this belt
Silurian grits and sandstones (Namhsim beds) are found resting
directly upon the upturned edges of the rocks forming the old
land surface, with a very irregular boundary, deeply eroded by
the tributaries of the Nam Tu.

Near the base the Silurian beds consist of coarse felspathic
grits, frequently pebbly, which are succeeded by finer sandstones
as we recede from the old shore line, and finally by fine
grained sandy marls. They over'ap the older Palzozoic or
Ordovician beds, in such a manner that the latter are only visible
at a considerable distance from {he shore line, where they
happen to have been brought to the surface by subsequent earth

1T am informed by Mr. J. Coggin Brown, who visited Bawdwin with me
and bas since travelled in Yunnan, that this denudation of the forests is an
invariable accompaniment of Chiness occupation and is pot confined to the
neighbourhood of localities in which smelting is carried op,
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movements. The Ordovician beds consist of shales, marls, and
limestones, usually very rich in characteristic fossils, and are
known locally as the Naungkangyi beds. At the top of them,
immediately beneath the Namhsim sandstones, is found a thin
but persistent band of shales, the Panghsapyé graptolite band,
containing Graptolites of Llandovery types, resting upon a band
of purple calcareous shales, which latter represent the purple Hwe
Mawng beds of the ranges between the plateau and the Salween
to the south-east of Lashio. The Namhsim sandstones are suc-
ceeded above by the limestone of the plateau, of Devonian or
Carboniferous age, which does not extend to the west of the
Nam Tu in the southern part of the area, but crosses it at the
mouth of the Bawdwin river, or Nam-pang-yun.

The chief structural feature in this belt of rocks is a great
overthrust, which has been traced almost continuously from south
to north from Panghsapyé (22° 427 30”: 97° 17’) to Bawdwin,
a distance of about 30 miles, running parallel to the Nam
Tu for the greater part of its course. Along this overthrust the
Naungkangyi beds have been pushed up westwards over the
Namhsim sandstones, so that a broad belt of the former inter-
venes between two areas occupied by the sandstones, the latter
to the east being found in their normal position under the
Plateau Limestone, and forming a precipitous scarp along the
left bank of the river, with the graptolite and purple bands at
its base; while to the west the sandstones dip beneath the
Naungkangyi beds along the plane of the fault (see section,
Plate 24, fig. 1).

Near the boundary of sheet 331 the fault appears to take a
north-north-westerly trend, and, leaving the band of Naungkan-
gyl shales, traverses the floor of older rocks underlying the
Naungkangyis in the neighbourhood of Bawdwin (see map, Pl 23).
These older rocks consist here mainly of coarse felspathic grits and
rhyolitic tuffs with thin flows of true rhyolite (firstdetected by Mr.
Maclaren), succeeded above by finer grained reddish brown sandstones,
not easily distinguishable from the Namhsim sandstones to
the south, but without fossils. The standstones are found ex-.
tending for some four or five miles along the gorge of the Nam-
pang-yun below Bawdwin, with a regular easterly dip, until they
disappear beneath the Naungkangyi shales. The overthrust Ppasses
through the felspathic grits at Bawdwin itself, and there is Ro
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doubt that the mineralisation of the rocks of that area is due
to the intense crushing and dislocation of the rocks caused by it.
In addition to the grits there are found in the immediate
vicinity of Bawdwin patches of quartzitic sandstones and shales,
with which is associated, some miles to the west of the mines,
a band of coarse conglomerate. It is extremely difficult to make
out the relations of these beds with the grits and rhyolites, but
the probability is that they are outlying patches of the Namhsim
sandstone series, folded or faulted down among the older rocks.
A minor line of disturbance of the same natureas the principal
overthrust appears to branch off from the latter at Bawdwin, and,
taking a more southerly course, passes between the Trigonometrical
Survey peaks 5,550 feet and 5,834 feet in the neighbourhood of
Manglang (22° 18: 97° 207 30") to the south of which it seems
to die out. The most intense amountof dislocation and crushing
has therefore taken place at Bawdwin, where these two lines unite.
Over a broad zome parallel with the plane of overthrust, through
which the Nam-pang-yun has ~excavated a deep narrow gorge,
the crushing has been of the most intense description, and the
shear planes and fissures thus produced have afforded an easy
passage for the mineralising agencies from below (see section,
Plate 24, fig. 2)
The rhyolites of Bawdwin exhibit the usual phenomena observed
, in acid glassy lavas, such as flow, sphwe-
Petrology. rulitic and perlitic structures, and corro-
sion of the quartz phenocrysts. The ground-mass is always crypto-
crystalline, and sometimes exhibits the peculiar structure of alter-
nate light and dark areas under crossed nicols known as a
¢ quartz mosaic.” This structure is exactly gimilar to that which
occurs in some of the Malani rhyolites of Western Rajputana,’
and in both instances the quartz phenocrysts are surrounded by
a ‘court’ or closed area, the quartz of which is in optical
continuity with that of the phenocryst, and extinguishes simul-
taneously with it under crossed micols. The Malani rhyolites are
of pre-Vindhyan age, but Mr. Fermor * has shown that the same
structure occurs in the lavas of Pavagad hill, in the Panch Mahals,

1 T. D IaTouche, Geology of Western Rajputana, Mem., Qeol. Sur. Ind.,
Vol XXXV, Pt. 1, p. 83.

2 01 the lavas of Pavagad hill, Rec., Qeol. Sur. Ind., Vol. XXXIV, Pt. 3,
pp 164, 180,
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Bombay Presidency, and that those lavas are intercalated with
the Deccan trap, and are therefore of late Cretaceous (Maestricht.
fan) age. The presence of this structure cannot be takeni-
therefore, as evidence of a similarity in age between the Bawdwh;
and Malani rhyolites, but in other respects, such as the pre-
ponderapce of quartz phenocrysts over those of felspar, the absel:me
of plagloclase felspar, and of augite, they resemble ’ each other
and differ from the lavas of Pavagad hill, as deseribed by Mr
chermox:. Sinlc)eljhe Bawdwin rhyolites are certainly pre-Ord.ovician.

ere is proba not ver i i ’
thero i)/[ o erCkS‘ y much difference in age between them

The tuffs, which form by far the greater part of the bulk of
the rocks at Bawdwin, the flows of true rhyolite being exceedingl
thin a.n.d of rare occurrence, resemble the latter superficially unge};’
the microscope, but are distinctly clastic in origin, and some-
!:imes contain fragments of the lavas, in which I have detected
in one or two instances, oxamples of the ¢ quartz mosaic’ struc:
ture referred to above.

Wit.h these are associated beds of quartzite, shales, and sandy
grits, in a few instances coarse grained and even pebbly ; but
the geological structure is so complicated that, in the abSer;ce of
afl accura:te map on a large scale, and in the short time at our
disposal, it was found impossible to work out the details of the
structure.

. The ore occurs in the form of nodular masses of finely
crystalline galena, wussociated also with
zinc blende, in which specks of copper
pyrites are  disseminated, and as
granules impregnating the felspathic grits, in which, as Mr. Coggin
Brown observes, it appears to have replaced the felspar. No ore
was found in any of the adits left by the Chinese miners, who
appear to have worked it out entirely so far as they could
reach it, but the nodular masses were found in a sectio>
exposed by a slip, or perhaps an old quarry, at the upper
end of the Bawdwin gorge (point B on map). Here they are
imbedded in the grit, apparently coinciding with the beddingc
planes, but the country rock 18 in so rotten a state that it 'i:
difficult to make out the original bedding. The largest mass found
here actually in situ measured about 2 feet 6 inches by 1 foot
Along the zone in which the nodules occur the grits are als(;

Mode of occurrence of the
ore.

. .
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strongly impregnated with galena. They are also traversed by thin
films of copper ore, azurite and malachite, deposited along the joint
planes. The rotten state of the surrounding rock appears to be
due to the formation of soluble sulphates and carbonates. There
are no regular veins containing layers of the various minerals
arranged in a definite order, and several of the minerals usually
associated with galena, such as fluor spar and calcite, are absent,
Strings and nests of white quartz are frequently to be found
in the disturbed zone, but appear to have had mno close con-
nection with the development of the ore. Beds of massive
barytes are also of common occurrence, but they were not
found in direct association with the galena. In one spot (C on
map) the barytes occurs in considerable quantity, in fragments
up toa foot in diameter, scattered over the surface of & knoll
over an area of two or three hundred square yards, and
evidently derived from the outcrop of a large mass. A number
of other minerals of secondary origin are found in association
with the ores, and will be dealt with by Mr. Coggin Brown.
Most of the old Chinese adits at Bawdwin are situated in
a narrow gorge of the Nam-pang-yun,
at a point where itruns from north
to south parallel and close to the zone of dislocation of the
strata. The sides of the gorge, especially the eastern, on which
side the greatest amount of disturbance has taken place, afforded
a ready means of getting at the ore bodies by driving horizontal
or slightly inclined adits, obviating to & great extent the neces-
sity of getting rid by artificial means of water draining into the
mines. Some of the excavations descend below the level of the
stream, and are now filled with water, but it is probable that
none of them extend to any great depth. Others were driven
almost vertically upwards either to aflord ventilation or to follow
up rich bodies of ore, and were escended by steps cut in the
rock. It is probable that one at least was driven right through
the hill into a narrow ravine (E on map) to the east (here-
after referred to as the Eastern Ravine), where there are abundant
traces of the ore having been washed from the angular talus
with which the bed of the ravine is strewn, and as there were
no furnaces here, it is evident that the ore 8o collected was
taken into the Bawdwin valley to be smelted. The central por-
tion of this gallery, however, passes through very bad ground and

The mines.
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a good deal of the roof has fallen in, so that at present it
is unsafe to traverse its whole length, though a fairly strong
current of air passes through it, end it is evidently open all
the way.

Very little timbering seems to have been used by the miners.
Indeed in most cases it was hardly necessary, because of the
form given to the galleries, which are always arched atthe top,
and in bad ground are of an oval shape. They were so well
designed that even now, after many years of neglect, many of
them may be traversed in perfect safety. When the mines were
first re-visited a few years ago, some of the galleries were found
to be filled more or less with a sedimentary deposit of oxide of
iron in & semi-fleid condition.! There was surprisingly little wuter
to be found in them at the time of our visit, but no doubt
the influx would be greater during the rainy season. In one
case at least mesns had been taken to drain off the water by
cutting & trench alongside the foot-way of the gallery, snd in
another arrangements had apparently been made for ventilation
by means of pipes, possibly bamboos, for a continuous recess
had been cut along the side of the gallery at about a foot
above the floor, ending at the entrance in a circular hole cut
through the rock at the side. The galleries vary in height from
about 3 feet to 5 or even 6 feet, and are ususlly well propor-
tioned. At times they expand into irregular cavities, evidently
places where large bodies of ore had been met with. This again
indicates that the ore did not occur in regular lodes, but in
masses or ‘bodies’ of irregular shape and size. There appears
to have been no definite system of levels and headings, and in
some cases one gallery has broken through, seemingly acci-
dentally, into another, but on the whole one was very favourably
impressed by the excellence of the methods employed, especially
when contrasted with the burrows, often not much larger than
a fox’s earth, which one is accustomed in India to associate
with any mention of native mining. Some of the ore seems also
to have been extracted from open quarries, some of which are
of very large dimensions, like that shown in Pl. 13.

The mines extend along the course of the stream for g
distance of about 3 miles to the point marked D on the map,

1C. H. Henniker, Min. Josrnal, Vol, LXXIX, p. 2.

& . c2
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above which the banks are too far from the zone of disturbance
to admit of the ore being reached in this way.

Since the area worked by the Chinese was limited to that
which could be reached without
much difficulty from the sides of
the gorge of the Nam-pang-yun, and downwards by the
distance to which they could sink without being met with too
great an influx of water to be dealt with in the absence of
mechanical appliances, it is worth considering whether there is
not still a large amount of ore left, which could be extracted
profitably with a modern mining equipment, I sce no reason
to suppose that such isnot the case, and that if the ore is found
on assay to be sufficiently rich in silver and lead, a proﬁtal')le
mining industry should not be established again at Bawdwin.
There isno reason to suppose that the overthrust, which has
permitted the rocks to be impregnated with minerals, does not
extend much further to the north, or that the rocks affected
by it have not been mineralised in that direction. On t;he
contrary, I am informed that the Chinese worked another locality
to the north of Bawdwin, and that the traces of their activity
are of the same description as at that place. Inany caseI think
that the country should be adequately prospected, but in order
that this may be done an accurate map is a,bsolutel.y necessary,
for the present }-inch map, which is the only one z.wallable of the
country between this and the Chinese frontier, is most unre-
liable and even misleading.

In order to reach the ground left unworked by the Chinese at
Bawdwin, shafts would have to be sunk, either in the Bawdwin
ravine or in the Eastern Ravine, or in both, and levels driven
from them into the zone of disturbance. Shafts sunk in the
Eastern Ravine would have this advantage, that as the over-
thrust plane is inclined in this direction, there would be a lfess
distance of dead ground between the shafts and the ore.'bean.ng
zone to be passed through. The water discharge on t.hls side
also would probably be less, though I do not think that it would
be great in any case.

‘Sufficient remains are left of the old furnaces and other
appliances of the Chinese to enable
us to form a fairly correct idea of
their methods of treating the ores

Future prospects.

Chinese methods of treat-
ing the ore,
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and extracting the silver. The orc after being washed and dressed
as described below, was smelted in the large furnaces (Plates 14
and 15). These were placed in convenient positions on the hillsides
at some distance above the bed of the stream, so as to allow
plenty of room below them for dumping the slag. The furnace
is of simple construction, consisting of a concave fire-clay bed or
hearth of circuler or oblong shape, sloping from back to front,
where it is norrowed, imbedded in a mass of clay concrete built
up inside a wall of stone or large bricks. The hearth was Leated
from beneath by three flues, the roof of which was supported
by rods of fire clay, radiating from the back of the fire hole.
The ore was wmixed with charcoal, of which a considerable quan-
tity is still left in the slag. As the reduction proceeded the
lead ran down to the front of the hearth, and, percolating
through the mass of fuel and ore filling the front of the fur-
nace, collected in a hollow bencath the flues.!

! Note by Mr. Coggin Brown.—1t is intoresting to note that this type of
furnace diffors considerably from the one in use amongst the Chinese in Yiin-nan
at the present day. ‘The latter is a true blast turpuce usually from 8 to 10
foot high, with a roughly square shaft in  which the reactions talke place.
After a very thorough ronsting of the lead ores, they are smelted with char-
coal in furnaces of this typo, the roduction being brought about by means
of a blast whioch cnters the furnace near the bottom, and is produced by a
oylindrical blower of the ordinary Chinese pattern worked genemﬁy by a water
turbing.  The molten load is tapped from time to time from a hole in the
lower part of the sido of the furnaco, whilst the slag flows out continually
through a slag-holo in the front. .

This mothod is a true “Roast and Reduction ™ process. A careful study of the
remains of the Bawdwin furnacos has led to the bolief that the method used there
belonged rather to the classof *“Roist and Reaction ™ processes, for the furnaces
aro of an open hoarth-like type, and do not appear to have been fitted with any
contrivance for producing a blast. Such opon furnaces would be more suited
for the smelting of the lead mincrals of this particular district. After washing
and concentrating the ores, at both of which processes the Yiin-nanese are very
expert, a high grade material was doubtless ready to commence with. This in
the case of the Bawdwin ores was in all probabif’ity a mixture of lead sulphide
and sulphate, as galena and anglosite.

This mixture, which may have been submitted toa preliminary roasting, was now
mixed with charcoal, the purpose of which was to serve as fue! and also to help
in the reduction of a part of the sulphide: and then treated in the furnaces
desoribed above. The temnperatureat first would be kept low so as to bring about
an oxidation of the sulphide into sulphate and oxide, and later would be raised
80 a8 to causo those compounds to roact on the unaltered sulphide, resulting in
the production of metallic lead and the liberation of sulphur dioxide.

That such is probably the true intrpretation cannot be doubted after an
inspection of the furnace remains, which belong to the hearth.like group suited
for thess reactions, and are not of the shaft type fitted with tuyers for blowing.

The composition of the slags lends strong confirmation to this view, for they
contain upwards of 47 per ccnt. of lead, which might easily be obtained in a
“Roast and Reaction ” process, but would not result from a “Roast and Reduc-
tivn” treatment in a blast furnace.
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The smaller furnaces (Plates 16 and 17) were, it appears
from what Ibave been told by Mr. Freymuth, built by Kachins
after the departure of the Chinese, in order to smelt the lead
remaining in the slag. The design was apparently copied from
the original Chinese furnaces, but they are built on a much
smaller scale. The method employed in smelting has been de.
scribed on page 237.

Where the ore was much mixed with gangue, or disseminated
through the grit, it was pounded up in mortars, abouta foot in
diameter, one of which is seen in the foreground of Pl 19,
hollowed out of solid pieces of grit or sandstone, and then
washed. A piece of ground in a convenient spot, where water
was eagily available, was levelled, and at one side one or two
shoots, sloping at an angle of 30 to 40 degrees, and paved with
flat stones, were constructed. Beside the floor a tank 8 or 10
feet square and about 2 feet deep was built for holding water.
The crushed ore was heaped on the levelled space and was
gradually washed down the shoots with water thrown from the
tank, the lighter material being carried away in the rush of
water, while the heavier ore was left behind (Pl 18).

These floors were also used in separating ore from the talus
of sandstone fragments filling the bottom of the ravine, and
extend down the valley for nearly a mile below the mines.

The lead was cupelled in beehive shaped furnaces (Pl. 20,
fig. 2), several of which are leftin a very good state of preser-
vation. The measurements were taken from one of a row of
twelve, built against the hillside near the left bank of the stream.
These round furnaces appear to have been used for a preliminary
extraction of the silver, the final purification being effected
in the square furnace (Pl 19, and PL 20, fig. 2). Two
of these remain, and were evidently considered to be of
more importance than the others, since they are enclosed in
a solid stone building which was probably roofed over. Outside
the door of this is a stone table on which the silver may have
been weighed and packed for despatch.

In addition to these furnaces the remains were found of two
or three small blast furnaces of the ordinary native type. These
were apparently used for assay purposes. Close to ome of them
I picked up a sandstone mortar which could only have been used
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forcrushing very small quantities of ore as it is only about 3
inches in diameter.

The Chinese do not appear to have made any use of the
copper contained in the ore, and
it is in such small quantity that it
probably would not repay the expense and labour of smelting
it in any case. They, however, extracted and smelted a small
amount of copper ore near the village of Loi Mi, about 3 miles
west of Bawdwin, where scveral heaps of copper slag are still to
be seen. The excavations here are very small in extent and
were evidently made for prospecting purposes only. Similar
heaps of copper slag and small excavations are to be seen .near
the head of the Nam-pang-yun, west of the Bawdwin mines.

Copper ores.

II.—THE ORE DEPOSITS AND SLAGS.

By J. Coggin Brown.

Mr. LaTouche has already given an account of the geology
of the district around the Bawdwin
mines. He has also dealt with the
history of the Chinese occupation there, and has described in
detail the methods then used in winning and smelting the ores.
I accompanied Mr. LaTouche to Bawdwin in February 1907, and
had then an opportunity for examining the ore-deposits and for
collecting minerals, as far as circumstances would permit. These
notes are based on observations then made and on the results
of the examination of the specimens collected.

At the present time it is not possible to make a thorough
study of the ore-deposits. The whole
area has certainly been well opened up
by the very extensive mining operations conducted there in the
past, yet owing to the collapse of the old workings but little
can be learned from them now. Some of the adit levels have been
re-opened by the Great Eastern Mining Company, and found to
be constructed with no small degree of engineering skill, and to
extend sometimes for considerable distances. I have examined
most of these and have come to the conclusion, both from their
large size and also from the absence of ore in them, that they

Introduction.

Limits of investigation.
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Tepresent the travelling-ways or haulage-roads of the mines rather
than the actual workings in the ore-bearing strata themselves.

Attempts were made to enter the smaller workings in the hope
that ore might be discovered in situ there, but owing to the de-
composed condition of the rock, and the consequent danger of
being crushed by falls, these had to be abandoned. There are,
however, various ore-bodies which have not been worked to any
extent by the Chinese and which crop out on the sides of the
gorge. In such positions the ores have become very generally
oxidised, both from exposure to the air and from secondary
alteration by surface waters, and consequently the true interpre-
tation of their original condition is somewhat interfered with.
Any conclusions which may be arrived at in these notes are
therefore not to be regarded as final, for the many problems
which present themselves in questions of this kind can only be
definitely solved after a detailed examination and careful study
of the whole of the underground structure of the area has been

made.

As defined by the limits of the ancient Chinese workings, the
o . metalliferous area at Bawdwin is a
Limits of the Chinese .1 papeq  one. Practically the

mining operations. ) .
& o whole of their mines are confined to

the north of the main stream, which is known to the Shans
as the Nam-pang-yun and has been re-named the Sterne River
'by one of the European companies holding the mining rights
for the district. The ore-deposits have been worked from both
sides of the hill which lies between this river and its tributary
stream in the E. R. valley ; the Chinese miners taking full use
of the advantages offered them by the narrow gorge-like
valleys in the construction of their levels.

As thus defined by the extent of the ancient workings, the

, i . ore-bearing ground is comprised in an
g‘l’fl!:ltl?ll.“ of ore-bearing ..., ahout 13 mile long and between

) 1 to % mile broad at its wider parts.
This area comes entirely within the Bawdwin Grit and Rhyolite
"yroup of Mr. LaTouche.

_The immense amount of material which has been taken from
this ground in bygone days is only realised after seeing the
number of adits which have been constructed (about 300 old open:
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ings—tunnels, shafts, and open workings—are said to have been
counted by the engineers of the present Company), the remains
of furnaces scattered over different parts of the wvalley, and. the
great heaps of slags which bear eloquent testimony to the quan-
tity of ore smelted.

A melancholy confirmation is added by the large graveyards
which cover the hillsides in some places, and bear witness to
the heavy toll exacted both by the climate, and the deadly
nature ofthe work, from the numerous ranks of the miners.

There are places where ore can be seen n situ exposed
sccessible ore-bodies. “to day,” which .for some reason have
not been extensively .- worked by the
Chinese. The ore-bodies all crop out on the hillsides to the
north of the Platform. Whilst at the mines I was unaware
of the fact that names had been applied to these different
localities, but from the map which accompanies a manuscript
report by Mr. Maclaren I have been able to make them out as
the Jail, Maitland, Doormouse, and Amphitheatre workings.

The ores which can be seen in these consist chiefly of galena
and zinc blend iat i
Mode of occurrence of ore. . ende, associated sometimes
, with small amounts of iron pyrites
and chalcopyrite.

Other minerals, as anglesite, cerussite, malachite and szurite,
derived in all probebility from the sulphide ores, are fairly
common in some of these open workings. The ores do not
occur in veins or lodes, but as impregnations in bands of the
country-rock, which usually consists of a coarse rhyolitic tuff
which contains small rock fragments and s good deal of quartz.
Occasionslly only a small amount of the sulphides is seen distri-
buted in un irregular manner through the rock. At other places,
as in the Upper Maitland area, the ore-bearing band varies from
1 to 2 feet in thickness and consists largely of galena and zinc
blende ; the country-rock being sometimes entirely impregnated
with these minerals.

The largest open workings sre those of the Amphitheatre,
but this great excavation, which forms a feature of the landscape

‘for miles around, has doubtless been partially formed by land-

slips (P1. 13).
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It is difficult to understand why the ancient Chinese workers, who
honeycombed the Bawdwin mineralised
srea above water level with a perfect
labyrinth of levels, cross-cuts, stopes snd shafts in search of ore,
ghould have left unmined these ore-bodies which crop out on
the hillside, and which certvinly contain wuch argentferous
galena. The only reason seems to be that the unusual amounts of
zinc ores here associated with the galena presented to them diffi-
culties in smelting which could not be overcome. This naturally
leads one to suppose that the ore which wss mined in the under-
ground workings may have been different from thet now seen in
these open air exposures, and may possibly occur in some other
manner, but this must remsin an open question until further
development has taken place.
It is very difficult to say what the petrological characters of
’ . the unaltered country-rock were, owing
cogﬁ%‘_’ggf"_lsm of the to the intense dynamic metamorphism
which has taken place in the vicinity
of the ore-bodies, and which has led not only to a mechanical
effect in smashing up the rock and so rendering it permeable to
mineralising solutions, but has also been the cause of important
mineralogical changes.

I am, however, inclined to believe that the rock originally was
a coarse rhyolitic . tuff containing a large percentage of rock
fragments.  Felspathic grits, quartzites and thin bands of true
thyolites are all found in more or less direct association with the
tuff beds themselves. The grits especially have been affected by
the general mineralisation which has taken place.
Very often the entire rock has been so altered that it now consists
. largely of quartz grains set in & mosaic
ml‘;}‘;:g':ﬁg‘g;c?f a quartz- ¢ quartz and felspar, giving it in hand
specimens the appearance of a fine-
grained grit. Under the microscope, the mosaic is often almost
crypto-crystalline, but sometimes it is developed on a larger scale,
and each unit is seen to be quite homogeneous and fitting into
the inequalities of its neighbours.  In other sections after the
total replacement of a felspar crystal by galena, it is often noticed
that there are thin minute crystals which have not been replaced
and which pierce the pseudomorph in all directions. These

Ores mined by Chinese.
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appear to be muscovite formed by the metamorphism of the felspar
before the mineralisation of the rock. The felspar would be mucli
more liable than the morc stable mica to be sttacked and replaced
by the galena.

As far as the open workings of the Upper Maitland district
are concerned (from which all the speci-
mens here referred to came), the man-
ner of formation of the ores was essentially a process of meta-
somatic replacement of the minerals of the country rock by metal-
lic minerals prob.bly carried in solution. The galena and other
sulphide ores, zinc blende, pyrites anc  chalcopyrite, attacked first
of all the felspar in the rock. Asthe replacement went on the
mosaic-like ground-mass gave woy tothe sulphides, and finally the
quartz grains themselves were partially or entirely replaced.

Formation of the ores.

Specimens can therefore be found, showing only a very small
proportion of the original minerals replaced by sulphides, through
others composed of sulphide ores and a large amount of quartz,
to those which consist almost entirely of sulphides with very little
quartz.  The microphotographs on Plates 21 and 22 are intended to
show examples of these structures. Plste 21, fig. 1, shows a thin
section of a typical Bawdwin rhyolite (slide No. 5849 G. 8. I
collection), exhibiting flow structure. Fig. 2 of the same plate
shows the alinost complete replacement of the minerals of the
country rock by galena (slide No. 6734 G. S. I collection). On
Plate 22, fig. 1 (slide No. 6732), is given a representation of a partial
replacement by galena and fig. 2 (slide No. 6735) is intended
to show the commencement of the replacement of the ground-
mass of the rhyolitic tuff by the same lead mineral.

The ores found in the open deposits consist as a rule of galena
wnd zinc blende associated with small
quantities of iron and copper pyrites,
As a rule, if copper pyrites is present with the galena, the amount
of zinc blende is much less. All the sulphides except zinc blende
heve been found occurring alone in small amounts,

Remarks on the ores.

As regurds the order of deposition of the sulphides, the mi.
croscopic examination of various speci-
mens shows that iron and copper sul-
phides when present with the others were

Order of deposition of
the sulphides.
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the first to be deposited, for they have been found in grains
surrounded by galena, the converse arrangement not having been
observed. In the case of the lead and zinc sulphides, the rcla-
tionships are somewhat ambiguous. Galena has been found sur-
rounded by, and also surrounding zinc blende. The latter is by
far the commoner case, and itmay be assumed that as a general
rule the zinc blende was deposited prior to the lead sulphide. In
most of the sections which were examined the two sulphides of
lead and zinc occur in small grains scattered indiscriminately through
the rock. It is remarkable, however, that in some instsnces the
sulphides are seen to be growing more or less separately, giving
the ore s banded appearance under the wmicroscope.

The oxidised ores malachite and azurite are found filling cracks

. and small shear planes in the meta-

012;’.0“”3“% of oxidised morphosed rock. They‘do not appear

to replace any particular mincral.

Anglesite and cerussite are often found in cavities in the galena-

bearing rock, evidently close to the roineral from which they have
been formed.

It must not be inferred from these brief remarks on the order
of formation of the ores that the deposition of any one particular
mineral over a large area went on for a certain period and then
ceased, to be followed by the deposition of another. In all pro-
bability the deposition of all the minerals weas proceeding in
different places st the same time, and the order copper aud iron
pyrites, zinc blende and galens represents broadly the gencral rule
for deposition only with respect to the area from which the speci-
mens examined came.

Mr. LaTouche has shown that the intense metamorphism of
the grits at Bawdwin in which the ore-
deposits occur is due to reversed
faulting. To quote his words:  Owing
to the two lines of faulting which unite there the most intense
amount of dislocation and crushing has taken place. Over a brosd
zone parallel with the plane of the overthrust through which the
Nam-pang-yun has excavated a deep narrow gorge, the crushing
hes been of the most intense description snd the shear planes
and fissures thus produced have afforded an easy passige for the
mineralizing solutions.”’ ) =

Cause of the meta-
morphism,
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Professor J. W. Gregory, F.R.S., has recently shown how the

' distribution and origin of the ores of

mania. manta i3 entirely due to the fault
system there. A great overthrust con-

nected with a series of parallel cross faults and thrust planes
has crushed the local schists and rendered them permeable to
solutions containing copper and iron, with some gold and silver
salts in solution, which Professor Gregory thinks rose along the
great Mount Lyell fault.' The theory of the origin of the Mount
Lyell ores is practically identical with that advanced by Mr. La
Touche to account fqr the ores of the Bawdwin metalliferous area,

The more important minerals found at Bawdwin.

Lead sulphide, PbS, is usually found disseminated in irregular-
shaped grains in the country rock.
The grains vary in size from a few
millimeters in diameter to large aggregations of the mineral. It
has been shown previously that the galena has metasomatically
replaced the minerals of the rock in which it is found. When
this replacement is practically complete the lead ore becomes mas-
sive and compact, whilst the broken surface of a freshly fractured
specimen exhibits a glittering appearance due to the brilliant
cubical cleavage-planes.

Galena.

Sometimes the separate disseminated particles exhibit a distinct
crvstalline form and show the cubical cleavage well.

Galena, associated with zinc blende and other minerals, is
found in all the open-air workings at Bawdwin, more especial]y in
those of the Jail and Upper Maitland areas. Argentiferous galena
doubtless constituted the main product for which the mines were
worked in ancient times. A picked specimen of the galena-zinc
blende ore from the Upper Maitland area assayed in the laboratory
of the Geological Survey of India by Mr. T. R. Blyth was found
to contain 47-87 per cent. of lead, a little zinc, traces of gold
and 87 ozs. 14 dwts. 4 grs. of silver to the ton of lead. ’

1 “The Geological plans of some Australian Mining Fields®®
F.R.S., Science Progress, Vol. I, p. 117, & by J. W. Gregory.
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The galenas of the Shan States and of the- neighbouring pro-
vince of Yiin-nan in China appear as a rule to be very rich in
gilver, as the following analyses show :—

Amounts of silver in picked specimens of galena from the Shan
States and the Province of Yiin-nan (in Western China).

AMOUNT OF
SILVER.
LOCALITY.
\ Analyst. Collector. Date.
Per ton of
lead.
ozs. dwis. grs.
Bawdwin . . .| 87 14 4 T. R. Blyth| J. Coggin Brown. 1907
Kyet You (in Yiin-nan) | 104 10 6 A. Tween | Dr.J. Anderson. 1 1870
Ponsee (Kachin Hills) . | 73 10 0 Do. Do.2 1870
Kakhyeencountry . . | 63 14 8 Do. Dr. Clement Williams2| 1863

Lead sulphate, PbSO,. Anglesite is a common mineral at the
mines, but is especially abundant at
the Upper Maitland workings, where
beautiful crystals can be obtained.

The usual form assumed by these crystals is that of a simple
orthohombic prism, elongated somewhat along the vertical axis, and
generally terminated by pyramidal faces. Many of the ecrystals
are by no means so simple as this, the pyramidal faces being es-
pecially liable to a variety of combinations which cannot be deci-
phered without crystallographic measurement. Tabular crystals,
formed by growth parallel to the C axis are of rare occurrence,
whilst a massive variety is sometimes found in small quantity as
& coating on galena. As usually found, the crystals are coated
with a thin opaque film of a white substance, which being at once
removed by dilute acid may consist of lead carbonate. All the
specimens collected are quite colourless, and are often transparent,
whilst their brittleness is especially noticeable; generally they

Anglesite.

1 Geology of India, Pt.3, Economic Geology, by V. Bali, 1881, p- 237
# Through Burmah to Western China, by Clement Williams, 1868, p- 3.

s
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possess an adamantine lustre, but crystals with a duller and
more vitreous lustre have been noticed.

Anglesite was probably mined by the Chinese; it is certainly of
economic importance at Bawdwin to-day.

Carbonate of lead, PbCO,. This mineral is found at Bawdwin
in association with anglesite and galena,
and more rarely with malachite and
azurite. It occurs in tabular orthorhombic crystals which often
form penetration-twins. The crystals are usually tinged blue or
green by salts of copper, but colourless specimens have been
observed. .

Barium sulphate, BaSO4  This is a fairly common mineral,

Barytes. but it }1as not been noticed in direct

association with any of the sulphide

ores. Mr. LaTouche remarks that ‘‘at onme spot (C on his

map) it occurs in considerable quantity, in fragments up to a

foot in diameter, scattered over the surface of a knoll over an

area of two or three hundred square yards and evidently derived
from the outcrop of a large mass.”’

It has not been found as crystals, but occurs massive in
coarsely grained aggregates, which are often full of small cavities.
The broken surfaces of some of these masses show a platey struc.-
ture with curved surfaces and a vitreous lustre.

Owing to the presence of cavities the results of determination
of the specific gravity are liable to be slightly low. Ome speci-
men from the Amphitheatre gave a specific gravity of 44.

Sphalerite, or Black Jack. Zinc Sulphide, ZnS. This mineral,
which constitutes the chief ore of
zine, is common at Bawdwin, especial-
ly at the Upper Maitland and Jail workings, where it occurs as.
sociated with galena, and sometimes with galena, iron pyrites and
chalcopyrite. It has been observed in massive bands of a blackish-
brown colour, and granular lustrous appearance, this being pro-
bably due to the shining dodecahedral cleavage planes exhibited
by each grain.

As a rule, however, it occurs with the galena in a much more
intimate manner than this, the minerals being associated on g
practically cryptocrystalline scale. The blende ia then not usually
recognisable until sections of the ore are examined under the
microscope, when it is at once distinguhhed from the galena by

Cerussite.

Zine blende,
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its semi-transparency and its brown colour.  This somewhajt un;
usual occurrence is readily understood v.vhen the formation ot
the minerals by metasomatic replacement is remembered. _

The Bewdwin zinc blende eppears to be. much' les‘s ?1&1{)9 d0
decomposition and oxidation thv:n the gslena w1th which it 18 (g.mt.

Up to the present, as far as1s _known no attempt hzil,s been ma eblo
extract zine at Bawdwin, the position of aﬁalrs~ bt?mg strlct.ly.compzzr;i g
with that in other parts of the world where similar associations of lea

and zine sulphides are found, and where very often in the past the lead

ores alone have been smelted.

Copper pyrites, CuFeSs. This mineral has been noticed in

small amounts ot the mines. It has

Chalcopyrite. not been found in crystals, but always
occurs in small grains disseminated ip the country-ro.ck, genoragllly
accompanied by galena and iron pyrites. In many 1r}s§ance; r:e
grains are very small. The larger ones are of a brilliant brass-
yellow colour when not tarnished. o o

With regard to the commercu?.l importance of copper pyr!
at the mines to-day it is not possible to offer any definite (?plmor;
until further exploratory work has been do.ne, the 1nforrr}atgn a
present aveilable being much too vague. Tt is stated by Sir eorge
Scott in the ‘¢ Gazetteer of Uppelz dBl;rma and th;e Shan Stetes

mines were worked for copper alone.
thatIn((;.Iifat?;‘n: w:,re not wanting that extepd.ed search would reiult
in the discovery of other minerals contalning copper and sulpbur
at Rawdwin. .

Tron disulphide, FeSz2. This minersl is not  uncommon, and

. . occurs widely distributed, being often
Pyrites. . accompanied by  chalcopyrite. It
usually occurs in small grains, but has been obs'erved both in the
massive and crystalline states. In one specimen, crystals of
englesite heve grown on massive pyrites. .

Basic cupric carbonete, CuCOz.Cu(OH),  This carbonste of
copper is noticed wherever copper ores
are found at Bawdwin, and from
jts bright green colour cannot easily be mistaken, Usually it
occurs in thin lamelle along the shear-planes of the country rock
with no well marked crystalline structure, but one small specimen

Malachite.

1 Gazetteer of Upper Burma and the Shan States, Pt. 1, Vol 2, p. 308.
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which was picked up in the bed of the Nam-pang-yun = stream
exhibits a well marked botryoidal structure with a silky lustre on
its fractured surface. No well developed crystals were collected,
though the mineral was rarely seen in groups of very small
acicular prisms. Malachite is invariably found in association with
azurite.

Chessylite, basic cupric carbonate, 2CuCO4. Cu(OH),. The
blue copper carbonate occurs in the
same way as the malachite with
which it is always associated, 7.c., in thin films impregnating the
country rock. Groups of small tabular crystals of azurite are not
rare, the best specimens being obtained from the Upper Maitland
workings where the mineral is found associated with malachite,
anglesite and cerussite. Both malachite and azurite occur as
coatings on anglesite at this place, and both carbonates are
doubtless derived from the oxidation and alteration of chalcopyr-
ite. Both copper carbonates have been found as thin coatings
on pieces of rhyolitic rock, which was not however seen in sifu.

Smithsonite of Dana, carbonate of zine, ZnCO3. Calamine
(presumably the carbonate) has been
recorded from Bawdwin by §. Henni-
ker, Esq., A.RS.M! Amongst my own specimens from the same
place, there is one in which anglesite crystals are coated with a
thin bluish botryoidal mineral which I believe to be calamine,
but the quantity is too small to permit of chemical determina-
tion. :

Azurite,

Calamine.

Notes on the Slags.

The Chinese, from the commencement of their operations in
the 14th century until the year 1868 when they finally abandoned
the mines, apparently worked and smelted the ores chiefly for
the silver which they contained, allowing the greater part of the

lead compounds and probably the whele of the zinc to run into

slags. Great heaps of these extend at intervals for over two
miles along both banks of the Nam-pang-yun. The location of
the smelting furnaces appears to have been dependent on sites
suitable for fuel and for water for dressing the ores, rather than
on close proximity to the levels themselves.

1 Mining Journal, Jan. 16, 1906, p. 52.
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It is unnecessary here to enter into the details of the metal-
lurgical processes by which the: ore was treated; this has already
been done by Mr. LaTouche. Whatever may be said regarding
the waste of lead and zinc by the ancient workers, it must be
admitted that in the extraction of silver they attained very fair
success. Granting that by the preliminary operations of washing
and dressing the ores the Chinese were able to commence with
a practically pure galena, and granting that the silver content
of the Maitland ore be taken as a guide, then we may assume
that they started with material carrying upwards of 80 ozs. of
silver to the ton, whilst they finished with a slag containing
roughly 1 to 2 ozs.to the ton. Of course modern methods of
silver extraction would do better than this, but taking all
things into consideration the Chinese methods though crude were
essentially successful.

The slag or lead matte itself usually consists of heavy, dark-
coloured, porous material sometimes of a vitreous aspect, but
more often stony in appearance. It is largely intermixed with
charcoal, doubtless the remains of the fuel by which the ores
were reduced, and it is permeated by small shots or spherules of
metallic lead.

Some of the more ancient heaps are now largely intermixed
with débris and rubbish which has fallen from the hillsides, but
it will not be a difficult matter to extract the valuable material.
The slags as the following analyses show contain large quantities
of lead and zine, and small amounts of silver:— .

Partial analyses of slag from Bawdwin.

Lead. Zinc- Silver.
1 . | 478 per cent. | 16-7 percent. | 2} ozs. per ton.
2 4933 " 18-20 » 10z. 15 dwts. 22 grs. and
traces of gold per ton of
lead.

I by Bewick, Moreing & Co. of London, based on 2368 samples.
2 by T. R. Blyth (lead and silver) and J. Coggin Brown (zinc), based on

eight samples.
Small amounts of copper, arsenic, iron, aluminium, manganese,
galcium, silica and sulphur are also present, but not in quantities
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large enough to make them of industrial impor
amo.un.ts of sulphur are noteworthy as they ppr?l?:l?iy 'iIx‘lhc;ic Btlzall
preliminary roasting of the sulphide ores. It is howevera ?‘,
uncommon  to find small lumps of undecomposed ,galena in ?}(1)
slag. The heaps are quite accessible and the amount of s .
recoverable has been variously estimated at from 110.000 8
125,000 tons. Although, for want of time, I had no o ’ort ity
of personally verifying these estimates, ’yet judging If)zl':) mil}fy
number of trial pits which have been sunk the heaps b o b .
very thoroughly prospected. pe fave heen
The smelting of ores of lead which are contaminated by zinc
comp(;)unii)sla is often a matter of
considerable difficulty and is Ij
be atte.nded with a heavy loss of the metal souyghtn;{crlsu;;::sledto
precau.tl(?ns. are taken. It is doubtful if any impurity can ui
more Injuriously than zinc blende when present in large amou atc
There are many processes by which such mixtures as I:;hs
Bawdwin slags constitute may be successfully smelted, but ”
wou.ld be premature to enter into a discussion on thei; 1; ti .
merits at present, for much depends on the location 1‘: ’ 113;9
sme%tef's with regard to a good fuel supply, and other dezail ?
a similar . nature, and more still on the observed behavio i 0f
the material when smelting experiments are performed u our '(t):
The. slags should certainly prove a valuable source of Il)e;d l'%
their treatment be approached in a scientific manner. 1

The Burma Mines Railway and Smelting Co., Ltd., who at
Rresent are the owners of the mining
rights fof the Bawdwin property, took
over from the Grea ini

Co., Ltd., their partially constructed railway to tl:;e II‘]naiit::n a,rlflmmg
now engaged in carrying it forward! On completion of, the Ji?:
the Company propose to proceed with the smelting of the sl ;
before undertaking the development of the mines. ) e
4 From my examination of the slag I am convinced that the
greater part of its metallic contents is recoverable, provided q

regi?l‘d be paid to its somewhat complex const:itution Iin t}llle
choice of a proper method of treatment. It must not he f ;
gotten, however, that the amount of available materia] is strict?ll;

Slag smelting.

Son)e economic consi-
derations.

"1 Since the above notes were written, this line h ‘
jave been erected on Mandalay shore. » this line has been comploted and smelters

D2
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limited, and once operations are commenced the end, soto speak,
is near. For this reason it is recommended that exploratory work
in connection with the mines be commenced as soon as possible.
It 18 impossible at this juncture to express any opinion as to
the value of the ore-bodies which were not worked greatly by
the Chinese, as their direction and extent is quite unknown.

There is little doubt that the Chinese workings were limited
in depth by the level of the Nam-pang-yun stream, and that
being possessed of no efficient drainage machinery the ancient
miners were unable to work far below that level. It is reason-
able to expect to find at no great depth valuable ores which
could be easily won if a modern pumping installation were intro-
duced.

As these questions, which are of such vital importance to the
healthy development of a successful mining industry  ab
Bawdwin, could be so easily settled by exploratory bore holes,
one cannot urge too strongly the necessity for this kind of work.
Mr. LaTouche, by a study of the geological structure of the
district, has announced the most favourable part of the area for
hore-hole sites, with a view to determine the position of the
underground ore-bodies.

It is to be hoped that an attempt will be made to utilise the

zinc ores which have been totally neglected in the past, but
should at the present time prove of much value. Too little
n to

is known about the copper ores to enable any definite opinio
be given as to their value, but the Chinese are said to have
worked two levels solely for the metal, and copper slags were
found near the Kachin village of Loi Mi on the road from Nam
Hsan to Bawdwin.

A picked specimen of sulphide ore from the Upper Maitland
area assayed in the Geological Survey Office showed a large
percentage of copper, and promises well for the value of the ore
if it is found in larger quantities on further exploration.

1 agree with Mr. LaTouche’s remarks on the necessity for a
thorough examination of the surrounding country, and on the
preparation of accurate maps, without which it is impossible to
prospect In a proper manner,

In the event of the development of a mining industry ii-t

. Bawdwin, the question of the supply
Labour question. of labour is :)ine which will demand

serious attention. To recruit coolies from the inhabitants of the
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country would cer.tair'ﬂy be the least expensive method of solvi
the Broblem, but it is to be feared that the Shans would vr v
practically useless for work of this kind. My own experiengeov;
:ﬁesereop]e agrees so well with that of Mr. R. R. Simpson gf
e Department of Mi '
phe D dil;_ o mes that I cannot do better than quote

‘‘ The Shans although a charming race soci
. I ially, and physi
iiboutil are contemptible as workinen. Owing t(;Y th::l fgti)llistla;auoyf fﬁted f()r
toe):iwe?lve %l:::indu.ré}c]e of fo((;d and raiment and comfortable houses v)vehe:(ce)ili;
o . er ese conditions they lead a contented lif
.wxsrely‘;1 fail to scc the necessity for hard labour. The onel :i]i:;d;hge I‘}iapli
1;, (;aa, y money, and in order to supply this deficiency they will cor-d)és acd
t Iod{L ver;}r‘ moderate amount of work at double the rates of pay ;eva?ﬁn
in nfm.l. " o work on two consccutive days would appear to thé)m to xl;g
],;;ezx:arogs 01;(;38, tta:(r:dl besxde}s this every fifth day they must attend the neares?
er near the news and enjoy a friendl i i int.
iaglfces from nexghbpurmg villages.  Except fogr lightletr‘;a,slg; 1301}]15): Slv:;ﬂ; e
t out of count in the recruiting of a labour force.” e must be
'_'I‘he question, therefore, resolves itself into the use of Chinese or
Indian labour, or a combination of both, for it is very doubtful if
Burmese labour would be satisfactory, for the national traits f
the Burman and Shan are very similar. °
Consnd(.ermg the skill in mining with which the Yunnanese are
eninWfd 1t. would certainly be found best to employ them for
th.m kind of work They are as a rule strong and very indus
tnqus men, somewhat undisciplined perhaps, but this fault could
easily be overcome by good management. Indian labour could
of course be 1m.ported, but it would be costly and certainly not
80 go9d as Chinese. There is also the racial difficulty to be
ta!:en into acco'unt, for during earlier exploratory work at the
mines when Indians and Chinese were employed together quarrels
were frequent and free fights are said to have only b’een
vented by the exercise of great tact. e
Taken, therefore, on the whole, it will be best to em lo
Yunnanese as much as possible, for on all points they have £ory
to recommend them than any other available race. °
By existing paths the mines are very inaccessible, and to get
Transportation. to them tedious journeys over mule.
. ‘ o tracks of the wusual kind found in
mountainous frontier districts have to be made. A light railw.
however, is now under construction, and when completed \:'flri

1 See Rec., Geol. Surv. Ind., Vol. XXXIII, Pt 2, p 143\
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connect the mines with the station of Manhpwi, which is a few
miles above Hsipaw on the Shan State branch of the Burma
Railways. This light railway will be some forty miles long, and
will place the mines in direct communication with the port of
Rangoon at a distance of some five hundred and ninety miles.
Transportation by water along the Nam-Tu river from Hsipaw
has been proposed, but there are difficulties in connection with
this method which I believe are unsurmountable. The Nam-Tu
river, like most of the streams of the Shan States, is frequently
crossed by tufa bars and dams, which besides making navigation
excessively dangerous, if not impossible, create rapids which no
boat can cross. At places along its course the river flows in
deep and narrow gorges which present another great obstacle to
the use of boats.! For these reasons I consider that transportation
of the ores or finished material by water is quite out of the
question, although it would have been by far the cheapest method.

The Bawdwin ores as far as can be gathered from material

R Rt i left by the ancient Chinese, consist of

' : argentiferous galena with smaller quan-
tities of zinc blende, iron pyrites, chalcopyrite, and various
other minerals derived from these.

(2) The ore deposits at present visible do not occur in veins
or lodes, but in bands of rock impregnated with minerals.

(3) Whilst the greater part of the area above water level has
been exploited in the past by the Chinese, there is a good chance
of meeting with payable ores at greater depths. Exploration for
this purpose by means of borings is strongly advocated, together
with the careful and systematic prospecting of the surrounding
district.

(4) The slags left by the Chinese workers are rich in lead and
also contain a good deal of zinc. There appears to be no reason
why they should not constitute a valuable source of these
metals, if their treatment be approached in a scientific way.

(5) In case of mining developments at Bawdwin, the question
of a Jabour supply will have to be faced. Considering the
natural aptitude for mining which the Yunnanese display, combined
with their industry and endurance, it is concluded that it will be
best to employ them in preference to Indians, Burmese or Shans.

1 Mr. LaTouche, w};vh;s travelled along the Ereater part of the Nam-Tu valley
in the ' Shan States, informs me that below Tong Ang ferry south of Hsipaw the

gorge is absolutely impassable by boats.
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EXPLANATION OF PLATES.

Plate 12.—General view of Bawdwin, showing character of scenery,

and slag heaps in foreground.

»» 13.—The Amphitheatre, Bawdwin, an ancient qﬁarry—working

”

b4

»

2

»”

9

”

enlarged by landslips.
14.—Chinese smelting furnace, showing hearth and arrangement
of flacs.

15,—Details of Chinese smelting furnaces, scale 1 inch =4 feet.
a. Front elevation. b. Plan. c. Longitudinal section.

16.—Kachin smelting furnaces and remains of Chinese huts.
17.—Details of Kachin smelting furnace, scale 1 inch =2 feet.

a. Front elevation. b. Plan. e¢. Section.

18.—Ore dressing floors.
19.—Chinese cupel furnace, and ore crushing moertar.
20.—Details of cupel furnaces.

Fig. 1. Square cupel furnaces, scale 1 inch = 4 fect,

a. Front elevation. b, Plan of top. . Section.

Fig. 2. Round cupel furnaces, scale 1 inch=2 feet.
a. Front elevation. b. Plan of top. ¢. Section.

21.—Miscrophotographs of Bawdwin rocks.
Fig. 1. Rhyolite exhibiting flow structure.
» 2. Bawdwin grit; minerals almost entirely replaced by
galena.

22.--Microphotographs of Bawdwin rocks.
Fig 1. Tuff: minerals partly replaced by galena.
» 2. Tuff: commencement of the replacement of the ground-
mass by galena.
23.—Sketch-map of the Bawdwin District, scale 1 inch = 9
miles.
24.—Horizontal gections.
Fig- 1. Bection across the Nam Tu valley near Lilu, scale
1inch = 1 mile. B

Fig. 2. Scction through Bawdwin, scale 1inch = 1 mjle,
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RECENT ACCOUNTS OF THE MuUD VOLCANOES OF THE
ARAKAN CoOAST, BURMA. BY J. COGGIN BROWN,
BSc., E.G.S., F.CS., Assistant Superintendent,
Geological Survey of India.  (With Plate 25.)

INTRODUCTION.

r‘[‘HE mud volcanoes which are grouped on and around Ramri
and Cheduba islands' off the Arakan coast were first systemati-
cally studied by Mallet, whose report is to be found in Rec.,
Geol. Surv. Ind., Vol. XI, Pt. 2, pp. 188—207.

A comprehensive summary of this account has been given by
Oldham, in the Manual of the Geology of India, second edition,
pp. 20—22, from which the following short description 18 taken :—

“¢There are about a dozen or rather more vents in Ramri island itself,
more than half that number in Cheduba and a few in other neighbouring
islands. Many of the vents consist of truncated cones, built up of the dried
mud ejected by the outbursts of gas. The crater, filed with more or
less liquid or viscid mud through which the gas escapes, occupies the top
of the oonical hillock. The majority, however, of the Ramri mud volcanoes
consist of mounds, composed on the surface of angular fragments of rock
and having scattered over them a few small mud concs with craters at
the top, varying in height from a few inches to eight or ten feet.
When gas ceases to be emitted from a vent, the mud is rapidly washed
away by the rain and there remains a low mound, composed of angular
fragments of rock which were ejected together with the mud, and the
repetition of a similar process accounts for the formation of the mounds.

““ The mounds in Ramri are from 50 to 100 yards in diameter, with a
height of from 15 to20 feet; two, of exceptional size, near Pagoda Hill in
Cheduba, being 200 to 250 yards across. The cones in which the mud is
viscid are very steep, being built up partly of small quantities of mud,
spurted out by the evolution of gas so as to form a hard rim round the
mud crater, partly of mud poured out from the crater down the slopes
through broken portions of the rim. Besides the gas and mud, a small
quantity of petroleum is usually discharged from the vents. The gas consists
mainly of marsh gas, probably mixed with some of the more volatile

1Ramri and Chedubs islands, with a small archipelago of lesser islets stretch-
ing to the north and south along the coast, are separated from the mainland
by .2 number of tidal creeks and form part of the Kyaupyu district,—a seaboard
district which is situated in the centre of the Arakan Division, Lower Burma,
lying between 18° 40’ and 20° 41’ north latitude, and 93° 13’ and 94° 20’ east

longitude.
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hydrocarbons usually associated with i '
petroleum. The mud is simpl
shale or clay of the tertiary rocks, mixed with water contain'tml;psfngse gsrael{

in solution.”

Although under ordinary circumstances it is usual for the mud
to be slowly ejected from the craters accompanied by saline
waters and bubbles of gaseous hydrocarbons, yet occasionally the
Arakan mud volcanoes are subject to paroxysmal outburg;s of
extreme violence. At such times mud and stones are throw
out with great force and noise, immense quantities of inﬂamn
mable gases are liberated, which, becowing ignited, light u th-
country for miles around, and are visible far out to sea I}f? the
erugtlon htz;l'ppensf to be submarine, the ejections of st(.)ne an(;.3
mud sometimes form islands, whi
e ol T and. hich are, however, soon removed

From time to time accounts of violent erupti i
nature have reached the Geological Survey Deparlt)zzzz (;fndthils
1885 Mallet published a list of those that had been record’ed u tn
that date (Rec., Geol. Surv. Ind., Vol. XVIII, Pt. 2 %)250
A later eruption of the Cheduba mud voleano took’ pll)z;ce a)t
11 p.M., 3rd July 1886, and is mentioned in Rec., @eol. Surv
tI}:md., Vol. XIX, p. 268. From that time ‘antil Octobe.r 189?;
ofeziisar;r ;fp.ll'ecords of any other eruptions of the mud volcanoes

List of recorded eruptions which have taken place since October 1893,

Locality of voleano. Date of eruption. Character of eruption
Cheduba . . . . | 19th July 1903 . | Violent,
Cheduba . . . . | 218t January 1904 . | Very violent.

Research Strait (submarine) . | February or March 1904 | Shoals formed

Beacon Island (submarine) - | 16th December.1906 ., | Very violent, new island

Unguan Island (submarine) . | 20th April 1008 . . Vfi(:;g;ef.

1 Mud wicano in Tipperah.—In March 1897 a sm
discovered in cultivated land at the foot of the Tip;lira.h hills, on th
boundary of Tipperah district, and 16 miles due north of the ,sadn © seastern
Co_mxlla. Tl}e sltg of’ the' little eruption is in a village called Ball 1}' station 9{
said to be in 91° 18’ 30" east longitude and 23° 40’ 30* north lat'tadpur’ ond is
not connected with the Arakan mud volcanoes this occurrence i; “ I‘;’i.ll él‘ithougg

‘ Ppera

is near enough to them to make it i
R e P e it worth recording here. Rec., (eoy. Surv. Ind.,

aotive mud volcano wag
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The remarkable absence of information between 1886 and
1903 is probably partially due to the fact that the mud volca-
noes have been passing through a period of quiescence and also
4o the lack of evidence of eruptions which may have taken
place. Mallet has stated that there is no reason to suppose that
eruptions were less frequent between 1846 and 1878 than before
or after these dates, the gap in the list of recorded eruptions
then being doubtless due to imperfections of the record (Rec.,
Geol. Surv. Ind., Vol. XVIII, p. 124). Following the practice
tormerly pursued, it is proposed to give here extracts from the
reports of eye-witnesses, who were fortunate enough to see the

eruptions.

Eruption of the Chedulia Mud Volcano in October,
1893.

There are no details available regarding the eruption of the
Cheduba mud volcano which is said to have taken place in
October, 1893. The eruption is only casually mentioned in an
account of the one which took place on the 2lst January, 1904.

Eruption of the Cheduba Mud Volcano on the 19th
July, 1903.

The official report of the Commissioner of the Arakan Division to the
Revenue Secretary of the Government of Burma runs as follows : —

“Y have the honour to report an eruption of the voleano in the Cheduba
island, Kyaukpyu district, on the 19th July, 1903. The information reached
me from a private source. No Government official seems to have consi-
dered the matter of sufficient importance to send in & report, if any saw
it. Mr. Dunlop, who is a resident on the island, says that it was the
most magnificent sight he ever saw. At 11 minutes to 1 p.M. he saw a
black cloud shoot up from the earth (no doubt mud) and in a moment
flames burst forth and shot skyward, 500 to 1,000 feet high, accompanied
with dense clouds of black smoke. The flames lasted just 17} minutes,
which is said to be the longest ever rememkbered. No cruption of the
volcano has . taken place for the past 10 years and it is thought that is
the reason why it was so violent. It is said that formerly there used to
be a slight eruption once a year.”

Eruption of the Cheduba Volcano on the 21st January,
1004.

The eruption of the Cheduba voloano which took place on the

21st of -January, 1904, is said by eye-witnesses to have been the

longest and most violent ever known. A report of the occurrcnes
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by Mr. R. 8. Dunlop, opium licensee of Ch '
, eduba, was f

to t:hfs Governn'lent of Burmea by the Commissioner of 1:heo IX::I({ied

Division, and is partially reproduced below :— -

“On Thursday, the 21st instant, them
, . , ud and fire volcano i8 i
had a._nother fire eruption, which started about 2 P.M.,, and lazl:edth;?)r ‘sll)and
:: mu:}lites In all respects it was more violent, and lasted onoor
an e eruption of July last, or f i
et ovion of y . any former eruption,
“ It may be remembered I stated in
‘ ‘ my report, dated Jul
no f:(‘ie efruptlon had occurred for 10 years, wiz, October 1893ll yIt,la:::s ;}::t
sum or causes stated in that re f : i .
. port that fire erupt
cease;i, }z:nd people wero surprised ai the eruption in July, but Ix)n:;)cnlf n:l:rd
so at the present one. Ususlly, former eruptions were 10 to 12 months aftee
each other and sometimes & little longer, but now this one coming just o
months and two days after the last makes one wonder what's Jcom'le
:ﬁt‘; : lleft;; Chefluba. on Saturday evening, the 23rd, to see for mys?l%
it looked like. We halted all night near the volcano, getting th
early next morning. » PR Here

“I was here 17 years ago; the place
same 8s it did then, the small mud \folcam;‘;n eizlil:g lol;)lll{i?t pfxe;tyhiml:lih thg
:::’gvl:erqu?:'eerymda{ :s l:hczl mud is thrown up and dries. Some of %h:m 8;:,le'e

] ) eet high and getting higher every day, one of th i
particular is very pretty, being shaped just like a ody’ 2 might ot
distance be taken for a small one, it bei i i et ot
has., how.ever, undergone quite a ,cha.ng;:lg tl?: lt;uzhlzzgtegleoéuli? VOlc&n_O
ﬂmd' a8 it was. 17 years ago, is now of the consistenoy of velng sﬁml
porndge,. and instead of nearly white as then, is now nearl blryk e
mud .Wthh has been thrown up covers a considerable area yanda: ' T’he
8 h'elght; however, during the rains this piled up mud is wash d0 s
leaving the place nearly level. The washings cover & large on, mod
wherever they go all vegetation is destroyed, outside this a.rga. :;e&, .a‘nd
.scan.ty growfth of stunted wiry grass. The volcano is situated on s pontls
incline sloping towards the south, consequently most of the w ¥’ goncle
that way, so that what vegetation there is, is closer to th &Sllllngs o
the north than on the south, ° Telme

“ We came from the north, and the first thi i
. " s I noticed
fissures or crevices oxtending outwards from th:ang volcano lint,o wiS:: o
grver 2800 yards, and about 50 feet apart, running in a 2ig-zag ggl?::ct'for
edom' t.hE to N. W. One could see from their size that they had st;otn:
in the mud lately thrown up, &s the further out, the smaller thr
;)ecame till the end. Near the mud, one of them was V-shaped, about .
ﬁztwhlo:: :)he top mﬁd lI;Iea.rly a8 deep, the other one was not so’long uTslx
oen muc er just after t i i ot
o i ger j r the eruption, but now appear to
“The mud at the bottom is qui
. : quite soft and I
length of my walking stick down into it quite easily. cl:‘:)hiim:;n o rholo
were caused by the late eruption  as the earth where thro:vnthe raures
up  was

much longer
although accom-

on

>
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quite fresh, evidently they were first of all opened by escaping gas and
then partially closed. What depth they were at the time of the eruption
no one can tell. Some distance to the north of this is a large mound
said to have been the former crater, but I doubt this though it might
have been a smaller volcano which has now become extinct. Mud is piled
up in an irregular circular form like a huge embankment about 400 yards
across and at least 8 feet high. I am informed that all this mud was
thrown up by this eruption, as formerly the ground was quite level. If
this is so, and I have no reason to doubt it, what a gigantic force must
have been exerted to throw up these thousands of tons of mud in the space
of & few minutes. When I last visited the place, I had no trouble at all
in locating the crater. It was filled with hot fluid mud, boiling and
bubbling like a huge pot, but I could find no such crater this time.

«“I walked all round the huge embankment (of mud), and then straight
across the centre, and then again at right angles tomy former -course,
but I could find no signs of a crater, nothing but gaping fissures all
over the place. All over this area, the mud in the fissures was much
softer than im the two fissures mentioned above; no doubt deeper down
still fluid mud may be found. My impression is that the mud is
gradually becoming hard. I noticed in the small volcanoes that it is much
thicker than it was 17 years ago. Icould find no trace of firc anywhere.

“QOne would have thought that so large a fire would have kept its mark
somewhere, but this may be accounted for by the northerly wind which was
blowing at the time, the vegetation to the south being quite a distance
from where the fire occurred. Perhaps fresh mud may have been thrown
up after the fire had died down and so obliterated all marks around the
volcano itself. It is fortunate that no lives were lost, a8 the main road
is close by and the eruption was quite unexpected.”

Mr. Dunlop then refers to the legend in vogue amongst the
Arakanese, that a spirit—the Naga—is responsible for the erup-
tions from the volecano. He also relates how 30 years ago, the
natives say, a violent eruption took place in which five persons
perisbed, the outburst being due to some one mockingly asking
the Naga for fire to light his cheroot. The insulted Naga
granted the request with the above tragical result!

Mallet relates a very similar legend and is inclined to believe
that such stories have their foundation in the fact that flames
sometimes suddenly issue from the volcanoes. He is, however,
sceptical as to the fatal results which are said to accompany
them (Rec., Geol. Surv. Ind., Vol. XI, Pt. 2, p. 200).

Eruption of a submarine Mud Volcano in the middle
of Research Strait in February or March, 1904.
A report on this eruption was forwarded to the Geological

Survey Department by the officer in charge of the Marine Survey
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of India, and is dated 1st March, 1904, This report is partially
reproduced here :—

*“ During the progress of the survey of the Arakan coast, a small mud
volcano has been discovered in the middle of Research Strait due east of
the southern end of Western Baronga.! It consists of three vents forming
an equilateral triangle with sides about 50 yards long, apex north, the
vent at the apex was the only one discharging mud, and it emitzs gas
and mud at intervals of from 15 to 60 seconds like g geyser in a true
volcanic district. The two southern vents emit gas in a constant flow
but no mud. ’

“ The volcano has formed a shoal about 200 yards in extent, on which
the depth is from f‘seven to eight fathoms, except at the spot the mud is
at present discharged from, where a sudden shoaling to 3} fathoms takes
place. The depths around the shoal are 15 fathoms. A self-recording
maximum and minimum thermometer, when lowered to the bottom at the
spot the gas and mud were being discharged from, showed no variation
in temperature from that of the water around the shoal. A small quan-
tity of gas was obtained and found to be highly inflammable, colourless
odourless, tasteless, and neutral to litmus paper tests; from this it i;
inferred that the discharge is marsh gas similar to that found in the
Ramri and Cheduba islands. A specimen of the bottom was obtained and
found to consist of gray mud mixed with angular fragments of rock of the

same colour.”
[ ]

Eruption of a submarine Mud Volcano off Beacon
Island on 15th December, 19086.

The eruption of this submarine volcano is one of the
severest on record, for a new island which appears to have been
much larger than those previously formed, was piled up in the
Bay of Bengal. The new island was situated in Ilat. 19° ¢’ ¢”
N., and long. 93° 24° 20" E., and 8} miles in a north-west by
north direction from the north-westernmost point of Cheduba
island. Beacon Island lies south-east by south about 43 miles
from the new island. Fortunately the phenomena associated
with the building up of the island were witnessed by a com-
petent observer, Mr. 8. Dawson, Inspector of Lighthouses, Ran-
goon, who happened to be on Beacon Island at the time. His
observations are given below :—

“About 7 AM. in the morning of the 15th December, 1906, being on
Beacon Island, I saw what appeared to be an island towards the north-

1 Western Baronga Island is the outermost of a group of three islan i
lie a shortdistance from the coast, near the mouth of the Kaladan rivegs;nWhil;ﬁh
Aky”'b district, Arakan Division of Lower Burma, ©
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west, at an approximate distance of 10—15 miles, but misty and indistinct.
I pointed it out to my serang, who agreed that it was land, but I knew
that no land existed west of a line from Beacon to Kyaukpyu. All the
men had noticed it. While talking about it to my serang, some Burman
fishermen, who had come to the island in the afternoon of the l4th, came

and told me that their canoe had been washed away in the night and that’

they had no food in consequence.

«This circumstance afforded some evidence as to what had occurred. It
is to be noted that spring tides, having started about the 12th, were very high
on the 14th and 15th. But the high tides occurred in the evening of the
14th at about 6 p.M. and on the 15th in the morning. I then remembered
that I had been wakened in the night by what I thought at first was the
noise of the wind rising, so I rose up and looked out. There was not
much wind but a very heavy surf was booming on the beach, I then struck
a match, looked at my watch and found the time was 12-45 midnight, and
the tide must then bedead low.

“ Naturally at that hour of the night I did not think of volcanic up-
heavals or consequent tidal waves, so, attributing the heavy seas rolling in
to the turn of the tides, I went back to bed. Recalling this incident
when the Burmans told me that their boat had gone in the night, I
concluded that it must have been taken away by one of the enormous
waves which rolled in at midnight. The Burmans, on landing the previous
day, were aware of the high tides and drew their boat up well above
high water mark. This .I remember observing in the afterncon. From the
facts given above itis to be deduced that the upheaval resulting in the
formation of the island now existing above water took place at about 12
midnight of the night of the 14th and the waves which took away the
boat must have been at least 14 feet high. I continued to watch this
island, being still in doubt as to the true meaning of the phenomenon,
but about 9 AM. I noted black smoke in two jets like that of a steamer
in the distance and these gradually turned to white steam issuing in one
enormous ‘cumulus’ the whole length of, and above, the new island.

“As the sun became hotter, about 11 o’clock AM., & fairly heavy bank
of cumulus clouds formed and lay most of the day over the island, there
being practically no wind. At this time I proceeded to send my men
out to jump holes in the rock lying off the jetty for blasting, but though
as I say there was no wind all the morning, nevertheless they were washed
off the rock by the high swell rolling in from the direction of the eruption
and were upable to work in consequence. The sea, too, which since I
landed on the 6th instant had been clear and sparkling, had now become
muddy and dull. While recalling my men from their efforts to work on
the rock, as I stood on the end of the jetty I observed huge volumes of
mud and water spouting up into the air to a height of what must have
been hundreds of feet, These ejections were black and they continued
intermittently for some 10 minutes. This was at a distance of some four
times the apparent width of the island to its right from my observing
point, and I should say considerably nearer to me. No shock or tremor
was reported at any time by any of the men. All day spouts or columns

Part 3.] Brown: Mud Volcanoes of the Arakan Coast. 271

of water and steam were observed thrown wup all round the island, but
towards the afternoon the steam cloud from the island itself disappeared. 1
continued to keep a sharp watch on the island all day and I noted that
the atmosphere was very clear, yet very dull-olear, because the coast showed
up much more distinctly than usual, and yet dull, because the sun scarcely
cast a shadow even at noon.

“At 4.30 p.M. I went to the summit rock here to observe the sunset.
As 1 sat, I should remark that I felt it very cold though there was
scarcely any breeze: at thistime, too, I remembered that I had noted the
day before about sunset how cold it was compared with other evenings, and
I naturally attributed this sudden change in temperature to atmospheric
conditions resulting from the volcanic phenomena around. On taking a
rough bearing of the island I found it to be about 36° west of north
from Beacon, and distance 12 miles. After dark I could observe mno light
nor sign of any electrical disturbance over the island on the 16th. Spouting
and eruptions smaller and of less frequency than the day before continued
around the new island. I kept a watch of men all night, but they had
nothing to report.

“0On the 18th, having procured a boat, I rowed off to the new island,
and found the distance to be not more than 6 miles. My first guess
therefore as to its distance from Beacon Island must have been in error,
due to the vapour in the atmosphere. On approaching within a quarter of
a mile or less, I rowed all round it looking for a possible landing place
a8 the swells were breaking heavily.

* #The sea was very muddy, and all around the boat small ebullitions of
steam and sulphurous vapours bubbled up; and when I got to the north-
west side I noted many small geysers spouting steam and mud to a height
of about 15 or 20 feet on the island itself. Having found a likely landing
place, I backed my boat in as near as was safe just outside the breakers,
and taking a line, swam ashore. I had great difficulty in walking the first
hundred yards of beach, as I sank deep in the soft mud and the heat of it
was just bearable. The sea as I swam was noticeably warmer than at
Beacon Island, as might be expected. On arriving above high water mark
the mud became firmer having dried a little in the two days which had
elapsed. Higher up it was cracked and resembled a field which had been
ploughed and harrowed. I went on up to the top—a height at that time
of about 40 feet or more—and from this point I could see the whole of
the island. One could notice the form of the main crater which was
roughly s plateau formed by a dried-up lake of mud with concentric
corrugations of mud, resulting from the intermittent paroxysms, extending
down the sides of it.

« From the still active geysers a most objectionably smelling gas was
given off. I was watching these for perhaps an hour when the ground
I stood on and in fact the whole island started to sway about; so taking
this as a possible preliminary to another paroxysm I hurried back as quickly
as I could to the boat, and came away, having procured a bucketful of
the hquid from one of the geysers, which I thought might be called for,
for analysis. On January 3rd the station ship Dalkossic called at the
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island with me on board and I observed a great difference in its height,
It must have subsided about 20 feet since I first saw it. »

Commander W. B. Huddleston, R.LLM., Port Officer of Akyab,
visited the island on the 22nd or 23rd of December. On
December 30th the R.IM.S. Investigator under the com-
mand of Commander W. G. Beauchamp, Royal Indian Marine
Surveyor in charge, Marine Survey of India, proceeded to the
island to fix its position. The reports of Commander Beauchamp
and of Captain R. E. Lloyd, I.M.S.,, Surgeon Naturalist to the
Marine Survey of India, are reproduced here. It should be men-
tioned that accounts of this new island have appeared both in
the daily press of India and Burma and also in several scientific

publioations.1

Extract from Commander Beauchamp’s report.

“] am informed by Commander Huddleston, the Port Officer of Akyab,
that the island was formed on the 15th December. Commander Hud-
dleston landed on the island on the 22nd or 23rd of December, and on
his return gave me practically all the information he had obtained. I
arrived off Volcano Island on the evening of the 30th, having spent
Christmas at Akyab where I coaled and watered, took magnetic observa-
tions and rated chronometers. !

« Voleano Island observation spot, which is marked with a Marine Survey
socket and pole, is situated in lat. 19° 00° 06" N., long. 93° 24’ 20" E.,
depending on Madras Observatory being in long. 80° 14" 517 E., vide Admi-
ralty Chart of Chedubs Strait and Ramri Harbour, No. 832. Tho island
has a greatest length of 307 yards in a south-south-west and north-north-
east direction and a greatest breadth of 217 yards in a north-west and
south-east direction, and the summit is 19 feet above high water.

“The ship anchored at a distance of 2 mile to the south-east of the
island in a depth of about 11 fathoms at low water, corresponding with
what is shown on the chart. Soundings were taken in all directions of
gomething over a mile. Except close into the shore, the soundings are
practically the same as shown on Admiralty Chart No, 832, including the
shoal to the north-north-west which was also touched. The ship approached
the island from the mnorth-east and left in an east-south-east direction.
A steam-boat left to the southward for 10 miles and returned from the
south-south-east, and on neither course was any discrepancy in the chart
discovered.

1 “A New Island in the Bay of Bengal,” by Lieutenant E. J. Headlam,
Royal Indian Marine Survey of India. The Geographical Journal, Vol. XXIX,
No. ‘4‘», pp. 430—436, Plans, sketches and photographs appear with this article.

. A New Voleanic _Island,” by Admiral A. Mostyn-Field, Hydrographis
Depaffmemt, Admiralty, London. Nature, February 28th, 1907, p. 414.
A New Mud-Volecano Island,” by F. R. Mallet. Nafure, March 14th, 1907.
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“The island is still in an active condition at the

hot springs of liquid mud overflowing. It is steeper :zrtill:n“:;tr:e‘;?;&l
T.he soundings off the island itself paint to the fact that it is an isOIateZ
pinnacle or crater. Temperatures (Fahrenheit) were taken at different parts
of the island. The surface registering 81°; two feet below the surface%(}l;’
three feet below the surface 104°. But at the observation s ot on th,
summit, and cvidently the main crater, the temperature at onepfoot bel .
the surfaco was 104°; at two feet below 108°; at three feet below 138(?‘:
and at threce and a half feet the thermometer rose to 148° I had ’
self:registering thermometer to take the temperature of the liqu'id mud T11110
ordinary thermometer could not be cleaned quickly enough to get an at;cur te
reading. The island is evidently becoming hard, but the action of the : .
and tide js washing it away considerably at present, leaving a wake ea.f
discoloured water where the tide takes it off, giving it the appearance of °
shoal. At present, however, thero still appears to be nearly as much Ous
deposit from below as is carricd off by the sea. The south-west monsn?)

is likely to have some cffcct on the island. It will be noticed from t(l))n
Admimlty charts of this ncighbourhood that there is apparently a volea ((:
ridge from Cheduba Island to Baronga Island near Akyab, trending norrtl}ll-
north-west and south-south-cast. Drift wood, sand and stones were found
on the island; fourteen kinds of seeds were collected by the Sur ez
Naturalist, whose geological report I have called for and enclose with thgis.’:l

Report of Captain .R. E. Lloyd, Indian i
g?rlvr:g?ﬁ Surgeon-Naturalist to the Marineng:ﬁgzgyl

“' The island is composed wholly of greyish brown mud, of uniform
quality tlil‘ro;ghout; with this are a few angular fragments of rocks of
various kinds intermingled. These must have been thr
and include — own up by the mud

(a) portions of a laminated sandstone ;

(0) & compact grey rock which has the appearance of limestone but
which is only partially soluble in strong acids ; "

(¢} lumps of crystalline calcite ;

(d) & soft green stone, probably a basic igneous rock.

‘t On December 3lst the surface was sun-dried and hardened so ag to
readily support the weight of a man. The dried surface is very uneve
throughout, it has a nodular and bubbly appearance, besides this it is smlil;
up by deep fissures due to shrinkage in drying. Onthe north side of lth
leang ared severa,}1 small vents. Three of these open into round pools 0(;
iquid mud, to the surfa f i .
! :slmg urface of which large bubbles of gas are continually

“The gas is non-inflammable, and does not support i

N L y comb
an olpectxonal, sulphurous smell.  Although the I;Sla,nd has u;::)(;:;bl - bhas
in existence only 16 days, already large quantities of drift wood ha.{re ee?
lected on the shore. Among this were found 14 varieties of seeds jﬁé

B
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fruits of shore-frequenting plants, many of which are capable of germina-
tion. In regard to the permanence of this island, considering the nature
of the material of which it is composed, it is likely that heavy rains
and ses action, in the south-west monsoon, will cause rapid disintegration
and total disappearance, always provided that no more material is erupted.
The rocks and seeds collected will be forwarded to the Directors of the
Geological and Botanical Surveys of India, respectively.”

The specimens referred to by Captain Lloyd were forwarded
to the office of the Geological Survey Department and were
specially examined by Mr. E. H. Pascoe, Assistant Superinten-
dent, Geological Survey of India, who has had considerable
experience of the Tertiary beds of Burma. Mr. Pascoe reports
as follows on the specimens:—

«(a) Might easily be a variety of the calcarcous laminated sandstones
found in the Pegu beds and sometimes in the Irrawadi sandstone
beds. I have mnot come across its exact equivalent in colour,

(b)) A blue mudstone common in the Pegn beds.

(¢c) I have not come across calcite in such thick veins, but similar
veins occur in the Pegu or Irrawadi sandstone beds.

(d) Ihave not seen many green clays, but those resembled more or less
this type, and occurred in Pegu or Trrawadi sandstone beds.

(e) A dark fine-grained mudstone similar to those in the Pegu beds.

(f) Certainly organic. ~No coral structure visible, more probably some
form of Serpula.

«It would be impossible to say with any certainty what the age of the

beds is, but if one might hazard a guess, it would be Pegu series.”

In his account of Volcano Island, as the new island was named,
Lieutenant Headlam® states :—

“The island, on approaching from the eastward, presented a long low
appearance of & uniform greyish-brown colour, having a small knob or
summit on its southern end; no smoke or sign of activity was noticed ;
from & distance of half a mile the water shoaled gradually to the beach.
On landing we found the upper crust quite hard and cool, except quite
close to the beach, where the mud was soft—so soft in places that we
sank above our knees. 'The whole island was, with the exception of a
small quantity of stomes and sand, entirely composed of groyish-brown mud
of a clayey nature, with an extraordinarily rough surface, caused by the
quickness with which the boiling mud had cooled with exposure and the
cessation of the eruption. The island is & rough diamond in shape, with
the highest part at its sonthern end, and extending in a ridge formation in
a north-north-easterly direction, with small gullies and ridges branching off
on either mde. The main ridge is about 16 feet above high water (with
the exception of the knob at the southern end), and is about 40 yards

1 Qeographical- Journal, loc. cit.,, p. 431
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broad ; the land then slopes down to th i
e .
the western side. "ot being _ slightly stecper on
“There was no activity visible exce
pt at the north
sever.al sx'nau craters, varying in size from 1 to 6 feet inergia,zlgt’er where
e)':udmg liquid mud, but only in small quantities and mnot with a,n’ Wer:
violence. I computed that the whole output during the day I s en:’ tg}:e&
would not exc‘eed two tons. The whole island gave out a st::) 8 el.ltl’
of s.ulphur, which was almost overpowering close to the holes bngedmfe
taking the temperatures. o or
“A study of this part of the Burma ¢ :
) . ; oast seems to sh i
1s.la,nd iB part of.a chain of mud volcanoes which appear alongwthzhzz,s:: .
side of Cheduba island and the islands immediately to the southward 501:1:
td

. of which are several hundred feet in height and are occasionally active ;

and again continuing the line for some 50 mil
we came to another mud volcano (active, bu:sstfillllrth:(:‘mzo ft;l;: I;)O!l‘thwa?d,
surface of the sea), which is situated just inside the souther ® oin the
the Ea:stern Baronga, about 20 miles to the south of Akyab : p(;) mi; o
was discovered by the officers of the R. I. M. S Ing;.gt" ;L nd which
surveying there four years ago. ) wgator
““A beacon and flag were erected on the is i
fixing the position, and also to draw the atbéil;g)n asofa n;:‘sljxl; to }:l'elp to
this uncharted danger, which, on account of its lowness Snd dgr l;s lp? oy
is very difficult to see until fairly close, more especially in mistyaw e::h::‘u;;

whilst

Eruption of a submarine Mud Volcan
o
Island, Arakan Coast, on the 20th Ali)i'aif, Ill'g%gsuan

There are no detailed accounts on recor i
of the recorded eruptions of the mud vo]c(}mgis t(l)lfls’thzhel& lalteSt
coast. The only information available is a copy of ’a tx;lr‘a f&n
from Marine Surveyor, Kyaukpyu, to the Government of B o 8
copy of which has been forwarded to the Geological i

Department by the Government of India. Survey

¢ FOHO\ ing telegmm, datod Gt}l Ma, i
. Y, recelved fr()m h[ i e \'4
V: I l y i l . ai Iln,. Su.r eyor,
J I) X l ‘lo}entl) active n SOllthern

extremity Norbudda shoal bearing from centre Unguan Island south 19 east,
ast,

distant 53 miles. Approximate iti °
. . position 18° 21’ north °
Eruption observed from mainland on night of 20th ul:im’o”93 5" east.

Other Indian Mud Volcanoes.

The mud volcanoes of the Indian Empi
) : pire can b :
in four geographical groups situated respectively Zloflrran%ed
eastern and western borders of the Arakan Yomag ifr:’; tille
) e

Gomal Valley slong the Afghanistan-Baluchi N .
along the Mekran coast. i * uChIStafn trontier, and
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The group situated on the eastern border of the Arakan
Yoma was first examined by Dr. T. Oldham,! and has since been
described in great detail by Noetling.?

The popular idea that these mud volcanoes arc associated in
some way with true volcanic action, as it is usually understood,
is entirely erroneous as was shown by Mallet. They must be
regarded as extrusions of mud brought about by pressurc of the
lighter petroleum hydrocarbons along sone line of weakness in
the strata. The accumulation of gases and oil along the anti-
clinal arches of the miocene strata on both sides of the Arakan
Yoma is a fact so well known as hardly to need repetition.
Owing to faulting or accidental fissuring the pressure is relieved
and the gases breaking through the remaining superimposed strata
form a mud volcano. In other anticlinals the pressure is either
not strong enough to force gas, water and oil through the shale
and clay bands, or else the pressure has been gradually relieved
through the existing fissures.

The petroleum mud-volcanoes of India and Burma can be
compared with those which occur in the Appenines at Sassuolo
and other places, with those occurring at the eastern and western
end of the Caucasus in the neighbourhood of Baku and Taman,
respectively, with those of the Bezeu district in Roumania and
in many other parts of the world. Suess’ has indeed called
attention to the remarkable combination of geological characters
which the Arakan Yomas exhibit in company with certain
parts of the Carpathians, the Caucasus and the Appenines.

These petroleum mud-volcanoes are essentially different to the
occurrences in the Yellowstone district oi Anierica, in New Zea-
land, in TIceland and elsewhere, which are unfortunately called
by the same name. The latter owe their origin and activity to
the high temperature of the layers of the earth’s crust close to
the surface, and to the action of steam which is consequently
produced when meteoric waters find their way into the ground.

1 “ Notes on the geological features of the banks of the Irrawadi, and of the
country porth of Amarapoora,” by T. Oldham in Mission o the Court of Ava,”
by Captain Henry Yule. “London, 1868. Appendix, p. 341.

2 “The occurrence of Petroleum in Burma,” by Dr. Fritz Noetling. Mem.,
Geol. Surv. Ind., Vol, XXVII, pp. 35—49.

3 “The Face of the Earth.” Suess, English Translation, Vol. I, p 454
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Formation of new Islands.

There is nothing unique in the formation of the new island
80 z_zptly described by Mr. Dawson and the officers of the Roval
Indian Marine Service. The eruptions of January 26th 18?1’3
and March 12th, 1874, are said to have been characteri,sed b ’
the.same island-like formation. The latest chronicled eruption o};
Aprll' 20th, 1908, must also come into the same clagg pr th
eruption happens to take place under the sea,—and it‘should bz
borne in mind that the sea off the Arakan coast of Burma is

" more than usually shallow,—a new island will be formed pro-

vided that the ejected mud is viscous enough to withstand th
action of the waves, currents and tides for any length of ti '
and that the eruption is violent enough to eject sufficient mateIrIilei
to reach the surface of the sea. The submarine eruption whi?l
took place near the Baronga Islands in February or March 19004
only resulted in the production of a shoal, either, because ,of th,
feeble character of the outburst, or, because of the strong scouri :
action of the currents and tides in that particular region, so tﬁni
the ejectementa were washed away before they had ,time :
accumulate to a height sufficient to be raised above the surfa .
of the sea. *

The island which was tormed on January 15th, 1843, is saig
to have been quickly washed away and the new islalid wh'lh
appeared above the surface of the sea on December 15th 191)06
has now shared the same fate. ’ ’

The most recent information concerning this island i i
. . is
in the following telegram from Commander W. @. Be::lz(;dled
RIM., dated the 24th December, 1908 :— o

“ Volcanic Island off Beacon Island examined b
) y me 27th
when it had become submerged to the depth of 14 feet Ovefebl'ua,ry last
one mile, but was in an active state.” an area of

The presence of such an abundance of drift- :
kinds of seeds on the island so soon after it: v;g:ia:;:)i d_lﬁ'erent
interesting, and helps to a realisation of how short & ;S vel'.y
would take for the mud to become covered with ve ut:e‘ 1€
This would have a tendency to make the island g getation,
feature of the coast, provided other and more permanent

ot i
were not at work to accomplish its destruction potent agencies



GEOLOGICAL SURVEY OF INDI/A
aRecords. Vol. XXXVIL, Pl. 25,

278 Records of the Geological Survey of India. [Vor. XXXVIL i : o’
: 3. -t

\Y,
* '\./-/“°\.

The formation of new islands has been observed in the Caspian
Sea in connection with eruptions of the mud volcanoes of the
Baku district.!

Connection between paroxysmal outbursts and =

earthquakes. . HUNTER’S B.

Mallet, writing in 1878, considered that there was an intimate ;: v—’-“

connection between the Ramri mud volcanoes and seismic distur- g
e 8 ﬁ Upper{An
S < q

bances. He said 2:—
‘ 4' \‘\ o
! N N Swunthil
] =2l
Di "N 3

“ During the principal shock of the violent earthquake on the 26th
June, 1833, it is stated by Dr. McClelland that flames issued to a height
of several hundred feet from one of the Kyouk Phyu salses.

A similar occurrence took place during - the carthquake of the 23rd _
March, 1839. The submarine outburat near False Island of the 26th July, i
1843, was immediately preceded by a like disturbance. Further, during the
great earthquake of 2nd April, 1762, two volcanoes are said to have opened
in the Chittagong district. If these really were mud volcanoes, and there
seems no reason to question it, they were doubtless of the same class as

those in Ramri.”

1t is perhaps more than a coincidence that the outburst of
the mud volcano which resulted in the formation of the new island v )
near Beacon Island on 15th December, 1906, occurred only a few " )
days after the Calcutta earthquake of Gth December, 1906." As
Mr. Middlemiss has pointed out, the Gangetic delta ‘itself, or the
sub-structure of hard strata underlying it, is still capable of
generating occasional earthquakes” and cannot be regarded as
having attained a permanent degree of stability or immunity
from shocks. There is no reason to suppose that a severer shock
than usual would not affect in some measure the neighbouring
districts of the Arakan coast. Unfortunately the list of recorded

———

HARBOUR

°
19

eruptions is not great enough to allow of any information being
obtained as to the behaviour of the volcanoes during the great i ¢ —
Indian earthquakes which have taken place in recent years. How. 3 :71
ever incomplete the record may be, there is something in the ¥ §
theory that the paroxysmal outbursts of the Arakan mud vol- 4 N
1 Kayser., “ Leohrbuch der allgemeinen Geologie, * Vol. I, p. 489. $.. S .. q
Abich. “ Uber eine im Caspischen Meere crschicnene Insel.”” Memoir: de
dead. Imp. de 8t. Petersbourg, Ser. VII, VI i A ?
2 Rec., Geol. Surv. Ind., Vol. XI, Pt. 2, pp. 206—207. Foo o Q
3 Rec., Gedl. Surv. Ind., Vol. XXXVI, Pt., 3, pp. 214—232. o
C. 8. Middlemiss : “ Two Celoutta Earthquakes of 1906.”” z

pm———

MAP OF THE ARAKAN COAST AND PART OF THE BAY OF BENGAL. |

e
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&

canoes are apparently sympathetic responses to seismic disturb-
ances in their neighbourhood. The linear arrangement of the Indian
mud volcanoes is by no means an uncommon occurrence, like the
nearly straight line of salses which run across Sicily and to the
similar arrangement of the Baku mud volcanoes.

This seems to add confirmation to the theory, for the mud
volcanoes are doubtless aligned upon fissures or some other line
of weakness in the strata. It may be supposed that the effect
of & sudden shock on such an unstable system might be either
to loosen the superimposed strata and allow the pent-up gases
to escape; or to close up the fissure from which they were
gradually escaping, and so allow of sufficient pressure being
developed as finally to rupture the strata with explosive violence
and shoot out immense volumés of mud, water, oil and gases,
into the air or sea as the case might be. Mallet believed that
the ignition of the gas was due entirely to frictional electricity
and the consequent production of sparks.
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GYPSUM DEPOSITS IN THE HAMIRPUR DISTRICT, UNITED
PrROVINCES, BY T. D. LAToucHg, B.A., F.G.S.,
Superintendent, Geological Survey of India.

the month of August, 1908, information was received from the
Collector of Hamirpur District in the United Provinces, and from the
Political Agent in Bundelkhand, that deposits of gypsum had been dis-
covered at several places situated on the alluvial plain in the angle be-
tween the Bairma river, a tributary of the Betwa, and the latter river,
about half way between Hamirpur town and Kulpahar, on the Jhansi-
Manikpur Railway. According to this information, the villages where
the mineral was found are nearly all situated in the tehsil of Rath (ap-
proximate latitude 25° 40’ ; longitude 79° 40’),in the District of Hamir-
pur, and it occurred also over an area of about two square miles near
Parcha, in the small adjoining native State of Sarila (25° 467 ; 79° 45’)
This State occupies a portion of the same alluvial plain, and is in
“fact enclosed in the Hamirpur District, the boundary being merely
litical, and not marked by any natural features.
Regarding the mode of occurrence of the gypsum the information
- gtated that it was found at a depth of from 4 to 6 feet below the surface in
the numerous ravines that fringe the high alluvial plain in the neighbour-
hood of the main rivers, and pointed to the existence of a more or
less continuous bed of the mineral. Samples forwarded by the
Political Agent in Bundelkhand to the Geological Survey Office
were found to be fragments and crystals of selenite, and an analysis
made by the Agricultural Chemist, Department of Land Records
and Agriculture, United Provinces, showed that they consisted
of 9998 per ceat. of hydrated calcium sulphate, CaSO,. 2H :0. The
Secretary to Government, United Provinces, in a letter to the Director

B
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of the Geological Survey, says that it was sold locally at 12 seers
(24 tb) to the rupee, and at 6 seers in Cawnpore, where it was said
to be used for sugar-refining, but the Agricultural Chemist suggests
that it is more probable that it is employed as an adulterant. As,
however, gypsum is not used in sugar-refining, T wrote to the Collec-
tor of Cawnpore, who referred the matter to the Superintendent of the
Cawnpore Sugar Works, Limited. The latter gentleman repudiates the
idea of gypsum being used as an adulterant, on account of its insolubility,
which would lead to its speedy detection. The Collector remarks that
the pansdris, or native druggists, who stock gypsum, say that there is
not much sale for it ; and that it is solely bought by native physicians.
The receipt of this information caused a considerable amount of in-
terest among the officers of the Geological Survey, for it was thought
possible that if the manner of its occurrence were confirmed, the discove
ery might point to the existence of some of the Lower Tertiary ‘marine
beds, corresponding with those of the Subathu group in the sub-Hima-
layan region, which are frequently gypsiferous, beneath the alluvium of
Bundelkhand. So far, no traces of beds of this age have been found
along the southern edge of the basin filled by the alluvium of the Ganges
and its tributaries, although there is no reason to suppose that they may
1ot exist beneath the alluvium. At the same time it was recognised that
the gypsum might have been formed by the drying up of old salt lakes,
as in the Bikanir and Jodhpur States of Rajputana, or that it might have
been produced sporadically by the action of sulphuric acid, derived irom
the oxidation of iron pyrites, on limustone, as in Baluchistan and in Bur-
ma. An early opportunity of examining the beds in the field was there-
fore taken, and in November last T visited all the known occurrences of

the mineral in the area mentioned above.

The country in which the gypsum occurs is of the usual type met with

in the United Provinces and Bundelkhand in the neighbourhood of the
larger rivers. These flow in deep, trench-like channels, with high, often
vertical banks excavated in the hard kunker-bearing alluvium which
spreads over the whole face of the country. The surface of this is nearly
level, and at a considerable height above the cold-weather level of the
rivers. -Along the river courses innumerable narrow, tortuous ravines,
clothed with thorny scrub, are cut back into the high ground, forming
a perfect labyrinth of broken country extending to a distance of as
much as three or four miles from the main stream, without water in the
dry season, but becoming rapid torrents during the rains, when the rate
at which they wash down and cut back into the fertile lands above must
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be a serious matt
. er for the cultivat ;
period of depositi . ors. This old alluvi
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level, are mot wi%h W;nks stre;;lches of a more recent alliv;?imﬂo:;)dsi but
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circumstance that has attracted the notice of the villagers, who call this
clay ¢ gajar mitti,” or plastic earth,! and who say that its occurrence is
an indication of the presence of gypsum beneath the surface. The selenite
is found in this clay at a depth of about 6 feet, in single crystals and frag-
ments up to about 5 inches in length. The erystals are spindle-shaped
with sharply pointed extremities, and show no signs of having ben trans-
ported or rolled, but have evidently been formed in situ in the clay. A
simple explanation of the origin of the mineral is, I think, afforded by
the fact that the clay containing the selenite crystals is more plastic than
the surrounding alluviur, and at the same time accounts for its restric-
tion to certain definite spots. These appear to be the sites of what may
be called submerged springs, not powerful enough to flow out at the sur-
face, but sufficiently so to keep the superficial layers of the alluvium in
a more or less moist condition. The sulphate of lime, due to the re-
action of sulphuric acid, derived from the decomposition of pyrites, on the
carbonate of lime disseminated through the alluvium, is thus brought up
in solution from below, and deposited in the clay near the surface as the
moisture evaporates. A sample of water from a well at Puraini, tested
in the Geological Survey Laboratory, was found to contain sulphur in
considerable quantities, both in the form of sulphuretted hydrogen, and
in sulphates.

At this locality the selenite was found to be confined to an area of
about 600 square yards, no trace of it being met with in pits dug beyond
the limits of the plastic clay, and the pits sunk within this area showed
that the deposit was not more than 2 feet thick. It alse occurs over an
area of about 400 square yards at a spot half a mile to the south of Pur-
aini on the road to Muhammadpur, where it is picked up on the surface
after the rains, and to a very small extent in the bank of a small water-
courge between Katihri and the Bairma river, about 5 miles to the east.
At the Parcha locality, about 3 miles v.est of Puraini, a pit some 20 feet
in diameter and from 5 to 6 feet deep, had been dug by the villagers,
and practically the whole of the deposit removed, as I found by digging
into the sides of the large pit, when only a few crystals, which had
escaped notice, were turned up. As these are the only places where
it 1s known to have been met with in this district, and as it is unlikely,
judging from the nature of the deposit, that any more prolific
occurrences will be discov red, it is evident that the total quantity
of the mineral available is quite insignificant. I was informed that

1 Perhaps connected with Hindi guzar, a fuller or bleacher.
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{.—INTRODUCTION.

EVER since the discovery of Gangamopteris beds near Khunmu
in the Vihi district of Kashmir,!

The Gangamopteris problem  the question of  their exact re-
in Kashmir. lation to the Zéwan,? Anthracolithic,

or so-called Permo-Carboniferous strata in the same locality has

' By F. Noetling, first announced in General Report, Geclogical Swvey of India,

1902-1903, by T. H. Holland. ;
2 See Godwin-Austen, Quart. Jouwrn. geol. oz, XXII, 33 (1866), and Verchére,

Journ. As. Sor., Bengal, XXXV, No. 2, 129 (1867).
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lt:t;z:u s;)neofof"; tht:) very greatest importance for Indian geology
its bearing on the correlation of the :
: i eat -
?atgll.'f Gondwana?. form:?,tlon of Peninsular India withgrtl?e :ireljl
tosm lferous marine sedimentary systems of the Himalayan arc ’
wo widely distinct geological provinces which up till th “had
never been found in juxtaposition. en hed
The papers by Noetling,' Oldham,> Hayden, ® Smith Woodward
and Sewardt have done much to
;ollve the question, but it was still
. elt to be a sufficientl
and important one for more light to be thrown on it sv?thya;\?:;ﬁfiex
by furtlzer researches. On this account I proceeded last su o
to examine the problem once again and to make a detailed sla?:' i
lgrapbl.cal study of the surrounding areas. I examined all the 013
ocalities ; and my results comprise detailed measured sections of
those localities in the Vihi plain. which had been left without
thorough I:e-exammajtlon since 1866. I endeavoured to obtain
ll;epl.‘esentatlvg a,h geries of fossils as possible by collecting to strizz
orizons, and thus to correlate the secti ;
various points visited by me. one bed bybed ut all the
On the way there I was able to revise the geology of a part
th']t{l;le main Pir Panjal range; and
o whilst crossing this for th
of examining some _suspected Zéwan exposures, 1 found a Zeclialiliiosi
great importance in its bearings on the Gangamopteris problezz
namely, & more ‘complete and more convincing series of fresh—wate;
deposits containing not only Gangamopteris, but Glossopteris and
sev.eral other characteristic, Lower CGondwana plants, and lyi 3
finitely beneath those Zéwan beds. ’ ying. der
Later on also I was fortunate enou
' . . . gh to find a Lower C -
terous hpnzon in the Lidar valley, which makes probablie :;boin
terpretatlgn of - the stratigraphical sequence and structural fl(IIl .
there entirely different from that offered Ly Lydekker® in hi one.
ral work on the geology of Kashmir. " gene
My thanks are due to my colleagues, Messrs. H. H. Hayden and

Recent Workers.

Other discoveries.

1 Centralblatt [ir. Min., Geol, und

. ., Geol, Pal.

2 Rec. Geol. Surv. of India, X'E(XI,als'ulg&)(mﬂ' '
$ Rec. Geol. Surv. of India, XXXVI, 23 (1907).

' ¢ Pal. Ind,, New Ser., II, M
India, XXXVI, p.57 (1007). » Mem. 2 (1800), and Seward, Rect Gecl. Sure. of
5 Mem. Geol. Surv. of India, XXII, p. 136, .
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G. H. Tipper, the former for many useful hints during the prepara-
tion of this paper, and the latter for much assistance in fossil

determinations.

II.—ROUTE INTO KASHMIR.

For special reasons mentioned in the next gection 1 entered

A Kashmir by Jemmu and the Golab'-
Via Jammu and Golabgarh, garh pass. This pass is in lat:

tude33° 20’ 30”; longitude 74° 50’ 207,
is 12530 feet high, and is one of the less frequented routes
over the Pir Panjal range intermediate in position between the Pir
Panjal and Banihal passes.

The few notes I was able to put together concerning my route
across the low hills of the younger
Modifications of Lydekker’s Tertiary zone, the limestone belt at
map. the north-east edge of the latter
and the Panjal slates, schists and gneissose granite which form the
outworks of the higher range as far as Golabgarh, are not of any
special interest as regards the main subject of this paper. 1
shall, therefore, omit all account of them here and limit my remarks
to a brief reference to the strata as found in the Golabgarh valley
itself and on the ascent from there to the pass, where important
modifications of Lydekker's map have been remdered necessary.

Instead of the Golabgarh valleyy and the 4,000 odd feet from

- it to the pass being in metamor-
sy:tlégclmc in the Panjal phic or gneissic rocks, I fopn‘d the

' former to be cut out of an Immense
anticlinal of Panjal slates, angular conglomerates and quartzites,
whilst the upper limbs of the anticlinal, one of which forms the
steep, clifi-like ascent to the pass, I found to be wholly composed
of a very great thickness of massive Panjal traps, frequently
amygdaloidal. This anticlinal is illustrated in the view (PL 26),
which is taken from the neighbourhood of Golabgarh Arital and
near waere the ascent begins.

As Lydekker in his memoir (op. cit., Vol. XXII) makes no special
teference to this place I can only conclude that his mistake as to
the constitution of the main range there was due to his having
only seen it from a distance, a quite likely supposition since the
massive aspect of these Panjal volcanics certainly simulates that of
a geissic rock. It is true that some way below Golabgarh in the

o

&4

', - Part 4.]  MiobpLemiss: Gondwanas of Kashmir. 28b

" neighbourhood of Dowal (Dewal) and Angril (Angrala) bands of
gneiss or gneissose granite are met with penetrating what must be
called for want of a better term, Panjal slates, causing readily
apparent extra metamorphism of the same, but all such beds are
comparatively thin, and finally end before the N.W.—S.E. upper-
most reach of the Golabgarh stream is reached.

That Lydekker never crossed the Pir Panjal at this point seems
indeed additionally evident from the fact that he has not recorded

~ from there any of the younger fossiliferous series, although, as will -

b'e desfcribed in the next section, a well-exposed synclinal of them
lies axially on the pass itself—a feature which it would be impossible
for a geologist who had been there to overlook.

III.-GOLABGARH (KURI) PASS SECTIONS.

It was in consequence of specimens sent to the Geological Sur-
vey Office by Mr. Allan Campbell,
m‘;’;ﬁ‘;ﬂ‘ sent by Mr. A. Assistant Engineer to the Ka:)hmir

Railway Survey, in the month of
February 1905, and which were determined by Mr. Pilgrim as
Productus, Lyttonia, Protoretepora ampla Lonsd., Spirifer Musakhel-
em Dav., and Spirsferina sp. cof. Kentuckensts Shumard, and
typical of the Zéwan beds, that I entered Kashmir by way of this
pass, 8o that I might examine them more fully, especially since
from his work in Vihi, Mr. Hayden thought it not unlikely that the;
Gangamop'te'aris beds might also be found in connection with them
a supposition which, as already stated, I was able to verif}:
beyond all expectation.

The marine Zéwan beds were found without any difficulty from
Mr. Campbell’s description of their
occurrence, but instead of being in-
terbedded with the Panjal volcanics
as was supposed by their discoverer, I have established that the;:
lie in a tight synclinal fold among those volcanics, and superposed,
on the plant-bearing Lower Gondwana strata.

Their general strike is N.W.—S8.E., but at the pass itgelf

General strike. N.W. by N. and S.E. by 8., with

a well shown dip on the N.E. g
of the syncline of 63° 8.W. by W. as taken at the basal :«1)(111?

glomerate. The syncline thus strikes diagonally across the pass

Syncline of Zewan beds
above Gondwanas,
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and across the descending ridges which meet to form the pass in
a W.—E. line.
On the south side of the pass the country slopes gently for
. about a mile, and then descends
a;:oor sections south of the sharply to Golabgarh in a series of
pass. crags and steep slopes in the Panjal
voleanics. The change occurs at the incoming of the Zéwan or
Permo-Carboniferous syncline. Owing to this flattening of the
ground immediately south of the pass and the consequent litter
of fragments scattered all round, the junction of the younger rocks
with the traps is not actually well seen along the line of route.
But across the valley looking east, just where the steepening begins
one can see clear signs of the Permo-Carboniferous rocks setting

in on the top of the volcanics.
On the north side of the pass the ground drops rather suddenly
. for a few hundred feet and save for
Sections ou north side of . g 0 oo glopes hiding portions
pass. of the section (in July) there was a
clear exposure of all the rocks with the exception of the junction
and lower part of the younger series on the S.W. of the

These exposuczs are either on the actual pass and com-

syncline.
north slopes below

posing hill spurs which meet there, or on the
the crest of the pass (see Pls. 27 and 28).

To the N.W. of the pass on the minor spurs descending N.E.
towards Gogalmarg additional sections are seen which will be
described later. They help to fill in details of the section on the

S.W. side of the synclinal.
In the distance, viewed from the pass, the outcrop of the

. , synclinal of the younger series can
N%‘tae:fllg“l‘}‘)f the synclinal . geen to continue, probably with
T o increased or equal strength, n &
S.E. direction among the high slopes and ridges for certainly
over s mile. I should anticipate that in this direction the syncline
with good exposures would continue for some way beyond that,
but I was unable to explore further in this direction owing to mon-
soon conditions (which were heavy at that side of the pass), and
also owing to my camp being at Gogalmarg, some 2,000 feet down
on the Kashmir side of the pass. For that reason every day I
had & two hours’ walk before I could begin work and one hour
for returning. A suitable time for exploring the 8.E. continua-

it
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tion of this syncline would be a little la i
and before the winter sets in. It shoult;rbzt a?)l;r::::(llle?if tiile over,
from the Kashmir side as the long and tedious journey fro,m gwever,
should be avoided if possible by any future explorer. e
As regards the N.W. continuation of the syncline, the st ik
must teke the outcrop down the S.W. side of the Chitti N.
but‘lnasmuc}? as already in the near secondary spurs the h 1;
?f the synclinal so exposed was only showing lower beds eal;i
inasmuch as old moraines spread out right down to the Chit;t' aIliT
where lqufer and lower depths are constantly being reached i d'
not anticipate any further exposures——unles?s perl;:aps the ,r'd .
near Sitpoor Station, 9,840 feet, may give such—in that dir lt'ges
where they must eventually disappear beneath the Keamrewzzusec oar
Sedau and Khazanabal. T should have liked to follow alon I::}}la:r
route to Srinager, but the monsoon and melting snow had desfr l(lls
the numerous bridges on this route, and I had perfor Oy:
proceed vi¢ Nandmarg (Nanmarg) and Kulgam. F o

1l.—General Sequence in the Syncline.

The general sequence of strata in the synclinal in ascending
General sequence in as. Or-d er 18 (1) ‘a basal conglomerate
cending order. lying on the Panjal trap and ash
- beds, (2) a series of siliceous shales
quartzites, carbonaceous shales and sandstones with a Lower G g
wana flora, (3) soft earthy calcareous sandstones and li; tond-
with & typical Zéwan fiune with many divisions identica(;El ith
those in th(? Guryul ravine section (cee p- 293), (4) a thin-b d‘glth
blue-grey limestone forming the core of the syl’lclinal on th ) ';d’
west of the pass. No fossils were found in the latter bui 1; .
glsu re?embl?nce.a i.n coniposition and position to similar l,)eds in TIE
G :;1; Tavine 1t 18 not improbable that it may really be of Trias-

The whole set of rocks, from their someti i
generally thin-bedded condition, contrast »I::ﬁuvls‘ietsh d:lf:ir c::::iflgm:)(:

massive, frequently pale weatheri
Panjal volcanics. Y palo weathoring beds of the enormously thick

2.—Details of the Beds.
Basal Conglomerate (V).

This is a strong, well consolidated bed containing pebble
8,
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frequently rather flattened and reaching the size of racquet balls.
The bed is a compacted mass of those pebbles and about 6 feet
thick on the crest of the east ridge connecting with the pass. The
bed is so strong that it forms a wall-like mass towering above
the succeeding siliceous shales and sheeting the underlying volcanic
rocks. The contained pebbles are chiefly compact grey chert-like
rocks. Others are dark slate fragments, with a sprinkling of small
quartz grains. There is no indication of unconformity with the

underlying traps.

Siliceous and Carbonaceous shales.

(V-1, V-2, V-3, and V-4.)

These follow above the conglomerate and are thin-bedded, buff colour-
od, siliceous, compact rocks, interbedded with grey shales or fine
ash (?) and carbonaceous shales. The former are hard and platy
and may be chert, ash or even felsitic, but they suggest hardened
and silicified shales. They are about 180 feet thick.

(o Hard grey Sandstones and Carbonaceous shales.
(W, W-1, and X\)

Next follow—all in apparent normal sequence—400 feet
of very characteristic beds, being hard, grey sandstones, sometimes
almost quartzitic, fine-grained and interbedded with numerous shaley
horizons. There are also occasional white quartzite layers (nob
novaculite). Near the base of these an inconspicuous pale shale
(W-1) about 5 feet thick, rather soft and weathering eagily, and
marked on the slope below the crest by a particularly well seen
bright primrose-coloured lichen, yielded the first horizon with plant
remains. It outerops up the slope & little below and east of a
prominent V-shaped gap on the crest of the ridge (see Pl 27).
The inconspicuous nature of this shaley band made me miss it
until, after coming across a fallen weathered fragment full of fossils,
I tracked the latter to its home and found it i situ on the slope.

This band is crowded with, sometimes well-preserved, plant re-
mains, mainly Psygmophyllum (%) in many-leafed groups attached to
one stalk, some examples of Gangamopteris cf. cyclopteroides Feist

e
LA
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upd a few of Glossopteris of. communis Feist. The rest of the se
tlon up to, but not including, (X) consists of repetitions of tlf \
::lzlril:l:vhatlia tha?d and splintery sandstones and shales amon;
plant impressions appear : i
hori‘?’ms oertainl;? absent. ppoar fo be soarce, end good foml
ith bed (X) we reach a rather prominent, har
black slfale, 20 feet thick, standing I;)rotrulsively frgmantiecor?slt);ac:i
the section, and especially well seen on the slopes. (It is not well
seen on the crest.) The shale splits readily under the chigel i.nfo
flat slabs, and it is sparsely fossiliferous, the best specimens bei
found near the base of the layer. Its position in the photo anﬁ
(.Pl' 27) i8 indicated by a small isolated patch of snow under fl‘ E
in th‘e ‘creat to which the bed outcrops up the slope. Here Gl§s£
oplerss 18 the prevailing genus, chiefly G. communis, but one specimen
 § ldlentif)f' Iijrilstl;er. decipiens Feist. There are also numerous ex-
amples of Vertebraria indica Royle, an i
e oy o oo y. d some other undetermined
The above two plant horizons make certain conclusions of g

" general nature possible —

(1) The general association of plants in the lower one (W-
1), including the prevalence of Gangamopteris and the
Farity of Glossopteris, suggests a Talchir homotaxis for
it. In the case of this horizon, however, the bed was
8o fragile that I brought away samples of it in.a few
large pieces, the splitting up and development of- which
I preferred to leave to the expert who evéntually will
examine them critically. Hence my conclusions ma
possibly be far from exhaustive. d

(2) The upper bed (X) on the contrary, with its pronounced
G%ossopteris flora, and especially the species G. deci-
piens, which is regarded as a passage form between

o G.angamopteris and Glossopteris and does not range as

i high as the Damudas, suggests a Karharbari horizon

. for that bed (if my specific determination be correct)
n any case it scems certain that these 4 ‘
shales and sandstones should be homotaxiali’;)r f;::ugidca:;ggﬁa:ious

near the base of the Lower Gondwanas of the Peningular e,

even though there is no sign here of any glacial bodderse;les’

whl(_:h are so distinguishigg a feature of the Talchirs of South:f:

India as well as of the Middle Carboniferous of the Sali Range.

B
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Earthy sandstones (calcareous above) (Y).

The next beds in the section follow as if uninterruptedly and
perfectly conformably, being visible like all the preceding from the
crest—where they make a rather prominent bulge — right down
to the bottom of the slope. They are rather massive, soft, light
coloured, earthy, sandstones, becoming calcareous above in lenticular
patches, by which they pass up into the next stage. Their thick-
ness is about 230 feet.

Protoretepora Limestone (Z).

This is the most fossiliferous of any horizon in the section  The
lower part (Z-1) is rather more sandy and shaley and is charac-
terised by brachiopods which are compacted into the rock and an
absence of Protoretepora. Among them is a Productus allied to
gangeticus Dien., or Purdoni Dav., and a (?) Rhynchonella. Horizon
Z-2 coming above the last consists of thin-bedded slabs of dark,
foetit limestone, showing many and beautiful plumes of Protore-
tepora ampla Lonsd.; Spirifer fasciger Keys. (musakhelensis),
Camarophoria cf. Purdoni Dav., and Lyttonia are also represented.
The .whole thickness of the series is about 200 feet, but it was diffi-
cult to gauge accurately as the lower parts were only seen along
the crest of the ridge just east of the pass; whilst the northern
slopes were entirely covered up at the time of my visit by a thick
bank of snow along which part of the pathway led (see PI. 27).
Although the fossils are not generally well preserved in this stage,
I think a better collection than I was able to secure could be got
at another time of year when the slopes become clearer of snow.

On the face of it there can be little doubt about this fauna
being a typically Zéwan one, identical with that of the Zéwan
spur of the Vihi sections — an identity emphasised also by the
general sequence, faunistic and petrological, of it and the next

succeeding beds.
Black Shales (A).
These are not well seen, but there is a trace of them on the
ridge close to the pass, and others at the lower part of the slope

below and N.W. of the snow bank. The latter, however, is
pot quite certainly in place.

c
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Earthy micaceous sandstones (B).

Lying to the west of the actual pass and rising above the snow
sl?pe which conceals (Z) and (A) comes a rather massive soft earthy
micaceous, greenish-coloured sandstone with casts of fossils here and’
there. It is 300 feet thick and resembles (Y). The pathway in
part zigzags down this to avoid the snow on the steeper slopé. A
small Marginifera was recognised in them.

Black Shales (C).

T}}is is a thin band 10 to 20 feet thick and standing up rather
prominently just before a gap in the ridge. With it are some lenti-
cular patches of limestone with Spirifer Rajah Salt., etc.

Blue-grey Limestone (D).

Thin-bedded light blue-grey limestone follows forming the core
of the synclinal and rising up the western ridge above the pass.
It shows a gradually steepening dip, with much crushing, and fossils
are absent or very scarce. It probably represents the Trias of
other sections. :

8.—Other Sections near theo Pass.

Above the point on the ridge last described the section begin
to repeat itself to the west and sonth. Bed (R) is clearly seen
but above this the crest and slopes are much covered by talus an(i
nothing 18 cleur. )

Another section, however, is provided of this side of the synclinal
by the secondary spur which descends from the high hill mass west
of the pass. It descends from the 2nd ““‘A’’ of the word “SAKAL®’
on the Atlas of India sheet 29 N.E. and skirts the N.W
side of the little glacier (see Pl. 27) on its way north towards Go:
galmprg. There is a rather obscured section in the sandstones
(Y) and limestones (Z), which latter form the core of the fold there
The S.W. side of the fold shows traces of the conglomerate.
whilst pieces of shale and hard sandstones (the former with p]am;
impressions) can be picked up on a grass-covered slope representa-
tive of beds (V) — (X). The base of the N.E. side of the
fold is hidden under moraine and rubbish heaps along this second-
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Looking S.E. from this point to the pass and main ridge
to the west of it, the nearly vertical, and possibly partly faulted,
nature of this side of the synclinal is clearly seen.

Northern side of the Pass.

The encircling ridges and spurs leading down N. and N.E.
from the pass to Gogalmarg and beyond there to Nandimarg
(Nanmarg of the map) show a great repetition of the very thick
and massive Panjal volcanics, interbedded here and there with a
few slates and quartzitic rocks, dipping steeply to the S.W.
and forming the N.E. limb of the grand synclinal fold that
has its axis in the younger strata at the pass. These volcanics
in fact occupy all the area marked on Lydekker’s map as Panjal
slates from the pass to near Nandimarg. Only in the lower parts
of the valley, shortly before the sub-recent Karewas set in, do Pan-
jal slates, quartzites and angular conglomerates appear.

4.—CGeneral Results from the Pass Sections.

Taking the synclinal fold as proved, there are one or two other

" points about the section that require attention drawn to them,
In the sequence of strata just described it is clear that from the
conglomerate (V), lying on the volcanics, up to the presumed
Trias in the trough of the syncline, there is no sign of any discord-
ance, either in the lie of the rocks themselves or in the sequence
of the sedimentary material of which they are composed. A per-
fectly normal, consecutive superposition of the beds, passing by
gradation . from one into the other, without any stratigraphical
break and without any sudden variation in the angle of dip, is
manifestly the correct and only possible interpretation of the sec-

tion.
It only remains to point out that, if the identification of the

plant-bearing beds with the Talchir and Karharbari stages ofy the
Lower Gondwanas is warranted, it becomes evident that the latter
in their Peninsular development must now take their absolute strati-
graphical position in the world-sequence from the marine beds
lying a short distance above their Kashmir equivalents, namely,
the Protoretepora ampla Lonsd., horizon of the Zéwan beds. P.
ampla i8 an Australian bryozoon typical of the Gympie or Lower
go-called Permo-Carboniferous of Queensland, and not found passing

V
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o by their bein : : ’
containing  Proloretepora ampla, since the 1at%erasis§cﬁ2(: ‘l‘flth beds
ralla marks

a .se'ries characterised | an .

taining glacial bouldcr-ieds —‘jl::;:or;ior::‘ti’} below and by its con-

- Talchirs. 1€ case with our Indign

Exactly as to why this Talchir facies of ' |
. L : ac the rock
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a few of the chief sections in detail, freely illustrating them
with sections, diagrams and sketches, so as to bring out as graph-
ically as possible the relation of the various fossil zones to one
another. It is only to be regretted that the want of a large-
scale map prevents me from making this aspect of the subject still
more complete. I have introduced, however, a sketch plan of the
area whereby the geographical position of the various spurs where
individual sections are taken may be readily grasped (Pl 31).

1.—-Zewan Spur,

The full sequence of this classical locality has been recently
redescribed with a diagram section by Hayden (Rec. Geol. Suro.
of India, Vol. XXXVI, part 1, 1907, with Plates 4 and 7). In it
he recorded finding specimens of Gangamopteris in the shales below
the Zéwan marine strata.

I worked through the entire series without making any new
points, except perhaps that Hayden’s beds 23 and 2{ scem to be
interbedded with each other, and not to occur separately. It is
a little difficult to be certain on account of the dip being almost
with the slope, the actual amounts being 40° S.8.E. in the direction
of Zéwan village. These beds form the uppermost visible in the
section. They may be described as a dark grey, massive limestone,
full of compacted shells and with thin partings of groenish shale.
The former has wavy or undulating surfaces like irregular ripple-

marks [bed (1) 1-3-08], and is being extensively quarried for build-
Among the compacted shells Athyris
The thin partings
of.

ing purposes in Srinagar.
s prominent and a small cordate Productus.
of greenish and black shale (2) 1-8-08, contain Spiriferina
Kentuckensis, Athyris, Protoretepora ampla, Lyttonia, Productus and
a branching bryozoon, Thamniscus sp. About 30 feet of these beds
are exposed, and they are probably about the horizon of the

Protoretepora beds of the other more complete sections which are
about to be described.

2.—Risin Spur.

I walked over this section, getting abundant examples of Gang-
amopteris, but nothing new. It has been described by Noetling,
Oldham and Hayden, and, although isolated from the marine Permo-
Carboniferous beds, its connection therewith has been clearly proved,
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of the scarp the various points had to be reached by scramble
up accessible parts of the slopes and traverses parallel to the out-
crops. Of the older observers, Godwin-Austen has depicted a
portion of the section (loc. cit., p. 34), whilst Verchére seems to
- have referred to the same in his interesting but rather fanciful
gection beginning with the spurs over Zowoor (loc. eit., p. 160).

Novaculite.—The lowest bed lying directly above the Panjal
volcanics is here seen to be Hayden’s novaculite, a white cherty,
very compact rock which that author has clearly shown to be a
metasomatic replacement of limestone (loc. cit., pages 29-30). There
are from 6 to 10 feet of this. This and all the succeeding series
dip at 30° ES.E.

Siliccous rocks.—Above the novaculite the representatives of
the Gangamopteris beds just here are not very thick nor well
exposed. Hayden’s locality where a frond of Gangamopteris was
found by him actually in these rocks is some hundred yards or
8o higher up in the bed of the right-hand stream above the junc-
tion. The exposures here are dark, compact and siliceous rocks,
and black shales, occupying the hollow between the novaculite
and the next scarp of limestone. '

Dark grey Limestone.—Next follows a little scarp of dark grey,
rather sandy limestone with shaley partings. It is from 50—60
feet thick. Obscure compacted layers of brachiopods are repre-
sented, but nothing in a good state of preservation could be ex-
tracted. .

Fossil Horizon (1) 4-8-08.)1—Above the crag just described
a slope begins with shales and interbedded limestones, the first
of the latter is a band about 10 feet above the limestone scarp
a few inches to 1 foot thick only, of a dull grey colour, and full
of specimens of Notothyris, Waag., or Hemiptychina, Waag., with a
few Athyris sp.

Protoretepora shales and Limestone.—Dark sandy shales and thin
interbedded limestones full of Proforetepora colonies, one above the
other, now succeed and are about 30 feet thick.

1 Nore.—None of these or subsequent field numbers follow in numerical order.
They simply record the number and date of the specimen féund, irrespective
of the particular sequence of the rocks. This saves confusion in numbering when
fresh horizons require interpolating between old numbers. Their use is solelyto
define the particular horizons in the diagram sections to which specimens so

numbered belong. .

\01’

[4

Part 4.] Miboremiss : Gondwanas of Kashmir. 301

Fossil Horizon -8-08.—
oy Horizon lEl) 280&?. A very well marked band of grey
] , very e (I) 4-8-08, with well-preserved brachionod,
chiely Athyris, follows. It is about 1—2 feat thick and li e
.the foot of the next steep scarp. But the same be’d is co;3 i' e
and much better scen at the entrance to the Gurvul ravine 1 211119(1
group of Chenar trees. There the fossils stand out on tha e
there.d surfaces and collecting is easy. From this horiz ) “{ea-
obtained Athyris cf. Royssii, 1év., over 200 specimens, all f(i'n We}rle
same bed, were gathered, of great variety of form, sorﬁeorllz t:
broad,.ot'hers long, some flat-and some globose. 1;1[ apne en;b
be varieties of one species. A few specimens each were I;(I)) 'ag (;
Productus cf. gangeticus, Dien., or Abicks, Waag., P. semz'retz'cl;r;at .
Mart., P. cf. cancrini, Vern., P. sp., Camarophoria (a small f o
;f. Purdoni), Spirifer sp., Dielasma cf. acutangulum, Waag., ;)rz‘gf
':!slzu(z?).sp. and one Gastropod and one Lamellibranch, Posidono-
Dark sandy Shales.—Next follow, forming a cliff or series of
steps, 280 feet of dark soft, sometimes calcareous sandy shales
or shaley sandstones, micaccous and slightly carbor’laceous This
is a very characteristic rock. It builds sometimes massi\-re bl;t
a.lw?,ys splintery and wavy-bedded crags. It is petro]ogica]i ,ver
similar to the scrics above the Protoretepora beds in theyGo]ab)-’
garh pass. Hayden has already remarked on it being similar to th
Productus shales of Spiti, only more sandy. In the section h .
and at other places to be described later, it stands out a:tr'e
cularly_ a8 crumbling bare cliffs, and helps to give the charP tl-
;;f:ogrllxsable Zt a distance to the Carbon-Trias of this par't ofact}f:
imalayas. very similar bed is re i i
ita oyos. 4 [Zce o peated at a higher horizon among
I-n the lower layers it passes by means of a few interbeddine
of limestone layers down into the series below with (1) 2.8-08 1118
few traces of brachiopods are recognisable in them, but no.th'
good was found. In its upper layers it becomes ,more cal o
eous, passing gradually into the next set of beds. o
Although I found nothing worth collecting in them, Hayd
has recorded Marginifera Himalayensis in collected paf’;ches yfcln
lowed by others containing Pseudomonotis and Spiriferina cf. ¢ e,
bachi, Bittn., from the upper layers of this stage, o™ —
Shales and thin-bedded Iimestone.—The upper Vo
crag or scarp shades off into a slope with g

R
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it, the latter being especially well seen on the spur descending
to the Chenar trees at the mouth of the gorge. This marks
the interbedding of a series of shales and thin bedded limestones,
about 100 fect thick, and with one markedly fissile, black shale
band 10 to 20 fect thick, occurring just in the hend of the saddle.
The latter contains hardencd concretionary masses with small iron
pyrites crystals (2) 9-8-08.

Beds (1) 9-8-08 and (1) 7-8-08.—At the top eof the last slope
along the spur comes the bed (1) 9-8-08 just at the foot of the
nearly vertical wall of thin-bedded dimestones that forms so marked
a feature in the hill outline. It is a rather dark grey limestone
and contains a small specics of Pseudomonotis in small crowded
patches. This hed may be the same as the one mentioned by
Hayden and referred to under the last heading but one.

About the same horizon, but lower down on the slopes of the
spur, and near where the vertical ciiff above ends in the talus
fan, is horizon (1) 7-8-08, containing (?) corals and Pseudomonotis, etc.

It is probable that the Permian series ends here, or somewhere

_here. Hayden has mentioned the finding of a band of hard lime-
stone with Danubites, Flemingites and Bellerophon near here, or
perhaps at a slightly lower horizon, and as will be seen later the
next fossil zone found by me in the next saddle above the
vertical crag contains many Lower Trias cephalopod forms and la-
mellibranchs.

Lower Trias (7).—A steep, almost vertical cliff of hard, thin bedded
limestones with hard shaley partings follows next. It is about
100 feet thick, but its height varies at diflerent places along the
scarp. It may be recognised in the camera sketch by its pro-
nounced wall-like aspect, and, on the nearest sccondary spur running
down to the Chenar trees, by its following above the prouounced
saddle and slope. .At one point it breaks up into two crags, the
upper one being of secondary importance.

No fossils at all were detected in this homogeneous band, in
spite of two traverses right across it up a rift and also round its
southern end where it disappears under the fan deposits bordering
the Vihi plain. Tt is the band that Hayden has referred to
(loc. cit., Pl. 5 and p. 34) as possibly muschelkalk, but from
the sequel it will be seen that this suggestion cannot be maintained,
the more probable representatives of the Middle Trias being still
higher up in the section (see p. 297).
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Lower Trias Fossil Horizons, (1)—(4) 6-8-08.—Next follows
a slope, partly lying obliquely across the uppermost of the last
des.cribed beds, but including a minor little wave or undulation
whlch. imperfectly exposes some more thin limestone beds and shales
containing cephalopods. They are best seen about midway he-
tween the bottoin of the hill (where the talus fans begin) and the
first saddle on the subsidiary spur. The exact spots are indi-
cated on the camera sketch and section. Each horizon is sepa-
rated from the other by from 10 to 20 feet of unproductli)ve
shales so that the thickness of the whole series is about 40 to
50 feet. There is genorally but little trace of any fossils on the
surface of the lmestones—though occasionally one meets with
weathered surfaces showing outlines of ammonoid forms. Here, as
all through these exposures, it was only by breaking every ’foot
of seen rock that the fossil zone was detected. The forms re-
presented at horizon (1) 6-8-08 are Pseudomonotis sp. and numer-
ous examples of rather small ammonites whose general shape and
sutures mark most of them as belonging to the Meekoceratide.
Among them are Meckoceras cf. Lilangense, v. Kraftt, Meekoceras
8p-; also Danubites of the group Purusha, Dien., one small Nan-
mites, and some fragments of large, smooth, sharp-keeled unde-
terminablc ammonites which may however be Hedenstraomia. 1
hoped to have got a better collection from them and the suc-
ceeding beds, but the rock does not break easily and extraction
of the fossils whole was very difficult.

‘ From the next horizen, (2) 6-8-08, a few forms of Meekoceratides
with auxiliary sutural clements, and agreeing with Meekoceras (Kon-
tnckites) sp., Dien., also a few very small ammonites with very
broad, flat ventral margins, and one Orthoceras were found, in addi-
tion to Pseudomonatis sp., Meekoceras cf. Lilangense, Meekoceras
sp. and Danubites as in (1) 6-8-08. Nothing noteworthy was
obtained from the beds (3) and (4) 6-8-08.

It seems probable that these beds represent the Meekoceras
horizon of Spiti and the Kumaun and Garhwal Himalayas, and
therefore that the two lowest Trias horizons, namely, thos’;e of
Otoceras and Ophiceras are missing in the section or else have
not been detected by me. A Lower Trias age at least seems
certainly indicated.

Next follows another steep, but smaller doubled crsg  of un-
productive limestone, very similar to the last. Itg dip-slopes

>
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plunge down into the next little stream-bed east of the Guryul
ravine. Lower down the same beds cross the strcam where it
curves in a westerly direction and reappear on the east slopes of
the next subsidiary spur. They are hard, dark and of a blue-grey
colour, thin-bedded, and with partings of silicified shale which
stand out in relief. The upper crag is ochre-coloured in places at the
junction with the sandy shales next described. Nothing was found
in these beds but a piece of fossil wood 2() 7-8-08, and some
layers of compacted shells from which nothing was extracted.

Sandy Shales with subordinate Limestones (Muschelkalk ?).—Above
the last-described and following on in the regular section come some
sandy shales which, though only imperfectly exposed ou the slopes
in the higher parts of the stream-bed, become more prominent in &
little straggling spur running out towards Khunmu in a SS.W.
direction. This little spur stretches out far in advance of its
neighbours into the plain among the talus fans, and in the
drawing is marked (B) 6-8-08. It is noticeably bare of vege-
tation. )

From the similarity of the rock to the sandy shales (Permian)
or the Guryul ravine, I was at first inclined to think that they
might be a repetition of the latter by faulting, but subsequently
I found the same beds continuing up the stream and building the
lower slopes of the next series of numerous and stecp scarps; and,
besides, their fossil contents are dissimilar. 1 have therefore no
doubt that they continue the whole way up to, and cause, the
great saddle on the main ridge, shown in the camera sketch as
lying directly above and in a line with the east branch of the
Guryul ravine, and in a direction due north of the western Khunmu
and therefore that they enter the section definitely superposed on
the Lower Trias.

The rock is a dark sandy micaceous shale, calcareous in bands
which are more scarce in the lower parts, and more numerous
in the higher beds where this stage merges into the great lime-
stone crags which follow. Altogether it is about 200 feet thick
although in its lower extremity the spur only shows some 60 to
100 feet of the lower beds (see lower part of section). The dip
varies from E.N.E. 30° in the higher parts to E.S.E. 30° at the
lower end of the subsidiary spur. This change of strike, especially
rapid in the lowest part, seems to be a hint that all the
similar spurs west of this do the same just about where they

¢
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disappear under the talus slopes bordering the Vihi plain. Thig
bending and splaying out of the bands towards the plain explaing
the fact that the Risin and other spurs to the west cateh
fragments of the Permo-Carboniferous, and the fact that further
south near Weean much higher beds of the great limestone come
in. 1In the camera sketch this tendency to bend and spread out
can be detected.

F1¢. 1.—Muschelkalk spur N.N.E. of Khunmu.

A marked feature in these sandy shales with subordinate lime-
gtones is that a rude cleavage makes its appearance with a N.E.
by E—S.W. by W. strike and nearly vertical. The beds are
go feebly compacted and the rock so comparatively soft that this
attempt at cleavage is extremely rugged, the planes being vacillat-
ing or ‘undulating and not finely approximating as in ordinary slaty
cleavage (fig. 1). At first sight it almost resembles vertical bed-
ding (see Verchére, loc. cit., page 161, where he apparently refers
to this spur).

The calcareous horizons are fossiliferous, the zones (6) 11-8-08
and (7) 11-8-08, which ¢ome about the middle of the series, being
especially so. Both the latter catch portions of the surface slopes
at the lower ond of the spur. Fossils are, however, not numerous,
and owing to the cleavage have been very generally distorted.
From (6) 11-8-08 I obtained a number of small brachiopods in a
layer of about 1 foot thick. Among them were a large number
of Rhynchonella cf. trinodosi, Bittn., and cf. mutabilis, Stol., together
with a few Spiriferine cf. Strachey?, S 1lt. From (7) 11-8-08
I obtained some lamellibranchs and one a;mmonite in sitw, whilst
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I picked up from the weathered-out talus close by Ceratites cf. Thuil-
lieri, Oppel, Pinacoceras, Nautilus and Orthoceras.

From higher up the spur at the locality marked “mnear (7)
11-8-08°" I obtained many more lamellibranchs, Lima, Posidonomya,
Myophoria () and others; also(?) Patella. Here also gradually
come in higher beds, limestones predominating of 1, 2 and 3 feet
thickness until they finally merge into the main mass of the next
great limestone series.

Thick  Limestones (Lydekker’s Supra-Kuling).—Beyond the last
spur the ascending series of massive limestones stretching away
to the east were only cursorily examined for a mile or two along
the edge of the plain. No good fossil zones were found. On
the ridge spur next beyond that referred to as (B) 6-8-08 there is
a pale crinoid and coral limestone, the remains being compacted
together into an inlistinguishable mass (1) 8-8-08. The locality
is NNN.E. (a trifle L.) of Khunmu. Between the two ridges
there is nothing recognisable, though beds with compacted shelly
contents occur. (2) 8-8-08 a rock similar to (1)—is from the
stream-bed beyond the last ridge near another group of Chenar
trees (see extreme right of the camera sketch). (3) 8-8-08, }
mile further on contains a(?) Rhynchonella. (4) 8-8-08 from the
ridge N.E. by N. of Khunmu contains Spiriferina sp. and (?) Diel-
asma. Beyond this, enormous thicknesses of similar rock continue,
but complicated by repetitions and flexures in a way that would
require much time and large-scale maps to elucidate. No further
work was continued in this direction.

4.—General Remarks on the Section in the Guryul
Ravine and E. of it.

The section just described, like that in the Golabgarh Pass
shows no sign of unconformity, no discordance of dip and no rapid
petrological changes. It suggests one uniformly accumulated set
of deposits that have arisen without any marked time-breaks.

Nevertheless the verv thin development of the Gangamopteris
beds, as compared with those at Risin, Zéwan and the Golabgarh
Pass, is suggestive at least of some overlap, a suggestion heightened
by the fact that in the Guryul ravine some } to 2 mile above,
the point described by Hayden I found the Protoretepora bed directly
superposed on a clif of Panjal volcanics, or with a mere trace
-of novaculite between. The spot is just where the cattle path
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crosses the east branch stream on the way up to the high pastures.
The siliccous shales and lower massive limestones, seen at the
lower part of the ravine, scem to have been overlapped. From
the clear way the one rock follows above the other, dipping at the
moderate angle of 30° only, I do not think that faulting has come
into play lere -and more especially as other sections south of the
Vihi plain show a complete absence of (Gangamopteris-containing
and similar beds, whilst nowhere in the area is there anything ap-
proaching the large thickness of 800 feet of such rocks as- found
in the Golabgarh Pass.

As regards the stratigraphical horizons. identified in the preced-
ing paragraphs, Upper Carboniferous and Permian seem amply cer-
tified to. The Lower Trias (first recognised fragmentally by
Hayden) is equally demonstrated to occur, though with few charac-
teristic fossil zones and with many omissions. The large and un-
usual thickness, however, of the beds which seem to be included
within this stage inspire onc to hope that further researches in
the neighbouring ravines and scarps might bring to light a fuller
zonal sequence. At all event the long-supposed absence of Lower
Trias in Kashmir' has now been definitely found to be a miscon-

_ception, as was to be expected following on the successive identifi-

cation of Lower Trias in the Garhwal and Spiti areas.?

The evidence for the existence of Middle Trias (Muschelkalk)
is less good though strong.

As regards still higher Trias horizons, it is to be feared that
the beautiful fauna characteristic of other Himalayan areas is not
to be found in this scction. DBut in view of what has recently
been accomplished in unpromising-looking strata for the lower
divisions of the Trias, one need not yet utterly despair of suc-
cess 80 long as great thicknesses of unsearched limestones still
remain.

Tt will be noticed that, contrary to what Verchére found in this
section, 1 discovered no serious irregularities (refolding or faulting)
until well bevond the beds regarded as Muschelkalk. It needs
but a glance at the camera sketch to convince those used to
mountain profiles that at least nothing of the sort occurs up to
the stream-bed between the Lower Trias and Muschelkalk, whilst

1 Sce Lydekker, loc. eit., p. 126.
2 Griesbach, Mem. Geol. Swurv. Ind., Vol. XXIII, p. 70, and Havyd N
Surv. Ind., Vol. XXXVI, p. 6l. B yden, Mem. Geol.
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the question as to whether a fault should be located there has
already been disposed of in the negative.

5.—Weean Spur.

This spur descends in a south-westerly direction from the higher
ridges and ends near the middle of the Vihi plain at the place mark-
ed Moonapoor on the Atlas sheet, Moonapoor however being &
comparatively small town near the two larger ones named Weean.

At first, judging by the general strike of the Zéwan and lower
horizons in the Trias at the Guryul ravine, one might expect to
find them reappearing about this place were it not for the wrench-
ing of the strike already indicated by the ridge (B) 6-8.08 and by
the remnants of the Gangamopteris and Zéwan beds at Risin and
Zéwan before they disappear under the fans and alluvium of the
Vihi plain. That being understood, the limestones of the Weean
spur, locally showing a N.N.E.—S.S.W. strike, clearly belong to
the higher beds of the Supra-Kuling series of Lydekker as found
much to the east of Khunmu in the section already described.
I only spent an hour or two at this locality on my way to Man-
dakpal.

One poorly fossiliferous horizon (1) 14.8.08 was found in a
slender band of limestone weathering a bright yellow colour. It

contained Spiriferina cf. Stracheyi, and some other small brachio-

pods Athyris or Dielasma (?). It lies in a little ravine running
S.8.W. to Weean and Moonapoor. East of this near Krew the
same beds continue with a rolling dip, and east of Krew again
the same in very well-bedded, bare masses, but not examined by
me.

As originally described by Verchére (Journ. As. Soc., Bengal,
Vol. XXXV, pt. 2, p. 169), the Weean beds yielded a large and
varied assortment of forms (see list given by Diener, Pal. Ind., Ser.
XV, Vol. 1, pt. 2, p. 7); although it is true Diener discounten-
anced the most of these determinations, which were founded on
very poor, broken material.

Nevertheless, it seems likely that somewhere in the neighbour-
hood of Weean exposures do occur yielding a large number of fos-
gil forms. My own notes above made en route add nothing to our
knowledge of the fauna, rather the reverse, but they are repro-
duced because of the structural evidence therein contained that
these rocks really are of somewhat higher horizon than those in
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the Guryul ravine. Their future thorough examihation together
with that'of all the higher great limestones of Lydekker’s Supra-
Kuling series is a desideratum.

6.—Mandakpal Section.

Mandakpal consists of two small hamlets south of the large
town of Shar. One of these is about the place of the village so
marked on the Atlas of India sheet, the other a little way up the
ravine above the former and distinguished by a group of poplar
and other trecs. Though camping room is scarce, the upper village
is conveniently situated for examining the sections.

Oldham and Hayden in their papers both refer briefly to Man-
dakpal, the latter identifying there Spirifer Rajah, Salt., and Mar-
ginifera Himalayensis, Dien., and generally stating that the section
from the hase of the Zéwan stage is similar to the Guryul ravine
gection. He also found traces of Trias cephalopods.! Verchére
in describing the section as being the only one where Weean beds
rest immediately on volcanic rocks made a serious mistake (Journ.
As. Soc., Bengal, XXXV, pt. 2, p. 172).

In many respects this southern side of the Vihi plain bears
a strong physical resemblance to the northern or Khunmu side.
The Carbon-Trias rocks lic above the Panjal voleanics and form side-
spurs from the main ridge which runs N. by E. from Wastarwan
peak. Although poorly exposed on the main ridge and higher side
spurs where there 1is much forest, they are well seen on the spur
above upper Mandakpal, from which, at or near the level of the
Vihi plain, their strike bends round rapidly towards the west,
gouth-west and south so as to catch the lower ends of the Loodoo
and Barus (Barsu) spurs where they descend to that plain (see
Pl 31), a position very similar to that on the north or Khunmu
side where they catch the lower ends of the Risin and Zéwan spurs.
The camera sketch and section (Pl. 32) will indicate the general
geries and the fossiliferous horizons there exposed up to the Lower
Trias near the top of the spur.

As in the Guryul ravine, the lowest beds immediately overlying
the trap are not visible at the mouth of this ravine, but only

1 Probably Godwin-Austen’s section marked as near Loodoo is a combination
of this section with that of the next spur (Quart. Journ. Geol. Sor.,, Vol XXII,

p. 36).
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appear much higher up its bed above the little tree- and crop-
covered alluvial flat which forms the upper hamlet: the first beds
identifiable on the way to this hamlet from lower Mandakpal being
as high in the scries as the Spirifer Rajah zome (2) 14.8.08. T
shall therefore begin the description of the section of this spur at
a point in the bed of the ravine 1 mile above the upper hamlet
carrying it as far as the Spirifer Rajal hed, after which the section
will be continued as exposcd up the slopes immediately N.E. of
the hamlet.

Superficially the scction along this spur differs from that in
the Guryul ravine by the profile not being split up hy promi-
nent crags: nevertheless rudimentary traces of such can be de-
tected along certain portions of the slope.

Novaculite.—The novaculite bed is about ¢ feet thick lying
directly on soft volcanic ashy beds, very splintery. There are no
traces of any siliceous shales or carbonacecous shales with Gan-
gamopteris as at Risin and as partly seen in the Guryul ravine.

Massive, clear grey Limestone.—This follows directly on the
novaculite, is about GO feet thick and contains crinoid stems in
places.

Protoretepora beds and (1) (2) 16-8-08.—The Protoretepora  zone
follows immediately, consisting of 20 to 30 fect of dark shale and
interbedded thin limestones crowded with Protoretepora ampla and
a few crinoids.

Just at the top of these beds comes a 2 feet thick layer of
flaggy limestone underlain by a thin band of shale. The former
weathers out into an inclined floor or shelf and affords the natural
pathway along and up the slope. Both are fossiliferous (1) 16-8-08
in the limestone being the richer. From (2) 16.8-08 in the shales
were obtained a few examples of Productus semireticulatus, lying
alone in one thin bed. From (1) 16-8-08 were obtained a large
number of Productus cf. Gangeticus or cf. Purdoni, P. cf. cancring,
and Productus sp., also large numbers of Marginifera, distinct from
the species referred to as cf. Himalayensis and perhaps nearer to
typica, Waag., together with a few Dielasma cf. acutangulum,
Waag.

Dark sandy Shales and (2) 14-8-08.—As in the Guryul ravine
section there now follows a good thickness of dark sandy micaceous

shales, setting in at first by gradual interbedding with calcareous

layers.

-
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After 140 feet of these we reach along this line of section a
thin bed 1 to 2 feet thick rich in ra.the‘r 'well-preser'ved specimens
of Spirtfer Rajah, but apparently containing nothing else.  On
the slopes just above the upper hamlet, however, several other
brachiopods are associated in what appears to be the same befi;
whilst in the interval between the two exposures but at a p(?lnt
rather lower than one would expect, the same bed by faul.tmg,
or a slightly lower one elsewhere not found, becomes much thlclfer
and very rich in fossils. Owing to covered ground intervening
it was impossible to connect the three exposures by a continuous
outcrop. The middle one just referred to 1is s%tuated just beyond
where the upper end of the fields on the alluvial flat come to an
end and where the last of the poplars is seen. It is about
4 feet thick and yielded most of the forms enumerated b'el.ow
which combine the collection from all three exposures :—Spm'fer
Rajah, very numerous, some well-preserved. specimens  showing
both valves, Spirifer cf. fasciger (musakhele;nszs), rare, ooly a few
specimens found ; Murginifera k'z'malayen._ezs also very numerous,
and generally just below the Spirifer Rajah layer; Prodyctus cora,
d’Orb., also numerous and well-preserved; P. cf. Abicki, several;
Camarophoria cf. Purdoni, 2 specimens only ; Dielasma LaTouchfzi,
Dien., 2 specimens; Derbyia sp.: Aviculopecten cf.  hiemalis ;
Lyttonia, and Amplexus sp. (?).

Above this bed in the gencral section the sandy shales continue
for 360 feet more up the slope, but with a few thin limestonfe
beds appearing, which near the top become more numerous until
they pass up into the limestones with shalay partings (Lower
Trias).

Lower Trias, Fossil Horizons (3) and (4) 14-8-08.—As was found
to be the casec cast of the Guryul ravine, the limes’c_one bgds
identified with the Lower Trias, are not marl'ied by any lltholog{cal
change. They are simply horizops_in a_ series gradua!l)f beconu.ng
more purely calcarcous, and dlstmgu)lshed Py contaml.ng fossils.
The fauna resembles that of (1)—(4). 6-8-08 in the section east of
the Guryul ravine, but the specimens are more fragmentary.
Among the forms present the gencra Pseutflomonotzs, Meekc.)ce'{'as
and Danubites were rather doubtfully rec_ogmsed.' The association
of forms and the general position of the bed beln.g so similar to
that of the Meekoceras horizon of ?he Lovyer Trias east of the
Guryul ravine, I have no hesitation in classing it with the Lower
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Trias. These are doubtless the cephalopods referred to as Gonig-
tites by both Godwin-Austen and Verchére (loc. cit., ante).

The bands can be traced for a short distance E.S.E. running
somewhat diagonally towards the crest of the ridge, after which
their continuation was not traceable owing to the complication of

dip-slopes and stream beds with soil and jungle. Tn the other .

direction towards Shar the continuation of the same was doubtfully
recognised as it descends and becomes hidden by the deposits of
the plains.

Above these two fossil horizons the higher part of the spur
exhibits about another hundred feet of similar but unproductive
limestones, rather thin-bedded and with a 20 to 30 feet bed of
sandy shale not far below the culminating crags.

Above Lower Trias—No higher horizons were found on this spur,
a8 at this position it presents a dip-slope down to the surface de-
posits of a side valley running WIN.W.—ES.E. Higher beds do,
however, occur on the main ridge from Wastarwan peak which runs
in a N. by E. direction, but these were only briefly cxamined along
the bridle track crossing a little pass in the ridge along the route
from Shar to the Patarkool valley. An occasional fossil band was
found, the equivalents of those in the thick limestones coming above
the Muschelkalk E. of Guryul ravine. A good deal of these massive
limestone beds, which are of a clear blue-grey colour with orange
or chrome tinted blotches, exactly reproduce the appearance of
the Hazara Trias.

Although there are no good sections on the pass and ridges near,
the slopes being top much soil, and forest covered, it is possible that
the chief Carbon-Trias horizons could be tracked out. That they
also pass down across the pass to the Patarkool valley, along the
boundary as marked by Lydekker seems certain. Near Gadpura,
as seen from a distance, the somewhat bare slopes in the continua-
tion of these rocks make it probable also that sections worth
searching for fossils would there be found, as also higher up the
Patarko valley in the direction of Prongam, whence came many of
the type specimens described by Diener. I regret that I was
unable to include this valley in my field programme.

7.—Spur SW of Lower Mandakpal.

This spur runs N.W.—S.E. from the main ridge north of Was-
tarwan, and the extreme N.W. end of it between Lower Mandakpal
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and Loodoo (but nearer the former) has intercepted the lower
Zéwan beds owing to the wrenching of the strike towards the
west.

The beds comprise the grey limestone lying immediately above
the Panjal volcanics and the Protoretepora shales. No novaculite
nor Gondwanas were found beneath, and nothing higher than the
Protoretepora shales, which compose an undulating dip-slope for
the extreme end of the spur as it dips under the valley deposits.

With reference to the bending of the strike towards the west
here indicated, it does not do so in a uniform curve but by gentle
foldings—a sort of secondary plication (possibly combined with
slight faulting) foilowing the axis of the ridge. Thus viewing
it from the west on the pathway to Loodoo_ 1t appears as in the
sketch (fig. 2).

GREY MASSIVE
LIMESTONE

Lower
Mandakpal
1

Fia. 2. -Spur $.W. of Lower Mandakpal.

8.—Ludu Spur.

The next spur in this direction, which also intercepts part of the
Zéwan series descends to the plains at Ludu (Loodoo) village (not
marked on the Atlas of India sheet, but situated about 1 mile 8.E
from Goondlat). Here also the Protoretepora beds are first B(;,“X.l
covering the slope of the spur towards the village, L., dipping 360
N. As this exposure is about due west of the lasi spur descrihed
it does not require any change of strike, or very little, across 'the
intervening space.

D
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On the west side of this spur, however, a few hundred yards

away, the strike curves round again once more and the beds dip

N.W. by W.
Between the Loodoo spur and the next one running out to the

igolated hill in the plain (shown in the Atlag sheet) there is a great
shallow bay, and the Protoretepora beds and the limestone below
in & confused way sheet the slopes for some way. Gradually the
novaculite below shows up in blocks and then in masses as we get
further into the bay and is followed by the Panjal volcanics. But
there is no good section here, and the rugged slopes have probably
portions of one or other or all of theso beds adhering to thedsur-

face in places.

9.—Spur 2 miles N. of Barus.

The next spur runs west from the Wastarwan mass of volcanics,
and as it dies away into the plain it is followed by the isolated
hill referred to in the last paragraph. This spur shows a more
complete section, and, together with the isolated hill, carries one
-presumably well up into the higher Trias limestones. No cephalo-
pod horizons in the Trias were found, however, probably owing to
their being hidden by covered ground near the foot of the spur
(see PL 33, fig. 1).

~ Neither Oldham nor Hayden redescribed either this spur or the

one at Barus itself, so that previous references are confined to the
original workers in this area, Godwin-Austen and Verchére. The
former gives a section of this spur in considerable detail (loc. cit.,
p- 31) although he obtained no fossils above the Spirifer Rajah zone.
The isolated hill is referred to by Verchére (loc. cit., p. 172) as the
“Pampur knoll,* but his description of the gection is far less ac-
curate than that of Godwin-Austen.

Novaculite (traces), Black Shales (6 ft.), and Grey Limestone (60 ft.).
—These three beds appear above the volcanics sheeting the lower
end of the spur, the grey limestone being obviously the same a8
that with crinoids seen in the sections just described as far as
Mandakpal.

Protoretepora Shales and interbedded Limestone (20—30 ft.).—The
Grey Limestone passes up into the Protoretepora ghales and thin-
bedded limestones (1) 27-8-08, there being more limestones than
shales at this point. ILgyttonia was found in them.
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- "Dark sandy, micaceous Shales (1 !
. , 00 ft.)—T
mlc‘;%'m;s shales follow here for f;boutf 1)00 f:l:t revel dark sandy
pirifer Rajah and Marginifera bed, (5) 26-8 : i
] ' _and , -08.—Th i i
:;n 18 obv1ousl.y identical with the horizon at Mandakp;sl f:::]:ail;ﬁn-
e same species. Though equally rich in the two leading for::sg

 which yield a bed 4 to5 ft. thick, the only other species obtained

were a8 isolated or very rare specimens of Lyttonia, Productus cf

- Abichi, Spirifer cf. jasciger and Amplezus. The exact locality is just

to the east, or mountain side, of the most marked gap i

: in
Thels)eat/fcoﬁe:‘:dythquceous Shales with a few Limstgneg (1:(1)!9 f:l))u:
These ! fau]é 8 l}mestones very g}'aduaﬂy increasing in stren.g.th
poan Ran?:}f ma?;r::pt the section near the gap. .
oreatp:)f the neit an(d moit ;Z:eml_n:‘:tm polisnt}fo(;lfndtha oy "plom the
ﬁ?st disposed to regard this asa fanlted represen:a:ig:r.of Ithwa'8 ™
vious zone, Just as at Mandakpal I assumed the occurre ef o
14-8-08 as represented in the camera sketch on the sk l?:e of oy
glf;ur to be the same as the nearer exposure iust be o)xrld :ho .
of upper Mandakpal, the latter having been di‘splacedydown edﬁelds
;ed sma:l] {)ault. But it is quite possible that there are twow:: " bfz
8 in both places, the upper one being characterised by contzgrf?ng

. Spirifer Rajah alone.

Sandy Shales as before with more n
: umerous Limes
These form the prominent point of the ridge and exm (ifgleﬂjv.; ‘

down the west slope, showin dual i N
of the calcareous elomont, g & gradual incoming in more strength

Brachiopod and Lamellibranch beds, (4), (3
i[;:hm appear unostentatiously in the mc(:til;n(a%))d af’;drm(i)o %SS o ot
o surface. The productive layers are therefore difficult toa et
but they contain a rich and interesting little fauna. Hori dotect,
?ontams Pseudomonotis and Productus aemirdiculatus. . ho:'nzon @
is about 5_ ft. above (4) and is characterised by pock ,t f1zon (33)
together, tiny lamellibranchs, e.g., dviculopecten C; & et of matted-
dus, numerous small species of Chonetes and a f;w sc;:tzg eznd Schizo-
of larger forms, e.g., Productus semsreticulatus, P. of. Gfm ;}amples
C;ora., and one or two of Xenaspis carbonaria Waag (?) ’ ;us" o~
(3) s 20. ft.' above the last and contains matted-to .t}; orizon
branchs similar to the last but not so well preserved gether lamelli-
Shales and interbedded Limestones and dark .
These resemble what have gone before, but tliht:ll:rlb(a:ﬁagog /tc-l)..—
and in

D2
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the next saddle may well represent (2) 9-8-08 in the Guryul ravine
section.

Thin-bedded dark qrey and yellowish mottled and banded Lime-
stones (350 ft. and over)—The abovenamed continue down the slope
to the west and become lost under the alluvium, to reappear again
gome distance away in a small exposure among the alluvium. No
fossils. 1 correlate these with the crags forming the higher part
of the Mandakpal section and those of the Guryul ravine section
which comprise within them the Lower and possibly Middle
Trias.

All the beds in the above section dip a
30°, near the Panjal volcanics, up to 50°
dip.

pLimestones, elc., of the Isolated Hill (1,000 ft. about).— What appears
to be a normal continuation of the same section just described is
provided by the isolated hill already alluded to. At its eastern
foot there are some few sandy shales badly exposed, followed by &
continuous section through the hill of rather clear, blue-grey lime-
stone, often mottled or blotched with chrome-coloured patches or
splashes (2) 27-8-08. These may represent any of the beds which
succeed in ascending order above the Middle Trias of the Guryul
ravine, and which are also found in the pass east of Mandakpal.

Their resemblance to the Triassic limestone of Hazara is very
complete.

They keep about the same dip and vanish under the wide plain
to the west. Godwin-Austen has introduced in his gsection of this

hill & fold which I did not observe.

t angles increasing from
, which is the normal

10.—Barus Section.

The village of Barus is not marked on the Atlas of India sheet,
but it lies in a little stream-bed surrounded by banks of alluvium
at a point E. or E. by N. of Goorpoor on the Jhelum. There are
no exposures actually at the village, but rock occurs a few hundred
yards to the south of it in the spurs descending irregularly west
from Wastarwen and which are partially buried in alluvium. Both
Godwin-Austen and Verchére included this spur in their accounts,
and from it came many of the fossils described by Diener. The
section on this spur (PL 33, fig. 2) is remarkable for showing a lime-
stons band, (1) 25-8-08, with obscure traces of fossils interbedded

o e

)
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with the Panjal volcanics at a hori
orizon 100 to 200

uppermest trap beds. It is from 10 to 20 ft. thick off.abslovlz )
0111'f and associated with some quartzitic and shal(,a m txa'lr o
con :tr)ms m dip to the rest of the section, namely y40°a\;7rm:). s
ratl ove the trap the lower beds of the Zéwan stag:a are de. 1y "
of t(}elr more strengly than in the last described sections on t}‘:'e e
o ! e; erhl pl]nm. The limestone and novaculite layers at thi:s ls)ldte

e much misxed. They are followed by 28 oy

_ ] \ ft.
shaltis. Fossil horizon (1) 24-8-08 in grey listtone is folfl C? o
amples f’f a Productus of the lneats group, which are moutl o
pacitied mto. t!le rogk and cannot be extracted, whilst o
]spo t by calcite ‘vems. Both it and the next fossil be(;n st be
ow;‘rhthgn anything in the Mandakpal section st e
e flaggy limestone (2) 24-8-08 which ox;e
rlooks

shows a face of rock covered with a small Produc:u:n;;n ?qual‘l’y
8p. TBhed (3) 24-8-08 contains crinoid stems. (®) nov.
i :a sfro:or;leporq beﬁ though rather poorly exposed is identified

» and so 18 the Spirifer Rajah bed i
can be traced for a lon i ol e hich

tre 'ng distance up the hill si i
characteristic large shells. The dark sI;)and; };ﬁld sﬁ?cal::i’oul:s sl::iry

es

also contain imperfectl i
bty e y preserved fossils here and there through

.In order to get a comparative vi i
scribed, namely, these of t}}I)O Golabgail‘;v ;is:h1n§0t$ﬁns' i](,)' faf de-
have drawn a few parallel vertical representations of t}: e
each of the ﬁye main localities (Pl. 34). In these ar i o
rock and fossil succession upwards and downwards efexhlbthd ihe
toretepora ampla zone, which is taken as & datum l’mm the Pro-
from because, being common to all the localities. it is . l:o reckon
1t was contemporaneous in them all. ’ probable that
The three sections on the right a i
but t.he_ Barus section and that gf thereG:;:ﬁ;?lllﬂ{’a::lf_explanatory’
peculla.rlt.les. .In the former there seems to be no d P;:Sent v
two fgssﬂ .horlzons, (1) and (2) 24-8-08, are older t?hu that t‘:he
appearing in 1§he sections to the right. In the Golab o anythfng
the dlfﬁcu}ty 18 to know at what point to introduce thgarh Seqtlon
stone equivalent. Assuming that, in the Barus sectione tgl:‘ey :llm: )
> the cherty
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shales coming above the novaculite, etc. (which in the Zéwan section
have yielded Gangamopteris) are the equivalents of V and w.-1
horizons of the Golabgarh Pass, we are still left in doubt as to
whether the grey limestone should range above or below the bed
with Glossopteris. On the whole it seems more probable that its
horizon approaches that of Z.-1 and so ranges above that upper
plant bed of the Golabgarh Pass section.

In the following list I have grouped in descending order all the
fossil horizons extracted from the several vertical sections, arranging
them in their absolute order of succession as indicated by those
gections. Where two or more appear in one line they gre supposed
to be of identical age so far as determinable :—

Fossil Horizons of Golabgark Pass and Vihi Sections.

(4) 8-8-08
M 14808 J ) g:g'_gg} Probably Upper Trias.
(1) 8808

near (7) 11-8;0.8 }

(7) 11-8-08 Muschelkalk (1.

(6) 11-8-08

(3) (4) 14.8-08, (1) (2) (3) (4) 6808 Meekoceras beds.

e —_—

(3i 26.8.08
(34) 26-8-08
(4) 26.8-08

C, (1) 23-8-08, (2) 14-8-08 in part Spirifer Rajeh and
B, (5) 26-8-08, (2) 14.8-08 } Marginifera beds,

(1) 9-8-08, (1) 7-8-08
(1) (2) 18-8-08, (1) 2-8-08

Protoretepora beds throughout.

Z-1, (1) 4-8-08

(3) 24-8-08

(2) 24-8-08

(1) 24-8-08
X Glossopteris bed.
w-1 Gangamopleris bed,
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V.—LIDAR VALLEY SECTIONS.
1.—Eishmakam.

In the Lidar valley, one march above Islamabad, lies the little
town and monastery of Eishmakém, perched on the lower slopes of
one of the secondary hill-spurs which splay out westwards from the
S.W. spur of Lewapatoor Station (13,012 ft.) and cause a partial
contraction of the Lidar valley at this point.

This is the first of several localities up this valley where rocks
of L)fdekk.er’s Kuling series have been described by that author
as .lym-g in & teries of tightly packed isoclines among the Panjal
series with reversed dips to the N.N.E. in the direction of Pailgam.!
The locality is also one from near which several species of brachio.-
Pods .a.nd other fossils collected by Lydekker have been described
u: 2D%lener’s memoir (Pal. Ind. Him. Fossils, Ser. XV, Vol. I
p . . ’
' For these reasons I proceeded there to make a further collec-
tion of specimens from them, and to study their relations to the
apparently underlying and overlying Panjal series, which, accordin
to Lydekker, has enfolded them in this isoclinal way. g

On the up-journey to this place and Pailgam my explorations
were much interfered with by rain, but on the return trip I was
able to visit them again. Owing, however, to the exigencies of the
routes up and down this valley, and to the way the continuous se-
quence of beds is interfered with by alluvium and by the alternate
approach and recession of the side-spurs to and from the line of
march, it was impossible, without stopping on the way, to per-
fectly co-ordinate the observations at one place with those at
another. The poorness of the topography of the old }-inch map was
also a great handicap in such work. The following notes give a
sketch of results attained by me in this neighbourhood.

The general run of the lowermost subsidiary spurs i i
behind and north of Eishmakim, together with yt;heplie ;;11 Ezd?otslz
and the position of certain fossil horizons will be apparent from the

1 Mem. Geol. Swurv. Ind., Vol. XXII, pp. 136-13s.
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sketch plan and view (figs. 3 and 4), and further details will be
found in the section (Pl 33, fig. 3). The main bridle-road up the
valley to Pailgam skirts the base of the spurs to the left of the
view and does not expose a very continuous section, owing to
alluvium intervening.
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Eishmakam

¥i6. 3.—Plan of Eishinakam Hill.

Fia. 4.—Profile view of Eishmakam Hill.

Higher up the slopes, however, another foot-track (shown in the
gketch) exposes a fuller series, whilst still more perfect sections are
disclosed on the rather steep slopes and the side spurs overlooking
the town and extending beyond it to the east and north.
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Almost a first acquaintance with these sections makes apparent
a peculiarity of some importance in relation to the supposed parallel
sections from the Vihi district, Gulabgarh Pass, Barus, etc., and those
presently to be described near Pailgam—namely, that there are here
at Eishmakém no Protoretepora beds, no Spirifer Rajah and Mar-
ginifera himalayensis zone, and no evidence of massive traps im-
mediately below. There is also no novaculite and no dark sandy,
micaceous shales. In fact, as already indicated in Prof. Dieners
description of the fossils from near Eishmakém gathered by Lydek-
ker, the facies of the fauna here is an entirely different one.!
The rock facies also is dissimilar, for not only do the series of lime-
stones begin by being superposed on a set of quartzites and schists,
of white and pink colour, but other quartzites and schistose slates
appear at higher horizons among the limestones whilst at least two
bands of trap likewise appear in the section between the base and
crest of the ridge, and lying above the main fossiliferous horizons
from which collections were made by me.

It may further be remarked that as we follow the outcrops of
these fossiliferous beds away from Eishmakim round the convex
curve of the spur up the valley towards the north-east, they take
& coumse of outcrop also convex towards the south-east, as if nor-
mally bedded below the trap and slates which appear to follow
above them and proceed to form the mass of the higher peaks
to the N. Also the outcrops do not show any sign of weaken-
ing or diminishing in thickness in this direction (as one might
expect if they were involved in an isocline, as advocated by

-Lydekker).

The fossils themselves are not very well-preserved as a rule,
nor easy of extraction, but from beds (0), (2) and (3) of 3-9-08
(fig. 4) and (3) and (4) of 5-9-08 (Pl 33, fig. 3) I was fortunate
enough to obtain a number of large brachiopods, which when brought
to Calcutta were at once recognised by Mr. Hayden as Syringo-
thyris cuspidata, Mart. Some of the specimens were even broken

11t seems more than doubtful, however, whether any of Lydekker's s pecixﬁens
came actually from this spot, though marked as near or north of Eishmakim,
The rock with Spirifer Lydekkeri, Philspsia and Fenestellae, as shown by Lydek-
ker's specimens, is almost certain to have come from a place some few miles
further north and lying about S.8.E. of Duwhat and Loor (see on p. 323). Lydekker's
description of the locality for Phillipsia as 8 miles from Pailgam down the valley
makes this clear, though his reference in a foot-note to Bhatkot as being near
Kostu is unhappy, since the former is 7 miles N.N.E. of the latter.
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are some large specimens of (?) Dielasma, Productus sp. and some
fairly well presérved examples of Spirifer cf. triangularis.

Among these beds the universal presence of Fenestellie, the
trilobite, and the forms identified as Spirifer cf. triangularis, Stro-
phalosia sp. and Productus cf. undatus, mark it down as the locality
near or north of Eishmakim whence the fossils described by Diener
have been derived, a conclusion borne out by a comparison of
Diener’s type-specimens and containing rock, preserved in the Geo-
logical Survey collections, with those found by me. It is certain
that this horizon is considerably higher than the one 1 have de-
scribed close behind Eishmakém town, and 1 think it is almost
equally certain that it is not the equivalent of the Protoretepora
shales of other localities but probably a much lowar horizon.

What follows immediately above this is not yet known in the
above section, but again on the opposite (Loor) side of the valley
to the N.E. of Loor, slates with angular conglomerate of Panjal
type speedily set in, and then follows an enormous thickness
of massive Panjal traps to beyond Ganesbal, which lies a little
way below the junction of the west and east branches of the lLidar
valley.

The whole of the section thus briefly sketched between Wallar-
hama and Loor would repay detailed exsmination on another oc-
casion, inasmuch as, although Lydekker's theory of a set of re-
peated isoclinal folds of the shales, quartzites and limestones among
an older Panjal slate series is still a not impossible way of reading
the section, it has had very grave doubt cast on it by this dis-
covery of a characteristic Lower Carboniferous fauna from the
Eishmakim beds, which beds in all points possess a strong resem-
blance to those found in normal succession below the Permian in
Spiti. That Mr. Hayden anticipated this reading of the section is
seen from the following extracts from his Spiti memoir :—

“Judging from the manner in which the younger palxozoic beds
thicken out again in Upper Spiti, it is probable that they will be
found also to the north, in the valley of the Upper Chandra river
in Lahaul and in Kashmir. In fact a great area has been mapped
by Mr. Lydekker in that area as ‘Panjal’ but from his descrip-
tions of that system, it is possible that it may include a consider-
able part of the shale and quartzite serles now known to be most
probably of upper carboniferous age’’ (Mem. Geol. Surv. Ind.,
Vol. XXXVI, pt. 1, p. 57).

Part 4.] Minpremiss 1 Gondwanas of Kashmir, 395

Also again (p. H8) :—

“It seems possible, however, that lower carboniferous limestones
may occur in Kashmir, for certain sections described by Lydekker,
in which slates and quartzites are found over-lying limestones, dis-
tinctly recall the carboniferous beds of lower Spiti; in most cases,
however, Lydekker looks upon the slates and quartzites as members
of his Panjal system and consequently assumes that the section
is inverted, and that the limestone belongs to his ‘ Supra-Kuling’
geries.”

With reference to the above suggestions as to what is probably
the true order of sequence up the Lidar valley, it must not be sup-
posed that I am venturing (after a brief acquaintance only with
the neighbourhood) to correct an elaborate piece of mapping by
Mr. Lydekker. Detailed field-work, sufficiently close to produce
such a result on the merits of individual sections, was naturally out
of the question with the small-scale map then—and even now—
available, and in the time that Lydekker could devote to any one part
of Kashmir. His map and section of this part were therefore
merely an “interpretation” of the structure according to the data
then available. The modified readmg of the section suggested by
me is also only an interpretation in the main, though based on
later work and fuller knowledge of neighbouring regions. I quite
recognise that its final acceptance must wait until further field-work
done on the spot with better maps (if possible) has proved it to
hold good at each separate point over the area.

3.—Pailgam.

Near Pailgam, where the river bifurcates, the upper surface of
the highlv inclined, massive Panjal trap; descends in steep dip-slopes
to near the level of the river, and carries above it representatives
of the Zéwan limestones and micaceous shales, which latter pass up-
wards, as in the Guryul, Mandakpal and other sections 1nto Trias
and higher beds.

But, unfortunately for close geological work in this locahty, the
two river courses run nearly along the Zéwan horizon for some dis-
tance, and thick alluvial gravel terraces cover everything below. On
many of the lower alopes also a mantle of surface soil and dense
pine forest similarly hides a large portion of the solid geology. The
following fragmentary sections give the substance of my observations.
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On the left bank of the east stream below Pailgam village the
undulating ground used as a camping-ground for visitors leaves no
rock exposed except in stray blocks. But at the N.W. extremity
of the hill-spur N.E. of Pailgam and a little beyond the bridge
above the town. the usual Permian dark sandy shales come down
to the river’s edge, dipping S.W. by W. at 30°. The rocks have
been cleaved, and the fossil contents, chiefly Productus semircticu-
latus, have been considerably distorted and sometimes drawn out to
two or three times their proper length (1) 8-9-08. The rock facies
is typically like that of the Vihi district and quite unlike any of
the exposures seen at Eishmakdm and at intermediate places on the
way to Pailgam. A continuation of these is found across the river,
but exposures are very poor.

Up the west Lidar valley no characteristic exposures are found
on the left bank until beyond Moondlan, when the same shales,
with limestones above, appear as the whole series cross the river
preparatory to a rapid change of strike. No fossils were found
as far as examined by me up to one mile south of Aro, but on the
right bank at a point about 2 miles N.W. of Pailgam and near
the first bridge, there were found traces of fossils in roughly cleaved
sandy shales. Nothing definite, however, was obtained except one
little globose ammonite Nannites (?) (3) 10-9-08, and a rude shape
suggestive of a Productus (4) 10-9-08.

Coming behind these beds in the vicinity of Mamal village we
have ochre-coloured limestones with vague impressions of fossils,
and some purple slates down to the Panjal traps. These beds are
probably equivalents of the lower part of the Zéwan stage, but no
fossils were found.

Traverses over the Supra-Kuling limestones which rise into the
steep ridge lying in the fork of the two river branches showed
nothing definite on account of poor sections and much soil and for-
est, but near the top of the zig-zag bridle road which climbs this
spur from Pailgam on its S.K. side, there were beds with corals
and crinoids, ete., appearing on weathered surfaces, also a grey shaley
band, roughly cleaved and with black lumps here and there, some
of which can be seen to be cephalopods by their sutures (O) 11-9-08,
At another place on the lower part of this hill after descending to
near Moondlan 1 found some nearly black sandy shales weathering
into soft clay with lumps of harder stuff. In the associated harder
sandy shales I got one portion of a large ammonite, Gymnites (?)
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(1) 11-9-08, and lower down an Athyris sp. (2) ‘11-9-08.. These
rocks may be near (B) 6-8-08 of the Guryul ravine section, u.c.,
Muschelkalk.

The country generally at thie junction does mnot lend itself
to ready examinstion owing to the causes I have enumerated before,
and to the steep slopes deeply dissected by torrent beds. At the
time of my visit also constant rain had converted all the tracks
into quagmires, which together with the baffling forest made all
traverses very arduous.

Nevertheless, sufficient was seen to point to the sections of
Lydekker’s Kuling and Supra-Kuling beds here being practically
identical with those of the Carbon-Trias surrounding the Vihi

plain, and essentially different from those already described at lower
points on the Lidar,

LIST OF PLATES.

Pl. 26.—Anticline in Panjals, Head of Golabgarh valley.

Pl. 27.—Gondwanas and Permo-Carboniferous syncline, Golabgarh
Pass.

Pl. 28.—Section of ditto.
Pl. 29.—View looking N. up Guryul Ravine from west Khunmu.
PL. 30.—Section, Guryal Ravine and E. of it.
Pl. 31.—Plan of Vihi district, showing localities referred to in text.
Pl. 32 —Fig. 1.-—Outcrops near Upper Mandakpal, looking E.
Fig. 2.—S8ection of ditto.
PL 33.—Fig. 1.—Section of spur 2 miles N. of Barus.
Fig. 2— Ditto at Barus.
Fig. 3.— Ditto at Kishmakédm.
Pl 34.—Comparative vertical sections of Golabgarh Pass and
Vihi district.

Woodcuts in Text.

Fig. 1.—Muschelkalk Spur N.N.E. of Khunmu.
Fig. 2—Spur 8.W. of Lower Mandakpal

Fig. 3.—Plan of Eishmakim Hill.

Fig. 4.—Profile view of ditto.
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MISCELLANEOUS NOTES.

Thermal Springs in the Rajmahal Hills.

Notice of the ovcurrence of a thermal spring, not hitherto reconded, has
been received from Mr. A. 8. Pereira, Manager of the Mahespur Court of
Wards Estate, who states that the spring is situated in a Santhali village
named Sidpur, in Pargana Sultanabad of the Southal Parganas, at about
a mile to the south of the Police station of Pakuria, approximately in
latitude 24° 30 and longitude 87 45°.  There is said to be a continuous flow
from the spring, the water of which is warm and strongly sulphurous and ia
employed by the Sonthals both for wedical and agricultueal purposes.

The occurrence of numerous springs in this area was recorded by the late
Dr. V. Ball (Mem., (.8.1., X111, 157 (1877)], but most of these were merely
tepid. In the list of Thermal Springs of India, compiled by the late Dr. T.
Oldham [Mem., (.S.1., XIX, pt. 2 (1882)], * a very copious outbreak of
warm water ™ is sakl to occur at Jerwapani (f{ =Surwapani of Atlas sheet
113) near Gopikaudur (1 =Gopikanoor). The Sidpur spring, now reconded,
would lie at about 12 or 13 miles to the north-cast of this spring.

{H. H. Havben.|

INDEX TO VOLUME XXXVII.

SusJEOT.

Page.

Aooidenta. Colliery 70.
A mer, wa.ber supply of . «1;6
Aksk . . :
Alluvmm. Inous, age of . {ng
————, Rajpipla . . 176,
Alum, production of 86.

Alunogen, growth of crystals of, on a mete it :
Amber, production of onte %%4.

» value of, produced durmg 1007 50.
Amlamal, manganose-ore at 47.
Amphibole, blue . 212

Ancodus ramsayi I’llgrlm . 151.
Anglosite. 249, 254
Annandale, N. : on an hst\mrmo dopnsxt in (,a.loutts 221,
Anthracolithic rocks in Kashmir. "86'
Anthracotherium bugtiense Pilgrim .1‘5:).
o e e U8 150.
Arakan, mud volcanoes of . 264, 275
Aravalli sorios . 44 ' .
Archacan group in (¢ ontml lnd in. 48,
— —————— in Shan Statos . 55.
Artesian wator | . . 43,
Azurite . . 24i, 249, 257.
Baluohistan, Cretaceons of . . 2.2.

- intertrappean fossils in . . 19.

-» mineral concessions granted in . 90.

——-, Tertiary and Post- ’[‘ertmry depﬂslts of 139.
Bansloi river, sand of . . 192,
Barytes . . 255.
Basalt, late Termry. of Shan Stat.es 56.
Bauxite . . . . 184, 213,
Bawdwiu 37, 53, 54, 235, 240.
Beacon lsland, mud volc&no oﬁ 269. T
Beauchamp, Commander W. G. . 212, 2717.
Beldongri, vredenburgite at . 200, 208.
Bellary distriot, manganese-ore in . 31




i ‘ INDEX.

SusJsxor.

Beme .
Bengal, mmeml concomonn grantml in
Bhagothoro (Lowor Sind), Section at .
Bhandara, Gondwanas of .
-, mANganese minos in
Bibinani { Baluchistan), Nari serios of .
Bijawar series .
Blaini boulder-slate, ugo of .
formation, striated bouldors in . .
Blanford, W. T. . . . . . . .
Bleeck, A. W. G. . . . . .
Blyth, T. R.
Bokpyin, tin-oro at . .
Bombay, minoral concossions gmntod in
Bora Ghat, sandstone-latorito at.
Borax, exports of .
Boso, P. N., on the goology of Rn]pnplu
Boulders, smawd of Blaini ago . .
Brachyodus bugtiensis Pilgrim
Brachyodus giganteus Lyd. .
Brachyodus hyopolamusdes Lyd. .
Brachyodus longidentatus Pilgrim
Brahminee river, sand of .
Bridges, F. H. : on Hunza and ngor gltwmrn
Brown, J. Coggin

: on the mh or- Iourl mmon ol lhmdmn .
————: 0on the Arakan mud volcanoes
Bugti hills, molluscn from Nari sories of the

—————-, Tertiary and Post- 'l‘cmnry frosh-water du-pmcn-

of the .

~————-, vertobrates from thu

Bugtitherium grandincisivum l’llgnm .

Building stone .

————————, production of

Burma, geolomcal survey of .
' , mineral concessions gmm(xl in
, oil-fields of . .
Development Company

Calamine .

Calcite . .

Caloutta, Estuarine deposlt in

Cambrian in Spiti .

Campbell, A., fossils from Golabg-rh Pau collect.od by
Carboniferous, lower, of Lidar vnlley. K“hm"

Carbon-Trias of Kashmir . . . . .

KEY
),
140,
al.
3.
146,
4N, 49,
131,

R

145, 1060, 212,
16, 17, I8,

6, 208, 2563,
40,

2,
197,
87,
167.
120,
151,

R 1113

150,
151,
125
221
b, 7,11, 31, 37, 5l
245,
204,
140, 142, 148, 104,

13,
148,
153,
184,
LTS
51
N,
8O,
10,

257.
185.
21
26,

231,
321.
286.

on the southern part of the Gwegyo Hl]ls, in-

field .

Crotacoous system in Rajpipla . . .
Crocodilus bugtiensis Pilgrim . . . .
naricus Pilgrim . . . .
Crossite . . . .

Crystalline lunestones, ongm of Burmese . .

cluding the Payagylgon-Ngash&ndaung oil

INDEX. i1
SusszoT. Page.
Cardita Beaumonti beds . 22.
Carnelian . . 176.
. Cassiterite . 39.
Central India, geologloal survey of 43.
Central Provinces, aluminous laterites of 213. )
-+ geological survey of 50.
—_— —-, m&nga?cqc-mmemls io 200, 207, 211.
-, mineral concessions gr; .
Cepludogalo slmhbad Pilgrim .g wated in igg
Cerussite 249, 255.
Cheromeryx grandw Pllgrlm 153.
Chainpur meteorite . 13 .
Chalcopyrite, see Coppor pynt,es ‘
Chalscotherium sindiense Lyd. 163
Chaung-Magyi sories 53 .55
Cheduba, mud voleanoes of 26:1 2‘66
Chhindwara, manganese mines in 33. ’
————— » sitaparite in . . | 207.
China clay . . | 48.
——-, glacial boulder bods of .| 132
Christie, W. A. K. . . . . . . | 6,13, 36.
Chromite, production of . . | 6L
—_ value of, produced dunng 1907 . . | 59.
Chuperbhita coal-field, sand in . . .| 196.
Clay, pottery 186.
Clive Street, Caloutta Estuarine deposxt under | 221.
Coal, consumption and exports of . . 67. .
——, production of . . 62.
——, value of, produced durmg 1907 . . . 58.
Cold-Bokkeveld meteorite, growt.h of a.lunogen on . 224,
Colgong, sand at . . . 191.
Collins, W. H. . . . . . 12,
Conglomerates, Upper Nan 141.
Copland, J., account of Carnelian mmes of Broaoh by . | 188.
Copper . . . . . | 29.
Copper-ore . . . . . . . . . | 49, 241, 247,
Copper pyrites . . . . . . . | 241, 249, 256.
Coronadite . . . . . . 16.
Corundum . . . . . . . 87.
Cotter, G. deP. . 5, 7, 34, 35, 36.

225.
170.
149,
149,
212,
18,




iv INDEX.

: SusJxcr. Page.
Dakko (Bugti hills) . . . 143.
Damuda sandstone, sunob\llty of foi g'e o munufacture o2
Dana,J. D. . . . . . 1o,

Daru, N. D. 6, 7.

Datta, P. N. 4, 0.
Dawson, 8. 200,

Deccan trap . 44, 40, 50, 172, 187,
Dera Ghazi Khan 144
Dhalbhum . 20, 30,
Diamonds, productlon of . T2

—, value of, producod dunnu IB()'
Diener, C. . .
Dinotherium mmcum Pllgnm
Dunlop, R. 8.
Dunstan, W. R., on la.tonws from the ( ontml vamcmc

Earthquakes, relation of, to eruptions of mud volcanoes
Eastern Bengal and Assam, mineral concessions gmnwd in
Estuarine deposit in Calcutta .

Exotio blocks, Malla Johar

Fermor, L. L. .

—, on three now manganeso-boaring minorals ;—
vredenburgite, sitaparito and juddite
Ferruginous beds of tho Upper Nari in Baluchistan
Flysch .

Foote, R. Bruce
Foraminifera .
Freymuth, C. A. .
Furnaces, Chinese, at Bawdwm .

Gajar mitti

Galena .

Gallaghan, M. J.

Galudih . .

Gandahari hill .

Gandoi (Bugti Inlla) .

Gangamopteris beds in Kashmir .
Ganges sand, suitability of, for glass mnu(wtum.
Garialis curvirostris Lyd. n. var. .
Garividi, vredenburgite at .

118

© 12,24, 26, 20,

158,
267.
213.

| 278,

118.
221.
24.

1 4.8, 11, 13, 16, 31,
32, 33, 41, 48,

199.
141
23.

32.
21.
236.
245.

241, 249, 253.
31

30.

145.

143, 148, 185.
28, 286.

191,

149.

200.

INDEX.

Susreor. Page.
Gamet, production of 87.
Garrick, H.B. W. . . 7.
QGaurihar State, gypsum in. 285.
General Report . 1.
Glaociation, pre-Talchir 132.
Glaciers, Hunea and Nagar 221.
Glass-making sands . . . . . . . 191.
Glossopteris beds in Kashmir . . . . ’ 289, 292.
Godhanee river, sand of 192,
Golabgarh Pass, Pir Psn)a.l Ra.nge . . . . . | 289.
Gold . . . . . . % 3L
—_— produotlon of . 79.
——, value of, produced durmg 19()7 58.
iomal valley, mud volcanoes of 275.
Gondwanas, Bhandara 51.
————— ,» Kashmir . 28, 286.
Gonotelma shahbazi Pilgrim 152.
iraphite, production of . 72.
~-——-—, value of, produceo durmg 1907 . 59.
G mptohws in Shan States . 51, 52, 239.
Groat Eastern Mining Company 247. .
(iriesbach, C. L. . 24,
—_ , obituary notice of 9.
(lujru (Bugti hills) 144, 165.
Guryul Ravine sections, Vﬂu dxstnot K&shmu' 299.
(iwalior, geological survey of . 4.
Gwegyo Hills, southern pa.rt of . 225.
Gypsum . . 186, 281, 285.
Hallowes, K. A. K. . 5, 29.
Hamirpur, gypsum in 281,
Harsunth . 283.
Hassei Deng, tin-ore at 40.
Hausmannite . 202, 203,
Hayden, H. H . 3,2;1, 11, 12, 28,

- note on thermal spnngs in t,he Ra]maha.l Hills
Healy, Miss M. .
Hemimeryz speciosus Pﬂgnm
Hemipueustes bede . .
H or, C. H. .
Heron, A. M.
l-ueppuion f.unl of the mwahks
Holland, 8ir T. H. .
————, Gemanl Report for 1907 .
, Mineral production during 1907

23.

151.

22.

235.

6, 43-47.
164.

11, 12, 220.
1

5.




INDEX.

3.

Suvssmer.

Holland, Sir T. H: on striated boulders from the Blaini for- -
N T

mation . . .
Hollandite . .
Huddleston, Commander W. . .
Hughes, T. W. H., obituary notice of .
Hunza, glaciers of . . .
Hura coal-field, sand in
Hwoka, jadeite . .o
Hyoboops palaeindicua Lyd.

[ ]
Iliasi (Bugti hills)
Indore, geological survoy of
Indus alluvium . .
Intertrappeans, Cretaceous ago of
Iron-ore . . . . .
-, production of . . .
-, value of, produced during 1907 .
Islands, formation of, due to mud voloanoos

Jadeite, Burmese . .

——— produoction and exports of .
-» value of, produced during 1907

Jhabua, geological survey of .

Jhalawan, fossils from

Jones, H. C. . .

Judd, Prof. J. W.

Juddite . .

Kacharwahi, blanfordite and juddite at
Kahan (Marri hills) . . . .
Kalakhu (Marri hills) upper siwaliks at
Kaolin . .

» effect of, in glass-making sand
Karanthuri, tin-ore at .
Karharbari flora in Kashmir .
Kashmir, Golabgarh Pass sections
» Gondwanas in . . . .
» Gondwanas and Carbon-Trias of .
» Lidar valley sections . .
» valley, Vihi distriot, sections in
Kellerschon, J. ", . .
Khajuri (Bugti hills)

Kharsawan . .

Khunmu sections, Vihj dist:riot, Kulumr

. .

.

. 5.

- 272
1),
221,

T

18
102,

o 142, 140,

T

. 185,

T

48, 50, 183,

| 89,
277.

16.
76.

[ o9,

44, 47.
22.

6.
212.

199, 211, 212.

211, 212.
145, 165,
165.
193, 196,
105.

40.

203,
201,

28,

86.
3190,
207.

41.

143, 144.
29

208,

INDEX.

vii

SveszroT.

Kisharik (Bugti hills)
Klippen . . .
Klong Glama, tin-ore at
Klong Nam Sai, tin-ore at .
Kodomdiha . . .
Kre . .
Kujeea river, sand of
Kumbhi (Bugti hills)
Kumsi, manganese-ore at .
Kushalgarh . .

Lameota serios .
Landup

Laterite | .
=———, aluminous |
LaTouche, T. D.

TTTTTTTT ===y on gypsum deposits in the Hamirpur Dis-
trict, U. P. . .

= o o= ——, 0n the silver-lead mines of Bawdwin .
Laukisra . . . .

Lidar vulloy, Kashmir, seotions in

Limestone in Rajpipla

—==—-=—, production of .

Listriodon sp. .

Lioyd, Captain R. E.

Loi Ling . . .

Lydokker, R.

Maclaren, J. M. .

Macrothersum naricum Pilgrim . .

Madras, mineral concessions granted in

Magnosite, production of . . .

-«———, value of, produced during 1907
Magnetic manganese mineral . .
Malachite . . . . . .
Maliwun, tin-ore at . . . .

Malla Johar, exotic blocks of

Malwa plateau, alluvium of

——-, trap . . . . . . .
Mangal Hat, sand of . . . . .
Manganates, new group of .
Manganese-bearing minerals

————-0r¢ ., . . . .
» production of . . . .

Page.

144,

24,

40.

40.

29, 30.

39.

192.

142, 143, 144, 145.
32.

163.

44, 45,
30

197.

213.

4,7,11, 12, 31, 37,
51, 54, 145.

281.
235.
30.
319.
185.
88.

163,

273.

53, 55.

139, 150, 162.

235, 249.

156.

115.

71.

59.

200.

241, 249, 256.
40.

24,

47.
172,
192,
16.
199.
31, 47,
71.




viii INDRX.

Sussmor.

Manganese-ore, value of, produced dunng 1907

Manoron, tin-ore at .

Marble

roduction ol

Marri h I, fosails from .

————-, Tertiary and Post- 'l“ertiary fresh-water dopomn

of the .

Matigara . . . . . . . . .

MedHoott, H. B . . . . . . .

Meekooceras beds in Knhmnr . . . . .

Mekran, mud volcanoea of . .

Mergui series . . . . . . .

, tin-oreof . . . . . .

Meteorite, Chainpur . . . .

---, Vishnupur . . .

Mianwali, alum production of

Mica in Central India

, production of . . . . .

——, value of, produoed during 1907 . . . .

Middlemiss, C. 8, .

B e——.' 1 Gondwmu And mlated mrlne ndi
mentaries of Kashmir . .

Minbu
Mineral concessions, statemont of gmntn of .

Mineral produotlon, 1807 .

Mines, manganese, in Central Provmcos

Mining Association, Central Provinces

leases, grantsof .

. Mollusoa of the Nari (nhgoeeno) series of the Buuu lnlln
" Moulmein series .

Mud volcanoes

» Beismic dut.urbanoes oonnoouad with

Muktinath, fossils from . . .
Muschelkalk in Kashmir . . . . . . .
Mysore, manganese-ore in . . . . . .
Nagar, glaciersof . . . .
Nagpur distriot, luunm&nmte m . . . .
--———————, juddite in . . . . .

» Manganese mines in . .
——+———, tungstenin .

Nam Tu v of
Namyau mb@ . .

B8,
40.
184.
88.
22,

141, 160.
29, 30,
129,
33,
276.

39.

33, 41.
11.

1.

86.

48,

79.

58,

3, 4,24,

288,

3.

90, 121,
b7,

as.

=R

122,

140, 142, 148, 166,

39,
264.
278,
138,
304.
31.

221.

202, 208,
211.

3.

4],

£00,

5]. 62. 239.
31

8l.

83, 55.

1x

INDEX.
SuBJEOT. Page.
» 8
~
Nandup . 30.
Namumk, rubies of . 18.
heds . . | 23, 55.
Nui riée of Baluchistan .| 14L
of the Bugti and Marri oount . | 141,
———-—— (Lower or marine) of the Bugti hills .| 143,
(Upper) . . . | 147, 158.
~ of Sind . | 146, 147,
Narke, G. G. . .| 41,
Naungkangyi beds 52, 239.
Nepal, Jurassic and Triassic fossils from 136.
Ngashandaung, see Payagyigon.
Northem Shan States . 37, 51, 235.
North-West Frontier Province, mmeral concesslons gra.nted in | 120.
Ochre . 184.
Oldham, R. D, 129.
Oldham, Dr. T. . 276.
Oligocene vortebrates from the Bugm hllls 147,
Omphalocyclus, dimorphism of 2L
Ore deposits, origin of Bawdwin. | 251.
QOastrea multicastata . . . . 20.
Pab sandstones . . 22.
Page, J. J. A, . 5, 38, 40.
Pakti (Bugti hills) . 143, 144.
Palm@ocherus affinis Pilgrim 1565.
Palaocherus sindiensis Lyd. 163.
Palana, nummulitics of 19.
Panghsapye, gmptohtes at 51, 53.
Pascoe, E. H 5, 7, 11, 34, 35,
130, 274
Pathanian . . . . . . . . .l
Pavlow, Marie . . . . . - 1162
Payagyigon- Ngmh&ndnung oil- ﬁeld 225.
Peetolai, tin-ore at . . . . 40.
Pereira, A. 8. . . 328.
Pormo-Carboniferous of Kashmn‘ 286.
Peorsia, Cretaceous of 22.
Potroleum 34.
-, imports and expons of . 81.
, mud volcanoes due to . . . . « | 276.
, production of . . 79.
— e, valuo of, produced durmg 1907 . 58S.
Pilgrim, G. E. . . . . 4, 8, 12.




1 INDEX.
. .
Susskcr. Page. -°
Pilgrim, G. E., on the Tertiary fresh-water depodtu of Balu-
chistan and Sind . 139,
Pipal Kotha, manganese-ore at . 47. s '
Piplade, iron-ore of . 48.
Pir Pahar, sand of . . 192,
Pir Panjal Range, Golabga.rh Puu so(-tmns . 291,
Pishi (Bugti hills) . . . 144,
Pishini (Bugti hills) . 160,
Pitlawad . . 44, 48,
Plateau limestone . 53.
Pleistocene, Baluchistan 165,
—————, Shan States ' 85.
, Post. Tertmry deposits, Bugu and Marri hills 165.
Pottery clay . 185.
Prodremotherium sp. 186,
Progiraffa exiguus Pllgnm 155.
g 8p. . , 163,
Prospecting licenses, gnnts of . . ; 122,
Protoretepora beds in Kashmir . . | 294, 898, 300, 310,
313, 314, 317, 318,
323,
Paeudofucoids, Cretaceous 23.
Peilomelane . 16.
Pterodon bugtiensia Pllgnm 157.
Pterodonsp, . 158.
Punjab, mineral concessions gmntod in 120,
« Purple band ** . 52
Pyrite . . 286.
Quetta, Siwalik series near 18],
Rajdoha copper
Rajmahal Hills, sand of ?gl
Rajpipla, geology of . 161,
Rajputana, salt of 38,
Ramri, muq volcanoes of . 264
Ranikot, mollusca of 9
g:o’ M. Vma k 6 '|3
o Setbu Iéom : 6, 43, 44, 48, 50,
wper . 25, 26, 136
Regadih . . 30' v
Research Strait, mud voloanoin . . . 268
Rhaotic . . X . ' * 3.
Riyolite, B‘:;gwm . Lo 83, 54, 240
ipple markings, upper . o
Rubies, Naniazeik PP Neri * :;2
Ruby, Sapphire and Spinel, production of 82.

INDEX.

x1

SUBJIECT. Page.
Ruby, value of, produced during 1907 59.
Rutlam, geological survey of . 44, 47.
. Saligram 137.
Salt o . 36.
—-, production of . 83.
—m-, value of, produced d\u'mg 1907 . 568.
Saltpetre, production of 84,
———, value of, produced. d\mng 1007 58.
Salween, gold on the . 31
Sambhar lake . 36.
Sanar, iron-ore of 48.
Sand for glass manufacture 191.
Sandur, manganese-ore at . 31, 32.
Sapphire, see Ruby.
Sarsuti valley, artesian water in . 43}
Sehwan (Lower Sind), Lower Siwaliks of 161.
, Upper Nariof . 146.
Selenite . . . . . 281.
Sendrani, iron-ores of 50.
Seward, Prof. A. C. 12, 28.
Shan States, gold in . 31.
——— ., thwticof . 23.
Shell beds, Upper Nari, in B&luohlstan 142,
Sherani hills, Lower Nari of the . 145.
Sibi . 165.
.8idpur, thermal sprmg at . 328.
Slhlf (Bugti hills) 143, 145, 165.
Silt in Indus water 11
Silver-lead mines of Bawdwm 37, 235.
Simla, striated boulders at 120.
Simlong, sandstone-laterite at . 197.
Sind, Tertisry and Post-Tertiary depomt.s of 139.
Singhbhum, copper in . . 29.
Singsila (Bugti h.llls) 145.
Singu 36.
Bitapar, mmerals at . 207-211.
Sitaparite . 199, 207-211.
Siwdikl. Lower 144, 145’ 146, 159,
160, 161, 162.
————, Lower, age of the 163.
————, Middle . . 161, 165.
» Upper 165.
Slag, nlvar lead, of Bswdwm 257.
Slate, production of . . . . 88.




Xil INDEX.

INDEX.

xiit

SusJEoOT.

Page.

Spinel, see Ruby.

Spiti, Cambrian fossils of .
Springs, thermal, in Rajmahal Hllls
Steatite, production of

Stuart, M.

Rajmahal sands
, on alunogen crystals on a meteonte
Students, training of
Sturmer, Miss, meteorite preﬂenbed by
Suraikela
Sus hysudricus F. & ( \. var.

Talchir flora in Kashmir

Tamkhan, Copper ore at

Tatkan

Taungtha

Tawmaw, jadeite of

Tawngpeng .

Telmatodon bu,;henaza Pllgnm
Tenasserim Valley, tin-ore in

Tendau group .

Tertiary fresh-water deposns of Bnluchlstan and Smd
—-——-= sediments, relation of jadeite deposits to
———- system, Rajpipla
~————————, Shan States

Tethys .
Tetmbelodon crepuacuh Pllgnm .
Thabalik, tin-ore at .

Thermal springs

Tin-ore

y productlon of

, value of, produced durmg 1907
Tipper, G. H. . .

Tipperah, mud voleano in .
Tourmaline, production of

Trias of Kashmir

Trilobites, Cambrian .

—, in Shan States .
Trouessart, E. . .

Tumdia, manganese-ore at.

Tungsten

Unguan Island, mud volcano near
United Provinces, gypsum in

, ON the su)ta.bxht.y, for glass m&nuf&ctl;re, of the

26.
328,
89.
8, 17.

181.
224,

1L

20.
163.

59.

265.

89.

302, 311, 316.

26.
63.

.| a1

162.
47.

2175.

281.

5,17, 8,18, 145..

SUBJECT.

Page.

United Provmoeq mineral ooncessnons granted in
Uru R., jadeite in . . . . .

Vertebrates from the Bugti hills
Vibi district, Kashmir, sections in
Vindhyan system . . .

Vishnupur meteorite
Vizagapatam district, vrede'\burglte in
Voloanoes, mad . . .

Vredenburg, E. . . .

_ Vredenburgite . . . . . .

Walker, G. T. . . . . . . . .
—_T e T- L- . . . .

Wator . . .

Wetchok . .

Wilson, J. R. R. .

Wolfram

Wood, fossil, mBaluchmtu.n

Yaungwa, tin-ore at ‘ .
Yenan jyat .
Yenaagyaung .

Yengan, tin-ore at

Zen range, Baluchistan . . . . .
Zewan beds in Kashmir . . . . .
Zinc blende .

121
18.

143, 144, 147.

297.

48, 50.

1L

200.

264,

4,7, 11, 12, 18-23,
42, 48, 144, 161,
207.

199, 200, 207.

11,13.

5 17, 11, 13, 31,
43-47.

12,

42,

35.

59.

39, 41.

142.

40.
35.
34, 36.
40.

143.
208,
241, 249, 255




