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Pt. 1, 1856 (out of print) : Coal and Iron of Talchir.—Talchir Coal-field.—
Gold-yielding deposits of Upper Assam.—Gold from Shué-gween. Pt. 2,
1858 (out of print) : Geological structure of a portion of Khasi Hills.—
Geological structure of Nilﬁiri Hills (Madras). Pt. 3, 1859 (out of print) :
Geological structure and physical features of districts of Bankura, Mid-
napore, and Orissa.—Laterite of Orissa.—Fossil fish-teeth of genus
Ceratodus, from Maledi, south of Nagpur.

Pt. 1, 1860 (out of print) : Vindhyan rocks, and their associates in Bundel-
kand. Pt. 2, 1860 (out of print) : Geological structure of central portion
of Nerbudda District.—Tertiary and alluvial deposits of central portion
of Nerbudda Valley.-~Geological relations and probable age of systems
of rocks in Central India and Bengal.

Pt. 1, 1863 (out of print): Raniganj Coal-field.—Additional remarks cn
systems of rocks in Central India and Bengal.-—Indian Mineral Statis-
tics, I. Coal. Pt. 2, 1864 (out of print): Sub-Himalayan Ranges
between Ganges and Ravi.

Pt. 1, 1863 (out of print): Cretaceous Rocks of Trichinopoly District,
Madras. Pt. 2, 1864 (out of print) : Districts of T'richinopoly, Salem,
ete. Pt. 3, 1865 (out of print) : Coal of Assam, etc

. P't. 1, 1855 (out of print) : Sections across N.-W. Himdfayu, from Sutlej to

Indus.—Gypsum of Spiti. Pt. 2, 1866 (out of print) : Geologf of Bom-
bay. Pt 3, 1866 (0wt of print) : Jhoria Coal-field. —Geological Observa-
tions on Western Tibet.

Pt. 1, 1867 (out of print) : Neighbourhood of Lynyan, etc., in Sind.—
Geology of portion of Cutch. Pt. 2, 1867, Rep. 1808 (price 2 Ra.) :
Bokéro Coal-field.—Ramgarh Coal-field.-—Traps of Western and Central
India. Pt. 3, 1869 (price 2 Re. 8 As.) : T'apti and Nerbudda Valleys. —
Frog-beds in Bombay.—Ozyglossus pusillus.

Pt. 1, 1869 (price 3 Rs.) : Vindhyan series.—Mineral Statistics,—Coal.—
Shillong Plateau. Dt. 2, 1870 (out of print) : Karharbiri Coal-field.—
Deoghar Coal-field. Pt. 3, 1871 (out of print) : Aden water-supply.—
Karanpura Coal-fields.

Pt. 1, 1872 (price 4 Rs.).: Kadapah and Karnul Formations in Madras
Presidency. Pt. 2, 1872 {price 1 Re.) : Itkhuri Coal-field.—Daltonganj
Coal-field.—Chope Coal-field.

Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.) :
Geology of Nagpir.—Geology of Sirban Hill.—Carboniferous Am-
monites.

. Pt. 1 (price 3 Rs.) : Geology of Madras.—8itpura Coal-basin. Pt. 2, 1874

price 2 Rs.) : Geology of Pegu.
Pt. 1, 1874 (price 2 Rs.) : Geologysof Darjiling and Western Duars. Pt. 2,
1876 (price 3 Rs.) : Salt-region of Kohit, g[‘rans-lndus. .
Pt. 1, 1877 (price 3 Rs.) : South Mahritta Country. Pt. 2, 1876 (price
2 Rs.) : Coal-fields of Néga Hills.

Pt. 1, 1877 (price 2 Rs. 8 As.): Wardha Valley Coal-field. Pt. 2, 1877
(price 2 Re. 8 As.) : Geology of Réjmah4l Hills,

1878 (price 5 Bs.) : Geology of Salt-range in Punjal

b.
. Pt. 1, 1878 (price 2 Rs. B As.) : Aurunga and Hutr Coal-fields (Palamovg.
s

?st_. 2, 1)880 (price 2 Rs. 6 As.): Ramkola and Tatapani Coal-fiel

irguja).

Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat. 15°
to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.) : Nellore Portion of
gq.rtl‘\;tcitc. Pt. 3, 1880 (price 2 Rs.): Constal Region of Goddvari

18 .

Pt. 1, 1897 (price 3 Rs.) : Geology of Western Sind. Pt. 2. 1880 (price
2 Rs.) : Trans-Indus extension of Punjab Salt-range.

Pt. 1, 1881 (price 2 Re.) : Southern Afghanistan. Pt. 2, 1881 (out of
print) : Minbhum and Singhbbum, Pt. 3, 1881 (price 2 Rs.) : Prénhita-
Godévari Valley. .
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XIX. Pt. 1, 1882 (price 2 Ra.) : Cachar Eartliquake of 1869. Pt. 2, 1882 (price
1 Re.) : Thetmal Springs of India. Pt. 3, 1883 (price 1 Re.) : Catalogua
of Indian Enrthquakes. Pt. 4, 1883 (out of print) : Geology of parts of
Manipur and Néga Hills.

XX. Pt. 1, 1883 (vut of print) : Geology of Madura and Tinnevelly. I't. 2, 1883
out of print) : Geology notes on Hills in neighbhourhood of Sind and

unjab Frontier between Quetta and Dera Ghazi Khan.

XXI. Pt 1,1884 (out of print) : Geology of Lower Narbada Vailey. Pt, 2, 1884
(out of print) : Geology of Kathiawar. Pt. 3, 1885 (out of print) : Coal-
field o{ South Rewah Pt. 4, 1885 (out of print) : Barren Island.

XXII. 1883 (price 6 Rs.) : Geology of Kashmir, Chamba, and Khagan.
XXIII. 1891 (frice & Ru.) : Geology of Central Himalayas. .
XXIV. Pt. 1, 1887 (out of print) : Southorn Coal-fields of Satpura Gondwdna basin.
2, 1 (out of print) : Geology of Sub-Himalaya of Garhwal and
Kamuun, Pt 3, 1 (out of prant) : Geology of South Malabur, be-
tween Beypore and Ponndni Rivers.

XXV. 1896 éouz of print) : Geology of Bellary District, Madras Presidency.

XXVI. 1896 (out of print) : Geology of Hazara.

XXVIT. Pt. 1, 1835 (out of print) : Marine Fossil from Miocene of Upper
Burma.  Pt. 2, 1897 (out of print) : Petroleum in Burma and its tochni-
cal exploitavion.

XXVIIL. Pt. 1, 1 (price 2 Rs.) : Geological Structure of Chitichun region.—
Allahbund in north-west of Ram of Kuchh.-~Geology of parts of Myin-
gyan, Magweé and Pakokku Districts, Burma.~-Geology of Mikir Hills
im Assam.—{cology of 'Tirah and Bazir valley. Pt. 2, 1900 (out of

rint) : Charnockite Series, group of Archzan Hypersthenic Rocks in
eninsular India.

XXIX. 1900 (price 5 Rs.) : Earthquake of 12th June 1897.

XXX. Pt. 1, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of 12th June
1897. Pt. 2, 1900 (price 1 Re.) : Geology of neighbourhood of Salem,
Madras Presidency. Pt. 3, 1901 (price 1 Re.) : Sivamalai Series of
Elwolite-Syenites and Corundum Syenites. Pt. 4, 1801 (price 1 Re.):
Geological Congress of Paris.

XXXI. Pt. 1, 1901 (price 2 Rs.) : Geology of Son Valley in Rewah State and of
Parta of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.) : Baluchis-
tan Desert and part of Eastern Persia, Pt. 3, 1901 (price 1 Re.)3
Peridotites, Serpentines, etc., from Tadakh.

XXXIL Pt. 1, 1901 (price 1 Re.) : Rocent Artesian Experiments in India. Pt. 2,

(price 2 Rs.) : Rampur Coalficld. Pt. 3, 1902 (price 3 Rs.)$
“ Exotic Blocks " of Malla Johar in Bhot Mahals of Kumaon. Pt. 4,
1904 (g(r)ice 3 Rs.) : Jammu Coal-fields.

XXXITIL. Pt. 1, 1901 (price 8 Rs.) : Kol.ar Gold-field. Pt. 2, 1901 (price 2 Re.) s
Art. 1: Gold-fields of Waindd. Art. 2: Auriferous Quartzites of
Parhadiah, Chota Nagpur. Ayt. 3: Auriferous localities in North
Coimbatore. Pt. 3, 1802 (price 1 Re.) : Geology of Kaluhandi State,
Central Provinces.

XXXIV. Pt. 1, 1801 (price 1 Re.) ; Peculiar form of altered Peridotite in Mysore
State. Pt. 2, 1902 (price 3 Rs.) : Mica deposits of India. Pt. 3, 1903
spn‘u 1 Re.) : Bandhills of Clifton near Karachi. Pt. 4, 1908 (price
4 I;I) : Geology of Persian Gulf and adjoining portions of Persia and

rabia.

XXXV. Pt. 1, 1902 (price 2 Rs.) : Gcologé of Western Rajputana. Pt. 2, 1003
{?ri e 1 Re.): Aftershocks of Great Earthquake of 12th June 1897.

t. 3, 1804 (price 1 Re.) : Seismic phenomena in British India and their
connection with ity Geology. Pt. (in the Press): Geology of Andaman

XXXVI Ptm:mii&w(i o TR G Tony of piti. Pb. 3

. Pt 1, price .) : Geology of Spiti. Pt. 2, 1907 (price 3 Rs.) :
Goology of Provinces of Tsang and Uin Centra] Tibet. (o )

XXXVII, Manganese-Ore Deposits of India. Pb. 1 (price 3 Rs.) : Introduction and
Mineralogy. Pt. 2 (price 3 Rs.) : Geology. Pt. 3 (price 3 Rs.) : Economica
and Mining, Pt. 4 (price & Rs.): Description of Deposits (in the

Preass).
Vot. XXXVIIL (In the Press) : Kangra Farthquake of 4th April 1905,



PALZONTOLOGIA INDICA.

(Ser. I, LI, V, VI, VIIL)—CRETACEOUS FAUNA OF SOUTHERN INDIA, by
¥. BI'OLICZKA, except Voi. 1, Pt. 1, by H. F. BLANFORD.

SEr. 1& [I1I.—~Vor. I. The Cephalopoda (1861-65), pp. 216, pls. 94 (6 double).
V.—Vor. 1l. The Gastropoda (1867-68), pp. xiii, 500, pls. 28.
V1.—Vor. 11]1. The Pelec{poda (1870-71), pp. xxii, 637, pls. 80.
VIIl.—Vor. IV. The Branchiopoda, Cilio}m a, Echinodermata, Corals, ete. (1872-
73), pp. v, 202, pls. 24,

(Ser. II, XI, XIL)--THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by
0. FEISTMANTEL, except Vor. I, Pt. 1, by T. OLDHAM and J. MORRIS,

Vou. I, pp. xviii, 233, pls. 72. 1863.79. Pt. 1; R4jmahil Group, Rijmahdl Hills, Pt. 2;
The same (continued). Pt. 3; Plants from Golapili. Pt. 4; Outliers on
the Madras Coast.

Vor. II, pp. xK, 115, pls. 26. 1876-78. Pt. 1; Jurassic Flora of Kach. Pt. 2; Flora of
the &balrut Group.

You I, pp. xi, 644149, pls. 80 (9 (rouble) (I—XXXI+IA—XLVIIA). 1879-81. Pt.1;
The Flora of the Talchir-Karharbari beds. Pt. 2; The Flora of the
Damuda and Panchet Divisions. Pt. 3; 7'he same (concluded).

Yor. IV, pp. xxvi, 26466, pls. 35 (2 double) (I--XX 4 JA—XLVA). Pt. 2 (1836);
Fossil Flora of the South Rewah Gondwana basin. Pt. 2 (1886),
Fossil Flora of some of the coal-ficlds in Western Bengal.

(Ser. IX.)—JURASSIC FAUNA OF KACH.

Vor. I (1873.76). The Cephalopoda, li¥ W. WaageN, pp. i, 244, pls. 60 (6 double).

Vor. II, pt. 1 (1893). The Echinoidea vf Kach, by J. W. Greconry, l)? 12, pls. 2.

Vou. II, pt. 2 {1900). The Corals, by J. W. Greaory, pp. 196, I—-1X, pls. 26.

Vor. III, pt. 1 (1900). The Brachiopoda, by ¥. L. Krrcmn, pp. 87, pls. 15.

Vo III, pt. 2 (1003). Lamellibranchiata : Genus Trigonia, by F. L. Krrcuin, pp. 122,
pls. 10 (out of print).

(Ser. 1V.)—INDIAN PRE-TERTIARY VERTEBRATA.

Vor. I, pp. vi, 137, pls. 26. 1865-85 Pt. 1 (1865); The Vertebrate Fossils from the
Panchet rocks, by T. H. Huxrey. Pt. 2 (1878); The Vertebrate Fosails
of the Kota-Maleri Group, by S1r P. pE M. Grey Eagrton, L. C. MLy,
and W. T. Braxrorp. Pt. 3 (1870); Reptilia and Batrachia, by R.
Lyperxer. Pt. 4 (1885); The Labyrinthodont from the Bijori group,
bf' R. LypEkker (out of print). Pt. 5 (1885); The Reptilia and Am-
phibia of the Maleri and Denwa groups, by R. LYDEKKER (ouf of print).

{8Er. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by
R. LYDEKKER, ezcept Vor. I, Pr. 1, by R. B. FOOTE.

Vor. 1, pp. xxx, 300, pls. 50. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt 2; Molar
teeth and otter remains of Mammalia. Pt. 3; Crania of Ruminants.
Pt. 4; Sua)glement. to Pt, 3. Pt. 5; Biwalik and Narbada Proboscidia.
Vor. II. pp. xv, 363, pls. 45. 1881-84. Pt. 1; Siwalik Rbinocerotide. Pt. 2: Supple-
ment to Siwalik and Narbada Proboscidia. Pt. 3; Siwalik and Nargadn
Equide. Pt. 4; Siwalik Camelopardalidee. Pt. 5; Siwalik Selenodont
Suina, etc. Pt. 6; Siwalik and Narbada Carnivora.
4



Vo II1, pp. xxiv, 264, pls. 38, 1884:86. Pt. 1; Additional Siwalik Perissodactyla and
Proboscindia. Pt. 2; Siwalik and Narbada Bunodont Suina. Pt. 3,
Rodents and new anmnnts from the Biwaliks. Pt. 4; Siwalik Birds.
Pt. 5; Mastodon Testh from Perim Island. Pt. 6; Siwalik and Nar.
bnda "Chelonia. Pt. 7; Siwalik Crocodilia, Lacertilia and Ophidia,

t. 8; Tertiary Fishes.
Vo, 1V, pt. 1 (1886) waa.hk Mammalia (Saupplement 1), pp. 18, pls, 6.
Von. 1V, Pt. 2 (1886) ')I‘he;l Fa,un(a of the Karnul caves : and addendum to pt. 1; pp, 40
» PI8

Vor. IV, pt. 3, 1887 Eocene Chenoha rom the Salt-range; pp. 7 (59—65), pls. 2 (xii-

xiii).

(Ser, VII, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN
%‘NIS)’{‘I(‘)LII, z%[AARTIN DUNCAN end W. PERCY SLADEN, except Pt. 1, by

Vou. I, pp. 1641104382491 =589, pls. 5+28+58+13 104. 187185, Pi. 1: lertiary
Crabs from Smd and Kach. Pt. 1 (new 2): Sind Fossil Corals and
Alcyonaria; by P. Martin Duncan. 1't. 3: "The Fossil Echinoidesa of
Sind : Fes 1, he Cardity beaumonti Leds; Fas. 2, The Ranikot Series
in Western Sind; #as. §, I'he Khu‘thar Series; Fas. 4, The Nari
(Oligocene) Senes, Fas 5, The Gaj (Miocene) Seues, as. 6, The
Makrin (Pliocene) Series ; bv Duncan and Sladen. Pt. 4 : The Fossil
Echinoidea of Kach and Kattywar by Duncan, Sladen and Blanford.

(Ser. XIIL.)—SALT-RANGE FOSSILS, ¢y WILLIAM WAAGEN, Pn.D.
Productus-Limestone Gioup : Vor. I, pt 1 (1879). Pisces, Cephalopoda, pp. 72, pls. 6.

2 (1880). Gastropoda. and supplement to pt.

" ? ? . )111 (73--183), pls. 10 (1 double), (vii—

» » " y 3 (1881) Pelccypodn, pp. 144 (185—328), pls. 8
(xvu—-xnv .

» ” ”» » & (1882—85). Brachiopods, pp. 442 (329—770),

&n 62 (xxv—Ixxxvi).
» B (1 Br; ozon-—Annehdm—-Lch.modmmatn,
ng (771—-834), pls. 10 (lxxxvu—-xcvx)
Ih » » » 6 (1886). C‘Blenter“ta: pp. 90 (835-924), pls. 20
xevii—exvi).
» ' . » T (1887). leenteratu Protozoa, pp. 74 (926—
), p s. 12 (cxvn——cxxvm)
Fossils from the Ceratite Formation : Vol. II, pt. 1 (1885). Piscus—Ammonoidea, pp. 32,

pls. 40.
Geolop:lml Results : Vol. IV pt. 1 (1889), pp. pls. 4 (out of print).
” » . ’ (139{), pp. B 242 ins 8 (out of print).

” ” ”

(Ser. XV,)-HIMALAYAN FOSSILS.

Upper-triassic and liassic faunm o! the oxohc blocks of Malla Johar in the B
Kumaon : Vol. I, pt. (1908), by Dr. C. Diener, fp 100, pls. 16 (lll. lt?ou eo) ot Mahals of
Anthracolithic Fossils of Kashmir and prti Vol. 1, pt. 2 (1899), by Dr. C. Diener, pp. 96

pls, 8.
The Permocarbomferous Fauna of Chitichun No. I : Vol. I, pt. 3 (1897), by Dr. C. Diener
pp. 105, pls, 13, ’

The Permo.m Fossil of the Products Shales of Kumaon and Garhwal ; Vol. I, pt. 4 (1897)
Dr. C. Diener, pp. 64, pls. b ’
The nnmn Fomh f the Central Himalayas : Vol. I, pt. 5 (1803), by Dr. C. Diener,

10.
The &phal’opoqa of the Lower Trias : Vol. TI, pt. 1 (1897), by Dr. C. Diener, pp. 182,

Thep(i:.pgalﬂopodn of the Muschelkalk : Vol. II, pt. 2 {1895), by Dr. C. Diener, pp- 118,



Upper Triassic Cephalopoda Faunw of the Himalays: Vol. I1f, pt. 1 (1809), by Dr. E.
von Mojsisovics, pp. 167, pla. 22. .

Trins Brachiopoda and Lamellibranchiata : Vol. IIT, pt. 2 (1889), by Alexandor Bittner,
PD- 76, pls. 12 (2 double). U

The Fauna of the Spiti Shales : Vol. IV (1803), by Dr. V. Uhlig, ;ﬁ) 132, &l;a 18.

‘The Fauna of the Lropites-Limestone of Byans : Vol. V, Memoir No. 1 (1906), by Dr. C.
Diener, pp. 201, ﬁ]s. 17 (1 double).
The Fauna of the Himalayan Muschellkalk : Vol. V, Memoir No. 2 (1807), by Dr. C.
Diener, pp. 140, ﬁh' 17 (2 double). i
Ladinic, Carnic and Noric faune of Spili : Vol. V, Memoir No. 3 (1808), by Dr. C. Diener,
pp. 157, pls. 24 ‘3 double).

The Cambrian Kossils of Spiti : Vel. V, Memoir No. 4 (in the Press), by F. R. C. Reed.

Lower-Triassic Cephalopoda from Spiti, Malla Johar and Byans : Vol. VI, Memoir No. 1
1809, by Dvs. A. von Krafft and C. Diener, pp. 186, pls. 31.

The Fauna of the Traumatocrinus Limestone of Painkhanda : Vol. VI, Memoir No. 2
(1909), by Drs. A. von Krafft and C. Diencr, pp. 186, pls. 31.

The Fauna of the Traunmatocrinus Limestone of Painkhanda : Vol. V1, Memoir No. 2
(1909), by Dr. C. Diener, pp. 39, pls. &.

. e it

(Sen. XVI.) -BALUCHISTAN FOSSILS, 6y FRITZ NOETLING, Pu.D., F.G.8.
The Fauna of the Kellaways of Mazir Drik Vol I, pt. 1 (1895), pp. 22, pls. 13,
The ¥auna of the {Neocomian) Belemnite Beds : Vol. I, pt. 2 (1897), pp. 6, pls. 2.
The Fauna of the U[»apcr Cretaccous (Maestrichtien) Beds of tue Mar Hills : Vol. I, pt. 3
(1897), pp. 79, pls. 23.

(NEW SERIES.)

The Camigria{x 1]S‘a.nmr, of the Eastern Salt-range : Vol. T, Memoir 1 (1899), K. Redlich,
pp- 14, pl. L.

Notes ogs t.hel M:rphology of the Pelecypoda : Vol. I, Memoir 2 (1809), Fritz Noetling,
pp- 58, pls. 4.

Fauna of the Miocene Beds of Bnrma : Vol. I, Memoir 3 (1901), ¥ritz Noctling, pp. 378,
pls. 25 (out of print).

Observations sur quelques Plantes Fossiles des Lower Gondwanas: Vol. II, Memoir 1
(1902), R. Zeiller, pp. 39, pls. 7.

Permo-Carboniferous  (Lower (ondwana) Plants and Vertebrates from Kashmir: (1)
Plants, by A. C. Seward; (2) Fishes and Labyrinthodonts, by A. Smith Woodward :
Vol. 11, Memoir No. 2 (1905), pp. 13, pls. 3.

The Lowor Palicozoic Fossils of the Northern Shan States, Upper Burma : Vol. 1I, Memoir
No. 3 (1806), by F. R. C. Reed, pp. 154, pls. 8.

The Fauna of the Nuppng Beds or the Rhwetic Beds of Upper Burma : Vol. IT, Memoir
No. 4 (1908), by Miss M. Healey, pp. 88, pls. 9.

The Devonian Faunas of the Northern Shan States : Vol. 11, Mcmoir No. 5 (1908), by
F. R. C. Reed, pp. 183, pls. 20.

The Mollnsca of the Ranikot Series : Vol. I1I, Memoir No. 1 (in the Press), by M.

o Cossr{mngx and G. ?isna.rrlo. Beds b D o 1P

n some Fish-remains from the Beds at Dongargaon, Central Provinces : Vol. 111, Memoir
No. 3 (1908), by A. Smith Woodward, pp, 6. pl. 1.

The price fixod for these publications is four annas (4 pence) per single plate, with a
minimum charge of Re. 1.



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

Vor. I, 1868.

Part 1 (out of print).—Annual report for 1867. Coal.seams of Tawa valley. Coal in
QGarrow Hills. Copper in Bundelkhand. Meteorites.

Part 2 (out of print).—Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geo-
logical notes on Surat collectorate. Cephalopodous fauna of South Indian erctaccous
deposits. Lead in Raipur district. Coal in Kastern Hemisphere. Moteoritos.

Part 8 (out of print).—Gastropodous fauna of South Indian cretuceous deposits. Notes on
route from Poona to Nagpur vid Ahmednaggur, Jalna, Loonar, Yeotmahal, Mangali
and Hingunghat. Agate-flake in pliocene (?) deposits of Upper Godavery. Boundary
of Vindhyan series in Rajpulana. Meteorites.

Vor. II, 1869.

Purt | (out of print).~-Valley of Poorna river, West Berar, Kuddapah and Kurnool
formations. Geological skelch of Shillong plateau. Cold in Singhboom, etc. Wells
at Hazareebagh. Meteorites. .

Part 2.-—Annual rveport for 1868. Pangshura tecta and other species of Chelonia from
nower Lertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal. .
PartISiu—»geology of Kuch, Western India. Ceology and physical geography of Nicobar

slands.
Part j.—Beds containing silicified wood in Eastern Prome, British Burma. Mineralogical
statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur district.

Meteorites.
Vou. 111, 1870,

Part 1.-—Annusl report for 1869. Geolo?' of neighbourhood of Madras. Alluvial deposits
of Irrawadi, contrasted with those of Ganges.

Part 2 (out of Ap'ring.—-—(}eoloiy of Gwalior and vicinity. Slates at Chiteli, Kumaon.
Lead vein near Chicholi, Raipur district. Wardha river coal-fields, Berar and Cen-
tral Provinces. Coal at Karba in Bilaspur district.

Part 8 (out of print).—Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district.
Coal eust of Chhatisgarh between Biluspur and Ranchi. Petroleum in Burma. Petro-
leum locality of Sudkal, neur Futtijung, west of Rawalpindi. Argentiferous galena
and copper in Manbhum. Assays of iron ores.

Part } (out of print).—QGeology of Mount lilla, Punjab. Copper doposits of Dalbhum
and Singbhum : 1.—Copper mines of Singbhum : 2.—Copper of Dalbbum and Bing-
bhum. Meteorites.

Vou. IV, 1871,

Part 1.—Annual report for 1870. Alleged discovery of coal near Gooty, and of indications
of coal in Cuddapah district. Mineral statistics of Kumaon division.

Puart 2.—Axial group in Western Prome. Goological structure of Southern Konkan.
Supposed occurrence of native anlimony in the Straits Settlements. Deposit in boilers
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, en south-
ern extensicns of Kamthu group to neighbourhood of Ellore and Rajamandri , and on
possible occurrence of coal in same direction,

FPart 3.—Borings for coal in Godavari valley near Dumagudem and Bhadrachalam.
Narbada conl-bacin. Geology of Central Provinces. Plant-bearing sandstones of
Godavari valley.

Part }.—Ammonite fauna of Katch. Raigur and Hengir (Gangpur} Coal-field. Sandstones
11!1 neighbourhood of first barrier on Godavari, and in country between Godavari and

Ilnre,
Vor. V, 1872,

Part 1.—Annusl report for 1871. Relations of rocks near Murree (Mari), Punjab. Mineral-
ogical notes on gneiss of South Mirzapur and adjoining country. Sandstones in
ﬁﬁxghbourhood of first barrier on Clodavari, and in country between Godavari and

ore.

Part 8.—Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, and
some of Gulf Yslands. Parts of Kummummet and Hanamconda districts in Nizam's

ltJeon}g:;onu Geology of Orisea. New ccul-field in south-eastern Hyderabad (Decoan)
rritory. :



Part 3.—Maskat and Massandim on cast coast of Arabia. Example of local jointing.
Axiai group of Western Prome. (eology of Bombay Presidency. X

Part 4.—Coal in northeru region of Satpura basin. Evidence afforded by ruised oyster
banks on coasts of India, in cstimaling amount of elevation indicated thereby.-
Possible ficld of cosl measurcs in Godavari district, Madras Prseidency, Lamcta o
intra-trappean formation of Central India. Petroleum localitics in Pegu. Supposed
eozoonal ll:mestone of Yellam Bile.

Vor. VI, 1873.

Dlart 1.—Annual report for 1872. Geology of North-West Provinces.

Part 2.—Bisiampur coal-field. Mincralogical notes on gneiss of South Mirzapur and ad-
joiniu% country. )

Part 8.—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of
deposits, and on associated shells. Barakars (cou.LmensuresB in Beddadanole fieli,
(_‘}m})avari district. CGeology of parts of Upper Punjab. Coal in India. Salt-eprings
of Pegu.

Part 4.—ﬁ'on deposits of Chanda (Central Provincer). Barren Islands and Nuirkondam.
Metalliferous rerources of British Burma.

Vou. VI1, 1874,

Part I (out of print?.—-Annual report for 1877  Hill ranges between Indus valley in Ladak
and Shah.i-Dula on frontier of Yarkand tervitory. Iron ores of Kumaon. Raw
matcerials for iron-smelting in Raniganj ficld. Flastic sandstone, or so-called Itaco-
lumyte. Geological notes on part of Northern Hazaribagh.

Part 2 (out of print).—Ueological notes on route tiaversed by Yarkand Ewmharsy fron
Shah-i-Dula to Yarkand and Kashgar. Jade in Karakas vulley, Turkistan. Notes
from Eastern Himalayn. Petroleum in Assam. Coal in Gao Hills. Copper in
Narbada valley. Potash-salt from East India. Geology of neighbhomhood of Mari
hill station in Punjab.

Part 3.—Geological observations made on a visit to Chaderkul, Thian Shan range.
Former extension of glaciers within Kangra district. Building and ornamental stones
of India. Materials for iron manufacture in Raniganj coal-field. Manganese-ore in
Wardha coal-field.

Part } (out of print).—Auriferous rocks of Dhambal hills, Dharwar district. Antiquity
of human race in India. Coal recently discovered in the country of Luni Pathans,
south-east corner of Afghanistan. Progress of geological investigution in Godavari
district, Madras Presidoncy. Subsidiary materials for artificial fuel.

Vor. VIII, 1875.

Part 1.—Annual report for 1874. The Altum-Artush considered from geological point of
view. Evidences of ‘ grovod-ice’ in tropical India, during Talchir period. Trials of
Raniganj fire-bricks.

Part 2 (out of iﬂ'nt).——(}old-ﬁelds or south-east Wynaad, Madras Presidency. Geological
notes on Kharcean hills in Upper Punjab. Water-bearing strata of Surat district.
Geology of Scindia’s territories.

Part 8 (out of print).—Shahpur coal-field, with notice of coal explorations in Narbada
region. Coal recently found near Motloug, Khasia Hills,

Dart } (out of print).—Geology of Nepal. igarh and Hingir coal-fields.

Vor. IX, 1876.

Part 1 (out of print).—Annual report for 1875. Geology ot Sind.

Part 2.—Retirement of Dr. Oldham. Age of some fossil floras in India. Cranium of
Stegodon Ganesn. with notes on sub-genus and allied forms. Sub-Himolayan serics in
Jamu (Jammoo) Hills.

DPart 8.—Fossil floras in India. Geological age of certain groups comprised in Gondwana
series of India, and on evidence they afford of distinct zoological and botanical terres.
trial regions in ancient epochs. Relations of fossiliferous strata at Maleri and Kota,
near Sironcha, C. P. Fossil mammalian fauns of India and Burma.

Part }.—Fosgil floras in India. Osteology of Merycopotamus dissimilis. Addenda and
Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Pir
Panjal and neighbouring districts.

Vor. X, 18717

Part 1.—Annual report for 1876. Geological notes on Great Indian Desert botween Sind
and Rajputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 75 miles
north of Lhassa. KEstheria in Gondwana formation. Vertebrata from Indian tertiary
and socondary rocks. New Emydine from the upper tertiaries of Northern Punjab.
Observations on under-ground tomperature.
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Parr 1.] General Report for 1908. 3

INTRODUCTION.

fl‘HTS summary of results obtained by the officers of the Depart-

ment during 1908 is designedly brief regarding most of the
subjects, as they have been dealt with in separate papers published in
the Records and Memoirs. Where, however, the work done cannot
be closed and described for some years, as in the case of the
great stretch of previously unsurveyed land in Central India and
Rajputana, [uller details are given.

2. The briefl summary of progress in mineral development pub-
lished with this Report will be superseded shortly by the Quin-
quennial Review for the period 1904-08 now nearly ready for pub-
lication. The total value of minerals for which trustworthy returns
could be obtained in 1908 show again an advance on previous years,
while the licenses and leases granted for prospecting and mining in
Government lands greatly exceeded all previous records.

B2
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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 leave on the 4th Teb-
vaary 1908. At headquarters in
charge of office and officiating Direc-
tor up to the 13th October 1908.
Proceeded to the field on the 14th
October 1908 to examire certain
irrigation weir sites in the United
Provinces and (entral India and to
report on the gypsum deposits of
Hamirpur, United Provinces, and
the coal deposits in the Shahpur
District, Tunjab.

Mr. (' 8, MippLEmice.  At" headquarters in charge of office
up to the 4th February 1908.
Placed in charge of the (entral
India party for extension of the
geological map over previously un-
surveyed areas in Central Tndia and
the neighbouring States of Raj-
putena and left for the, ficld on
the 21st February 1908. Returned
to headquarters on the 26th April
1908.  Deputed on the 23rd June
1908 to Kashmir to survey the
plant-bearing beds undeflying  the
Zewap stage ol Kashmir. Returned
from Kashmir on the 11th October
1908 and srsumed charge of the
office at headquarters.

Mr. H. 1I, HavDEN. Services at the disposal of the Foreign
Department up to the 31st March 1908
Granted 3 months’ privilege leave
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Mr. I’. N. Darra.

Mg. E. VREDENBURG.
Mer. L. L. FerMOR.

Mr. G. E. Pr.erim.

Mr. G. H. TipPER.

General Report for 1908. 5

and in continuation furlough for
5 months with cffect from the 7th
May 1908. On deputation in con-
vection with the Mining KExhibi-
tion (1908) from July 7th to August
6th. Returned from leave on the
21st  December 1908,

Assistant Superintendents.

Returned [rom the (lentral Provinces

on the 18th April 1908.  Deputed
on the 17th November 1908 to
Thaton District, Burmea, for tho
mapping of previously unsurveyed
areas in Lower Burma, with speciel
attention to the occurrences of rock
probably suitable for use as road-
metal.

At headquarters as  Palcontologist.
Returned  to  headquarters  from  the

field on the 18th April 1908.
CGranted 3 months’ privilege leave
with effect from the 3rd July 1908.
Returned from leave on the 12th
October 1908, and deputed on the
7th November 1908 to the Central
Provinces and Berar Industrial Ex-
hibition and to inspect the man-
ganese mines in the Central Dro-

vinces.

Returned from Baluchistan on  the

10th April 1908. Deputed to sur-
vey the ossiferous deposits in Kohat.
Salt Range and the Siwaliks and
left for tho field on the 29th Sep-
tember 1908.

Returned from leave on the 13th

July 1908. Appointed Curator on
the 1st November 1908.
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Mzr. H. WALKER. At headquarters as Curator up to the
31st  October 1908. Deputed to
revise the geological map of the
Raniganj coalfield in conjunction
with a Committee appointed by
the Mining and Geological Tnsti-
tute of India, and left for the field
on the 9th November 1908,

Mr. E. H. Pascok, Returned from Burma on the d4th
June 1908. Reposted to Burma in
connection with the petroleum in-
dustry, including the examination
of the voleano of Popa in the
Myingyan District. Left for the
field on the 30th August 1908.

Mr. K. A. K. Havrowes. Returned to headquarters from the
Singblum  District, Bengal, on the
30th April 1908, Granted six weeks’
privilege leave with eflect from [2th
October 1908.  Returned from leave
on the 23rd November 1908. Post-
ed to Mr. Pascee’s party in Burma
with special reference to the survey
of the voleanic hille in the neigh-
bourhood of the voleano ot Popa
in the Myingyan district, and left
for the field on the 1st November
1908.

Mg. Gi. pE P. COTTER. Returned from Burma on the 14th
May 1908. Granted 3 months’ pri-
vilege leave with effect from the
3rd July 1908. Returned from
leave on the 12th October 1908
and reposted to Burma in conrec-
tion with the petroleum industry.
Left for the field on the 25th
October 1908.

Mgr. J. Coca1N BROWN. Returned to headquarters ov the 11th
June 1908. Deputed to Yunnan
for Natural Mistory cxplorations,
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Mr. J. J. A. Pacer.

Mr. H. C. JoNgs.

Mg. A. M. Hxron.

Mg. M. STUART.

Mz. N. D. Daru.

Dr. W. A. K., CHRISTIE,

and left for field on the 2Tth
December  1908.

Returned to headquaters from Burma
or the Tth June 1908. Reposted
to South Burma to continue his
investigations ol the tin  deposits
and left headquarters on the 16th
October 1908.

Returned from the field on the 25th
April  1908. Reposted to (entral
India for a continuation of the pre-
vious scason’s work, and left for
the field on the 16th October 1908.

Returned from whe field on the 12th
May 1908. Reposted to the Cen-
tral India and Rajputana pacty,
and left for the field on the 1Gth
October 1908.

Deputed to investigate the ksolin
deposits and  glass-making materials
of the Rajmahal Hills, Beogal, and
left for tbe ficld on the 18th Janu-
ary 1908. Returned to headquar-
ters on the 19th May 1908. Posted
to Mr. Pascoe’s party in Burma
and left for the field on the 30th
October 1908.

Deputed to report on the pyritous
shales and alum manufacture near
Kalabagh, Mianwali district, Pun-
jab, and left for the ficld on the
28th January 1908. Returned from
the ficld on the 23rd April [908.
Posted to the Central India and
Rajputapa party and left for the
field on the 12th October 1908.

Chemist.

Deputed to Pachbadra from the 15th
April to 10th June 1908 in connec-
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tion with the investigations re-
garding the origin of the Rajputana
salt. At headquarters for the rest
of the period under report.

Sub-Assistants.

S. SeTHU Rama Rav. Returned to headquarters from the
field on the 3lst May 1908. Posted
to Mr. Puascoe’s party in Burma
and lefv for the field on the 27th
October 1908.

M. Vinavak Rao. Deputed or the 9th May 1908 to
Pachbadrs, Rajputana, in connection
with the investigatiors regarding
the origin of the Rajputana salt.
Returned to headquarters on the
st July 1908. Posted to Mr.
Pilgrim’s  party and left for the
ficld on the 1st October 1908.

Assistant Curator.

Mg.T. R. BLyTs. On duty at headquarters throughout
the period under report.



Parr 1.] General Report for 1908. 9
STUDENTS IN TRAINING.

4. The following students were under trzining during the year : —

G. G. NaARgE, M.A., holding a scholarship from the Central Pro-
vinces Administration, was under Mr. Fermor in Singbhum and the
Central Provinces {rom January to April 1908, and was thus given
cxperience of crystalline areas, with copper, chrome, iron and man-
ganese-ore deposits. He was deputed with Mr. Walker to the
Raniganj field in November to receive training on stratigraphical
problems in the coalfields.

Kiran Kumar SeN-Gurera, M.A.,, was appointed to a Research
Scholarship by the Bengal Government, and, ir addition to work
in the Laboratory and Museam, was given ficld work under Mr.
Fermor in Singbhum, with the special task later ol studying the
granophyric complex of the Akarsani hills.

S. R. GuATPANDE was appointed by the Indore Durbar in July
1908, and, after training at headquarters, was deputed for field
work under Mr. H. C. Jones in Central India.

Hira Lan Mor: Lan Span, L.C.E., deputed by the Baroda Dur-
bar in July, was trained at headquarters and alterwards undec Mr.
La'louche in the Hamirpur District.

Bvas Swankar Lawn, B.A., appointed by the Marwar Durbar in
August, was trained in the Laboratory, and afterwards under Mr.
Heron on the Arsvalli series in the Alwar State.

SHEOPRASAD GaRaava, B.A., B.Sc., appointed by the Gwalior
Durbar, and Lana Jorr I’Ersnap, B.A., appointed by Kashmir,
arrived towerds the end of the year, and were thus kept at head-
quarters for traning.

All, except one, of these students made satisfactory progress,
and have been reported on accordingly. ]

5. The senior students of the Presidency College, Calcutta, were
also permitted to work in the Museum
and Babu Hem Chsndre Das Gupta,
the Demonstrator in the Geological
classcs, was engaged in peleontological rescarch work. The Professor-
ship of Geology, cstablished in 1892, is held by one of the officers
of the Geological Survey (at present Mr. E. Vredenburg), and
although it is desirable to continue this direct connection between the
Department and the teaching of Geology, it is necessary to increase
the staff of demonstrators in order that the students, now numbering
over 60, may receive more individual attention in practical work.

Geological classes, Presi-
dency College,
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ADMINISTRATIVE CHANGES.

6. Sir T. H. Holland’s services were placed at the disposal of

the Burma Government from 1st September to 19th November 1908.

Mr. T. H. D. LaToucar, Superintendent, was appointed to

. ) officiate as Director during the absence

Appointments. on deputation of Sir T. H. Holland
with effect from the forcnoon of the Ist September 1908.

Mr. G. L[ Tipper was appointed Curator with effect from the
Ist November 1908.

7. Mr. P. N. Darra, Assistant Superintendent, was appointed

Promotion to officiate as Superintendent, with
) effcct from the Tth May 1908, wice
Mr. 0. H. ITayden on combined leave.

8. The following officers were confirmed in their appointments as
Officers of the Geological Survev De-
partment . —

Mr. K. A. K. HaLLOWEs.

Mr. J. J. A. Pace.

Mr. H. C. Jongrs.

Mr. A. M. lgron.

9. Mr. 1I. H. HavpeN was granted 3 months’ privilege leave and

in continuation furlough for 5 months,
Leave. with effect from the Tth May 1908.

Mr. L. T. Fervmor was granted 3 months’ privilege leave with
cffect from the 3rd July 1908.

Mr. G. de P. Correr was granted 3 months’ privilege leave with
effcct from the 3rd July 1908.

Mr. K. A. K. Hatowes was granted six weeks’ privilego
leave with effect from 12th October 1908

OBITUARY.

10. T have to report, with regret, the death of twd past mems-
hers of the Department, Mr. A. Tween
and Mr. W. Theobald. Mr. Tween was
appointed an Assistant in 1859, and became the first Curator of
the Museum and Laboratory ; but he was compelled to retire owing
to ill-health in 1876. Although only one paper was published by
Mr. Tween, his work as Chemist largely contributed to the value of
memoirs published by his colleagues.

Confirmation.

A. Tween.
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11. Mr. Theobald had a much longer connection with the De-
artment, for he was appointed an
W. Theobald. Izjhsasi:stasmt to the Gcologicl;rl) Surveyor
under the Bengal Government in 1849, that is, before Dr. T. Old-
ham came out {0 organise a regular service for the systematic
geological survey of the whole country. The letter appointing Mr.
Theobald on “a salary of Rs. 100 per mensem, including travelling
allowance,” was forwarded by a distinguished official still living,
Mr. W. 8. Seton-Karr.  After being transferred for work under Dr.
A. Fleming in the Salt Range, Punjab, Mr. Theobold was appointed
"Third Assistant on the Geological Survey of India under Dr. Old-
ham in 1853, and apparently employment was not regarded as a
transfer, for his bill for *“ Cos. Rs. 714" for marching 1,428 miles from
Jhelum to join his appointment was returned as * altogether in-
admissible,” and as a consequence the nature of his * employment”
in the Punjab formed a subject of difliculty to the Financial autho-
rities when Mr. Theobald applied for pension in I881.  With Theo-
bald’s death in March 1908 there passed away one more of the
rapidly dwindling body of all-round Naturalists ; his literary record
in India covers all branches of Geology as then developed ; he pub-
lished papers on the structural features of different parts of the
Punjab, Central India, Bengal and Burma; on palxolithic imple-
ments; on the petroleum, salt springs and the metalliforous re-
sources of Burma; he paid special attention to questions of glacia-
tion in the Himalayan region; published papers on fossil vertebrates
as well as both fossil and recent invertebrates ; and, although in his
retirement he followed the work of his old Department closely and
sometimes shared in the controversial questions that arose, his main
energies were latterly devoted to the study of numismatics.

PUBLICATIONS.

12. The following parts of the Records were published during the
year, containing the following papers and notes:—

Volume XXXVI, Parts 3 and 4.
Marine Fossils in the Yenangyaung Oil-field, Upper Burma, by
E. H. Pascoe, M.A., B.Sc.
On the Occurrence of Fresh-water shells of the genus Batissa in

the Yenangyaung Oil-field, Upper Burma, by E. H. Pascoe, M.A.,
B.Se.
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On a New species of Dendrophyllia from the Upper Miocene of
Burma, by E. H. Pascoe, M.A., B.Sc. and G. de P. Cotter, B.A.,
F.G.S.

The Structure and Age of the Taungtha Hills, Myingyan district,
Upper Burma, by G. de P. Cotter, B.A., F.G.S.

Note on some Fossils from the Sedimentary Rocks of Oman, by
Prof. C. Diener, Vienna.

Rubies in the Kachin Hills, Upper Burma, by Dr. A. W. G.
Bleeck, Ph.D., F.G.S.

The Cretaceous Orbitoides of India, by Ernest W. Vredenburg,
ARSM, AR.CS, FGS.

Two Calcutta Rarthquakes of 1906, by C. S. Middlemiss, B.A.,
F.G.8.

Miscellancous notes on :—Barytes occurring at Narravada, Nellore
district. Tourmaline Mines of Maingnin. Nummulites Vredenburgs
Prever. nom. mut. Ammonites of the Bagh Beds.

Pseudo-Kucoids from the Pab Sandstones at Fort Munro, and
from the Vindhyan series, by Krnest W. Vredenburg, A.R.S.M.,
AR.CS, F.GS.

Jadeite in the Kachin Hills, Upper Burma, by A. W.G. Bleeck,
PhD., F.GS. ’

The Wetchok-Yedwet Pegu outcrop, Magwe district, Upper Bur-
ma, by E. H. Pascoe, M.A., B.Sc., I.G.S.

Note on a Group of Manganates, comprising Hollandite, Psilome-
lane, and Coronadite, by I. L. Fermor, A.RS.M., B.Sc., F.G.S.

Note on an Occurrence of Wolfram in the Nagpur district,
Central Provinces, by L. L. Fermor, A.R.S.M., B.Sc., ¥.G.8.

Miscellaneous notes on :—Qccurrence of Alum in Mormugao. Oc-
currence of the genus Orbitoline in India and Persia. Geological
age of the coal at Palana in Bikanir. Indian occurrence of Osirea
multicostata, Deshayes, and other ribbed species of Ostrea. Age of
the Cuddalore series. Quarrying of corundum in the, N. W. Khasi
Hills.

Index to Volume XXXVI. |

Volume XXXVII, Parts 1 and 2.

General Report of the Geological Survey of India for the year
1907, by Sir T. H. Holland, K.C.LE., D.Sc., F.R.5.
» + The Mineral Production of India during 1907, by Sir T. H.

Holland, K.C.LE., D.Sc., F.R.S.
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On the Occurrence of striated Boulders in the Blaini formation
of Simla, with a discussion of the Geological age of the beds, by
Sir T. H. Holland, K.CLE,, D.Sc., F.R.S.

Note on Jurassic and Triassic fossile from Nepal.

The Tertiary and Post-Tertiary Fresh-water Deposits of Baluchis-
tan and Sind, with notices of new Vertebrates, by Guy E. Pilgrim,
B.Sc., F.G.8.

Notes on the Geology and Mineral Resources of the Rajpipla
State, by P. N. Bose, B.Sc., F.G.S.

Report on the Suitability of the Sands occurring in the Raj-
mahal Uills for Glass Manufacture, by Murray Stuart, B.Sc., F.G.S.

Three new Manganese-bearing Minerals :—Vredenburgite, Sita-
parite and Juddite, by L. T. Fermor, A.R.S.M., B.Sc., F.G.S.

Report on Laterites from the Central Provinces, by Prof. Wynd.
ham R. Dunstan, M.A,, L.L.D., F.R.S.

Miscellancous notes on :—Hunza and Nagar Glaciers. Estuarine
Deposit in Calcutta. Alunogen on a Meteorite.

Memoirs. . Tho f(?llowing Memoirs werc pub-
lished during the year :—-
The Geology of the Persian Gulf and the adjoining portions of
Persia and Arabia, by G. E. Pilgrim, B.Sc., F.G.S.

Upper 'Triassic and Liassic faunz of the exotic blocks of Malla
Johar in the Bhot Mahals of Kumaon, by Professor C. Diener,
Ph.D., Paleontologia Indica, Series XV, Volume I, Part 1.

Ladinic, Carnic and Noric faunax of Spiti, by Professor C.

Diener, Ph.D., Pal@ontologia Indica, Scries XV, Volume V, Me-
moir No. 3.

The Fauna of the Napeng Beds or the Rhoetic Beds 6f Upper
Burma, by Miss M. Healey, Pulwontologia Indica, New Series, Volume
TI, Memoir No. 4.

The Devonian Faunas of the Northern Shan States, by F. R. C.
Reed, M.A., F.G.S., Palwontologia Indica, New Series, Volume II,
Memoir No. 5.

On Some Fish-remains from the Beds at Dongargaon, Central
Provinces, by Dr. A. Smith Woodward, Palwontologia Indica R New
Series, Volume III, Memoir No. 3.

Sketch of the Mineral Resources of India, by T. H. Holland,
D.Sc., F.R.S.
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LIBRARY.

13. The additions to the Library during the period, Ist January
1908 to 3lst December 1908, amounted to 3,946 volumes, of which
1,511 were acquired by purchase and 2,435 by presentation.

DRAWING OFFICE.

14, An important addition to the office oquipment has been
made for the purpose of turning out our own process-block re-
productions. In spite of predictions of failure by those who knew
of the dangers of attempting this work without special expert assist-
ance, Mr. H. B. W. Garrick, the Artist of the Department, has
turned out work that would be a credit to any institution, and he
deserves great praise for this addition to a branch of work already
brought to a creditable state of efficiency through his ability and
unremitting work.

MUSEUM AND LABORATORY.

15. Mr. II. Walker was Curator of the Museum and Laboratory
Staff. up to the end of October, ‘when he
was given the work of revising the
map of the Raniganj coalfield, Mr. G. H. Tipper taking over
the duties of Curator. Mr. T. R. Blyth was Assistant Curator
throughout the year, and the reports of the Curators regarding his
work show that for earnestness and ability he has not changed : no
greater praise could be given. Babu Bankim Behari Gupta, Museum
Assistant for Palaxontology, has continued to work most creditably,
and his study of the fossil plants collected by Mr. llayden in Afghan-
istan shows that hoe is capable of doing original work of a high
order. .
16. Dr. W. A. K. Christie, Chemist, continued the investigation
of the resources of the Sambhar Lake, and worked out experiment-
ally some problems raised by the Burma Oil Reserves Committee
relative to the effect of varying pressure on the solubility of the
heavier waxes in the lighter hydrocarbons of Burmese potroleum.
He was chiefly engaged, however, in the investigation of the origin
of the salt deposits of Rajputana. After exhaustive preliminary
experiments made with the object of devising methods for testing
the validity of the theory that the salt has been introduced by
the hot-weather S. W. winds from the neighbourhood of the Ran of
Cutch, he spent the hot weather in the Rajputana desert, sampling
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the winds, rainwaters, sands, ctc., the investigation of which, to-
gether with supplemontary experiments on the efficioncy of the
methods and instruments used, occupied him for the rest of the
year. The results of this work will be published separately and
are summarised in another section of this report.

17. During the year, there was a decreass in the number of
spocimens referred to the Curator for
determination. The number examined
was 767, compared with 1,092 in 1907
and 786in 1906. Of these, assays and analyses were made of 67,
an increase of 22 on the previous year.

It is loped that the new additions to the Laboratory will soon
be completed, as in the present congested state it is very diflicult
to find accommodation for the students from Native States attached
to the Survey. The extensions now heing cequipped have been
obtained through the courtesy of Dr. N. Annandale in lending some
of the rooms belonging to the adjoining office of the Superinten-
dent of the Tndian Museum.

18. No meteoritic fall was recorded in India during the yecar,
but the collection of foreign meteoritos
has been enriched —(1) by the addition
of a piece (50 grams) of the Orgucil meteorite from the Musée
d’Histoire Naturelle, Paris, through M. Stanislas Meunier, and
(2) by a large slice of the Santa Rosa meteorite, received in ex-
change from Professor II. A. Ward.

19. The work of replacing the old labels of the rock collections
has been continued, and a handsome show case has been fitted up
for the specimens of Indian coals.

Among the more intercsting donations tho following may be

Musenm. mentioned :—

Determinative and
Chemical work.

Metceorites.

1.—A fine block of crocidolite schist by Dr. E. Trurston, C.LE.

2.—Monazite

S.—Tantalite

4.—Cut gems from Persepolis, Persia, by J. Jomannes, Esq.

B.—A fine series of rocks and minerals from the Sudbury and
Cobalt districts, Canada, by Dr. T. 1.. WALKER, Professor
of Mineralogy at the University of Toronto.

The only new mineral added to the collection is Argyrodite,
obtained by purchase.

}from Western Australia by P. C. Ricues, Esq.



16 Records of the Geological Survey of India. [Vor. XXXVIII.

EXHIBITIONS.
20. In November Mr. 'L. L. Fermor was deputed to Nagpur
in connection with the Central Pra-
vinces and Berar Exhibition, 1908, in’
charge of a collection of specimens illustrative of the mineral wealth
of the Central Provinces, and to a smaller extent of other parts of
India. The collection was accompanied by a selection of maps and
diagrams. It was also part of his duties to collaborate with the
Committee of the Mining Section of the Exhibition in the arrange-
ment of the collections sent in by various mining companies and
private individuals, and also to act as judge in awarding the medals
for collections of minerals. In addition to the medals so awarded a
special gold medal was awarded by the Committeo of the HFxhibi-
tion to the Geological Survey for their exhibit. The Mxhibition
aroused considerable interest amongst the mining community, and
several collections were sent in, manganese naturally taking an
important place; but coal, wolfram, copper, and other mineral sub-
stances were also well represented. One®of the f[eatures of this
section was an exhibit by some native gold washers, or sonjharias,
from the Balaghat district of their methods of washing alluvial gold
out of river sand. A full report, by Messrs. Fermor and Kellerschon,
on the Mining Section of the Exhibition is being published in the
Transactions of the Mining and Geological Institute of India.
21. The Department was invited to send representative collec-
) . . tions to the Franco-British Exhibition
in;r;l"l(]fl?l')]i)tgi()t:lssh ld(:::ltljt')ll:“ held at Shepherd’s Bush and the Min-
- v " ing Exhibition organised hy Mr. H. G.
Montgomery at Olympia. The notice given was, however, too
short to arrange for more than an exhibition of maps, photo-
graphs and publications. A short “Sketch of the Mimeral
Resources ot India” was also prepared for the information of
visitors to the Exhibitions. Mr. Hayden was present at the
Mining Exhibition to supplement this information’ by answering
enquirics. 'The exhibits of the Department were awarded a Grand
Prix in each of the two classes 14 (Geography) and 63 (Working of
Mines and Quarries).

Nagpur.

MINERALOGY.
22. The examination of the manganese-ore deposits of India
carried out by Mr. L. L. Fermor during
the last four years, and the subsequent
study at headquarters of the material collected has led to the

New manganese minerals.
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di'écovery of several new varieties and species of minerals charac-
terized by the presence of manganese in small or large quantities.
Three of these minerals—winchite, blanfordite, and hollandite—have
been noticed in previous reports. During the year under review
accounts of three more of these mincrals—vredenburgite, sitaparite,
and juddite---have been published in Records, Vol. XXXVII, Part 2.

Vredenburgite is a dark, steel-grey mineral of metallic lustre,
with a bronze tint as seen in the sun.
It has a hardness of 65, and a specific
gravity of 474 to 481 Its most interesting property is its strong
magnetism, for, broadly speaking, it is as strongly magnetic as mag-
netite. It has been found at two localities—DBeldongri, Nagpur
district, Central Provinces, and Garividi, Vizagapatam district, Mad-
ras. Although 1t is possible to interpret the analyses of this mine-
ral so as to show the presence of FegOy in the formula, yet the
most simple formula is 3Mng04. 2Fes03.  The discovery of such a
mineral is perhaps disconcerting to the field mineralogist, for it
neans that when wqrking in a manganese area, it will in future be
onwise to assume that a strongly-magnetic, black mineral is mag-
netite, for it may be a merchantable ore of manganese.

Sitaparite is another bronze-tinted manganese mineral, but its
bronze tint is much more pronounced
than that of vredenburgite. It is
found in the Sitapar mangancse-ore deposit in the Chhindwara dis-
trict.  The hardness is about 7, and the specific gravity ranges
from 493 to H5:09. It is most casily distinguished from vreden-
burgite, which it resembles somewhat closcly in composition, by its
being only feebly magnetic. The one analysis made gave as a result
the sowewhat = complex formula 9Mn,04. 4Fe;04. MnO,. 3Ca0,
assuming that the lime is an cssential constituent of the mineral

Juddite is a variety of amphibole found in association with

Juddite the manganese-pyroxene, blanfordite, at

‘ Kacharwahi in the Nagpur district.
It is deep crimson as seen in hand-specimen ; as seen under the
microscope it shows perhaps the most beautiful series of pleochroic
colours yet seen in any mineral. The following scheme is prob-
ably closo to its true pleochroism -—

Vredenburgite.

Naparite.

A = carmine.
b = blue with a lilac tinge, to pale green with a lilac tinge,
L = orange or pinkish orange.

C
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The mineral is further distinguished from most other varieties
of the amphibole group by the position of its optic-axial plane,
which is at right angles to the planc of symmetry.

PETROLOGY.

23. Whilst engaged in investigating the coppor occurrences of
Singbhum during January, February,
and March, Mr. Fermor paid considoerable
attention to petrology of the Archacan rocks (gneissose granites, Dhar-
war schists, and intrusive basic igncous rocks) of the district. The
most interesting petr.logical unit in the area is the complex of
basic and acid igncous rocks forming Akarsani Hill near Kharsawan,
represented by a pink patch on Ball’s map of Singbhum and Man-
bhum, given in Memoirs, Vol. XVIIT. The busic rocks are prob-
ably intrusive in the acid rocks, and of tho samo agoe as the other
basic dyke-rocks intrusive in the Dharwar’ phyllites and schists «f
the area. The acid rocks are hypabyssal in character. They cin
be best described as granophyres and granophyric granite-porphyries.
The most characteristic feature of the rock isthe lilac-grey blebs of
quartz, by which it can be distinguished, even when it has been
rolled out into a schist, the roundish quartz phenocrysts being then
represented by drawn-out lilac-grey streaks. A band ol this rock
has been traced for some 16 miles, to a point as far cast as Gom-
haria, and there is no doubt, judging from the evidence obtained,
that the rock is intrusive into the Dharwars. The rock is, however,
so different from the main mass of the gneissose granite of
Singbhum that its intrusive character cannot be taken as ovidence that
the common gneissose granites are also intrusive, although such is pos-
sibly the case.

24. Another interesting petrological unit in Singbhum is the Dalina
trap, forming a range ofehigh hills along
the northern border of the district,
and separating it from the Lohardaga and Manbhum districts. An
examination of it at two or three points showed that it is of complex
constitution, having folded up with it bands of Dharwar schists. In
composition it consists mainly of varieties of epidiorites, representing,
probubly, corresponding original varieties of dolerite. In places it is
found to contain small quantities of pyrite, chalcopyrite, and in one case
pyrrhotite. Considering the epidioritic nature of the trap, it is probable

Singbhum, granophyres.

Dalma trap.
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that the sulphides sometimes found in it are of sccondary origin, al-
though the metals they contain may have becn contained in the original
dolerites. Tt will neod a very detailed examination to determine whether
the Dalma trap is of contemporancous formation with tho Dharwar
schists, or intrusive into them. The balance of evidence points to the
lattor view, and in this case it scems possible that the Dalma trap and
the Akarsani granophyres may be respectively the basic and acid
differentiation products of one original magma.

25. Some highly magnesian rocks have also been found in association
with the Singbhum Dharwars. Such
are the serpentines of Suru Pass near
Chaibasa, in which chromite is found (which sce), and the steatitic rocks
of Turamdih, in which maguetite occurs (seo under iron).

26. Tn Chapters XV to XVIL of Volume XXXVII of the Memorrs, in
the press during 1908, and issued in
1909, a comprehensive account is given
of a series of rocks to which Mr. Fermor
has given the nume gondife series, after the aboriginal tribe of Gonds of*
the Contral Provinces. 'The rocks of this serics are supposed to have
been formed by the regional metamorphism of manganiferous sedimonts
depositod in Dharwar times. Where the sediments were fairly pure
manganese oxides, the only result of metamorphisin has been to consoli-
date them and convert them into crystalline mangancse-ores (primary
ores). But in cases where the chemically deposited manganese-oxide
sediments wero mixed with mechanically depositod sediments, such as
clay or sand, metamorphism has brought about an interaction between
the manganese oxides and the clay or sand, with the production in the
former case of spessartite-garnet, and in the latter of rhodonite. The
rock composed of a mixture of spessartite and quartz is known as gon-
dite, and varieties of this rock containing other minerals are designated
by qualifying terms ; such as rhodonite-gondite, composed of rhodonite,
spessartite, and quartz. Owing to the way in which the rocks of this
scries have been formed they tend to occur as banded masses, the hands
representing original layers of different composition.

Magnesian rocks.

Central Provinces: the
gondite serles.

After these rocks were formed they scem to have heen subjected to
altering influences, probably waters containing oxygen and carbon di-
oxide, with the formation of manganese-ores. Such ores may be desig-
nated deep secondary ores. There are rcasons for believing that this
alteration of manganese-silicate to manganese-ore took place at the end

c2
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of the Dharwar period and that therefore, as in the case of the primary
ores, the depth to which the deep secondary ores extend bears no genetic
relation to the position of the surface of the ground. The rocks and asso-
ciated manganese-ores of the Central Provinces are found developed
typically in the Nagpur-Balaghat area, and alto in Jhabua, Narukot,
and Gangpur (see page 43). They are to be distinguished from the rocks
of the kodurite scries (see Records, Volume XXXV, page 22), which are
of igneous origin.

PALZONTOLOGY.

27. Mr. E. Vredenburg carried on the duties of Palwrontologist
throughout the year, and, in addition to
his routine dutics, continued his study of
the Tertiary and Cretaceous collections.

28. Mr. E. Vredenburg has recorded an addition to our knowledge
regarding the larger foraminifera of
India, by his recognition of the important
genus Orbitolina, which characterises rocks of T.ower and Middle
Cretaceous age and has not been previously recorded in TIndia.
(Rec. Geol. Surv. Ind., XXXVI, p. 314). The Indian specimens were
collected by Mr. MHayden between Gurez and  Astor, in north-west
Kashmir. The Geological Museum also contains specimens collected
by Griesbach near Firaiman in Persian Khorasan. In cither case the
palzeontological material is insufficient to establish the exact age of
the Orbitolina bearing sandstones.

29. In a note published in Volume XXXVI of the Records (page 321),
Mr. Vredenburg has reviewed the avail-
able fossil evidence regarding the age
of the Tertiary strata underlying tho
coastal laterite that forms an almost continuous belt round the
peninsula. Concealed beneath lateritic and alluvial fogmations, theso
Tertiary heds have yiclded fossils at very few points along the vast
extent of their outerop. The only instances recorded up to the
present are the marine fossils discovered by Mr. I N. Bose in
Mourbhanj, the fossil wood of the Cuddalore sandstones, the marine
fossils of the ‘“ Orbiculina beds > ol Quilon, and an extraordinarily
rich marine fauna discovered betwcen depths of 115 and 145 metres
during the sinking of an artesian well at Karikal. The mollusca
from the Orbiculina beds have been partly referred to species occurring
in the Gaj beds (Upper Aquitanian to Burdigalian) of North-Western

Paleontologist.

Orbkitolina.

Marine Tertiaries of the
Peninsular Coast.
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India. The marine beds in Mourbhanj contain an Ostrea closely related
to an undescribed species from the Upper Gaj.

Out of 101 species so far described by (‘ossmann (*° Faune pliocén-
ique de Karikal,”” Journal de Conchyliologie, Volumes XTLVIIL, 1900,
and LI, 1903) from the Karikal fauna, the richest Tertiary fauna as yet
discovered in India, sixteen are identical with fossils {from the Miocene of
Java. The proportion of recent species in the Karikal fauna 1s 35 to 40
per cent.  This figure agrees with the percentage of recent forms in the
Miocene faunas of Java (35 to 50 per cent.) and Burma (30 to 48 per
cent.). In the title of his work Cossmann has referred the Karikal fauna
to the Pliocene (which, it should be remembered, for the author of the
monograph as for many other geologists, includes the Pontian horizon).
There seems no doubt that the Karikal beds belong to the same horizon
as a portion of the Java and Burma series. Recent researches have
tended somewhat to lower the horizon ascribed to the Java beds
[Douvillé, Bull S. (. F., Vol. V (4), p. 435]. A much closer paleontol-
ogical connection than was originally anticipated has also been detected
between the Miocene beds of Burma and those of Western India, ac-
cording to which the Burme series appears to range from Lower to Middle
Miocene.  This would therefore appear to be the approximate age of
the Karikal fauna. 1t might of course reach irto Upper Miocene if one
adopts the system of classification that unites the Pontian with the
Pliocene.  This result agrees with the age indicated by the Mourbhanj
fossils and by those from the ** Orbiculina beds, *° and suggests that the
Tertiaries in the Coastal System all belong to one period. Yet this
palxontological evidence, however satisfactory, is so local as compared
with the vast extent of the coastal outerop that it wonld be unsafe to
gereralise from these resalts.

30. The Bagh beds first discovered by Keatinge in 1857 are of parti-
Bagh beds : ammonites. cular interest as a marine representative

‘ of the liuviatile Lameta er ** Infra-trap-

pean’ series. Their total thickn:ss is insignificant, but they have
escaped denudation owing to a protective covering of Deccan Trap,
and can be followed up the valley of the Narbada from the plairs
of Gujrat to Barwaha, some 240 miles from the sea-coast. Among
the fossils collacted by Keatinge, Blackwell, Blanford, and Bose,
the .echinoids studied by Duncan were found to inclnde several
species known from the Cenomanian beds of other lands, such as
Asralem'a 1."masz', Cyphosoma cenvmanense, FEchinobrissus Goybeti, Nucleo-
lites similis, Hemiaster cenomanensis, H. similis {Quar.' Jour. Geol.
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Soc., Vol. XXI, p. 349, 1865; Rec. Geol. Surv. Ind., XX, page 81,
1887). This palontological evidence suffices for referring the Bagh
beds to the Cenomanian,

The ammonites collected from these same beds by Mr. P. N. Bose
during the ycars 1880 to 1883 form the subject of a paper by Mr.
Vredenburg, published in Volume XXXVT of the Records (pages
109 to 125). 'They belong to three species previously undescribed,
which Mr. Vredenburg has named Placenticeras Mintoi, Ceelopoceras
Scindier, and  Celopoceras  Bosei.  Being all three new  specios,
they do not add any further weight to the palaontological evidence
furnished by the cchinoids, at the same time not clashing with it, since
Placenticeras Mintoi belongs 1o a group of forms abundantly represented
from the Gault to the Lower Senonian, while the species of Calopoceras
so far described are attribated to the Turonian.

The Placenticeras specimens are very numeroas in Mr. Bose’s collec-
tion. This ammonite, originally regarded by Feistmantel and Bose as
identical with PL tamulicum [rom the Trichinopoli beds of South
India, has heen found to belong to a distinet species, which Mr.
Vredenburg has described under the name Placenticeras Mintod.

In comparing the Bagh Placenticeras with previously described spe-
cies, Mr. Vredenburg has been led to classifly {he members of the genus
into four groups distinguished from one another by the gradually in-
creasing complexity of the sutare line. The simplest soture is thai of
Pl. Warthi of the Muravatur beds of South India ; the group of PI.
Fritschi includes & number of species ranging from Gault to Lower
Senonian ; Placenticers syrtale, with its numerous varicties. character-
ises the Santonian ; the newest group, that of P1, placenta  with excess-
ively ramified sutures, characterises the (ampanian.  Placenticeras
Mintoi helongs to the 1.umerous group of forms related to Pl Fritschi,
whose geological range is ve.y extensive.

The two other ammonites Ceelopoceras Scindice and €. Boset, included
in Mr. Bose’s collections, are each ropresented by a single fragment.
They represent a generic form closely related to, Placenticeras, for which
Mr. Vredenburg proposed the name Namadoceras. Subsequently to
the publication of his paper, Mr. Vredenburg noticed that his generic
diagnosis coincides with that of Hyatt’s genus Cealopoceras (Rec., Vol.
XXXVI, p. 239). The American species of Cewlopoceras occur in the
Jolorado group which is regarded as Turonian. The European
Ammonites  Requieni, which Mr. Vredenburg regarded as closely
allied to tho Bagh fossils, and which is likewise reforred to Celopoceras
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by Hyatt, is also Turonian. Tf the two Bagh ammonites are included
in tho same genus, the range of Cewlopoceras must be oxtended down-
wards into the Cenomanian.

31. Mr. Vredonburg’s translation of Messrs. Cossmann & Pissarro’s
description of the Molluscan fauna of
the Ranikot in Sind, the publication of
which had to be postponed owing to the
preparation of the lllustrations to the stratigraphical introduction, will
shortly appear.

The Ranikot strata in Sind are the only authentic representatives of
the Lower Eocene so far known in Tndia, and their interest is further in-
creased by their extromely restricted extent. Compared with the enor-
mous development of the Middle Eocene of India, the area occupied by
these Lower Eocene beds is quite insignificant, more so even than would
appear from the original maps published by Blanford and Fedden : the
arca as first defined has been considerably reduced in consequoence of the
withdrawal of the ‘° Meting shales ** which were originally incorporated
in the Ranikot, but which the palmontological and stratigraphical
researches of Mr. Vredenburg have shown to be separated from the
Ranikot by an unconlormity, and connected with the overlying Laki
stage of Middle Kocence age. The removal of the Meting shales curtails
the outcrop of the Ranikot, as originally mapped, by nearly 200 square
miles. This leaves only some 276 squave miles as the total arca of the
Lower Eocene outerop of which less than 200 square miles belong to the
Upper Ranikot with marine fossils, the Lower Ranikot yielding nothing
but plant remains, with the exception of a thin oyster-bed occasionally
present at its lowermost limit.

In a previous volume of these Records (Vol. XXXITV, pp. 85—94
and 172—198), Mr. Vredenburg has indicated the possibility of recognis-
ing four principal zones in the Upper Ranikot, the uppermost of which
contains the species Nununulites planulatus, indicating its approximate
correspondence with the *“ Sables de Cuise.””  According to the scheme
of correlation advocated by Mr. Vredenburg, the underlying zones
approximately correspond with the horizon of the London Clay. One of
the papers above referred to contains a tabular representation of the
distribution of the echinoids within these four zomes. In the strati-
graphical introduction to Cossmann and Pissarro’s description of the
molluscan fauna, Mr. Vredenburg has reproduced this list, and has also
added a similar table giving the zonal distribution of the Ranikot corals
originally described by Duncan (Pal. Ind., Ser. XIV, part 2). In the

Molluscan fauna of the
Ranikot series.
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case of tho cchinoids and corals, the distribution of the described forms
through the successive zones, or at least through the threc upper ones, is
fairly even, though the species represented in the uppermost zone (zone
4 of Mr. Vredenburg’s classification) arc somewhat more numerous
owing to the greater richness of the collections from this upper horizon.
Comparatively scanty collcctions have been obtained from the three
lower zones, whose outcrops are situated in a region rendered somewhat
inaccessible from the want of drinking water.

In the case of the Mollusca, the preponderance of material from the
uppermost zone is so overwhelming that an attempt to represent the
zonal distribution of these fossils in tabular forin would be premature.
Amongst the materials available for study, by far the greater proportion
represents the collections gathered from the uppermost zone by Mr.
Vredenburg in 1900 in the neighbourhood of Jhirak, at places very rich in
molluscan remains, but which have added nothing of importance to the
previously described echinoids and corals. The zone of Nummulites
planulatus includes no less than 73 out of 100 forms described by Messis.
Cossmann and Pissarro ; 53 of these are restricted to the uppermost zone,
but this large proportion is due to its preponderating share in the avail-
able collections.

The fossils so far described by Messrs. Cossmann and Pissarro
include the Cephalopoda, Gastropoda, and Scaphopoda. Out of a total
of 100 species, 22 had already been described by d’Archiac and ITaime
in their classical monograph on the Tertiary fauna of India. The
remaining species are all new to science. There are no instances of iden-
tity with Kuropean fossils, though the relation of certain species to
Eocene fossils from Kurope or other areas, even as far distant as North
America, is sufficiently close [or them to be regarded as representative
forms. Certain genera or sub-genera (Alocospira, Aulicina, Volutoconus)
absent from the Kuropean Tertiaries, exhibit Austra]aman affinities.

The Cephalopoda include the genera Belosepia, Styracotheutis, Nauti-
lus. 'The species Styracotheutis orientalis Crick, very abundant in the
uppermost zone, is particularly interesting as an example of one of the
last of the extinct group of the belemnites, intermediate in its characters
between the Upper Cretaceous genus Belemnitella, and the Eocene genus
Vasseuria. The species was originally described from a specimen
collected on the Oman coast of Arabia, thereby indicating the presence
of Lower Eocene beds along the Arabian as well as along the Indian
shores of the Arabian Sea.

Amongst the Gastropodu, the Opistobranchia are represented by the
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genera Tornatelleea, Bulla, Acera. Of the various families of the Proso-
branchia, those most abundantly ropresented are the Pleurotomide (10
species), Volutide (3 species), Strombidee (9 species), Turritellide (6 spe-
cies), Naticide (13 species). The species of Strom,bid('n in particular are
represented by numerous specimens. Amongst species that are parti-
cularly abundant may be mentioned : Surcula Voysf'_l/i (]:’A.'and II.‘ (z9no
4), Volutospina Sykesi d’A. and H. (all horizons), Cassidaria Archiact .C.
and P. (zone 1), Gisortia Murchisoni d’ A. (zones 2 to 4), Calyptrophorus in-
dicus C. and P. (principally zone 1), Rimella Prestwichi d’A. and H.
(principally zone 1), Terebellum distortum d’A. and L1, (zones 3‘ and 4),
Terebellum plicetum A, and H. (zones 3 and ), Chenopus dimorpho-
spira C. and P. (zones 3 and 4), Rhinoclaves subnuda 4’ A. and H. (zones 2
to 4), Rhinoclavis angystoma d’A. and  H. (zones 2 to 4), Turritelle
angulata J. do C. Sow (all horizons), Mesalia Mecquenems C. and P.
(zones 2 to 1), Ampulling sindensis C. and P. (zones 2 to 4), Ampullina
aulacospira C. and P. (zones 2 to 1), Velates Noctlingi . and P., closely
related to the European fossil Velates Schmideli (zones 2 to 1), Delphinule
Cordieri ’A. (zono 1),

32. In describing an interesting munmaulite from the eocene of north-
western 1ndia ander the name Nummu-
Nummulites  Vreden-  yu00 Doyyille;  (Rec., Geol. Surv. Ind.,
burgi Prever. Vol. XXXIV, pp. 79—95, 1906) Mr.
Vredenburg was unaware that this name was pre-occupied by a
specics from the Appenrires described by Dr. Prever in a monograph
which was not then available in the library of the Geological Survey
(Mem. Soc. Pal. Suisse, Vol. XX1X). Dr. Prever has proposed to sub-
stitute the name Nunvnulites Vrvedenburgi Prever, for the Indian
fossil (Rec., Geol. Surv. Ind., Vol XXXVI, p. 239).

33. Mr. G. H. Tipper has nearly completed an account ol the Liassic
and  Neocomian fossils of Baluchistan.
The collections which form the basis of
his report were obtained mainly during
the ficld-season 1905-06, while surveying the Native States of Kalat and
Las Bela in Beluchistan. But there are also included collections made
previously by Mr. Vredenburg in the vicinity of the Takstu, and by
Lala Kishen Singh, late Sub-Assistant, from near Kalat. In 1907-08,
while on study leave at Cambridge, Mr. Tipper made a preliminary
examination of the whole of the materisl and a direct com parison was
made with the chief European fossils. The detailed examination,

Liassie .am'l Nescomian
of Baluchistan.
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continued singe, so far as other duties have allowed, has given the fol-
lowing results.

The divisions suggested from the study of the deposits in the field
have been fully borne out ; that is, the Baluchistan Lias may be divided
into Lower, Middle and Upper. The character and distribution of these

three are roughly as follows :— .
Lower Lias.—Crinoidal TLimestones and sheley beds.  Shirinab
Liassic fossils. valley, south of Mastung.

Middle Lias.—Black limestones of the Takatu. Oolitic limestones
and shales of Sarawan and Northerr Jhelawan. Black
shales and limestones of Southern Jhalawan and Las Bela.

Upper Lias.—Black shales of the Natrani river, Las Bela.

The Lower and Upper Lias ere but poorly developed, while the Middle
includes almost all the exposures examined in Sarawan, Jhalawan and
Las Bela.

The place of the lower and upper divisions is readily established by
the fact that they have yielded ammonites closely related to, if not iden-
tical with, well-known European forms. Thus the Lower TLias has
yielded Arictites sp. aff. bisulcatus. The presence of this fossil shows
that only the loweimost zone is represented. Other fossils are by no
means well preserved, and their affinitics cannot be made out with satis-
faction.

The Upper Lias of the Natrani river yielded a rich collection of
ammonites, which, although not very well preserved, ate yet good
enough for their affinities to be made out. The following species have
been recognised ;-

Harpoceras cf. serpentinum
Dactylioceras cf. annulatum.
Haldoceras sp.

Ozynoloceras 8p., young form. .

These forms are typically Upper Liassic in age. All these ammounites
were weathered out and colleated from one gentle dip-slope, so that the
whole of the Upper Lias in this locality is crowded into a thin band of
shale. The only other fossil found associated with these ammonites is
a Spiriferina, which occurs in large numbers. This graceful ribbed form
with a rather high arca is distinct from any described torm, and is
undoubtedly new.
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The Middle Lias has yielded a very rich and interesting fauna, in
which unfortunately ammonites are very rare, and exact correlation is a
matter of difficulty. There are three areas where the Middle Lias is
well developed, and, as these areas scem to correspond to differences in
fauna, they may be treated separately. The faunistic differences may
be more apparent than real and are probably due to hurried collecting.
The areas may be designated (1) the Takatu, (2) Sarawan and Northern
Jhalawan, (3) the Porali river.

Taking them in order, the Takatu area has yielded a fauna rich in
numbers, but poor in species. 1t includes among the brachiopods Spiri-
ferina mov. sp. No less than 989 specimens of this species occur.
Although there is a considerable variation among them, yet it is not
definite, and the specimens cannot be grouped except as a whole.
Specimens of this species are small in size and gencrally smooth.
Those specimens which have passed maturity show faint ribs, and are
much stouter in habit than the young and mature forms.

Sprriferina  rostrate Schloth. There are several specimens which
may be referred to this specics.

A single specimen of a peculiar Spiriferina occurs. 1t is extremely
broad and very thin. Although very distinct, it is probably a sport and
not a new species. Under the designation Terebratule synophrys Uhlig,
T. pacheia Ullig and T. synophrys var. polyptycha del Piaz. may also be
included. All these forms oceur, and are to be considered as variations
of the type form. The young ol this species is quite smooth.

The occurrence of Kudesia sp. in the Lias of Baluchistan must be
considered as one of its chief peculiarities, as elsewhere it is not found at
a lower horizon than the Inferior Oolite. This genus occurs in consider-
able numbers, not only in the Takatu arca, but also to the south.
Several specimens closely related to the European form Rhynchonella
tetraédra Sow. occur. Of the lamellibranchs, the chief representative
is the genus Pecten, with two species, the first related to Pecten
(Aequipecten) equivalvis Sow., and the second to Pecten (Entolium)
hehliz d’ Orb.

The rich and varied fauna of the Sarawan and Northern Jhalawan
area has not been thoroughly worked out yet, but the following are the
most interesting points :—

(1) The presence of the genus Eudesia, represented by a species
different from that of the Takatu area.
(2) The occurrence of a very peculiar Pecten. This at first sight
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resembles P. alatus von Buch of the Lias of South America,
but it differs in several important particulars ; the ribs are
more numerous, angular and bear distir ¢t spines, and during
part of its life it was fixed by the left valve. This has led to
the formation of a distinct angle, the upper part flat or con-
cave and the lower, convex. The appearsnce of this Pec-
ten is so strikirg that it is used as a charm by the inhabitents
of Jhalawan.

Spiriferina di Stefanoi del Piaz found ir this locality, is a species
with a high trisnguler area ond pecvliar ornamentation , according to
Dautzenberg it ought to be raised to subgeneric rank. The oceurrence
of a new genus of echinoids is also of considerable interest. This and
the remairing forms will be described in Mr. Tipper’s memoir. No
ammorites were discovered in this area.

The Porali river arvea is particularly interesting, vot only on account
of the splendid preservation and number of the fessils, but also because
many of them closely resemble Liassic fossils from Madagascar recently
described by Thevenin in the Annales de Paleontologie, tome [11, fasc.
111. Thevenin describes a Middle Lias fauna comprising, among other
forms, a new genus of ammonites, Bouleiceras, Pecten ambongoensis, and
Spiriferina rostrata var. madagascarensis. These three forms can be
matched from the Porali river collection. At the time of collecting threc
well-preserved fragments of an ammonite were obtained and at once re-
cognised from the peculianty of the suture as probably new. There 18
now very little doubt that they belong to the genus Bouleiceras.  Pecten
ambongoensis can also be matched by a number of specimens. This
pecten belongs to the same class as, ard is closely related to, that alrcady
mentioned as occurring in the northern arca. Thevenin’s figures show
perfectly the distortion of the lett velve by the attachment area. This
lotter fact is sufficient to distinguish it from ary other pecten, and it Mr.
Tipper’s suggestion is correct, that it is due to fixation during part of its
lite, it ought to be raised to subgeneric rank. Similarly with Sp. ros-
trata var. madaguscarensis and its different forms figured by Thevenin,
these threc examples as well as and many others show the close resem-
blance of the Porali river fauna to that of Madagascar.

Of the other forms occurring mayv be mentioned :—

Lima of. punctate Sow.

Lima (Plogiostoma) gigantea Sow.
Pholadomya cf. idea d’Orb., and many others,
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34. The opportunity was also taken by Mr. Tipper, while on study

. leave, of cxamining a small collection

Neocomian. from the Belemnite Shales, a formation

very widely developed in Baluchistan. The age of these shales was fixed

by Dr. Noetling as Neocomian {rom the presence of Belemnites (Duvalia)

dilatata Blainv. The known fauna is so small that any additions are of

interest. Broken and unidentifiable ammonites have been collected by

several observers, but the field-scason 1905-06 yielded several well-pre-
scrved specimens. They have been identified as follows : —

Hoplites amblygonius Neum.—One specimen agreeing perfectly
with Neumayr’s species.

Olcostephanus sp., group of O. asterianus.— Although not specifi-
cally identifiable, there is no doubt that it belongs to this
group.

Perisplanctes T sp.

Phylloceras cf. velledee d’Orb.

Phylloceras sp.-—Young form, perhaps the young of Phyll. cf. velledos.

Crioceras sp.

In addition occur fragments of Aptychi, belonging to the groups imbri-
cati and punctati of Zittel. This association is typically Neocomian, and
bears out Noctling’s correlation. From the presence of Hoplites am-
blygonius and O. sp. group of asterianus, the fauna may be considered as
belonging to the Volgian type.

35. Messrs. E. H. Pascoe and G. de P. Cotter have added considerably

to our knowledge of the palxontology of

Tertiary of Upper Burma. the oil-bearing Tertiary strata in Upper

Burma. Mr. Cotter has identified the

collections made by the late Mr. L. . Boyd ol the Burma Oil Company

in the Pegu series of Singu, Payagyigon-Ngashandaung, Padaung (near

Prome), Kabat in the Myingyan district, Taungtha hill and hills near

Kwatalin, 20 miles south of Taungtha. The lists of species from each
area are given in Records, Vol. XXXVI, pp. 131 and 132.

36. During the field-season 1906-07, marine fossils were found for the
Pegu beds. first time in the Pegu .(Miocene) l_)eds of

the Yenangyaung inlier, occurring at

two horizons. Neither of these corresponds well with any of Dr.
Noetling’s zones, but the discovery proves that although the Pegu beds
at Yenangyaung are less fossiliferous than at Singu, Yenangyat or
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Minbu, they were deposited under similar conditions. The questions
are discussed by Mr. Pascoe in a paper published in the Records (Vol.
XXXVI, Part 3). Among other fossils described Mr. Pascoe gave a
provisional name, Twingonia, to a fairly abundant form then regarded as
of doubtful zoological affinity but since identified as fish otoliths.

37. In addition to the classical locality, east of Minlindaung , from
which specimens of the [reshwater forms
Batissa crawfurdi and B. petrolei were
first obtained by Crawford nincty years
ago, Mr. Pascoe has found two others in which these two species occur
and one yielding the gigantic B. kodaungensis. Distorted specimens of a
variety of B. crawfurdi, named yedwinensis, have also been found in
the Pegu beds, 300 feet below the Pegu-Irrawaddi boundary, thus point-
ing to the local, temporary establishment of freshwater conditions.
These occurrences have been deseribed by Mr. Pascoe in a special paper
(Rec., Geol. Surv. Ind., XXXVI, Part 3).

38. Messrs. Pascoe and Cotter have described and figured (Ree. Geol.
Surv. Ind., XXXVI, Part 3, p. 147), a
new species of the coral Dendrophyilia,
D. macroriana, found in the Singu and Minbu fields.

39. The occurrence of an estuarine bed under Calcutta was described
by Mr. E. Vredenburg in 1904.1

Dr. N. Annandale, Superintendent of the Natural History Scction,

. Indian Museum, has since identified the

Estuarine beds wnder ,piv.) remains found. Most of the
Caleutta, specimens collected are remains of mol-
luses, including T'élescopium fuscum Ch., Paludina (Vivipara) bengalen-
sis Lam., dmpullaria globosa Swains, Aricia (2) moncta Linn., Planor-
bis exustus Desh., Anomie achws Gray, Arca adamsiana D];r., Ostrea-
cucullata Bow., and Ostrea canadensis Tk. All these can be identified
with living species, cither in the freshwater tanks, in the brackish
estuarine distributarics of the Ganges, or, in one case, in the clear sea-
water. The most interesting is the last-named oyster, which seems to
have had a wide distribution, for the specimens found are not, as
once suggested, imported to Calcutta as ship’s ballast, the same species
being found still living and common in the Sunderbans.

40. An occurrence of Lameta beds at Dongargaon in the Central
Provinces was long ago brought into pro-
minence by Hislop’s discovery of fossil

1 Rec,, Geol. Surv. Ind., Vol. XXXI, p. 174,

Freshwater fossils in the
Pegu beds.

Dendrophyllia,

Lameta Fossil Fish.
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fish-remains. Recently some of the specimens collected at this localit y
came into possession of the Geological Survey, and Dr. A. Smith
Woodward has now com’pleted their cxamination (Palwontologia Indica,
New Series, Vol. 1II, No. 3). All the remains appear to differ in
specific characters from previously known forms, and three species
have Dbeen distinguished. One of these, a Teleostean, is sufficiently
strange to constitute a new genus, Foserranus, whi'le of the o.ther two one
is especially interesting, as it is the first-described specimen .of the
remarkable genus Lepidosteus that has been found. in Asia, Dr.
Woodward’s description thus confirming Hislop’s suspicion regarding
the occurrence of this genus in the Lameta beds. All three genera
have their ncarest known relatives in the carly Tertiary rocks of Europe
and America. No true Percoid fish has been found hitherto in typical
(Cretaceous strata, and the oldest known member of the group to which
Eoscrranus belongs is Prolates of the Montian stage in France. Lepi-
dosteus also ranges from the Lower Eocenc to the Lower Miocenc in
Kurope and from the Lower Focene to Recent in North America, while
the third genus, Pycnodus, represented in this collection has not been
found outside the FEocene. Thus, judging by the evidence of the
fossil fishes alone the age of the Lameta bed from which they were
obtained would be betwcen the Danian and Upper Eocene.

41, Captain F. L. Ditmas and Mr. 8. D. Ware have sent to the
Museum some fossil plants collected in the
Pench valley coalficld betwcen the vil-
lages of Dongor Porashea and the bound-
ary of the Deccan Trap, north of the village of Hurreye. The specimens
were obtained in an arca marked as Barakar on the map accompanying
the late Mr. E. J. Jones’ memoir on the Satpura coslfields (Mem., Geol.
Surv. Ind., Vol. XX1V, Part 1), but according to the donors the beds
arc above the coal measures. The collection, identified by Babu
Bankim Behari Gupta, Museum Assistant, includes Phyllotheca indica
Bunb., Glossopteris indica Schimp., Gdngamopteris cyclopteroides Fstm.
and several other forms apparently new. The material identified is
hardly sufficient to settle the age of the beds, and it is hoped that
further discoveries of fossil plants in this area will be made in order that
the Pench valley beds may be compared with the Mohpani coalfield,
which, on the other side of the Satpura basin has yielded Karharbari
plants.

Gomlwan:: plants, Pench
valley.
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ECONOMIC ENQUIRIES.

Alum.

49, Mr. N. D. Daru was deputed to the Tsakhel tahsil, Mianwali dis-

trict, Punjab, early in the year to report

Mianwali  Distriet, on the indigenous indnstry of alum manu-
Punjab. [acture and on the pyritous shales wbich
were considered to be of possible value for the manufacture o sulphuric
acid.

At Kalabagh the total length of the shale outcrop is about
a mile and a half, with an average thickness of cight feet. About
the same length of outerop is accessible at Kotki, but the average
thickness is four times as great, and the shale bed extends for
eight miles east of Kotki. Patches only in tho shale have been
found to be rich ecnough for working. In these the average sulphur-
content is 95 per cent.,, and there is besides bituminous matter
present to the extent of about 3 per cent. The pyrite which
mainly contributes to the sulphur-content is as a rule extremely
comminuted, and can be distinguished ounly under the microscope.
There is just a trace of gold in the shale. The shale is (issile
to compact, light-gray to deep-black, and breaks with a conchoidal
fracture. When freshly-mined it will take finger imnressions. and
when containing  bituminous matter it has a greasy feel and can
he ecasily given a lustre.

There is no systematic mining. The mines often are narrow,
low, tortuous passages or screw-shaped shafts, and do not reach
below the level of the adjoining springs. There is no provision
for ventilating these hot mines and timbering is rarely found
necessary. .

At Kalabagh the alum manufacturer pays one rupee for twenty-
five maunds of the shale; c¢ne-third of this amount going to the
Malik of Kalabagh as royalty. At Kotki, the price is 35 maunds
to the rupee, all of which goes to the miner.

The shale is roasted in the open, and there is considerable loss
of sulphur dioxide. In roasting, the fresh shale is mixed with an
equal quantity of previously used, but not quite exhausted, shale,
which has been subjected to spontaneous oxidation for a year or
more. The roasting is continuous, portions of the heap being cut
away on one side to supply the works, and fresh and old shale
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added on the other. Owing to the low sulphur-contcnt, fuel has
to be used.

The roasted shale is lixiviated, allowed to settle, and then
boiled. When sufficiently concentrated, a mixture of crude chlo-
rides, nitrates and sulphates of sodiwm (chiefly) and of potassium,
is added, and the liquor transferred to crystallization tanks. When
the crystals from these arc removed after a week, the mother
liquor is added to the fresh liquor [rom the roasted shale in the
lixiviation tank. The crystals are allowed to accumulate for ten
days, when they are fused in their water of crystallization, and the
melt is poured into earthenware pots sunk into the ground. When
it has recrystallized, the alum is ready for the market. The alum
is mainly sodium-alam with a small proportion of potassium-alum.
Tt goes to Delhi, Tlissar, Sirsa and other centres of tanning and
dyeing industries. The price of alum at Kalabagh in February
1908 was Rs. 4-12-0 a maund, and at the end of March 1908 it
was Rs. 4-8.0

The practice at Kotki is essentially the same as at Kalabagh.
The output was 16 maunds a day at Kalabagh, where only one
factory (which had been restarted on a rise of price of alum in
November 1907 to Rs. 5 per maund) was working: at Kotki, each
of the three factories, which work for only six or seven months
in the year, fPas a daily output of 25 maunds. The annual output
of Tsakhel Tahsil may be put roughly at 20,000 maunds or 750
tons.  Kalabagh, in spite of the high cost ol shale there, can com-
pete with Kotki owing to its proximity to the Indus and the rail-
way, whereas Kotki manufacturers have to haul in part of their
alkaline salts and haul out the whole of their alum output, by
camel transport over a distance of nearly ten miles.

Tmprovements in the manner of roasting the shale, and in the
construction- of the fire-chamber for the hoiling-pans are desirable.
What is of perhaps greater importance still is the abandoning of
the use of lime in the linings of the various tanks, and the sub-
stitution of plaster of Paris for it, there being plenty of gypsum
near at bhand. This change would probably prevent a waste of over
six rupees’ worth of the acid at each factory cvery day.

The alkaline salts come from Mandakhel and Kamar-Mashani
in the TIsakhel Tahsil, Rokhri and Thatli near Mianwali,
and Shahpur. At the first two places they arc obtained by

D
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concentrating and crystallizing the product of lixiviation of the
scrapings of the soil of the neighbourhood.

13. Mr. Daru visited the Dandot Colliery of the North-Western

Railway, where pyritous shales are also

Dandot. known. The shale here, on account

of its high carbonaceous contents, is unfit for acid-making, but can

be used for alum-making more advantageously than the shale of

Isakhel Tahbsil. The markots are 125 miles nearer, the source of
the best alkalies is only half as distant as from Kalabagh.

China-clay.

44. In addition.to an examination of the sands supposed to bo

s . ) of wvalue for glass-making, Mr. Murray
Rajmahal Hills, Bengal. Stuart paid {:pucial attintion to cha
clays of the Rajmahal hills said to be suitable for the manufac-
ture of china and porcelain. Good material was found at three
localities on the west of the hills, namely, Paturghatta ncar Colgong.
Buskia near Katungi (24° 287; 87° 29") and Dodhanee (24° 17’;
87° 29°). There is evidence at the first-mentioned locality that the
kaolin is of wide extent and that the quantity, speaking from a
manufacturer’s point of view, is unlimited. The quality of the
clay iz good, and it resembles strongly the Cornish china-clays.
The cxtent of the deposits of kaolin at the other twd localities is
undetermined, but there are indications that there is a fair quan-
tity at cach place. 1In quality the clays from the last two
localitics seem to be equal to that of the clay obtained from
Paturghatta. - .

In addition to these deposits, kaolin occurs in the white Damuda
sandstone of the district and it is being extracted from the same
sandstone at Mangal Hat near Rajmahal for use by the Calcutta
Pottery Company. In quality it scems to be good and at Mangal
Hat it is obtained very free from mica. On the west of the hills,
however, the Damuda sandstone is more micaceous, and therefore
would not be so suitable for the extraction of kaolin. Mr. Stuart’s
full report will be published in the Records.

Chromite.
45. In April Mr. Fermor paid a visit to an occurrence of chro-
Singblium, Bengal. mite discovered in a serpentine at the

Suru Pass on the road from Chaibasa
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to Sonua, B. N. R., by Mr. R. Saubolle, prospecting on l?ehalf of
Messrs. Martin & Co. of Calcutta. Twelve small excavations had
been made, and from each chromite had been obtained. 1In thTee
of them the chromite was seen in sitw; it occurs as bed-like veins
and disseminations in serpentine. These veins range up to about
10 inches in thickness, and in one of the pits formed a network.
The junction between the chromite and the serpentine is. usua.lly
sharp, but some specimens show a passage fro.m. (71]1‘(.)1111(30. with
very little serpentine, through serpentine containing dxssemmaf.ed
grains of chromite, to serpentine practically free from chromite.
The ove is of fairly high grade. A sample taken from the little
stacks of orc—perhaps 10 tons in all —lying by the sife of each
opening yielded 5005 per cent. of sesquioxide of chromium Cr;O;.
Further prospecting has led to the discovery of other occurrences
of chromite in this area; but none has yet been proved to be of
commercial value.

Copper.

46. During the field scason of 1907-08, geological and mineral
work in Singbhum was continued by
a party, consisting of Messrs. L. L.
Fermor and K. A. K. Hallowes, with two students, Mr. Gi. G. Narke
of Nagpur agd Babu Kiran K. Sengupta of (alcutta, who were
being instructed in methods of field-work. Mr. Fermor’s time
was spent in making a general examination of the ground with
reference to the origin and mode of occurrence of the copper de-
posits, the relationships of the various rocks one to another, and
the examination of various mineral deposits other than copper. The
various portions of his work are noticed under petrology,
chromite, iron, and manganese. With regard to the mode of oc-
currence and origin of the copper deposits he is in more or less
general agreément with Mr. Hallowes’ conclusions and descrip-
tions, as embodied in his progress reports.

Singbhum, Bengal.

Mr. Hallowes took up his work where he left it in the previous
scason, namely, at Matigara in Dhalbhum, and continued the exa-
mination of the copper belt to the south-east and south-south-east
as far as DBhairagora near the Mourbhanj borde-, beyond which
locality he was not able to find any further old copper workings ;
all his work this season thus lay in the Dhalbhum Estate. Old
copper workings are now known to occur at intervals along a belt

D2
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stretching for some 80 miles from Duarparam on the Bamini River
in the Kera Estate on the extreme west, through the Kharsawan
and Saraikala States. So far the general trend of the belt is
practically due east; but on ontering the Dhalbhum Estate,
within which it lies for the remainder of its course, at Landup
the strike of the belt curves round to south-east, running through
the Rajdoha and Matigara properties of the Rajdoha Copper Com-
pany, Limited, and then through the wild south-cast portions of
Dhalbhum to Bhairagora, at the extreme south-east end of the belt.
This curving round of the strike is an expression of the fact that
throughout its course the strike of the copper belt follows that of
the Dhar¥ar schists and phyllites in which the copper deposits
occur ; the strike of the Dharwar rocks themselves is determined
by the shape of the enormous area of granite occupying central
and southern Singbhum, ss they dip away from it everywhere.
The copper-ores occur as rather indefinite lodes interbedded
with the Dharwar phyllites and schists ; sometimes the ore is
collected into fairly well defined bands, but very frequently it occurs
in the form of grains disseminated through a considerable thick-
ness of schists so sparsely as to be unworkable; whereas if the
same amount of copper minerals had been concentrated into
smaller thickness of schists workable deposits of ore would have
been formed. When concentrated into definitc dodes, as at
Matigara, the ore may be of fairly high grade, and well worth
working if it can be proved to exist in sufficient quantity to render
it worth while to erect the plant necessary to handle large quanti-
ties of ore. ~ The development work being carried out from the
Gladstone shaft in the Matigara mine by the Cape Copper Company,
on an option held from the Rajdoha Copper Company, has given
somewhat encouraging results, but, until a considerably larger
amount of drilling and underground development has been accomr-
plished, it will not be possible to speak with certainty of the pros-
pects of this mine. As seen at the outcrops the lodes seem to be
very poor indeed, where they have not been removed by the an-
cients. Typically, they consist of small thicknesses of vein quartz,
associated with malachite, chrysocolla, and red oxids of iron con-
taining a small qunatity of copper, possibly as red oxide, with
sometimes small encrustations of liebethenite. In depth, as seen
in the diamond-drill cores and the levels of the Matigara mine,
the ores consist practically entirely of chalcopyrite. The other
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*minerals noticed above are evidently the outcrop alteration products
of the yellow sulphide. Judging from small specimens found on
the dump heaps of the old workings there must be a zone of
chalcocite not very many feet below the surface, probably formed
by secondary enrichment at the expense of the portions of the
deposits denuded away, and of those now appearing as gossans of
oxide ores. The primary chalcopyrite ores have probably been
deposited in their position as rather indefinite lodes followirg the
bedding of the schists, subsequent to the arrival of the schists in
their present position. The schists with which the copper lodes
arc associated are chicfly varieties of muscovite and chlorite-
quartz-schists, with quartzite layers. Apatite and tourmaline are
also common minerals in these schists.

The diamond drilling accomplished during the year included :—

(a) Matigara, three miles west of Moholia, B. N. R., in the
Dhalbhum Estate. This hole was put down to a depth
of 837 feet to test the extension in depth of the lode
exposed at a depth of 229 feet in the Gladstone shaft,
the Cape Copper Company bearing half the expense of
the hole. The most valuable portion of the lode was
cut at a depth of 736 feet from the surface, but the
rocks were cupriferous for a vertical distance of 46 feet.
(dip of lode =38°). The cores were assayed in sections
by Mr. Hallowes.with the following results :—

Portion of core. Actual thickness. Copper.
693';697’ 315’ 20 per cent.
697’— 701’ 8” 3-67 129

733’ 5"—136' 17 210’ 1-01 »

736" 1"—1736" 5” 026’ 12-81 -

736’ 6"—1739’ ' 2:03 042
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(b) Laukisra, to the south-west of Ghatsila in Dhalbhum. This’
hole was put down to a depth of 392 feet to test a
lode indicated by some old workings. The cores were
found to be noticeably cupriferous between the depths of
150 and 184 feet. Taking the dip of the rocks as 21°
the thickness of cupriferous rock or ‘lode’ is about 23
feet. The lode was assayed by Messrs. Snelus and Duff
of the Cape Copper Company, with the following

results :—
T
Position of core. Actual thicknoss. E Copper.
160’—168’ 16-80’ " 2-65 per cent,
169°—171° 1-86’ ' 2:13 .
179- 184’ 4-66 i 137,

The results ot these borings confirm those previously obtained.
showing that generally speaking the ores of Singbhum are of low
grade, and on the whole just below what is likely to be payable,
except when working on very large quantities of ore. A thickness
of 16:80 feet, averaging 2:60 per cent. copper found at Laukisra,
should, however, lead to the further testing of this occurrence by
private enterprise. The 3-inch layer of ore giving 1281 per cent.
copper found at 736 feet in the Matigara hole is alsp of consider-
able interest, because this band happens to be identical in its
mincral peculiarities with a persistent band of chalcopyrite, with
blebs of quartz, ranging from 6 inches to 2 feet in thickness and
found in the Matigara mine at a depth of 228 feet. It may so
happen that at the depth of 736 feet the drill passed through a
very thin portion of this characteristic band of ore, which is typi-
cally very variable in thickness. The encouraging feature is that
this hole indicates the persistence of this band of rich ore from
the depth of 228 feet to that of 736 feet. The Geological Survey
drills have been lent to the Cape Copper Company, which is now
further testing the Matigara lodes.



Parr 1.] General Report for 1908. 39

Engineering Questions.

47, At the request of the Chief Engineer, United Provinces,
and of the Consulting Engineer for

Central India and the propective Works in Contral India,
United Provinces. Mr. LaTouche reported ‘on the geo-
logical features of certain sites selected as suitable for reservoirs
and canal heads. These include :—(1) Murwari, on the Ken river,
in the Panna State, at the point where the river issues from the
scarp of Upper Vindhyan sandstones and shales near the southern
boundary of Bundelkhand; (2) Kota, on the Bairma river, a
tributary of the Ken, at the foot of the same scarp further west;
(3) Gangao, where the Ken river issues from a gorge in the Lower
Vindhyan sandstones at the head of the plateau of northern
Bundelkhand ; (4) a weir site on the Ohen river near Karwi, in
Vindhyan sandstones; (5) a canal head on the Paisuni river, also
near Karwi, where it is proposed to build the dam on a band
of Vindhyan limestone, which forms a bar across the river; and
(6) a dam in course of construction at Pahari on the Dhasan river
near Harpalpur, where the foundation consists of Bundelkhand

gneiss traversed by dykes of basic rock.

Fire-clay.
48. While examiring the china-clay deposits of the Rajmahal
hills, Mr. Murray Stuart recorded notes
Rajmahal Hills, Bengal. regarding some deposits of excellent
fire-clay in the Hura, Chuperbhita and Pgchwara coalfields. The
deposits are rather difficult of access at present and are not very
large, being distributed through the fields in beds seldom exceed-
ing six feet in thickness.

@lass-making Sands.

49. Mr. Murray Stuart was deputed to the Rajmahal hills in

Rajmahal Hills, Bengal. January to examine certain occurrences

of sand reported to be suitable for

glass-making, and his report is published as a separate paper in’
Records, Volume XXXVII, Part 2.

He concludes that the sand met with in this area is generally
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unsuitable for the manufacture of any but the commonest kinds
of bottles. Sands occur as—

(@) recent river-sands, and
(b) Damuda (Gondwana) sandstone.

The river sands, of which the Ganges sand is the purest and
most frec from iron, yield a dark-green glass, which is only suit-
able for the cheapest beer- and wine-bottles, and is too dark to be
affected by the admixture of manganese with the raw materials
before fusion.

The white Damuda sandstone yields a sand with a high per-
centage of silica, and is the one mentioned by Mr. J. G.Cumming,
1.C.8., in his report on the Industrial position and prospects in
Bengal in 1908 (page 28, paragraph 2). The sand obtained from
this sandstone yields a glass which is only faintly coloured by iron;
consequently, by the admixture of manganese with the raw materials
before fusion, a colourless crystal glass can be obtained. The
objection to the use of this sand for glass-manufacture lics in the
fact that it contains a somewhat large quantity of kaolin which
it is practically impossible to eradicate under working conditions.
The result of this kaolin is that the glass contains small inclusions,
about the size of a pin’s head, of a whito opaque substance which
is practically pottery; this of course renders the sand of little
value , for glass-manufacture, as no increase in temperature will
affect the inclusions.

Gypsum.

50. Information having been received from the Collector of
Hamirour District H.amirpur District in the United Pro-
l‘J nit e}l |'l'0|'ill'(:t‘- ’ vinces that deposits of gypsum had been
found at several places near the Biarma
river, a tributary of the Betwa, Mr. LaTouche was deputed to
examine them, as it was thought that, if the deposits formed a
continuous bed, such as their reported mode of occurrence seemed
to imply, they might possibly be of Lower Tertiary age, and afford
a clue to the presence of Tertiary strata along the southern edge of
the Gangetic basin beneath the alluvium. The examination of the
beds, however, disclosed the following facts : —

(1) That the gypsum, in the form of crystals of selenite, is
entirely confined to the older alluvium in the neighbour-
hood of the rivers and that it is of recent origin.
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(2) That the crystals are found at certain definite spots at a
depth of from 4 to 6 feet over very limited areas, the
largest of which, near the village of Puraini, measured
about 600 square yards, and that the mineral does not
form a continuous bed or layer, being very limited in
quantity.

(3) That the selenite crystals appear to have been deposited
in a plastic clay occurring at these spots by water per-
colating from below, holding sulphate of lime in sqlu-
tion, and evaporating before reaching the surface.

Iron-ore.
5l. Whilst working in the Singbhum copper area Mr. Fermor
Chota Nagpur. took the opportunity to examine vari-

ous deposits of iron-ore being developed
by the Bengal Iron & Steel Co. for their smelting works at
Kulti.

These may be divided into two groups—the Turamdih deposits,
some 4 miles from Kalimati, Bengal Nagpur Railway; and the
Hakigora deposits, some 8 miles from Kalimati, and separated
from Turamdih by e high intervening range of hills, which may
be called the Dhoba Hills; this is composed of quartzites, slates,
and phyllites of Dharwar age, which is also the age of the rocks
with which both groups of iron-ores arc associated.

The Turamdih deposits occur in some foot-hills at the north
base of the Dhoba Hills in the villages of Talsa, Turamdih, and
Kudada. The ore is magnetite ; it is found in a series of schistose
magnesian rocks, which have not yet been closely studied, but
which contain steatite, as an important constituent. The magnetite
occurs in the magnesian schists in four ways :—

(1) as’scattered granules;
(2) as large patches of irregular shape ;
(3) a8 definite veins traversing the magnesian rocks in any
direction ;
(4) as veins up to 3 feet thick, composed of magnetite, with
vein quartz, secondary limonite and chert.
The magnetite is probably the result of segregation from the igne-
ous rocks from which the magnesian rocks have doubtless been
derived. At the sirface the magnesian schists have been much
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weathered, with the liberation from its matrix of a large quantity
of magnetite i the form of granules and small lumps. These are
recovered by sifting and picking by women and children, and
form the chief portion of the ore won here. A certain quantity
is, however, obtained in sitw, by following up the thicker veins
in open excavations.

The Hakigora ores occur ir some small hills to the south of the
Dhoba range. They consist of the banded magnetite and hematite
quartzites so typical of the Dharwars in many parts of India. As
at Turamdih the chief source of the ore is a detrital deposit formed
by the breaking down of these ferruginous quartzites, in the course
of which the layers of iron-ore arc to a certain extent separated
from those of quartzite. A small quantity of ore is also won by
working the rock in sitn, wherever there happen to be bands of
iron-ore of sufficient thickness.

Manganese.

52. During the ycar Mr. Fermor completed his monograph on
the Manganese-ore Deposits of Indie, issued as Volume XXXVII of
the Memoirs. The chief results, briefly mentioned in previous
Reports, are now brought together in a form that will be of great
practical value to those engaged in manganese mining; but the
work is equally important as a contributior to the purely scientific
questions connected with the ore-deposits and associated rocks.
From every point of view this memoir supecrsedes anything hitherto
published on manganese-ores, and will take a prominent place in
geological literature.

3. In January, 1908, Mr. Fermor visited two def)osits of man-

. ganese-ore discovered since his previ-

Singbhum, Bengal- 5 vigit to this district (in f905).

One of these—Tutugutu, near Chaibasa—is cxactly like those previ-

ously examined in this area. The other is Leda Hill, which rises

to a height of about 1,000 feet above the plains level near Goilkora,

Bengal-Nagpur Railway. It is the only example in the district ot

a manganese-ore deposit ocoupying the top of a hill. But like

the deposits of the Chaibasa area, this deposit has been formed

by the superficial replacement of Dharwar slates, phyllites, and
quartzites. The quantity of merchantable ore is small.
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54. In November, during a visit of inspection to some of the
manganese mines of the Central Pro-
vinces, Mr. Fermor obtained at the
Gowari Warhona depositin the Chhindwara district an important piece
of evidence bearing on the age of the nanganese-ores. Now that
this mine has become deeper it is found that the manganese-ore
band, which at the surface was fairly continuous, is much broken
up by pegmatitic intrusions. These are seen abruptly truncating
the beds of manganese-ore; and in one place a thin vein of
pegmatitic rock was seen traversing the manganese-ore beds, and
containing a small isolated inclusion of high-grade manganese-ore
identical in physical appearance with the ore on either side of the
vein. From this it is evident that the high-grade manganese-ore
of this part of the mine was in existence at the time of intrusion
of the pegmatitic rocks; the date of the latter is to be regarded
as Archman in the absence of evidence to the contrary; and
hence it seems fairly certain that a portion at least of the man-
gancse-ore of the Central Provinces was in existence in Archaan
times, so that the present position of the deposits can have no
genetic relation to the surface of the ground, and therefore the
deposits may be expected t¢ continue to depths that have no
relation to the level of ground water, 7.c., possibly to very consi-
derable depths. The deductions drawn from this occurrence at
Gowari Warhona agree with certain evidences of intrusion of peg-
matitic rocks into manganese-ores obtained at other desposits in the
Central Provinces.

55. In December, Mr. Fermor visited some manganese-ore de-
posits opened up during the year in
Gangpur State in Bengal. These are
of considereble interest, because the ores contain braunitc, and are
associated with spessartite end rhodonite. In fact the occurrences
resemble ir every way the deposits typical of the Central Provinces
rather than the superficial deposits of Singbhum, the only other
part of Bengsl in which manganese-ore deposits of any note have
been located. The discovery of the gondite series in Gangpur is
of considerable interest, since it means that this series has now
been found at intervals over a belt, aligned roughly esst and west
for a distance of 700 miles, extending from Jhabua and Narukot
on the west, through the Nagpur-Balaghat area of the Certral
Provinces, to Gangpur State in Bengal on the east. The gap

Central Provinces.

Gangpur State.
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between the western cxposures and the Central Provinces is largely
occupied by the Deccan Trap formation; but in Chhatisgarh,
occupying the gap between the Balaghat district and Gangpur,
there are several areas of Archwan rocks, and consequently it will
not be surprising if future prospecting leads to the location in this
area § of manganese-ore deposits associated with gonditic rocks.
The Gariajhor deposit in Gangpur seems to be of considerable value,
the ore being first-grade; owing to the small lead to the sea-
board as compared with the Central Provinces, it will be possibl«
to export ore at a profit from this deposit at times when most
of the mines of the Central Provinces are closed down.

56. While on duty at Nagpur in connection with the Centra
. . Provinces and Berar Exhibition in
Inspection of mines,
Central Provinces. November and December, 1908, Mr.
Fermor was also deputed to make a
third inspection of the manganese quarries. During this tour the
following deposits were visited :—

Chhindwara District.—Gowari Warhona, worked by the Indian
Manganese Company, Limited.

Nagpur District.—Mansar and Kandri, worked by the Central
Provinces Prospecting Syndicate, Limited ; Kacharwaht
and Pali, worked by the Central India Mining Company,
Limited.

Bhandara District.—Chikhla, worked by the Central Provinces
Prospecting Syndicate, Limited ; Kosumbah and Sukli,
worked by the Central India Mining Company, Limited.

Balaghat District.—Thirori, worked by Mr. D. Laxminarayan.

As in all his previous work on the manganese-ore deposits of
the Central Provinces, Mr. Fermor rcceived the friendly aMsistance
of the managers, and his report has been submitted to the Central
Provinces Administration for communication to the Companies con-
cerned.

As a result of his investigation Mr. Fermor is satisfied that
thero is now a general desire throughout the manganese area to
work the deposits on sound principles, and in many cases consider-
able expenditure has been incurred in developing deposits by
improved methods.

The point on which the future of the manganese industry of
the Central Provinces turns is whether or no the manganese-ore
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deposits continue of workable quality to any depth below the
surface, or whether they are purely superficial in their mode of
occurrence. Judging from the evidence discussed on page 43, it will
be seen that some of the deposits probably continue to consider-
able depths.. But this question cannot be settled satisfactorily
until some of the typical deposits are tested by boring. When,
in any given case, a company wishes to plan out the underground
working of a deposit it will be wise first to test the deposit by
boring to as great a depth as it is proposed to work it.

Petroleum.

57. The Burma Oil-fields party for the season 1907-08 consisted
of Messrs. E. H. Pascoe, G. de P.

Burma. Cotter and Sub-Assistent S. Sethu
Rama Rau.

58. The first three months, up to the third week in January,

Mr. E. JI. Pascoe. were spent by Mr. Pascoe on the

Yenangyaung Oil-field. Part of this
period was spent in officc work and in the consideration of the
numerous points connected with the proper development of those
portions of the field known as the Twingén and Bémé Reserves.
The rest of the time was taken up with the completion of the
geological map of the Pegu inlier enclosing the oil-field. The
anticline, on its flanks, is studded with small dip-faults, which,
though unimportant in size, are interesting as indicating the direc-
tion of strain at the time the post-Irrawadi sandstone fold was
produced. The direction of the anticlinal axis is 28°W. of N.
to 28° E. of 8., whilst the gencral average direction of these faults is
north-east to south-west. Besides these flank faults, which are
usually observed crossing and displacing the boundary bed between
the Pegu. beds and the Irrawadi sandstone, there are numbers of
minute faults or slips having no constant system of orientation,
in the more contral area including the crest. Some of them may
very possibly account for some of the anomalies in the petroliferous
horizons. Around and south of Bémé mud veins take the place
of these faults and in some cases are actually widened and plugged
faults : they probably represent some former outflow of mud in

the form of “mud volcances,” which have since been entirely
iemoved.
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February was spent in the Lower Chindwin District, examining
the numerous oil indications west of Kani and Kin. Small quanti-
ties of oil have been obtained by Burmang by digging pits, and
these as well as natural seepages, occur on or near the crest of
an anticline similar in structure to that of Yenamgyat, having
steep or vertical dips on its eastern, and comparatively gentle ones
on its western flank. The rocks consist largely of hard impure
limestone or calcarcous sandstone, and conglomerate with limestone
pebbles. The impervious nature and consequent small liquid-retain-
ing capacity of the strata, as well as the dense and often impenetrable
jungle clothing the hills, render prospecting hazardous and unpromis-
ing. The petroliferous rocks are presumably of Pegu age, as they
are succeeded eastwards by fossil-wood-bearing, soft sands of the
ordinary Irrawadi sandstone type.

The rest of the season was spent on the volecano, Mount Popa,
in the Myingyan district. The bulk of the volcanic material is
evidently post-Irrawadi sandstone in age, but a thin bed of ash
and tuff intercalated among the latter sediments shews that activity
commenced before the end of that period. The volcanic deposits
consist mostly of conglomerates, tuffs, ash and andesitic lava flows.

59. After initiating Mr. Sethu Rama Rau into his work at Singu,

; » . Mr. Cotter commenced at the end of
Mr. G. do P Cotter. November an examination of the south-
ern portion of the Gwegyo Hills in the Myingyan district, and
early in December continued his survey southwards along the
same fold, including the Payagyigon-Ngashandaung Oil-field. The
results of this work have already been published (Rec., Geol. Surv.,
Ind., Vol. XXXVII, pt 3). In February Mr. Cotter removed
to the Pakokku district. The hills north of Myaing village were
found to consist of igneous rock, and an examination of the country
around the oil*scepages near Kyaukwet and Seewin shewed that the
area was one of great faulting and contortion. In the latter
region there is no simple anticlinal structure and the prospects of
obtaining oil in any quantity are problematical. One point of some
interest was the occurrence here of fossil-wood and marine fossils
(Pecten, Turritella, etc.) in the same conglomerate.

With the exception of a brief visit, at the request of the Burma
Government, to the Taungu stone quarries, the rest of the season
was spent on the northern part of the Yenangyat Oil-field. The
results of the latter will very shortly be published.
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60. With the exception of about two months around Yenangyat

and a brief visit to Thayetmyo, this

M. R. Ry. 8. Sethu Rama  5o,55n was spent or the Singu Oil-field,
Raa. " mapping the various fossil bands in
the Pegu serigs. Some of these were traceable for a considerable
distance, and could be recognised on both sides of the anticlinal
crest. The fossil bands mapped were sufficient to demonstrate
nicely the structure of this portion of the fold, and should be of
some assistance in drawing the boundaries of the oil pools in the
separate sands. Among the fossiliferous bands is ore noticed by
Grimes as the basal bed of Noetling’s Yenengyaungian stage, con-
sisting of a fissile clay containing sandy nodules, in each of which
is found a cast of a fossil, usually Tellina or Cardium: these
nodules recall forcibly the * box-stones” of the English Red Crag.
Another easily recognisable horizon, low down in the series, is
characterised by abandance of the coral Dendrophyllia macroriana :
this horizon was also identified at Yenangyat. Several specimens
of Batissa kodaunqensis were found along the Pegu-Trrawadi bound-
ary bed in block 28, Yenangyat. In block 31, Yenangyat, many
specimens of a Melania were found in the red boundary bed. Two
or three dip-faults were traced in the Singu field, the most con-
spicuous running through blocks 55° N. and 56° N. The boundary
also between the Pegu and Irrawadi series (both in Singu and
Yenangyet) is described as a strike fault.

61. Mr. Cotter has published an account of his observations on

the Tertiary strata in the Taungtha

Results published. @ 0 the Myingyan District. He

finds the structure of these hills to be that of an asymmetric

Taungtha Hills. sa.ddle.-s.haped antio}ine, or a.single fold

comprising two united elliptical domes,

the direction of the axis being 30° west of north. Faults occur,

but the most interesting point observed was the nature of the

asymmetry of the anticline. Contrary to the usual condition, it

is the dips on the west of the crest which are steep, while those
on the east are gentle.

The hills consist of Pegn beds as shown by fossils and the
occurrence of selenite. The rocks have been subjected to consi-
derable pressure, and Mr. Cotter concludes that the prospects of
obtaining oil in this area are poor, owing to contortion and fault-
ing (Rec., Geol. Surv., Ind., Vol. XXXVI, pt, 3, p. 149).
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62. Mr. Cotter has also summarised his work on the southern
pert of the Gwegyo hills, including the
Payagyigon-Ngashandaung Oil-field (Rec.,
Geol. Surv., Ind., Vol. XXXVII, pt. 3).

The field-work was undertaker in December 1907 and January 1908
‘n order to obtain some idea of the prospects of oil-prospecting at
this end of the Gwegyo anticline. The most characteristic feature in
the Pegu beds is the great predominance of soft shale over sand-
stone, and the consequent flatness of the country. The thickness ol
Pegu rocks exposed near Nyaungnigyin is perhaps over 4,000 feet, and
the junction of these beds with the lrrawadi sandstone on the cast
is a faulted on~. 1In the Payagyigou-Ngashandaung avea the east-
ern junction is faalted in an exactly similar manner, and the wost-
ern junction is probably an unconformable one: the fault, as in
the northern part of the anticline, appears to have occurred along
or very close to the crest. Numerous fossils, including two species
of nautilus, were found in this southern area, and the evidence
points to a marine origin for these beds. Oil has been obtained
here, but the prospects of obtaining it in paying quantities are
poor. A remnant of the crest of the fold exists in block 5, but
the anticline is pitching southwards.

63. My services were placed at the disposal of the Government
of Burma from the Ist September
to preside over a Committee appointed
to investigate the present conditions of exploiting the Twingén
and Bémé Reserves in the Yenangyaung Oil-field, to cexamine
the alleged dangers arising from flooding, fire and wasteful methods
of working, and to make proposals for the better government of
the field.

After examining the information obtainable from fhe companies’
agents at Rangoon, the Committce proceeded to Yenangyaung and
collected information on the: ground.

The reserved areas of Twingén and Bémé cover jointly an area
of about 450 acres, lying about } mile apart, and separated from
each other by the Khodaung block which is leased to the Burma
Oil Company. The surface area of both Reserves.is intersected
by deep ravines, many of them having precipitous sides. The
Twingdn Reserve having proved to be, by far, the richer in oil,
has been most thoroughly exploited, and it is in this area only
that the close drilling and dovetailing of independent companies

Gwegyo Hills.

The Twinza Reserves.
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with the Twinzas (still working with the primitive system of hand-
dug wells) is distinctly marked ; it is consequently in this area only
that the dangers feared are imminent, especially in the central
pert of the Reserve known as the Aungban. At the time of the
‘ommittee’s visit there were 145 drilled wells in this Reserve to-
gether with 333 Burmese hand-dug wells, and of the drilled wells
76 were concentrated on ap area of only 46 actes in the Aungban.
In this section of the Reserve sites of only 60 feet square were
valued and sold at prices often exceeding Rs. 40,000.

The Committee were convinced, as the result of examining the
history of numerous wells, that those in lose proximity often
drair the same oil-sand below, and consequently affect one another
in production.  The sand-banks in which the oil is stored ap-
peared, however, to be so irregnlar in shape that no constant rule
could be laid down for the way in which the adjoining wells
affect one another’s supplies of oil ; but it was evident that cases of
mutual interference were sufficiently numerous to impress the com-
panies with the desirability of rapid drillingin competition with
their neighbours ; corsequently hasty drilling incurred dangers of
fire, and (by the imperfect shutting off of oil-sands) danger of
water pevetrating and interfering with the productive capacity of
the oil-sands.

As regards the dangers of fire the Committee noticed that no
attempts were made to provide lightning conductors for the tall
wooden derricks, and no guy-ropes were provided to pull the der-
ricks over in any safe direction during fire. The oil in the receiv-
ing tanks near each derrick was measured by the use of a dip-
rod inserted through a hole in the cover of the tanks, and the
measurements being made by uneducated subordinates, who were
only partially aware of the dangers involved, considerable risk was
incurred by the use of naked lamps at night. Forges for dressing
bits and boilers for driving the pumping and drilling engines were
scattered indiscriminately among the wells, and were a source of
constant danger in consequence of the frequent incoming of new
spouting wells. The hand-dug Burmese wells were distributed
irregularly among the drilled wells and were worked by people
who are habitual smokers under conditions that would lead to a
serious loss of life in case of any widely-spread fire. Casual
strangers and pedestriars ignorant of the dangers around them
were allowed free access to the congested part of the ficld. No
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provision had been made for the cutting off of flowing wells dur-
ing fires, and the whole arca was covered naturally with a net-
work of oil and gas pipes. Although the drillers were generally
fairly cognisant of the dangers around them, and a general under-
standing had been established as to the precautions that ought to be
observed, it was evident that in a field, already congested and like-
ly still more to Be developed with sharp competition, there was
urgent necessity for detailed and exact regulations.

It had been alleged that, in consequence of the rapid exploita-
tion of the oil, there was a tendency for the sands to become
clogged by paraffin, with a conscquent reduction in the total quan-
tity of oil obtainable by drilling; but the Committee found that
the deposition of paraffin could not in any way reduce the amount
of oil finally extracted from the ficld.

A number of schemes were discussed for the resettlement of
holdings in order to divide the interests irto sufficiently large areas
to prevent the ill-effects of competition and consequent hasty drill-
ing. They found, however, in consequence of the objections raised
by the companies themsclves and the difficulty of treating the
Twinzayos equitably, that the present system of ownership could
not be disturbed, and thet it was possible only to take steps to
regulate the work of oil-winning in the Reserves. They conse-
quently drew up a series of proposals for enforcement through a
new Regulation. Thev suggested the appointment of a Warden for
the field, who would have the powers and dutics of a first-class
magistrate, and they suggested that he should be assisted by an
Advisory Board composed of one officer of the Geological Survey
together with two members nominated by the Oil Companies them-
selves. They made proposals for the allotment ofenew sites and
for the distribution of those sites which had been resumed by Gov-
ernment in consequence of breaches of the conditions under which_
they were originally allotted. They also formulated rules for the
control of operations whilst drilling through water-bearing sands, and
for governing surface operations likely to incur danger from fires.
Proposals were also made for revising the form of grant in order
to make it consistent with the new regulations. The companies
having unanimously agreed provisionally to accept the proposed
regulations, steps are now being taken to put the proposals into
law by the Burma Government,
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64. At the request of the Punjab Government, M. Daru while

Punjah in the Mianwali district studying the

' alum shales, also visited the oil-springs

at Jaba in the same district. The total monthly output from

ten springs s about 50 gallons only of thick, dark-green, sulphuret-

ted oil. He found the strata to be so disturbed that ho doubted
the feasibility of obtaining larger supplies.

Salt.

65. Tn the General Report for 1907 (Records, Vol. XXXVII, p. 37)
reference was made to the theory which
I had offered to account for the origin of
the salt accumulations in the Rajputana desert. Dr. W. A. K. Christie
having designed the apparatus required to sample the desert
winds and having made a series of preliminary tests under Labor-
atory conditions, volunteered to undertake the work in the desert
during the hot weather of 1908. He set up his apparatus
near Pachbadra (25°55’N.; 72°11’E.) in April and carried on daily
observations until carly in June when Sub-Assistant Vinayak Rao
carried on the field work alone. Both officers deserve the greatest
praisc for the way in which they cheerfully faced the hardships
of camp life in the desert during the hottest part of the year.

Rajputana.

Observations were made throughout each day regarding the
speed of the wind and the atmospheric temperature and pressure.
Samples were collected at regular intervals until the burst of the
monsoon in July, and these, with samples of sand and rain, were
afterwards investigated by Dr. Christie at headquarters. A joint
paper will shortly be issued by Dr. Christie and myself detailing
the results of this interesting enquiry, and the following are our
chief conclusions :—

* 1t has now been shown by actual observation during the hot weather that large
quantities of sodium chloride in the form of fine, dry dust are carried into the
desert region of Rajputana from the south-south-west. Concluding from the daily
observations made at Pachbadra during the hot weather of 1908, the amount of salt
passing a front 300 km. broad and 100 m. high during the four hot-weather months
might be indicated as 130,000 "tons. The hot weather of 1908 was a scason of
unususlly weak winds, and this figure (which has little more than qualitative value)
is probably well below the annual average influx of salt dust.

When it is known that those hot winds blow steadily towards the north-north-
east for three or four months every year, that they are strongest (often attaining

E2



52  Records of the Geological Survey of India. [Vor. XXXVIIL.
§

the spced of gales), during the day-time when the salt dust, is dricd by the scorc'hin;';
sun under a cloudless sky, that there is no reflux and very little variation in diree-
tion, with a gradually diminishing specd as the heart of the desert is approached,
and thai the period of hot, dry, southerly winds is followed always by a downpour
of rain, with the formation of a lake in each small area cf internal drainage in the
Rajputana desert, it is casy to account for the great accumulations of saline silt
which arc left after the annual desiceation of the salt Jukes.

These winds from the south-south-west blow over the arm of the sea known as
the Ran of Cutch, which is covered with a layer of white salt during the hot, dry
searon. Everydisturbance of this crust by pedestrians and animals helps to form
the salt dust which is wafted away towards Rajputana. The winds blow strongly
in the day-lime, with a Tull at nights, but the movement; is all in one direction at the
time of ycar when the dust is dry and can be carried most carily ; and there is no
set-back until after the monsoon period of rain, when all the finely-divided salt
dust that may have reached the heart, of the desert is washed into the hollows aceu-
pied by brine lakes. The strength of these winds is indicated by the fach that small
foraminifera have been carried bodily (not rolled) as far as 500 miles inland from
the coast of Cutch.

An idea of the quantities of sult to be accounted for is given by a special exami-
nation of the Sambhar Lake: thesilt of this lako partly fills a depression in the
Aravalli schist ‘* country ;" it has been shown by two borings that the silt is about,
70 feet thick in places, and, as tho result of detailed sampling at regular intervals,
it has been shown that the uppermost 12 feet of this silt over an arca of 68 square
miles includes 55,000,000 tons of sodium chloride. There arc many other smaller
salt lakes of the Sambhar type on the Rajputana highlands, and there may be
many such bodies of silt buried under the mantle of sand.

We consider that the action of the wind alone is sufficient to account for the large
accumulations of salt in Rajputana. The instance is one of special importance from
the circumstance that on the Rajputana highlands no other explanation offered
will account for any but unimportant quantities of salt ; there are no inflowing large
rivers; there are no traces of ancient rock-sall deposits ; no known saline springs ;
no likelihood of subterrancan water rising to the surface ; no probable connection
throughout most of the areas lying on the crystalline schists with the water wwhich
is possibly percolating underground from the lower-lying Punjab plains towards the
still lower depression of the Indus valley.

While admitting that rock-salt deposits may be formed in other ways also, our
observations in Rajputana go far to strengthen the evidences gathered by the late
J. Lomas and others to show that many rock-salt deposits, like those in the British
Trias, are dependent on desert conditions. Large desert arcas aro regions of in-
draught during the hot, dry seasons, when any salt available is easily pulverised.
Where these arc regions of internal drainage, the salt becomes ‘* fixed *’ in local
hollows after rain ; in the Rajputana salt-lako region we find deposits of gypsum,
nodular limestone, and plano-convex, lenticular masses of calecareous mud stained
black with ferrous sulphide, which, on oxidation, would give rise to the red colour so
characteristio of the marls and sands associated with rock-salt deposits.

The well-known estimates of the age of the ocean made by Professor J. Joly in-
cluded a ten-per-cent. correction due to the sca-salt carried inland by winds and
brought down by rain to add to the quantity carried to the ocean by rivers.
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References to the salt carried inland by sea-breezes have generally assumed that
the principal quantitics leave the occan as fine spray ; but it appears from our ob-
sorvations that, under special conditions like those in Western India, wheron desert
region forms the hinterland of a salt-incrusted temporary arm of the sea, far larger
quantities of sea-salt may be carricd inland as finely divided dust. It is impossible,
however, to say from our results that Professor Joly’s allowance for sea-sall in river
waters should bo materially increased. The process by which the salt is formed
in the Ran of Cutch tends to eliminate the rarer and more soluble magnesium and
potassium salts, leaving the wind-borne chloride to be more purely that of sodium
than would be the result of an inland transportation of simple sea-spray. The
iodine and bromine in the Sambhar brines are found to be in & smaller ratio to tho
chlorine than in sea- water, possibly for a similar reason, but these two halogens bear
in Sambhar just the same ratio to one another as they do in the sea.

Tin.

66. Mr. Page continurd his survey of the Mergui district,
. . devoting the first quarter of the year
?'N'I"g"_,' to a,ng emm,mina,tior(l1 of  the ar};hi-
Mergui Archipelago. pelago. Tn these islands granite forms
the prevailing rock-feature, and it occurs both in the gneissoid
form, apparently similar to the usual
Archwan gneiss, and in a distinctly
intrusive form, the latter penctrating both the older granitoid
gneisses and the sedimentaries.
_ The islands in which granite was observed may be divided into
8IX groups :—

(1) The western group, consisting of Moscos, Metcalfe, Great
Western, Torres, Hayes, Fletcher and Clara. All the
intermediate parts of this outer group are also probably gran-
itjc. Both kinds of granite were observed in this group.

(2) An ill-defined group comprising the western part of Elphin-
stone, south-east Elphinstone, Grant, the northern half
of Ross, Maingay’s and smaller islands as far cast as
Cantor. The larger portion is of gneissose granite,
into which the younger granites and numorous quartz
porphyry dykes have penetrated.

(3) A large domed outcrop, a little south of King’s Island
Sound, all the south of King’s, Mergui, Sellore, Tucker,
Julian, and the central ranges of Kissering. In this
group gneissose granites predominate.

Granites.
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(4) Parker and Domel down to and including High Island form
another serics of basal granites; they may be traced
north through the Pickwick group into Cantor and south
through the Gregories and down the coast to Victoria
Point and the adjacent islands.

(5) Davies Tsland is apparently an isolated granite outcrop,
but extremely bad weather prevented the adjacent
islands being carefully examined, and there may be
granites in the interior of St. Matthew’s.

(6) Koolagyun, and the low islands mostly covered by swamp,
which extend for miles down the coast, arc composed of
granite, usually of the basal variety with intrusive gran-
ites and pegmatite veins penetrating them in all direc-
tions.

Quartz-porphyries form a very important factor in group 2.
They occur intrusive into granites and the sedimentarice. Mount
Elphinstone (west coast  Klphinstone Islands), the peak on
Maingay’s, and Cantor are all examples of intrusion into granites ;
and Hayes, Julia, the extreme south of Cantor and some islands
east of Ross show examples of intrusions into slates. Johnny,
Paton, Allan and other islands near are composed for the most
part, if not entirely, of quartz-porphyries.

67. Above the granitic rocks there is a series of indurated
sandstones, quartzites, slates and schists.
These rocks are as a rule much
crushed, at times sparsely mineralised, and gonerally do not cover
any considerable area. They are usually met with in small moun-
tain streams. Above these comes a series of slateﬁ, samdstones,
grits and conglomerates. But they are not always all present,
denudation having generally removed the last-mentioned rocks.
As far as is known Pataw is the only island formed of conglomerate.
The series may be observed in the following groups of islands:
Central Kings, some 7 miles from the east coast line, Iron, the
north-east of Maingay’s island and the adjacent islands, central
and north-east Elphinstone, Macleod’s, Southern Ross and adja-
cent islands, the Warden, Christmas, Bentinck, the Five Sisters,
St. Luke’s, St. Matthew’s in parts, Bushby, Father and Son, Lord
Loughborough, and Governor Swinton and Cavern are all of sand-
stone and belong to the lower part of the Mergui series. Hayes,

Mergui series.
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Julia, Cantor (southend) and Sullivan are all slate islands, and may
be classed with the above.

In connection with the above sedimentaries, there is a series
of sandstones, slates, and breccia-conglomerates which at times
exhibit a schistose character, and are difficult to connect with the
lower part of the series. Thoy dip irregularly and show the effects
of the intrusive granites to a much more marked extent than the
older group. These formations may be seen in islands near
and north of Governor Swinton, the small islands south-west of
Bentinck, some of the Marien group, islands south-west of Sir
William James Islands and in a series of reefs along the east coast
of St. Matthew’s. In this last case, there are granite boulders,
some as much as six fect long, well water-worn, and resting
irregularly in a matrix of limestone sands, forming a granite-lime-
stone conglomerate. Subsequent upheaval has given the whole a
much crumpled and schistose appearance.

Similar deposits were met with in the Tavoy district in the
Hindu and Gt. Tenasserim rivers; and there are somewhat similar
occurrences in the vicinity of the Tavoy river.

68. No rocks were discovered that could be safely attributed to

Y . this group. The limestones forming the

* ~ Moulmein Group. Elephant group and also those on the
south-east of St. Matthew’s Islands being probably older than the
adjacent slates and conglomerates. They are very crystalline and
apparently unfossiliferous.

69. There still remain three younger deposits which cannot be

. classed as one, and yet are probably

Recent deposits. of about the same age. Between them

they cover quite a considerable area of the low flat islands, men-

tioned in group 6 of the granites, and also some of the islands

on the south, the swamps and parts of the mainland. They are
laterite, a partly cemented boulder-breccia and lithomarge.

They arc all shallow, the laterite being seldom thicker than
14 feet, the conglomerates even less, and the lithomarge seldom over
60 feet. They all appear mear granite and overlie them and the
adjacent slates, schists, ete., of the older Mergui serics.

The laterites and the conglomcrates are often found associated,
as also the laterites and the lithomatrges in the more southern parts

of the archipelago.
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The laterites on Koolagyun and some of the adjacent islands
are sufficiently rich in iron to be used as an ore.

The conglomerates when near water often present a deceptive
lateritic appearance. In Tavoy district the cementing material
of the conglomerate often carries a little gold.

The lithomarges in the vicinity of Yengan-Bokpyin often cover
workable tin-bearing gravels, and were probably derived from the
older slates, schists, and some of the felspar of the granites;
the mottled appearance (red to blue) being due to the oxidation
of iron derived from the dark mica, the tourmaline and the mag-
netitc of the granites. The islands of Pumpkin, Pig, the Gregories,
Carnae, Collins, Jenkins, etc., all furnish examples of these three
younger deposits,

70. Split, crushed and otherwise disturbed rocks, which indicate
pressure applied in an east and west
dircction, are abundantly cvident.
Nearly all the small islands, composed of sandstones, show their
strata up on end, and only in the larger islands, e.q., Bentinck, are
dips as low as 30° found. The slates are neatly always crushed
and penetrated by quartz veins, and in the case of Hayes 1slands
there are two distinct folds roughly at right angles to one another.
Owing to .the numecrous granite and quartz-porphyry intrusions, it
is rather difficult to delineate the principal lines of disturbance
through the district, as separate {from purely local disturbances.

71. Cassiterite is found in gravels on King’s, Kissering and Davies

s Islands.  On the first-named it has
Cassjterite. been worked. Kissering is the best of
the three and is worth prospecting, the cassiterite occurring within
six feet of the surface. The tin on Davies Island to judge by
the places tested in the® strcam which enters the sea near the
. south-cast corner of the island, would not pay to work. All the
granite of sub-group 2 is worth prospecting for cassiterite. Although
quartz lodes were frequently found, none carried visible minerals
of economic value. ’

72. Gold is found on Horsborough lsland and has been worked.

Golil. It occurs @s small flakes in gravels
at comparatively shallow depths. On
ries of pyritic veins a little above sea-
gold or assay. These veins are orossed

Geological disturbance.

Russel Tsland there is a se
level which yield 10 dwts,
by several quartz stringers,
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73. The only galena met with was on the west coast of Main-

gay’s Island and this has already been

reported on. Various laterites would

furnish a certain amount of iron-ore were there a local demand.

74. At the end of March Mr. Page proceeded to the Tavoy

- district. In this district tin-mining was

Tavoy districl: 4oind to be at & standstill

The following localities in which stream washing is carried on

during the monsoons were visited :—

Lead and Iron.

(a) Maungmeshaung river.

(b) Ongbingwin.

(c) The Hindu river and its tributary streams, including the
Hinda river.

(d) Old workings in the vicinity of the granites near Wagon,
and about the village of Pagayé.

The results of investigation hold out no great hopes of the
future of a tin industry in this district.

The following is a more detailed description of these localities.

() Maungmeshaung.-—In this area washing is carried on
also by the most primitive methods. Even ground sluic-
ing is apparently unknown to the villagers engaged.
The cassiterite is derived from the granites as well as
from quartz veins at the slate-granite junction. Boul-
ders of each of these rocks carrying cassiterite are to be
found in the stream. Apparently two concentrations have
taken place, one in which the cassiterite was concen-
trated on a °thin clay layer on the denuded slates,
whence they were washed by the present stream. The
gravels are irregular, and the concentrated cassiterite
will only pay to wash at intervals. European prospec-
tors will find it more profitable to search for lodes
in this locality than to work the gravels.

Wolfram is associated with the cassiterite, and occurs in rather
large irregular segregations and thin veins in larger
quartz veins in the slates.

(b) Ongbingwin.—At this place the cassiterite occurs in quartz
veins ; the widest cassiterite-bearing vein found was only
12 inches thick. Cassiterite also occurs in small quartz
stringers which have penetrated the sandstones near the
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granites in directions which cause the sandstones to split
in irregular rhomboidal masses. It is probable that most
of the cassiterite found in the gravels about the base
of the Kehdaung is derived from this source. For
a long time to come cassiterite will bo concentrated
in the strcams during the monsoon in quantities that
will pay to work. Whether it would pay a company
to attack the hill on a large scale is extremely doubtful.

The natives are only able to work the gravels down to about

6 fect, and from one or two who worked with European
prospectors, provided with pumps, it was ascertained
that the concentrate proper is some 30 feet below the

present surface.

In this locality and along the east shore of the Heinza Basin,

tin-stone, wolfram, and gold are found. The auriferous
specimens collected have not yet been assayed.

(¢) The Hindu river and ils tributaries drain a portion of tho

central range ecast of Wagon. 'The Hindu enters the
Khamaungthway, and the Hinda, the Bean river, each
tributaries of the Great Tenasserim. Cassiterito, in
quantities that should be payable, exists within a few
feet of the surface, and in the valley of the Hindu, gold
is found with the tin concentrate. The Golden strcam
is perhaps the richest known locality, but very little
has been done in exploring to depths over 8 fect.
The streams for 15 miles to the north of the Hindu
carry gold, but in no case were valucs obtained that
would appear to make it worth while to mine the gravels.
From evidence obtained from boulders there s a strong
probability of a quartz lode existing between the Hinda
and Hindu. The boulders discovered carry tin in pay-
able proportion, and indicate that the lode is at least
30 inches wide. This lode will cross streams which are
already leased for lampan workings.

(d) At the base of the gramite hills near Wagon and north of

the road there arec old workings, and in isolated patches
cassiterite, sufficiently concentrated to be worth washing
on a small scale, may be found. This locality is ap-
proximately south-south-cast of the tin-workings on the
Maungmeshaung stream. There is a poseibility of lodes
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being found, but pits will be necessary. At Pagaye
there are tin-bearing gravels, which are, however, worked
out. Some wolfram remains, and was traced to its
gource in quartz veins some 3 miles up the Sanché
stream, a tributary of the Pauk Tein. Here there is
a series of almost vertical quartz reofs varying from 30
inches to an inch or two in thickness. Only one of
some 50 veins carried wolfram, but this was very rich,
the wolfram forming a very large percentage of the lode,
which was 14 inches wide.

The quartz veins occur in slate of the Mergui series which
is partly metamorphosed to schist. This locality gives
promise of future success to the prospector.

Besides visiting the above localities a tour was made from the
Tavey river, in a general south-easterly direction to near Mouni
Myinmolet-kat and down the Bean river to Myitta. The structure
of this region is much the same as that of the archipelago. There
are numerous gravel arcas which looked as if they might contain
cagsiterite, but testing them in stream cuttings even down to 14
feet proved unsuccessful.

In the month of November a tour was made across the country
from the Tavoy to the coast and along the granite hills to the
Heinza Basin. All the high land is granitic, and there are large
flats covered by the disintegrated granite sands. Floods prevented
panning in the streams, but from the general appearance of the
country there should be gravels worth working as well as lode
formations near the granites worth tosting. .

75. There is ore geological feature promivent in the Myitta
ey <f v fe valley that is not met with in the
Tortiary strata. archipelago, and that is a Tertiary
deposit which can be traced almost 60 miles north and south, and
is some 12 miles wide in parts.

It consists of a series of shales, which dip generally at angles less
than 18°. They strike roughly N. and 8. and rest unconformably
on the denuded older rocks, which form the flanking hills. These
shales have numerous plant and fish remains not yet deter-
mined. On the shales rest conglomerates, which to a large
extent have been derived from granites, and in many places
the appearance of the arkose is so deceptive that it exactly
simulates & granite. In some localities these conglomerates and
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shales are interbedded. A sandstone bed is apparently associated
with them, and fossil-wood has been discovered in the Ayu stream,
a few miles north of Myitta.

GEOLOGICAL SURVEYS.

Baluchistan.

76. Dr. G. K. Pilgrim was engaged during the field season 1907-
Dr. G. E. Pilgrim, M. 08 in.a survey of .thc Bugti'and Ma..rri
R. Ry. Vinayak Rao. - countl'y in Baluchistan, paying special
attention to the Upper Tertiary fresh-
water formations from which vertebrate and invertebrate fossils
were obtained thirty years ago by Dr. W. T. Blanford and more
recently by Major McConaghey, the latter collections being already
described by Dr. Pilgrim in Records, Vol. XXXVI, part I.

Dr. Blanford was compelled to limit his work in this area to a
mere reconnaissance, and naturally his conclusions, published in
Memoirs, Vol. XX, need a certain amount of revision after this
more detailed examination of the ground, the most important changes
being made in the Upper Tertiary [resh-water beds. Although
in the northern portion of the area Dr. Blanford had recognised
the existence of three distinct formations in the Upper Tertiary—
Upper Nari, Lower Siwalik and Upper Siwalik —and had mapped
them as far north as Dera Ghazi Khan, he did not recognise the
Nari further south, and referred all the fossils there collected to
the Lower Siwaliks.

Dr. Pilgrint, however, has found that the lowest 1,000 feet
of the formation, mapped as Lower Siwalik in the Bugti Hills
by Dr. Blanford, is Nari, and is separated from the Lower
Siwaliks by a marked unconformity. In the Nari occur anthraco-
theroid remains, Acerathertum blanfordi, and the remarkable mollus-
can fauna described by Blanford, while the Lower Siwaliks have
yielded Dinotherium indicum, Mastodon angustidens and Mastodon
pandionts. Dr. Pilgrim has made from the Nari beds a large
collection of bones and teeth, which he has partially examined and
briefly described. - Although the wealth of species is not great
the fauna clearly indicates an Aquitanian age. With the Rhinocer-
otide anthracotheroids (and in especial the genus Brachyodus)
dominate the fauna. Representatives of the gonera Dinotherium,
Tetrabelodon, Macrotherium, Cephalgale, Amphicyon and Pterodon ocour.
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Full descriptions of these will appear later. At the basec of the
series there occurs fairly constantly and over a wide area a band of
marine rocks containing  characteristic Nari nummulites. The
marine beds pass gradually upwards, through estuarine strata contain-
ing mammalian bones and oysters, into true river deposits. Litho-
logically these beds are similar to the Naris of Sind, and especially
to those exposed at Bhagathoro, near Sehwan. The greater coarse-
ness of the sandstones and the abundance of ferruginous matter
renders them readily distinguishable from the Tower Siwaliks.

There is a close lithological resemblance between the TLower
Siwaliks of Sind and those of Baluchistan, the most typical beds
being certain concretionary conglomerates with clay pellets, and
there is no doubt that the fossiliferous horizons in the two areas
are identical.

The occurrence of Tetrabelodon angustidens fixes an upper age
limit for the Lower Siwaliks in the Sarmatian, while a consider-
ation of their fauna, as compared on the one hand with the Nari
and on tho other with the Middle Siwaliks of the Potwar in the
Punjab, inclines Dr. Pilgrim to think that they are most probably
of Tortonian age.

The Middle Siwaliks were not found in the Bugti and Marri
hills, the characteristic Upper Siwalik brown sands and clays,
conglcmerates and boulder beds resting unconformably either on
the Lower Siwaliks or on the Nari.

77. Post-Tertiary deposits, differing but little in appearance from
the Upper Siwaliks, but horizontally bedded and often resting un-
conformably on the latter, were seen in many places. Dr. Pilgrim
considers that many of them, like the older portion of the Indus
alluvium, are of Pleistocene age.

78. The division between the Lower Tertiary Kirthar and Laki
geries was recognised and maiked on the map, which also covers
a small area of the Cretaceous formations which, a little further
north, have furnished the well-known Mazar Drik collections.

79. Dr. Pilgrim calls my attention to the excellent field-work done
by Sub-Assistant M. Vinayak Rao, and his favourable report merely
falls into line with the reports of all officers under whom Mr.
Vinayak Rao has worked. He extended the survey as far north
as Fort Munro and mapped large arcas of Cretaceous, Laki and
Kirthar rocks.



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

Burma.

80. The survey work done in Burma is described under the heads
Petroleum and Tin, the work of Messrs. Pascoe, Cotter and Sethu
Rama Rau being confincd to the oil-bearing regicns in Upper
Burma and that of Mr. Page to the areas worked for tin in the
Mergui and Tavoy districts. Mr. Pascoe was in charge of the
work i Upper Burma, and reports on the high quality of the
work done by Mr. Sethu Rama Rau.

Central India and Rajputana.

81. In consequence of demands in other areas, the Central
. . India and Rajputana field party dur-
“'Rée‘s;zls"e g,’ g 11:[[_1‘}(11‘1:;::::,“’ ing the working scason 1907-08 under-
went some changes in its personnel.
Messrs. H. Walker and Sethu Rama Rau were diverted to other
duties, Mr. Heron remained, and Mr. H. C. Jones joined the party
for the first time. Mr. Middlemiss continued in charge of the
cperations, and was able personally to visit the area during the
last two months of the working seasop.
82. In the last General Report the hope was expressed that
the then ensuing seasen would witness
woll‘-l]:“;:,“gnolll»'t'h ;z,iﬁh,,gl'}ﬁf the linking up of the work with that
west. completed many years ago to the
north and north-west by Messrs. Hacket and Kishen Singh.1 To
a certain degree this has been realised : at several points the new
survey has come into touch with the old one, so that the early
months of the current season should see the junction complete.
The junction is, however, a ruperficial and provisional one only;
there still remains the difficult and delicate task of accommodation
and revision along the boundary between the old gnd the new,
and this may further necessitate revision of parts within the old
surveyed tract, which has only been very generally described by
Mr. Hacket (loc. cit.). In that paper, also the various sub-divisions
of the Vindhyan system (including the l.cwer Vindhyan shalec
and the Kaimur, Rewah and Bhander ceries) are described as
having been recognised, whilst the large-scale maps contempor-
aneously produccd represent these same sub-divisions with the
utmost nicety—althcugh no convincing reasons are given for

1 Mapped on the 1"= 1 mnle scale and briefly reported on, Bec . Geol Sury. Ind .y
Vol. XIV, pt. 4, p. 279 (1881).
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correlating them thus minutely with their supposed far-dis ant astern
equivalents, from which in fact their outcrops are separated by
enormous areas of obliterating Deccan Trap and alluvium. With
nc fossils to guide and with discontinuous outcrops, the arhitrary
splitting up of them in this western area to accord catege “:ally
with the divisions in the typical castern area appears unwar -ated,
as it may also be very misleading.

The Contral India party has already been compelled to make
use of one tentative grouping of the Vindhyans in tho ncighbour-
hood of Bhopal, a grcuping which has only with some reserve been
proved to hold across the intervening area between it and the
typical region ; whilst for detached outlying masses separated from
the main outcrops by many miles and buried in a sea of trap it
was occasionally found necessary to be content with marking the
outerops simply as « Upper Vindbyan.” In conformity with this
caution, and from what has been already scen of these western
ropresentatives of the Vindhyans near Rampura and Neemuch,
we are at present unprepared to accept without further enquiry
the sub-divisions originally given them by Mr. Hacket.

83. The work done last scason includes the completion of sheets
211 (alrcady begun in the preceding
season) and 210. Sheets 239, 240,
241, 271, 272 and 273 were also completed with the exception of
the portions of Gwalior State within them. Sheets 177, 178, 208,
209, 238 and 270 were partially surveyed. The area embraces
portions of Rutlam and Sailana, Banswara, Partabgarh, Jaora,
Sitamau, Dewas and Indore.

84. The Aravalli series, already touched for the first time dur-
ing the previous season, were again
further explored along the westward
margins of the Deccan Trap, but even this further acquaintance
with them is not yet sufficient to warrant any gencralisations of
importance. A number of highly inclined bands of different rock
types, all having a metamorphic or crystalline character and strik-
ing roughly north-north-west—south-south-ecast or north-west—
south-east build up a sort of platform at the 900 feet level,
on which the horizontal layers of Deccan Trap come to an end
in their westward extension as fringing scarps or as detached out-
liers, In the Progress Reports sent in by Mr. Middlemiss and
Mr. Heron much detailed information is given regarding the slates

Area surveyed.

Aravalli series.
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phyllites, schistose conglomerates, mica-schists, quartzites, hom-
blende-schists, crystalline limestone bands and the curiously related
limonite-quartzose or cherty bands with in' some cases griinerite,
mixed gneisses, granitic gneiss, porphyritic hornblende syenite-gneiss
and acid pegmatites, etc., but with the exception of a provisional
attempt to map some of the crystalline limestone and ferruginous
cherty layers which build a set of rocky ridges following the usual
strike, no endeavour has yet been made to separate the series as
a whole according to age or mode of origin. Having only so far
been secen in the bottoms of the valleys cut out among the trap
plateau, or in the vicinity of its western margin, it seems pre-
mature to attempt any such comprehensive classification for the
present. Among such difficult rocks it will be necessary to pro-
ceed slowly and with caution for some time to come. Nevertheless
there is but little doubt that the rock series here called Aravalli
represent the series of the same name as defined by Hacket, at
least in the main; but whether any of the quartzites should be
separately grouped with the much vounger Alwar or Delhi series
which along certain lines in the Aravalli range has been described
by Hacket as caught up in folds among the older Aravalli schists,
it is impossible to say. 1t is equally uncertain whether or not the
mixed gneisses are the cquivalents of those referred to as  gneiss
by Hacket and coloured separately by him on his maps. Mr. Ta
Touche in his more recent survey of western Rajputana (Mem.,
Geol. Surv. Ind.. Vol. XXXV, pt. 1, p. 6) found the rocks
west of the Aravalli range, marked “ gneiss” by Hacket, to be
granites of two distinct ages, namely, the Krinpura and Siwana
granites, differing widely in texturc and composition. It seems
quite likely, from what has already been seen during the past
season, that therc may well be exposed in this region both ancient
. Archeean gneisses and later eruptive plutonic masses.
85. Standing apart from the quartzites enfolded among the
Delhi series. crystallinfa schists, and outeropping at
much higher elevations among the
Deccan Trap plateau to the east-north-east of Partabgarh town,
occur a set of nearly horizontal quartzites or quartzitic sandstones
and siliceous shales forming bare scarped hills. They represent
one of the points of actual junction between the present and the
old surveys, having been identified by Hacket and marked on. his
published map¥as the southernmost extension of his Delhi series,
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The same rocks arc stated by that author to be overlaid uncon-
formably to the north beyond Neemuch by the shaly series which
he marks as Lower Vindhyan. The former were examined by
Mr. Middlemiss’ party, but the question of their relation to
Hacket’s Lower Vindhyans was not then gone into, and remains
one of those that must be taken up immediately for important
stratigraphical reasons. The first of these reasons is connected
with the general doubts which have already been alluded to con-
cernmg the strict applicability of the sub-divisional scheme adopted
by Hacket for his Vindhyan system. The second reason is that
two earlier observers, Medlicott and Mallet, each referred the so-
called Delhi quartzites to the Vindhyan system in the first
instance, although the former afterwards expressed himself as
satisfied with Hacket’s relegation of them to the much lower Delhi
series (Sce Rec., Geol. Surv. Ind., Vol. XV, Annual Report,
p- 3). The impression now obtained of these strata is in favour
of the earlier view, or at least that there is not sufficient
difference betwcen them and the Rampura scarp of Hacket’s
Kaimur to place them in scparate systems. They are found to
be not very strongly sltcred, the originel rounded grains, the
pebbles and other evidence of a sedimentary origin being quite
appreciable to the naked eye. In some yellowish or pinkish
siliceous shales locally becoming calcar-
eous, which lie beneath the coarser
quartzose rock, some very obscure leaf-like impressions were noted
and some markings, including rows of pittings of very much the
same nature as those described nand figured by Mr. Vredenburg
(Rec., Geol. Surv. Ind., Vol. XXXVI, pt. 4, p. 241) from the
Pab and Vindhyan sandstones of other localities. None of thess
shales show any mineralisation or folietion. Whatever be the final
judgment as to the age of these beds, 1t i3 quite clear that they
can have nothing in common with the phyllites and other schistose
rocks found in the lower zome of so-called Aravallis as just
described further west below the crest of the Deccan Trap plateau.

Quasi-organic remains.

86. The next point where this survey touched the old mapped
area is near Kukresor and Rampura

< kl“iz“;‘;r . \’indl‘;yalil, or in northern Indore, where Hacket’s
Suket Shales and Kaimur i ingh’ i
searp (Hacket and Kishen and Kishen Singh’s Lower Vindhyan (or

Singh). Suket) shales and Kaimur quartzite
' scarp occur. These rocks were examined
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by Messrs. Middlemiss and Jones, and they exhibit the shales
everywhere in conjunction with the Deccan Trap plateau to the
south ; so that it was impossible to know what came immediately
below them. Mr. Jones has made a careflul study of these twc
formations and filled in the gaps in the mapping left over by
the earlier survey. His Progress Report is amply illustrated
by photographs and drawings.

The shales may be concisely described as being much softer
than those below the Delhi quartzite. They are also generally
much more fissile, breaking up into little cakes, not into splinters.
Their colours vary from a drab or buff c¢n the lower slopes of the
scarps to darker and sometimes chocolate, purple and green tints
in the lowor river-bed sections. They arc so soft and fragile that
one can hardly make a specimen of them.  Glauconite-bearing
bands occur high up under the quartzitic scarp, and harder, mica-
ceous, flaggy beds and free-stones (much used for building purposes)’
occur at lower horizons, with some rare calcareous beds, showing
300 fect at least, the base nut being attainable. They lie pra:-
tically horizontally but with small, sudden warpings and pucker-
ings. There are no traces of porcellanic beds (compact fine ash,
see Mem., Geol. Surv. Ind., Vol. XXXI, pt. 1, p. 93), which in the
Son valley sections characterise the J.ower Vindhyans, and thero
are also no important limestones to correspond with the Rhotas
and other limestones of the typical Lower Vindhyan area.

87. Tt may well be that the survey of this arca may best he
signalised by the finding by Messrs.
Middlemiss and Jones cf some very
minute orgamu bodies in these shales. Mr. Jones, who subse-
quently examined them more carefully in Calcutta, describes them
as small concentrically wrinkled dises of carbomsed chitinous sub-
stance, and he thinks it not impossible that they may represent
the genus Obolelle or Chuaria circularis, described by C. D. Walcott
from Pre-Cambrian rocks of Arizona' or possibly the operculum
of Hyolithellus.?

88. The quartzite scarp whlch follows above these shales is a

very striking formation, building a
ofqﬁ::ﬁlttf searp (Kaimur wall-like rampart, and strotching as
far as the eye can see. It.is a

I‘ossi Is.

1 Bull. Geol. Soc. of America, Vol. X, p. 234 (1890). °
2 Bull. Geol. Soc. of U. 8., Vol. IV, p. 141 (1886). with PI. xtv ﬁg
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quartzite rather than a sandstone, not unlike some of the Delhi
quartzite just described, but without being identfcal in any parti-
cular. It brcaks with a roughly conchoidal fracture and may ‘be
trimmed into good rough blocks, suitable for building purposes,
but it cannot be got out in slabs like the typical Kaimur.

89. A curious set c¢f rather small outliers of this quartzite
Detached blocks. occurs generally some way south of

the main scarp and at a much lower

olevation, lying on the Suket shales not far from the Deccan Trap
boundary. These outliers, according as they approach the Deccan
Trap boundary more nearly, become of the nature ot isolated crags
or blocks arranged in clusters on the summit of gentle rises in the
shales. An enormous number have been mapped by Kishen Singh,
but many more would require delineation. Their most remarkable
feature is their disturbed dips near the edge of the trap plain,
The disturbance is not uniform. From block to block, separated
perhpps only by a fow feet, the dips vary widely in amount and
direction. | The whole at first sight presents an appearance of chaos.

A number of these were plctted on a large scalo by Messrs. Middle-
miss and Jones.

90. Lametas were found at one place only by Mr. Heron on

Lametas. sheet 214, forming an irregular hori-

. s zontal shelf, unconformable on the

‘metamorphics. The bed is 10 feet thick and composed of impure,
pele-purple limestone with grains and pebbles of quartz.

91. The great spreads of Deccan Trap (with its occasional In-
Deccan Trap, Intertrap- tertrappeans and cappir}gs of laterite)
peans, Laterite, etc. was naturally met  with ~over very
large areas surveyed during the season.

Tts characteristics remain much as before, and a number of separate
studies of individual occarrences have been made and submitted
- in the reports by Messrs. Jones and Heron, with numerous sections
and photographs in illustration of the chief facts. Intertrappeans
were met with principally in parts of north-west Jhalawar and
thin bands of clay were also. noticed at a foew places. Laterite
occurs largely as cappings to small hills, principally in the States
of .Jhala.war, Rampura and. Sitamau, with occasional masses of
residual blocks.and lateritic gravel. In some cases Mr. Jones has
f}escribed rock dwellings cut out of the laterite, and rock temples,

. F2
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such as the Dhamnar cave temples, where the laterite is about
60 feet thick.
92. With reference to remarks madein a previous General Report:
Peculiar poition of the (Rec., Geol. Surv. ¢f Ind., V(fl' XXXIIL,
trap. ' pt- 2, p. 108) on the subject of the
almost universal absence of recognis-
able outliers of trap on Vindhyans, it may also be noted that in
the arca surveyed last season the same peculiarities are cqually
prominent. It is almost impossible cver to find a denuded natural
section cut out of trap and showing Vindhyans below. But the
case is cotirely different as regards the behaviour of the trap to
the Aravallis. In this case the usual position at the margins is
to find the former as outliers capping hills of steeply-dipping
schists, or running out as a sheeting on long spurs from the main
plateau. An explanation of this anomaly is still wanting, but the
theory advanced by Mr. Middlemiss that local extrusion with fis-
sure eruptions may sometimes explain the extraordinary positions
of the trap to the Vindhyans scems to be supported by what has
been written above regarding the detached blocks of Kaimur sand-
stone on the Suket shales near the trap margin. We might under-
stand it on the assumption that large sections of the Vindhyan
country subsided en masse, with a corresponding welling up of the
molten trap to some level of equilibrium. The margins in such
a case would be liable to much disturbance, slipping and disinte-
gration. In this connection it may be noted that the only place
where the Delhi serics near Partabgarh show steep dips is just at
their junctign with the trap south-west of Malhargarh, where they
suddenly curve over to a vertical position.

Central Provinces. *

93. The work in the Central Provinces was dirccted as before

Mr. P. N. Datta. with a view to filling in the gaps in

the general geological map. Mr. P. N.

Dutta spent the whole season mapping previously unsurveyed

ground in the Chanda district. A small portion of this district

in the neighbourhood of Brahmapuri (20°35’; 79°55) had been

examined towards the close of the previous season (1906-07 ), and

survey work was, therefore, cxtended from this point eastwards,
south-castwards and southwards.
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The larger portion of the arca examined was found to be oc-
cupied by Archeean crystalline rocks; but Mr. Datta also mapped
exposures of sandstones referred with hesitation to the Vindhyan
system in some cases, and with doubt to the Gondwanas in others,
as well as quartzites of probably Vindhyan age. Among the
schists there are exposures of rocks resembling the typical
Dharwars. A band of these, traced during the previous scason as
far as the latitude of Munjewara (20° 30"; 80° 8) was followed
to its termination at Wyragarh (20° 26% 80 ). Ir the northern
parts of this band, which lies partly in Bhandara and partly in
Chanda, the rock varies from micaceous schist to argillite which
shows little signs of alteration. Near Wyragarh these rocks strike
roughly north-west to south-east and stand at a high angle. The
general mass of crystalline rocks include ordinary gneiss, hornblende
schist and mica-schist with occasional quartzitic rocks.  These
rocks occupy the lower levels, and are consequently covered by a
mantle of cultivated soil, which effectually hides large areas. The
castern hall of the area surveyed is occupied by rocks of a dis-
tinctly granitic character, the granites sometimes being porphyritic.
Outcrops of quartz rock form prominent hills, the general geologi-
cal character being not unlike that of the typical Bundelkhand
arcas.

Mr. Datta has drawn attention to the iron-ore deposits near
Iron Ores Lohara (29° .24’; -79° 46’) in the

) Chanda district which were described
by the late T. W. H. Hughes in 1873,! and to some other smaller
occurrences of hematites. These are rich in iron, but wcre con-
sidered by Messrs. Tata Sons ard Company to be insufficient in
quantity to support any large industry conducted on a modern
scale. The only other materials recorded as of possible economic
value are the building stones of various kinds obtainable from the
sandstones, crystalline rocks and laterite,

Kashmir.

94. The remarkably intercsting discoveries in Kashmir bearing

- . on the age of the Lower Gondwanas
Mr. C. 8. Middlemiss. have been described in previous Reports.2
During the past year Mr. C. 8. Middlemiss added very

L Rec., Geol. Surv. Ind., Vol. VI, 77.
2 General Reports for 1902-03, 1903-04 and 1906. Seo also H. H. Hayden, Ree.,
eol. Surv. Ind., Vol. XXX VI, pp. 23—39, 1607.
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materially to the value of these discoveries by his unexpected find
of a more complete and richly fossiliferous section in the Golab-

garh pass, on his march from Jammu across the Pir Panjal range
into Kashmir.

In this section Mr. Middlemiss found -clearly displayed in a
closely-folded syncline resting on the Panjal volcanic series :—

(¢) Limestones, without recognisable fossils, corresponding in
character and position to the Triassic liwestones of
other sections ;

(k) Black shales with Spirifer Rajah, 10 to 20 feot thick ;

() Earthy, micaccous sandstones with Marginifera, 300 [eot
thick ;

(/) Black shales, thin bed ; .

(e) Protoretepora limestones, 200 [eot thick with abundant
fossils ;

(d) Earthy and (above) calcareous sandstones ;

(¢) Sandstones and carbonaceous shales, with Lower Gondwana
plants, 100 [eot thick;

(b) Siliceous and carbonaceous shales, 180 feot thick ;

(¢) Basal conglomerate, ¢ feet thick.

These beds form an apparently conformable séries, from tho
basal conglomerate resting on the Panjal volcanics up to the
limestone of probably Triassic age. The chief interests are centred
in the beds (c), as in these beds Mr. Middlemiss found, in addition
to Gangamopteris previously recognised in the Kashmir valley sec-
tions, two or threc species of Glossopleris, with the supposed
rhizome Vertebraria indica, and groups of leaves resembling those of
Psygmophyllum. The Glossopteris remains were found in the higher
beds of the series, and the order is that of the lowermost Gond-
wanas of the Peninsula—the Talchirs and the lowermost of the
coal-bearing series, distinguished as the Karharbari beds.

Mr. Middlemiss re-examined several previously described sections
of the Zewan beds and associated strata in the Kashmir valley
and demonstrated beyond doubt that the Lower Trias, formerly
thought not to exist in Kashmir, is present and is richly fossili-
ferous in places. The results of these observations are described
with characteristic clearness and charm in a special paper.!

1 C.S. Middlemiss, Rec., Geol. Surv. Ind., Vol. XXX VII, Purt 4.
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THE MINERAL PRODUCTION OF INDIA DURING 1908. BY
SIRT. H. HoLLAND, K.C.LE,, D.Sc., F.R.S,, “Dircctor,
Geological Survey of India.

I--INTRODUCTION.

S this brief summary of the mineral production for 1908,
will be superseded by the quinquennial Review now in course of
preparation, it is purposely made short, and is confined to the minerals
about which the most trustworthy regular returns are available.
There are still some corrections due from the Native States, but
these will probably not affect the totals seriously, and the state-
ment is accordingly issued now for the use of those who want
early information about progress.

Total Value.

The total’ value of minerals raised during 1908 was returned
as £7,823,745, against £7,079,708 for the same minerals in 1907,
an increase of 10-5 per cent. The heavy output of coal contri-
buted the principal share, just three-quarters of a million, to the
increase, but there was also an increase in gold, petroleum, salt,
saltpetre, jadestone, graphite and magnesite. On the other hand,
there was a reduced output of manganesc-ore, mica, ruby, tin,
iron-ore, chromite and diamonds. It is likely that the fall in the
price of coal and the general depression in trade which followed
the extraordinary activity of 1906, 1907 and early part of 1908,
will result in an interruption of the gradually ascending curve of
production that has characterised the returns for the past ten
years. The sharp changes in the value of chromite produced
from £7,188 in 1906 to £24,404 in 1907 and back to £6,338 in
1908, show how a mineral raised on a compaiatively small scale
and at great distances from the coast responds readily to changes
in the Eurcpean market. This condition of unstable equilibrium
must characterise the mining of metalliferous ores which are
raised for consumption out of the country.® The fall in the value
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returned for ruby, sapphire and spinel is partly due to failure to
1epeat in 1908 the finds of valuable sapphires which rewarded the
cnterprising Kashmir Mineral Syndicate in 1907, but the main
part of the fall for these gem stones is due to artificial restriction
of sales from the Ruby Mines district in consequence of the dis-
turbed state of the gem market in Kurope and America.

TasLe 1. —Total Value of Minerals for which Returns of Production are
available for the years 1907 and 1908.

MiNERAL. | 1907. 1908,
. Lo N —
' £ £

Coal(@) . = o . ... 2600726 3,356,200
Gold . . . . . . . S 2.126,756 2,177,847
Petroleum . . . . . . . 610,015 702,009
Salt (a) . . . . . . . . ] 434,076 522,794
Manganese-ore (b) . . . . . . ’ 580,830 465,593
Saltpetre (b) . . . . . . . 274,679 292,758
Micw(®) . . . . . ... 226,382 139,513
Jadestone (b) . . . . . . . 49,643 73,400
Ruby, Sapphive and Spincl . . . . 98,258 47,931
Graphite . . . . . . . 7411 14,365
Tin-ore (a) . . . . . . . 1 l,882‘ 11,015
Iron-ore (¢) . . . . . . . 13,427 | 10,637
Chromite (a) . . . . . . . 24 404 6,338
Magnesite @) . . . . . . . 50 2,00
Diamonds ; . . . . . . 2,784 0940
Amber . . . . . . . . 385 364

TOTAL . 7,079,708 7,828,745

(a) Spot prices.  (h) Export values.
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II.—PRODUCTION OF INDIVIDUAL MINERALS.

Chromite.

As shewn in table 2 there was a considerable decrease in the
production of chromite during [908, as compared with 1907. This
was chiefly due to Mysore, where the large total of 11,197 tons
was won in 1907—the first year of production—and only 856 tons
sold, leaving large stocks to be carried over to 1908.

TasBLE 2.—Production of Chromite tn India in 1907 and 1908.

1907. 1908.
ProviNce. e T B e -
Quantity. Value. ' Quantity. Value.
| Statute £ Statute £
i Tons, Tons.
Baluchistan . . . . 7,274 9,699 | 4,135 5,513
' |
Mysore . . . - 11,029 13,705%) 610 825
' I
S | i R
TOTAL . 18,303 | 24404 i 4,745 6,338
i I

* Estimated.

Coal.

The output of coal in 1908 amounted to 12,769,635 tons, against
11,147,339 tons in 1907, or 145 per cent. The average pit-mouth
value was Rs. 3 as. 15 (bs. 3d.) per ton, an increase of 7 annas (7d.)
on the average prices for 1907. The increase in production was
mainly due to the Bengal coalfields, which increased their output
by over 1} million tons. The contribution by the Bengal and
other Gondwana fields amounted to 12,373,018 tons, or nearly 97
per cent. of the total, only 396,617 tons being obtained from Ter-
tiary formations during 1908. The production of cach field is
ghown in tables 3 and 4.
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TABLE 3.—Output of Gondwana Coalfields for 1907 and 1908.
1907. 1908.
(C'OALFIELDS. Statute Per cent. of | geagnie Per cent. of
Tons Indian Tons Indian
Total. * Total.
Bengal—
Daltongan] 81,873 0-73 96,391 0°76
Giridih 750,374 6-73 782,763 613
Jherrin 5,179,185 1647 | 6,458,843 50°58
Rajmahal 2567 .. 333 .
Raniganj . 3,981,859 3572 4,221,781 3306
Central [ndin—
Umaria 178,588 1°60 155,107 |22
Central Provinees—
Bellarpur . 18,103 016 45,2909 035
Pench Valiey . 74,6683 | 067 120,249 094
Mohpani . > 41,322 037 48,241 038
Hyderubad—
Ningureni . 414,221 3-72 444,211 348
TOTAL, Gondwana fields 10,720,245 0617 | 12,373,018 0690

TABLE 4.—Output of Tertiary Coulfields

for 1907 and 1908.

CoOALEIELDS,

»

Baluchisten—
Khost .
Nor, Mach, ete. .

Fastern Bengal and 4ssam—
Makum . . .
Smaller fields

North-West Frontier—
Hazara .
Punjab—
Salt Range
Shahpur
Mianwali .

Rajputana—
Bikaner

TOTAL, Tertiary fields

| 1907. 1908,
Per cent. of Per cent. of
Bll:‘u. tute Indian B'llz‘:;l;‘t.o Indian
ons. Total. Total.
L 29,378 0°26 1,547 0°25
o 13,110 012 13,866 010
2 . 275,224 2:15
|} e 5,
.. 90 )
47,208 41,407 0°43
12,686 0°56 12,885
765 7082,
28,062 0-25 21,207 017
427,094 3:83 396,617 3-10
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There was a slight rise in the quantity of coal exported in

. " 1908, the total being 657,476 tons,

Exports. with 2,120 tons of coke, against

652,971 tons of coal and 5,174 tons of coke in 1907. Ceylon as
before was the principal customer, taking 424,060 tons in 1908.

Imports at the same time increased on account of a large in-
flux from Natal and Australia to meet
the heavy demand «luring first half
of 1908. The total quantity of coal, coke and patent fuel imported
in 1908 was 385,323 tons, against 301,588 tons in 1907.

The average daily attendance at Indian coal-mines in 1908
was 129,173, against 112,502 in 1907
and the output per person employed
in 1908 was about the same, namely, 98-8 tons of coal.  The
output per person employed below ground in 1908 was 153-5 tons.

Tmports.

Labour.

The death-rate from accidents at coal-mines in 1908 was notice-
ably higher, due largely to three serious accidents, one at Khost
in Baluchistan and two on the Jherria field. The rate was 1-37
por thousand employed in 1908 against 0-89 in 1907.

Diamonds.

There was a considerable fall in the value of diamonds obtained
in the Central Indian States, the returns amounting to £940 only
against £2,784 in 1907,

Gold.

The rise in the value of gold produced was mainly due to
increases i the Nizam’s Dominions, Dharwar and on the
Irrawaddy river. The provincial returns for 1907 and 1908 are
compared in table 5 : .
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TABLE 5.~ Quantity and Value of Gold produce in India during 1907 and

1908.
1907. 1908.
PROVINCE. - i N _
Quantity. Value. Quantity. Value.
R |
Ounces. L ‘ Ounces. L
Bombay - -

Dharwar . . . . 1916 18641 | 7242 27.158

|

Burma— i
Myitkyina . . . 3,837 14,919 | 7.950 30,600

1
Other districts . . . 150 600 | 150 600
Central Provinces . . . 150 600 ! 150 600
Hyderabed . . .. 13,383 50,216 16437 62,550
Mysore ... .| 535085 | 2,041,130 | 535653 | 2,055.567

|
Punjab . . . . 163 639 195 759
United Provinces . 2 } 11 3 13
—— — ————— e e - !_—._
TOTAL . 567,686 2,126,756 567,780 ' 2,177.847
v ]
Graphite.

There was a marked rise in the value returned for the graphite
raised in the Travancore State, although the quantity produced
was only slightly higher. Tn 1907 the total quantiy reported was
2,433 tons valued at £7,411, while in 1908 the quantity was 2,873
tons valued at £14,3656.

Iron-ore.

The quantity of iron-ore raised in 1908 was as follows :--

Bengal . . . . . . . 4,466 tons.
Other Provinces and States . . . . 4,758

”

Total . 59,224 ,,

In 1907 the total reported was 67,839 tons.
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Jadeite.

There was a considerable increase in the export of jadestone
through Rangoon, from 2,636 cwts. valued at £49,643 in 1907, to
3211 cwts,, valued at £73,400 in 1908.

Magnesite.

Arrangements having been made now for the calcination of mag-
nesite on the ‘“Chalk Hills”> ncar Salem, systematic production
has been statted, the output in 1908 heing 7,534 tons against
a nominal production of 186 tons raised in 1907 for experimental
purposes.

Manganese-ore.

Owing to the great fall in the price of manganes~-ore during
1908, the production during that year was over 200,000 tons
less than during 1907, but was nevertheless considerably greater
than that of 1906 (571,495 tons), when the recent spell of high
prices first sct in. 1908 was a year of over-production, and ths
stocks on the mines at the end of the year were probably about
300,000 tons. The best index of the state of the industry is pro-
vided by the export returns shown in table 8. The provincial
production of manganese-ore for 1907 and 1908 is shown in table 6,
every province showing a decrease except Bengal and Bombay.
The increase in the case of Bengal is notable and is due to the
opening up of a large deposit in Gangpur State. The average
number of persons employed daily at manganese mines under the
control of the Indian Mines Act was 16,416 in 1908 as against 18,715
in 1907.

TaBLE 6. —Production of Manganese-ore for 1907 and 1908,

PROVINCE.

1907, | 1908.
- ) il
Statute Tons, Statute Tons,
Bengal . . ‘ 2,933 ' 20,000
Bombay . . 22,821 ! 23.232
Central [ndia . L 35,743 13,315
Central Provir . . 565,017 431,056
Madras . . . 159219 118,089
Mysore . 113,307 68,624
TOTAL 899,065(«) 674,315(«)

(@) Ineludin,

. g 15 tons extracted in Las Bela, Baluchistan, undera prospecting
icénse,
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TABLE 7.—Production of Manganese-ore in the Ceniral Provinces
during 1907 and 1908.

DIsTRICT,

Balaghat
Bhandara
Chhindwara
Jubbulpore

Nagpur .

TOTAL

1907. 1908.
Statute Tons, Statute Tons,

163,634 135,487
164,203 110,673
30,728 49,008
7,100 48
199,352 135,839
565,017 431,085

TaBLE 8.—Ezxports of Manganese-ore for the years ending 31st March
1908, and 31st March 1909.

Porr.

1907-08.

Statute Tons.

1908-04.

Statute Tons.

Bombay 384.115 336,896
Caleutta . 42,570 24,967
Mormugao * 99,962 69,820
Vizagapatam . 121,735 76,150
TOTAL 648,382 507,833

Mica.

The exports of mica during 1908 fell to 27,572 owts., valued at
£139,513, from 39,055 cwts. valued at £226,382 in 1907.

Petroleum.

. Increased activity in the Twingon Reserves of the Yenangyaung
Oil-field, where rich oil-sands were struck at greater depths, resulted
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in a marked rise in the production of petroleum during 1908,
the total being 176,646,320 gallons, against 152,045,677 gallons in
1907. To the total for 1908 the Yenangyaung fields alone contri-
buted 123,789,630 gallons. There was an increase in the export
of both kerosene and paraffin wax. Of the former 5,729,114 gallons
were sent out, against 1,764,075 gallons in 1907, while of paraffin
wax the export amounted to 83,572 cwts. in 1908 against 76,075
cwts. in 1907.

Ruby, Sapphire and Spinel.

The despatch of rubies from Burma was artificially checked in
consequence of the disturbance of the general gem market, while
only sapphires of poor quality were obtained from the Zanskar
workings. The value reported for these gem-stones in 1908 was
only £47,954 against £98,2568 in 1907,

Salt.

The salt produced in 1908 amounted to 1,279,937 tons against
1,102,783 tons in 1907. This is exclusive of the amount of sea-
salt manufactured at Aden, which amounted to 88,324 tons. The
rock-salt raised in the Punjab and North-West Frontier Pro-
vince amounted to 113,777 tons, or 8'9 per cent. of the total
production.

The foreign salt imported in 1908 amounted to 523,559 tons,
against 547,169 tons in 1907.

Saltpetre.

The saltpetre exported in 1908 amounted to 386,199 cwts.,
valued at £292,758, against 357,589 cwts.,, valued at £274,679 in
1907,

Tin.
The tin raised in South Burma in 1908 amounted to 1,887 cwts.,
valued at £11,015, which is above the average for the past five

years, but is not indicative of any real development of the
industry.
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ITI._MINERAL CONCESSIONS 'GRANTED.

TasLe 9.—Statement of Mineral Concessions Granted during 1908.

Pishin. for Mr. . R. Lindsey.

Do. . (2) Messis. Essajee & | Coul . . . ML

BALUCHISTAN.
l Nature of I Arca i l Date ot
DISTRICT. (irantee. . Mineral. Sgant. | a ron n | commence- | Term.
i ' l . | ment.
H i‘—_-_ - : - o : - | e
Queta- (1) Babu Karam Singh Chronute . . ML { NO , st July 1008 | 30 yeurs.

|
)
Sons } 80 1 18t January Do.
Do. . @) Do. do. .| Do.. . . M. { L 1o
Do. . (4) Mr. Deomal Khem- | Do, . . kL . 160 iJ:’:th June | 1 year.
chand. i 1908,
Do. . (5{'Mm”' Sorabjee & | Do, . M. . l 80 i Jst July 1008 isoy(-urs.
0.
i ! \
Do. . (6) KhanBahadurB. D.| Chromite . . M.L. .. I8 v oo, . o
atel, C.1LE. 1
Do. . () M. Deomal Khew-|Conl . . . ML ., 160% | Do . Do
chand. | I
Do. . (8) Mewsrs. Hasan Alig | Do. . . M.I. . i 210 ' pe. . Do
Co. '
Do. . (9) Mms&re Heera Mall i Do. . . ML . 80 Jst January K Do.
! i 1909, .
Du. . (10) Mr. 8. Pheroze Shaw ’ Dee. .. ML . | 42 | Istduly 1908 | Do.
' i
Do. . (11) Messrs. Narain Singh ' Do, . . ML \ 80 Ist January ' Do.
& Sony. | ! 1909, ,
8ibi . . (12) Ral Salib Rocha : Da, . . DL . 910 l 21st  Decem- ' 1 yeu.
Ram & Sons. ! .‘ ber 1908,
Zhob . . (13) Babu Kuramn Ningh Chronute ML . 160 I 18t July 190 ¥ N
for Mr. (". R. Lindvey. ' ] ] . 18t July 1908 ! 40 year
Do.  .|(GH Do do. .' Do . . ‘ ML ioa L e po
Do. .| (15 The Baluehistan ! Do. . . ML I e " b .| Do
Mining  Syndieate, ! | ' l
Quetta.” l ! | |
Do.  .|(16) Da o . Do. . . ML . l 150-826 : Do. . | Do.
I ]
Do. . | (17) Babu Karam Singh ! Do. . . M. L. i 160 ' . X
for Mr. C. U Lindsey, | P | I Do |
| H
Do. .|(8 Do. do. .! Do . .'MIL ., 80 . Do ! Do.
Do. .|(I®» Do do. .. Do . . ! M.T. i w | b . ! Da.
1 1
Do @) Do do. .| Do ML . 18D \ po. .1 Do
! ! i !
.| (21) The Baluehistan' Do. . . MT. : 320 I Do. .. Do
Mlnlng Syndicate, ! 1
Quetta. | . |
) |
Do. .| (22) Do. do. . De. . ., ML . 16 ’ Do. 0 Do.
i |

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease
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BENGAL.
" Drsrricr. Grantee. Mizeral. Al I
Darjeeling . | (28) P. N. Bose, Esq. Coal, covper, iron | P. L. 07
and other ores. !
Gayn (24) Jhaman Singh alige | Mica . . M. L . 148
Jung Bahadur Singh.
Do. (25) Do. do. Do. . M. L 25
Do. (26) Do. do. Do. . M. L 206
{Tazaribagh. | (27) Mr. E. Lane .| Do. . | DL 80
Do. (28) Babu Murari Fal | Do. . P. L. 280
Singha.
Do. (20) Mr. 8. O. Fillion Do. . P. L. 360
Do. (30) The East Indian | Do.. . PL . 800
Mica Mining Co., Ltd.
Do. {81) J. Borer, Ksq. De. . .| P L 120
Do. \82) E.Lanc,Esq. .| Do.. P. L. 40
Do. (#3) Do. . .| Du . P.L. 40
Do. (34) Tho East Indian | Do. . P. L. . 80
Mica Mining Co.. Iitd.,
through Mr. C. Murray
Do. (35) F. G. Talbot, Exg.. | Do. . . | P L . 40
Da. (36) Do. Do. . P.T. . 10
Do. (37) The East Tndian | Do. . L] PL 40
Mica Mining Co., Ttd.
Do. (38) Mr.J. Borer . Do. . P. L. . 120
Do. (30) Babu  Murari Lal | Do. P.L . 200
Singha.
Do. (40) The tiast Indian | Do. . . L. 80
Mice. Mining Co., Ltd.
Singbhum . | (41) Babu Mahdulal Doo- | Mangancee , .| PL 128
gar of Calcutta.
Do. (42)  .Do. do. Do. . P. L. . 428
Do. (43) Mr. Adolphe Gross- Do, | BT . 708
mann of Calcutta.
Do. (44) Babu Maghulal Doo- Do, . .| P.L . 8,204
gar of Calcutta.
Do. (45) Messrs, Martin & Co. | Chromite . | P L. 1,920
of Caleutta.

Date of
commence-
ment.

20th October
1908,

"'5;11 March
24th  June

1908.
Do,

25th Jammry
2ntl Murch

| 8 Much

| l

! Jsth ereh

| Do.

13th  June
1908.
Do.

26th Septem-
ber 1008,

15th October
1908,

Do.
10th Qctober

1908,
215t Ortober

1908.

12th  Decem-
ber 1008.

18th Decem-
ber 1008,

27th Janu,
1308, wy
Do. .
Do. .

3rd Februas
1908. i

8th Septem-
ber 1908,

81

and 0
months,

1 year.

§ § §°%

E. L. denotes Exploring License, P. L., Prospecting License, and M. 1., Mining Lease.
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BOMBAY.
Date of
Nature of Area in
DISTRIOT. Grantee. Mineral, prowi) ores. co:;r:::w& Term.
Belgaum (46) Mr. Ramrao Bellary | Manganese . R L. 1,350 Not stated 1 ycar.
of Dharwar. n
Do. . (47) m. 1..w Grum for D. . . PL 410 23rd March | Do,
R. zan of ! 1908.
Bangdoro
Do. . (48) Mr. 0. I'. Boyce of Do. B. L. . 9,060 28th May Do.
Belgaum. X 1908,
Do. .| (40) Messrs. Gilade & Co. | Mica . B 1,374 ard May!| Do
of Bombay. ‘ 1998,
Do. (60) Mcssrs. Boyce & Co. | Mangancso , . ' E.L ., 10,002 30th Novem- Do.
of Bolgaum. | ber 1908,
Do. .| (61) Mr. SBambshiv Tyar | Do. | L L 6,359 20th Octoher Do
of Bangalore. 1908,
Do. (52) Mr. N. ¥.Boyceof ; Do E. L. 8,560 30th Noven Do.
. ber 1008,
Do. (53), Mesers. Boyeo & co. i D E L 450 Do. Do.
of Belgaum H
Bijspur (54) Mr. 8. E. Chcna1 i Gold . . .| P.L 1,902 Ltlllwgnnuuy Do.
1 o
Do. (55) Mr. K. N. Leslic . . Manganese, E.L. 5,715 "% " March Do.
Do. (56) Do. du, Do. T L 140 5th June 1008 Do.
Do. 57) B. Vn,ga,ppa, Esq., Do. P. L. 313 20th  August .,
( &u‘- t-Law, sq ) 1908, ¢ Do
I lore. j
Do. .| (68) O. P. Boyeo, Hsq., Asbestos EL 82l OthJuly 1008 |  po.
| Belgaam. ‘
Do, ! (69) Mr. K. N. Teshie . = Manganose . P.L 1.007 ad Augnst | Do,
» X
Do. 00[) Lt.- Col. TReporter, , Coal . . .| PL GOR 2nd Septem- Do.
M.S. (retired). ! ber 1008.
Do. (81) Mr. E. N. Leslic . ' Manganesc . P.L. 201 Do, Do.
Do. | (62) Do. o, Do. P.L. 630 Do. Do,
Do. . (0'3) (‘ P. Boyco, Eaq., ot Asbestos P.1. 1,436 4th November Do.
Belgaum 1008.
Dharwar (64) Mr.  lbrahimkhan | Copperandlead . | P. T 85 18t February Do.
' Pathen. : 1908,
Do. ,|(@5 Do. do .' Manganese. | P.L 1,220 Do. Do.
Do. (66) Mr. Lallubhdi Kar- | Gold, silver and [ P. L. . 1,347 18th  June Do.
eandds, on behalt of | other metals. 1908,
Megers. Jesingbhai |
Maganlal & Co.
Do. .| (67) Mr. R. N. Bellary . ; Manganese . E L 13,354 6th April 1908 Do.
i .

E. L. denotes Exploring License, P, L., Prospecting License, and M, L., Mining Lease,
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BOMBAY—conid.
Date of
DIsTRIOT. Grantee. Minersl. N;::;‘t’h“ Aroa [n commence: | Torm.
Dhérwar (68) Mr. C. B. Oakley Gold . P. L. . 3,707 Stllnm.sugust 1 year.
Do. (69) Mr. J. J. Gazdar Copper and lead . | P. L. 203 27th July 1008|  Do.
Do. (70) Do do, Manganeso . P T 418 Do. Do,
Do. (M)  Do. don Gold . P. L. 32¢ Do. . Do.
Do. (72) Mr. Essak Ismail . | Lead . . .| P.L 808 218t July 1008 Do.
Do. (73) Mr. B. Nagappa Gold . P.L 1,157 21at Beptom- De.
ber 1008,
Do. (74) Mr. A. 8. Tsmail Gold and copper . | P. L. 378 20th July 1908 Do.
Do. (75) Mr. B. Nagappa . | Gold P.L . 478 ﬂit Septer- Do.
er 1
Kdnara . | (76) Messrs. Boyce & Co. | Manganese . P. L. . 763 31;%08 March Do.
Do. . | (77) Mr. D. R. Balsgr- Do. P. L. 2,357 oth Jam Do.
walla. 1908, ey
Do. . | (78) Mr. C. ."Boyce Do. PL . 3,050 31at  March Do,
1908.
Do. (79) Mr. B. M. Doogar . Do. PL .| 652 somm March Do.
1 .
Do. . | (80) Messrs. N. Kuteh- Do. P. L. 6,708 16th Scptem- Do.
ally & Co. ber 1907.
Do. , (81) Mcssts. Futehally, Do. P. L. 6,745 $ist  March Do,
Manaklal & Co. ! 1008.
Do. (82) Mr. T. B. Kantharla { Do, e L. 057 Do. .| Do,
Do. (83) Mr. A. Pathan Do. " P.L. 575 Do. . Do.
Do. . . (84) Mr. M. G. Hegde Do. . DL 3,776 Do,
1
Do. . !(85) Messrs. Futchally, | Copper . . PB.L .| g4m Do, Do.
| * Manaklal & Co. i
Do. .. (86) Mr.R.T.Coggan . | Manganesc. .| P.T. 1,074 Do. .| Do
Do. . !(87) Mewn.  Killick, | Do. JUPL. 520 20th March | Do
; Nixon & Co. 1 1908,

Do. . (88) Mr.B.Nagappa . Do. . . ! P. L 3,515 10th May 1908| Do,
Do. (89) Mr. Hirachand | Mangancse and l P. L 2,037 30th June Do.
Nemchand. mica. i 1908,

Do. . !(W0) Mr.P.J. Hegde Manganese . | P.1. 3,179 16th May 1908] Do,
Do, 1(91) Mr. R. N. Bellary . Do. . LiPL .| 10 wmmm.guu Do.

' 1003.
I
Do. . |(02) Mr.M.G.Hegde . Do. . .{PL 320 5th Septem- | Do
ber 1908.
E. L. denotos Exploring License, P. L., Prospecting License, and M. L., Mining Leagc.
F2
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BOMBAY—contd.
Date of
DisTrieT. Grantee. Mincral. N:"r‘:;et“’f Area In commenze- | - Term,
Kanara (93) Messrs. Mahomad | Mangancse . P.L . 1,670 4th  Novem- | 1 year.
Husham & Co., Bom- ber 1908.
bay.
Pénch Mahals| (94) Mr. W. C. Symes . Do. P. L. . | Whole of the | 31st  March Do.
Tanda estate.| 1908.
Do. . | (95) Mr. Ratanlal Ran- Do. .| B L Not stated . | 20th Fehru- Do.
chodlal. ary 1908,
Do. . | (98) Messrs. Kahn, Kahn Do. E L 2,560 318t March Do.
& Co. 1908.
Do. (97) Messrs. Adarji Man- Do. E. L. . 2,560 28th February Do.
cherji Dalal. 1008,
Do. . | (98) Do, do, Do. P.L 470 3Cth  Murch Da.
1908.
Do. (99) Mr. Ratanlal Ran- Do. E. L 1,280 29th Kebruary Do.
chodlal. 1908.
Do. (100) Mcssrs. Kahn, Kahn Do. P. L n 30th  March Do.
& Co. 1908,
Do. ., | (101) Mr. Ismailji Abdul Do. E L Not stated . Do. Do.
Hlussein.
Do. . |(102) Mr. Kurimbhoy Do. P. L Do. Do. Do.
Samsuddin.
Do. (103) Mr. Tsmailji Abdul Do. .| B L 640 Do. Do.
Hussein.
Do. (14)  Do. do. . Do . .,ELL 2,560 Ilih m};ebruary DNo.
H .
Do. . ! (105) Do. do, . Do. . E. L. 2,560 Do. Do.
Do. . | (108) Messrs. Schroder, Do. .| ET. 5,760 16th January Do.
Smidt & Co. 1908,
» .
Do. . [ (107) Do. do. ., Do. . ; E. L. Not stated . 30%?)08 March Do.
I i .
Do. . (l8) Do do. . Do. EL Do, Do, Do.
| .
Do. . l(ll)l)) Do. do. . Do. . . R T. 1,020 l():;hm.?mlary Do.
i . 3
Do. .,(110) Do. do. .| Do CEL 5,120 Do. Do.
|
Do. . ! (111) Do. do. . Do. . . KL 2,660 loi,hm.)rsanuary Do.
| \ .
1
Do. . (112) Do. do. . Do. . .| B L 2,560 25th  March Do.
1 . 1908,
Do. .{(13) Do do..| Do . .| EL 2,660 Do. .| Do
{
Do, .| (114) Do. do. . Do. . . B L. . 2,660 Do. Do.
Do. .i(Us) Do do. , Do. . .[EL .| 20500 Do. .| Do

E. L. denotos Exploring License, P. L., Prospecting License, and M. L., Mining Tease,
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BOMBAY—concld.
‘1 l Date of
i ate o
DISTRICT. : Qrantee. Mineral. N:r":,‘;‘;"f Au';";“u“‘ comnre:acc- Term.
| e - [ I D .
| — —
Pénch Mahdla' (116) Mcssrs. Schroder, | Manganese . .| E L. 2,660 25th  March | 1 year.
© Smidt & Co. 1908.
1
Do. .| (M) Do do. . Do. , E. L. 560 Do. Do.
Do. .!(ns) Du.  do. . Do. E. L. 2,560 Do. Do.
Do. .|(u®) Do. do. .| Do E. L. 2,500 Do. Do.
Do. .!(IZO) Do.  do. . Do. E. L. 2,560 Do. Do.
Do. ., (121) Do do. . Do. E. L. 2,660 Do, . Do,
Do. ;(122) Do.  do. . Do. E. L. ,560 Do. . Do.
Do. .|(123) Do  do. . Do. E. L. ,560 Do. Do.
Do. . |(I124) Do  do. . Do. B 2,560 Do. . Do.
Do. (125) Do.  do. . Do. E.L 2,560 Do. Do.
Do. [(126) Do. do. . Do. E. L. 2,560 Do. Do.
Do. .i(2n Do  do. . Do. E. L. 2,560 Do. Do.
Do. .!(2) Do do. .| Do E. L. 2,560 Do. Do.
Do. . !(120) Do.  do. . Do. E.L. 2,560 .mt March Do.
Do. . ! (130) Mr. F. A. H. East, Do. P.L 978 znd May 1908 Do.
t Managing Agent to
the Shivarajpur Syn-
dicate of Messrs. Cory
. %s;othcn& Co., Bom-
Do. (IJI) Mr Gopaldta Do. P. L 4 30%!503 Juno Do.
| X
Do. . | (182) Messrs. Schroder, Do. . L L 840 Do. Do.
i Smidt & Co.
Do. . | (133) Messrs, Kahn, Kahn Do. E. L Notstated . | 30th Septem- Do.
. &Co. ber 1908,
]
Do. ., | (134) Mr. Talubhal H. Do . .|PL 1,600 Do. Do.
l Vakil.
Do. . i (185) Mr. M. Sevadjiwan Do. . P L 370 14th Decem- Do.
! ber 1008.
|
Do. .{(136) Do do. . Do. .|eL . 170 Do. Do.
Rutnagirl . | (137) Messrs.  Nansec, | Graphite P.L. 10 onth  Aprl| Do
! Khairaz & Co., Bom’ 1908.
bay.
' 1
BURMA.
Akyab . ]I (138) Messrs, Ezekiel & | Coal . E. L 1,187 18th Septem- | 1 year.
Co. , ber 1008.
Ambherst (189) Mesars. ¥oucar & Co.[ Do. . E. 1. 5,816'42 1st June 1608 Do.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Leasc.
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BURMA—contd.
l ! Date of
DisTrICT. Grantee. ! Mineral. N::,mof | “."’;“;}' comacc- Term.
| ) N
Amherst . | (140) Messis, Fcucar &Co.| Antimony . P. L. o 30014 27th  June | | year.
(renewal) 1905,
A ;
Bhamo . | (141) Mr. A. C. Macmil- | Gold, silver,lead | P.L. .. 3,200 28th  April Do.
lan. and tin. | 1908,
Henzada . | (142) The Bombay Burma | Coal . PL . } 2,560 19th  April Do,
Coal Syndicate. (rencwal) ' 1908.
Do. . | (148) Mr. 4. Mills .| Do, . L [PL .0 3200 30th Novemw- Do,
i ber 1908.
|
Kyauksé . | (144) Mr. C. D. Clark, on | Al minerals .| P L | 1,280 18th July 1908 Do,
behalf of Mosars. Be- |
wick, Morcing & Co. !
Magwe » | (146) Mahomed Goolam | Petroleum . | L. ! 1,280 20th  March Do,
Hoosein. l 1908.
Do, (146) Messrs.  Finlay, Do. B I P A TR 18t May 1908 bo.
Floming & Co., Alfents ¢ !
for the Burma Oil Co.,| . |
Ltd. i | . .
Do, Ll po. do. . Do. . ., RL . 1,280 28th  Apnl Do.
(renewal) ' 1907.
Do- .| (148) Messrs. A.8.Jamal| Do . . PRI . o0 lzsm March | Do
Brothers & Co. (ronewal) 11907,
Do. . | (149) Mahomed Guolam Do. . . PL .| 128 116th  Jume Do,
Hoosoin Surty. ;o 1908,
Do. . | (150) Suleman Adamjee ' Do. . . DL . 1,280 , 4th June 1908 Do,
Do. .| (b)) Messrs.  Fiulay, | Do . . PL .| 120 |28th  Apm| Do
Fleming & Co., Agents ' (renewal) 1808,
for the Burma Ol Co., !
N 1
Do. . | (162) Messrs. A. 8. Jamal Do. . . RL 840 | 28t March Do,
Brothers & Co. + (renewal) ’ 1908.
Do. . |(163) MoungKyawE. .| Do. . LIBL ., 18003 ]zsidmmwm Do,

Mandalay . | (164) Mesars.  Bewick, | Allminerals . 'P.L. . 4648 | 20th January Do.
Moreing & Co. : ¢ 1908.
Do. . |(15) ML R.C. J.Swin- | Silver, lead, zinc | R.L. .| 1,280 ' 1sb July 1008 Do.
hoe. and copper. ,
t

Do. . | (156) The Burma Mines | Ironore . . DL . 6883 18t August Do. -
él:ﬂway and Smelting + (rencwal) A

Do, . [ (167) Moolla Dawood . | All minerals 1 E L . | Whole district | 18t October Do.
(renewal) excluding 1908.

\ arcas of re-
! served
: forests.
Morgui (168) Mr. A. B. Snow, on | Tin and wolfram . , P.L. . 960 16th Septom- Do,
behalf of Burma Deve- ! ber 1908.
lopment Syndicate. :

F. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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DISTRICT.

Mcrgul

Miubu

Do.

Do,

Do.

Méngmit
State,

Grantee.

(169) Messrs. Summors
and Okeden, on be- !
half of Lt.-Col. K. M. '

Foss.
(180) Mosars.  Finlay,
Fleming & Co.,

Agents

for the Burma Oil Co., !
! Ltd, ;
. (8) " Do do

+ (162) Suleman Adamjee

I (163) Maung Sit Hmaw

l
1

and Maung Wa Byaw.

(164) Mr. A. K. Blackwel
on behrlf of the Shw
(lold Dredging and
Mining Syndicate, Ltd.

(165  Do.  do. .

"r
eli

|
|
|
|
|

|
!
| Do, . .
|
i

|

Mineral.

Iron and tin

Petroleum .

Do.

Uold, silver, cop-
per and oil.

i Gold .

Nuature of
grant.

E. L.

=

2

K. L.

E. i. .
(renewal)

Arca in
acres.

980

1,600

28, western
half of 88
and eastern
halves
blocks 7, 9,
1, 13, 16
and 178 of
Minbu il
winning

blocks,

Half of block
adjoining
north of 2N,
castr. hale
ves of 38,
48 and 68,
western
halves of 78, !
108,118, 128, |
148, 168, 178,
188 and one

. mile south;
of 178. |

Over an arca
bounded as !
follows :~— |
North- Pakok-!
ku District. '
South—Mau |
stream .
Enst—Irra-

30 8q. miles
near Myitson,'
80 miles of |
the Shweli |
river  from
Myitsdn to -
Inywa.

98q. iles, *
near Mytsdn,!
to the north
and south
of the exist-
log banksof -
the Shweli '
and

Kaukko and |
KXyainglon -
aleAs  1es-
poctively.

|

Date of
commence-
ment.

26th Neptem-
ber 1908.

It Junuary
1008.

1st April 1908

28th Septem-
ber 1908,

13th August
1908.

" 318t March
1008.

1st November
1908,

Term.

1 year,

Do

Do.

30 years,

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Miniug Leasc.
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BURMA—contd.
. " Date of
DIsTRICT. Grantec. Mineral. N::’:ﬁ‘i'of Aa:‘:(r‘::u].n comumenee- | Tor.

Myingyan . | (166) Messrs.  Finlay, | Petroleum . . PL 3,604 4th  October | 1 ycar.
Fleming & Co., Agents 1907.
for the Burma 0il Co.,

Ltd.
Do. (167) Do. do. . Do. . . DL 85 19th January Do.
1908.
Du. . | (188) Messrs. Noyee and O X 1,920 30th  April | Do.
Sarkics. 1008.
Do. (169) Mossrs, Juinul Bro- | Conland mica . V. [L. 3.200 28th  April Do.
thers & Co. 1908.
Do. (170) Mr.J. W. Pany Petroleum . E.L 1,689:60 7th May 1008 Do.
Do. (171) Messrs.  TFinlay, Do, . . P.L 1,280 27th July 1908 Do.
Fleming & Co., Agents
for the Burma Oil Co., i
Ltd. i
Do. (172) M. Goolam Hoosein Do. . L.iPL 640 6th July 1908 Do.
Do. (173) Messrs.  Vinlay, Do, L L] 134 1st May 1908 | Do.
Fleming & Co., Agents . (renewal)
i:)trdthc Burma 0il Co.,
Do. .|(7M) Do do .| Do r. L. 2,660 2th  July | Do
1908,
Do. (175) Ma Kyi Kyi Mica . . E L Not stated 31 :?m;)cwber Do.
Myitkyina . | (176) Maung Po Kun Alminerals |, . K. L Do. 13th Noveme Do.
, ber 1908,
N.  Shan | (177) Messrs.  Bewick, | Silver-lead ores and| . L. 3,200 6th May 1908 Do.
States. Moreing & Co. ass ‘cinted miner-
als.
Do. (178) Messrs. Mower & | Gold . P.I 1,280 218t April Do.
Co. 1908.
Do. (179) Do. do. .| Do.. P. L. 1,280 Do. Do.
Do. (180) Do. do. . | Silver and lead P. L. 1,600 Do. Do.
Do. (181) Mr.\V. R. Hilller . | Antimony, tin, sil- | P. L. 2,880 20th  June Do.
ver and alli~d 1908.
metals.
Do. (182) Messrs. Mower & | Copper and asso- | P. T. 1,920 28th Septem- Do.
Co. ciated mincrals. ber 1908.

PukOhhu (183) Messrs. ¥inlay, | Petroleum . . L. . 1,280 ard January Do.
Fleming & (0., Agents (rencwal) 1908. H
fl(‘)rdtho Burma 0il Co.,

td.
Do. . | (184) Maung Po Thaik . Do. . E. L. + | North-—Bghiu | 13th January Do,

village. 1908.

. South— Taung.
Yo village
Fast— Bau |
bin village
West—Natt-
aik  Taung-
Yo .

E. L. dcnotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease,
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BURMA —concld.
Natureof |  Areain * Dato of ,
DISTRICT. Grantec. Mincral. grant. privaby conll;ll:::x.co- Term.
PakOkku . , (185) Mr.J. \V. Parry Petrolenin E. L. . 1,280 ' 4tlllol:‘;§bruary 1 year.
Do. (188) Maung Lim Bin, | All minerals E. L. Whole district | 26th Muy 1908] Do.
representative of |
Maung_8hwe Goh of
Shwe Oh Brothers &
Co., Rangoon.
Do. (187) Messrs. Vinluy, | Petroleum . ML 640 1st Muy 1908 | 30 ycars.
Fleming & Co., Agents
for the Burma 0il Co.,
Ttd.
Do. (188) M. tGoolam Hoosein Do. E. L. . | Whole district  ¢th July 1008 | 1 year,
(renewal)
Do. (180) Mesars. J. W. Dar- Do. P L. 1,505 12th Decem- Do.
wood & Co. ) ber 1008,
Prome (190) Mr. 1. F. Francws, | Gold and tin P. L. . 6,400 1st Aprl 1908 Do.
on behalf of Messrs. .
John Wilson and
Robert  Ross  Mac-
donald.
8.  Shan | (19]) Mcsurs. Mower & | Silver, lead and | P. L. 3,200 6th January Do.
tates. Co. other associated 1908.
minerals,
Do. (192) Do. do. . Do. P. L. 3,200 18th June Do.
. 1908.
Do. (193) Mr.J. Dumonlin . | Gold and silver P. L. 160 12%1‘;( BAugust Do.
)8,
Thaton (194) Messrs. Mower & | Silver and lead P.L 2,300 27th Novem- Do.
Co. ber 1908,
‘Thayetmyo. | (195) Messrs. A. 8. Jamal | Petroleum . E. L. 304 20th  April Do.
. Brothers & Co. . 1908.
+ Do. (106) Do. do. . Do. P L. 5,760 + 16th Decem- Do.
. ber 1908,
Do. (199  Do. do. .| Do. P.L 1,280 ! 31st October | Do,
i 1008,
Do. (198) Do. do. . Do. P L 1,280 ' Do. Do.
Toungoo (199) Mr. C. E. Brown . | Allmetals . . | P.L. .| 3200 i 30th  April Do,
. | (rcnewal) 1908,
Do. (200) Mr. N. Samwell . | Gold. . . KL Shwegyin . 10th Decem- | Do
! river and its ber 1008.
' tributaries
on the enst
of the Sittang:
river.
Yamethin . | (201) Mr. A. C. Macmil- | Gold, slver, lead, | P. L. 4,960 10th August Do.
lan, on_ behalf of the | copper and tin. 1908.
lti}lount Pima Mining
0. !

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES.
* , Date of
' Nature of Areain | " Tor,
Disrrior. Grantee, Miueral. . grant. aCros. I! eoxlllnl:]r:e:ue ori
- — - ! - A
' i
Balaghat (202) Mr. D. Laxminara- I Mnngnnw P L 1,967 | 19th February | 1 year.
yan of Kamptee. i 1608,
Do. (203) Messis. Ratan- Do. . .'PL 1,163 ' 3rd January Do.
chand Keshrl:-hund 1908.
Chullany &  Sons,
Kamptee.
I
Do. (204) Diwan  Bahadur = Do, P L 127 20th  March Do.
Kasturchund  Daga of 1908,
Kamptee. .
Do. (206) Mr.  Tricumdass : Do, P L | 1,260 "9th  March Do.
Cooverji  Bhoja  of ' 1908.
Caleutta. !
Do, (206) Mr.C. Vlu Ayah | Do, P L. ! 76 | 20th Junuary Do.
of Balaghat. ' ! 1908,
Do. (207) Mr. D. Taxminara- ©+ Do. P. L. ! 64 26th February Do.
yan of Kumptce. ! | 1908,
Do. . |(208) ThoIndinn Munga- | Do ML .y 30 27hJunuary | 90 years.
nese Co. H i . 1908,
Do. (209) Mr. D. Laxminara- Do. P L o 63 " 19th Februar 1 yoar
yan of Kamptee. ' T
Do. (210) Mr. Byramjl Ppes- ho. E. L. i 1,485 23%th Janunr Jind
tonji tlmi'pr:rnj b ! ) ' Crges, Y (
Do. .| (211) Mr. K. 4. Beckett . | Do, e, w 10th Februnsy | o,
Do. (212) Mr. Byramji Pes- Do. P.1. ) 105 ) 6th  March Do,
tonji. ' | 1908,
Do. (218) Mr. M. M. Mullun . : Do. E. L 17,193 28% osJauuary Do.
i .
Do. . [(24) Do do. . Do E. 15,480 Sigt Mareh | Do.
Do. (21:):“ Jil.{r. Byramji Tes- Do. E. L 3,001 28th mJennuary Do-.
Do. (216) Singai Parmanand Do. E L 1,228 20th January Do.
Sao. 1908.
Do. (217) Mr. Byramjl Pes- E. L 5,803 drd  March Da.
tonji. 1908,
Do, (218)  Do. do. . Do E. L. 2,859 28th January Do,
; 1908,
L)
Do. (219) Mr. M. B. Chopra . Do. | KT 81 20{;th80th!}' Do.
Do. (220) Do, do, . ' Do. E.L. 370 Do. Do.
Do. . |(22]) Singai Parmapand | Do. . . |E.L. 021 20th Januar Do.
Sarupchand. i 1908. ¥
Do. (222) Do.  go, . Do. . R.L, 562 Do. . Do.
Do. (223) Mr. C. Velu Ayah . Do. P. L. 104 23{308 March Do.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES—contd.
i
Date of
DisTRIOT. Grantee, Mineral. N;ﬁﬂ;‘;.“ dren ln commenee- | form,
|
|
Balaghat (224) Mesurs. Tata Sons | Manganese . . | E. L. 2,313 30th March 1 year,
& Co. 1908, !
Do. (225) Mr. M. B. Chopra . Do. E. L. 548 26'111 Kebruary |  Do.
908.
Do. (226)  Do. o, Do. E. L. 169 Do. Do.
Do, (227) Diwau  Bahadur | Do. P.L. 64 ' 20th March Do.
Kasturchand Daga. | . !
Do. (228) Mr. M. M. Mullua . Do. P.I. 183 12th March ! Do.
908, |
Do. (229) Mesars, Ganesh Do. P. L. 348 3lst March ! Do.
Prasad  and Janki 808. !
Prasad. |
Do. (230) Do. do. . Do. P. L. 23 13th  March Do.
X 1908.
Do. (231) Babu Kripa Shan- Do. E. 1. 387 7th  March
ker. 1908,
@ Do . | (232) Ral Sahib Mathura | Do. L. B2 gune| Do,
Prasad and Mot{lal. : I 1908.
Do (245 Do do. . Do PL . 5 ; drd June 1908 Do,
Do. (234) Mr. Bhudar Rao . Do. P. L. 143 [ R R
Do. . | (235) Laln B. Sitaram Do. B L. 328 ll 30th May 1008] Do,
Do. (236) Mr. M. M. Mullna . Do. P. L. 68 lﬁ;.hoou June Do,
Do. (237) Diwan  Bahadur Do. P.L. 8 3rd June 1908 Do.
Kusturchand Daga.
Do.} (238) Mr. D. Laxminara- Do, P. L. . el | 4th Aprtt 1908 Do.
yan, |
Vo. . |(23) Diwan Bahadur | Do. P.L. 9 | idJue1ss| Do,
Kasturchand Daga. |
Do. (240) Mr, Byramji D. Do, P.L 6 I Do, Do.
Dungaji. yrwan
Do. (241) Mesars, Ramprasad Do, P.L. 15 10th May 1908 Do.
and Laxminarnyan,
Vo. (242) Mr. J. W. Parry . Do, E. L. 4,289 22nd May 1908 Do.
Do. (243) Do. do, Do. .| E.L 2,835 Do. Do.
Do, (244) Do. do, . Do. E.L. 1,207 Do. . Do.
Do. (245) Diwan  Bahadur Do. . P.L. 609 11th  April Do.
Kasturchand Daga. 1008.
Do, (m)co Messrs, Dutt, Burn Do. ., .|ML . 10 23rd May 1908] 39 years.
& Co.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES—conid.

Date of -
DisTRIOT. Grantec. Mineral. Nuture of Arca in commence- Term.
grant. acres. ment.
Balaghnt . | (247) Messrs, Lall Beharl | Manganese. . | P.L. . 4 3rd June 1908 | 1 year.
Naraindus and Ram-
charan Shunker Lall.
Do. . | (248) Do. do. . | Miea . . .| P L. . 69 Do. . Do,
Do. (240) Mr. Bhudhar 8no . | Manganese . .| E. L. . 2,231 Do. Do
Do, (230) Lala B. Sitaram . Do. . .| B L . 742 30th May 1908  Do.
Do. (251) Mr, Byramji Pestonji Do. . | B L. . 4,801 12th June 1908| Do.
Do. (2:';{2) Babu Kripa Shan- Do, . | KL, . 1,233 3rd June 1908 Do,
er. '
|
Do, (253) Do. do. ., Do E. L. 412 Do. . Do.
Do, (254) Do.  do. ., Do. . L |LL 523 Do. . Do.
Do, (255) Mr. By ramji P«-sl,onjil Do. . .| KL 7,819 12tk Jun? 1908 Dr,
Do. (256) Mr, Hiralal Sukul , I Do. . | PoL. . 1& 21st May 1908 Do.
Do. (257) Mr. Byramji Pestonji i Do. . L EL 7,1€5 12th June 1908  Do.
Do. (258) Do, do. Do. . L |EL 5,471 Do, . Du.
Do. . | (259) Messrs. Gaur Do. . .| BT, . 2,471 28th May 1908 D,
Ratansha & (., [ ]
Do, (260) The Nagpur Man- Do. . .| B. L. . 22 6th June 1908 Do,
5anesc Min ng Syn-
Do. . |(261) Diwan Bahadur Do, . . PL . 834 10th August Do,
Kasturchand Daga. H 1908.
1
Do. (262) Mr. M. M. Mullua . Do, . | PoL. . 103 218t Septem- Do,
ber 1008,
Do. (263) Do.  do, Do. . ,!Pp1I. . 204 Do. . Do,
Do. (264) RaiSahib Mathura Do, . LI PL . 182 9th July 1908 Do.
Prasad and Motilal, l
Do. . | (265) Do. do. ,! Do .| ML, . 183 18th  August | 30 years.
1908,
Do. . | (266) The Central Provip- Do. . . |[ML . 20 2nd June 1908, Do,
cey Prmpoctlng Syndi-
cate
Do. .| (67) Singsl Parmanand | Do, . . |P.L . i 20th July 1008| 1 year,
Sarupchand, : v y
Do. . | (268) Mcssrs. B. B, B, Do, | PL . 173 28th Scptem-
Fouzdar & Brothers, ber 19%3. Do.
Do. . | (260) Mr. Hiralal Sukul . Do.” .| P.L . 763 Do. . Do
Do. . | (270) Diwan  Bahadur Do. . L|PT. . 42 Septem-
Kasturchand Daga. ‘ 10&!’:" m%'é’.m Do,
Do. . (27m{r. Rambilas Mur- Do. . .| P.L . 33 26th August Do.
lidhar. 1908,

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES—contd.

Date of
DIBTRICT. Granteo. Mineral. Nature of Area in commence- Term.
grant. acres. ment.
Balaghat . | (272) Mr. M. M. Gupta . | Mangancse ., .| P L. . 272 :lOtl‘lmsAugust 1 year,
! 1008.
Do, . | (273) Mr. Byramji Pes- Do. . ' P L . 414 20th Septen- Do.
tonji. ber 1908,
Do. .| (274) Raju Gokul Duss Do. . .| PoL . 68 21at. Septem- Do.
of Jubbulpore. ber 1908.
Do. .| (275) The  Jubbulpore Do, . .| P L. . 176 Do. . Do.
Prospocting Syndicate.
Do. . | (276) Mr. D. Laxminara- | Mica . . . P.L. . 285 24th Septem- Do.
yan. : ber 1008,
Do. .| (277) Diwan Buhadur | Manganese . .| P L. . 22 16th Scptem- Do,
Kasturchand Daga. ber 1908.
Do. | (278) Do. do, . Do. . P L. . 46 9th July 1908 Do.
Do. .| (279) Do. do, ., Do, . . P L. . 23 5th  August Do.
i i 1008.
Do. . | (280) Mr. C. Velu Ayah . Do. . | P . 81 27th  July Do.
. 1908,
Do, . | (281) The Nagpur Man- Do. . ., bL . 18 11th  August Do.
ganese Mining Syndi- 1008,
. cate.
Do. .| (282) Thakur Paiku Do. . R L . 18 3rd July 1908 Do.
Singh.

Do. .| (283) Mr.D. N. Bose . Do. . . K.L . 2,080 :ln}wsAugnst Do.
Do. . | (284) Mr. Byramji Pes- Do. . . P L. . 53 3rd  Septem- Do.
tonjl. ber 1908,

Do. .| (285) Mr. Lalbihari Do. . B I . 202 26th Septem- Do.
Naraindas. ber 1908.

1
Do. .| (286) Babu Nago Bhimji | Do. . . P L . 7 22nd Septem- | Do,
f | ber 1908,
Do. . | (287) Mr. A. C. Blechyn- 1 Do. . P L . 20 28th Septem- Do.
den. . . ber 1908,
Do. .| (2%8) BabuNagoBhimgi | Do. . . IP.L . 98 | 2ondSeptem- | Do
| : ; ber 1908.
Po. .| (280) Mr. Byramji D.| Do "PL [ ' 12th August Do.
Doongaji. | 1008.
Do, . | (290) Messrs. Schroder, | Do. . . EL . 1,605 14t July 1008 Do.
Smidt & Co., Calcutta. X ;
Do, . | (201) Mr.C. Velu Ayah , : Do, . . ? M. L. . 127 17th Septem- | 30 years.
: ber 1008.
Do, ., | (202) Messrs. Ramprasad ; Do. . . x E. L. . 142 16th August Do.
and Laxminarain. i 1908, |
(203) Mr. RambllasMur-© Do, . . !P.L 27 25th August - Do.
" ldhar. ' 1008, .
i

E. L. denotes Exploring Ticonse, P. T., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES-—contd.
| Dato of
DISTRICT. Grantee, Mineral. Nature of Arvea in commonce- Term.
i grant. acres, ment.
Balaghat (204) Messrs, Tata 8ons | Bauxite L 8,630 13th Octohor | 1 year.
& Co. 1008,
Do, ' (205) Mr. M. B. Chopra. | Mangancse P L. 98 18th Decem- Do,
ber 1908.
. 206) Lala B. Sitaram . Do. P. L. 328 10th Novem- Do.
Do @) ber 1008.
Do. (207) Do. do, Do. P. L. 742 Do. . Do.
3 9208) Mr. D. Laxmina- Do M. L. . 340 10th Novem- | 30 years.
Do ¢ nzn. e ber 1908.
. 209) Lala B. Sitaram . | Miea . P.L 170 18th Decem- | 1 year.
Do, (209) Lala ATam e
. 300 Do. lo, Do. P. L. 1] 10th Novem- Do.
Do @0 @ ’ bor 1808,
Do. (301) Mr. E. G. Beckett, | Mangancse . P. L. 83 13th October Do.
Kamptec. 1008,
Do. (302) Babn E. Naganna Do. P. L. . 21 1st December Do,
Naidu. 1908.
Do. 303) Mr. 8. O. Holmes ., Do. . P.L. 203 19th Decem- Do,
@0 " ber 1008.
Do. (304) Mr. M. M. Mullna . Do. P.L. 88 18th Decem- Do,
ber 1808.
Do. (305) Mr. Bhudhar Sao . Do. P.L 29 218t Decem- Do,
ber 1908.
Do. (.506) The (Antml Prov- Do. ML 111 14th October | 30 years.
ccting 1908,
wndicatr. Knmptee
Do. (307) Mr. A. C. Blechyn- Do. P. L. 100 318t October | 1 year.
den. 1908,
Do. (308) Do.  de. Do. P L. 13t 22nd October Do.
. 1908.
Do. (300) Do,  do, Do. P. 1. 105 Do. .1 Do
Do. (310) Mr Talbihari Do. M. L. 42 13th October | 5 years,
Naraindas of Kamptee, 1908.
»
Do. (311) Mr. A. C. Blechyn- Do. P.L . 213 1ith Novem- | 1 yenr,
den, ber 1908,
Do. (312) Mr. Bhudhar 8ao . Do. P. L. 81 218t Decem- Do.
be 1008,
Do. (313) Babu Nago Bhimji Do. P. 1. 273 26th Novem- Do.
ber 1908,
Do, (314) Mr.T. B, Ksntha-| Do, . PL . 5 1st Docember | Do
rla. 1908,
Do. (316) Messrs, Kassam- Do. . P. L. 5

bhoy, Gopaldas and
Mahadeo Seth,

12th Novem- Do,
ber 1008,

E. L. denotes Exploring License, P. L., Proapecting License, and M. L.. Mining Lease.
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CENTRAL PROVINCES—contd.
- |
Date of
DISTRIOT. Grantce. Mineral. Nature of Area in commonce- Term.
grant. acres. ‘ ment.
I IR I I NS -
Balaghat . | (316) Messrs, Ramprasad | Manganese , .| P. L. . 140 | 18th Novom- 1 year.
and Laxminarain, I ber
d .
Do, . | (317) Lala B, Sitaram . | Mica . . .1 E L. . 146 10th Novem- Do.
ber 1908,
Do, .| (318) Messrs. Oomarali ' Manganese , .| B L. . 1,206 16th October Do.
Brothers. 1908,
Do, . | (310) Babu Kripa Shan- Do, . . "Bl . 724 11th Novem- Do.
Kker. . ber 1008,
Do, . | (320) Do. do, . | Do. . .| E. L . 028 Do. . Do,
Betul . | (321) Mr. . K. Cameron ! Coul o P T . 12,821 llghms April Do,
! .
Do. . | (822) Mr. P, C. Dutt, ! Do. . . . E.L. . 34,239 " 13th  June Do.
i \ 1008,
Do. . |G MLRE K. Do.. . .iEL .| 270 5th May 1908 | Do,
| H
Do. . |(324) MEM.M.Mullna . { Do.. . . 'P.L . 0 ugtw getohor Do.
| o
Po. .| (325) MrR.K.Kupga .| Do.. . . BL  .{ 270 21t Decem- | Do,
| ! ber 1908.
Do .| (i2t) Mr. Khinioover-| Do . [RL. Ll 205 15th Novem-; Do,
i, Bombay. : ber 1008, !
Do. . { (327) Seth Lakhmichand | Graphite and cor- ' P. L. . 1,283 16th Decom- «+ Do,
of Badnur, 1 undum. ! ber 1008.
Do. .| (328) Mr. Hanmanteao, | Allminerals . | P.L. . 208 23rd Decem-' Do,
Mohit-y, Kamptec. , her 1908, I
) 1
Do, .| (i29) The Howble 8ir \ Coal . ‘RL .| anue | 16th Docew- Do,
Vithaldas Thackorsay.
Bhandara . | (330) RaiSshib Mathura | Manganese . . | P.L. . 782 | 10th Februnry, Do,
Prasad and Motilnl. | 1908,
Do. . | (331) Diwan  Bahadur Do. . L PT. . 185 l&tll Januuyl Do.
Kasturchand Daga. 908. |
\
Do, . | (332) Mesars. Curetfi & | Do. PL . %7 } 'irdoolanwy , Do.
. | ! i
Do. . | (333) Mr. Rambilsa Mur- | Do, PL .1 3 | Do . Do
lidhar. |
Do .| @) Mr. D. Lasmim- | Do. . ML .| 2 'emﬂmm.ry I 30 years
rain. !
' |
Do. . (33?) Mr. Shamjl Madho- | Do, RL . W 2-)"1 })emm ilyenr.
il. bor
|
Do. .| (336) Mr. Byramil Pes- Do. E. L. Al 200 28th .Tlnunry ' Do,
tonjl. ' 1908.
Do. . | (337) Mr. Hiralal Sukul . Do. P.L. . | 500 2%]11)8 January g Do.
: |

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Loase,
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CENTRAL PROVINCES—conid. ,
Date of .
DINTRIOT. Qrantee. Mineral. Nature of Area in commence- Term.
grant. acres. ment.
Bhandara . | (338) Tala B. Sitaram Manganese , P. L. 95 3"}908 March | 1 year.
Do. (339) Rai Sahib Mathura Do. . P. L. 4 10th February Do.
Prasad. 1908.
Do. (340) Mcssrs. B. B. B. Do. . | P L, 01 31st January Do,
Fouzdar & Bros. 1908.
Do, .| (341) Rai Suhib Mathura Do. P. L. 102 10th February| Do,
' Prasad und Motilal. . 1908.
! |
Do. (342) Messrs. B. B. B. Do. P. L 61 318t Junuary Do.
Fonzdar & Bros. 1908,
Do. (343) Mr. 8. 8, Wazalwar Do, E. L. 144 Do.
Not stated . {
Do. (344) Do. do, Do. E. L. 200 Do.
Do. (345) Mr. Darasha Man- Do. P. L. 8 8th  January Do.
cherji. 1908,
Do. (346) Mr. G. P. Jaidco Do. P L 127 6th  March Do.
Prasad. ! 1908,
Do. (347) Mr. R. B. Onkar- Do. P. L. 15 Do, Do.
dass,
Do. (348) Mr. Darasha Man- Do. P. L 10 10th February Do.
cherji. 1008.
|
Do. (349)  Do. do, Do. | P. L. 2 16th February Do,
. 1908,
Do. (350) Messrs. Knsambhoy Do. l E. L. 258 6th December Do.
Ramji & Co. 1907,
Do. (351) Mg. Byramji Peg- Do. E. L 968 17th January Do.
tonji. 1908,
Do. . | (352) Mr. Darashaw Man- Do. E. L 4121 6th Deecember Do.
cherji Dooagajl. 1907,
Do. (353) Mr. D. N. Mitra Do, P.L 15 26th March Do,
1908,
Do. . | (354) Mr. Darashaw Man- Do, .| B L 10 3rd January Do,
cherji D. Doongaji. 1908.
Do. (355) Mr. Knshinath Do, P.L 27 28th February Do,
Ramchandra, 1908,
Do. (356) Mossrs. Cursetfi & Do. P. L. 40 30th  April Do,
Co, 1908.
Do. (357{ Mr. D. Laxmina- Do. M. 1. 216 9th April 1008 | 30 years.
n.
Do. (358) Ral Sahib Mathura Do. E.L 2,502 20th  April | 1 ycar,
Prasad and Motilal. ' 1008.
Do. . (a?lod)hm. Rambilas Mur- Do. DL . 80 12th May 1908 Do.
nr.

E. L. denotes Exploring License, P. L., Prospeeting License, and M. L., Mining Leaso,
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CENTRAL PROVINCES-—conid.
: Date of
DiISTRIOT. Grantee. Mineral. Nature of Area in commence- Terms.
grant. acres. ment.
Bhandara . | (360) Mr. Jagannath Bala.| Manganeso . P.L . 56 lotih March | | year.
am. o
Do. . | (361) Mr, G. R. Indurkar Do. PL . 1 30?505 Aprl) Do,
Do. (362) Mr. Darasha Man- Do. . P.L 774 22nd  March Do.
cherji. 1908,
Do. (363) Mr. D, N, Mitra Do. . P.L . 108 3oihm April Do,
Do. . | (884) Mr. Monnalal Ttwnry  Deo. P.L @ %o Jus | Dr
Do. . | (366) Mr. R.B. Onkar- Do. . EL .| .15 17th March De.
dnss, ) 1908,
Do. (366) Mr.T. B, Kantha- Do. . P.L 56 19th  June Do,
ria. 1008,
Do. (367) Lala Ganesh Pra- Do. . E L Notstated . | 14th  June Do.
shud and Janki Pra- 1008.
shad.
Do. . | (368) Mr. Wasudco Trim- Do. . E.L. 104 18th May 1908 Do
bak 8hendey. '
Do, .| (369) Mr.  Lalbihari Do. . P.L. 95 26th  Aprll Do.
Naraindas. 1908,
Do. . | (370) Babu  Msdhulal Do. . P.L . 63 17th July 1008  Do.
Doogar.
Do. (371) Mr. Rambilas Mur- Do. P.L . 94 25th  June Do.
lidhar, ; 1008,
Do. (372) Diwan _ Bahadur Do. . E. L = 09 6th July 1008 Do
Kasturchand Daga.
Do. (373) Mr.  Jagannath Do, . P.L 10 21t Septem- Do.
Ballabhram, ber 1908,
Do. . | (374) Mr. Rambilas Mur- Do, . P.L. . 863 24th Septem- Do.
lidhar. , ber 1908,
Do. (375) Mr. 8. 8. Wazalwar Do. P.L. 17 18th July1008| Do,
Do. (376)  Do. de, Do, . P.L . “ 25th July 1008 D
Do. (377) Mr.  Lalbihari Do. . P.L . 270 18thJuly1908|  Do.”
Noraindas. '
Do. . (am)hur. Rambilas Mur- No. . PL . 52 20th July 1008 Do,
Ar.
Do. 379) Mr. Byramjl Pes- Do. . P.L. 8 20th August Do.
gl Bremt 1908, ©
Do. (sso) ur P. Ba.lkrhhm Do. . P.L. . 15 7th July 1008 No.
Do, . (sel) Mr. Hiralal Sukul . Do, . P.L . 217

25th August | Do.
1008, ° | -

E. L. denotes Exploring Licenss, P. L., Prospecting License, and M. L., Mining Leas:.
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Date of l
DIsTRIOT. Grantee. Mineral. Nature of Area in commence- ' Term.
grant, acres. ment.
_ R
Bhandara . | (382) Mesars. Kassam- | Manganese . .| EL . 316 23rd Decem- ] year.
bhoy Ramjl & Co. ber 1907.
D¢ . | (383) Mosers, P. 8, Kot- Do. .| B.L . 156 2nd  Septem- Do.
wal and 8. R, Naidu. ber 1908,
Do. . | (384) Ral Sahib Mathura Do. E.L Notstated . | 5th Junc 1908 Do.
Prasad and Motilal. . )
Do, . | (385) Mr. Wasudeo Trim- Do. P.L. 258 14th July 1008 .,
bak Shendoy. .
Do, . | (386) Mr. T. B. Kantharl Do, . P.L. 60 19{«308 June Do.
Do, (ssv) gubu E. Nagannsh Do. .| P L 57 8thJuly 1008 | pg,
Naldu,
Do. . | (388) Mr., W.T. Shendey Do. P. L 165 14th July 1008,  Do.
Do. .| (389) Mr. Byramji Pos-| Do. . .|E.L .| 808 16th  March | Do,
tonjl. 1908.
Do. . | (300) Mr. W. T. 8hendey, Do. P.L. 104 14th July 1008  Do.
De. .| (301) Mr.  Lalbihari Do. P. L. 2 13th May 1908  Do.
Naraindas. .
Do. . | (392) The Central India Do. P.L. 19 16h  June Do.
Mining Co., Ltd. 1908. i
Do. . [ (303) Mr. R, K. Kanga . Do. E.T. 1,300 lsg &gwmber Do.
Do. . | (304) Mr. W.T. Bhendey s, . .|EL 252 25th May 1008 Do.
Do. . | (395) Mr.Byramji Pes- | Coal . E. L. 631 30th  June Do.
tonjl. 1908.
Do. . | (306) Diwan Bahadur | Mangancso . P. L. 26 17th Soptem- Do.
Kasturohand Duga. ber 1908.
Dv. . (301) The Central India Do. . P.L . 074 ! 17th October Do.
Mining Co., Kamptee. 1908. )
Do. .|'38) Do. do. . Do. . .|PL 933 818t Docem- | Do,
ber 1008. |
Do. 309) Mr. Bymml Pese| Do. . .|[EL . 151 8th October .
O oot maspar. 1008, P
Do. .|(400) Mr. D. Laxmina-{ Do. . .|ML 80 18th Novem- | .
¢ n%n. ber 1908, ! % yoars
H ] '
Do, . | (401) Mr. G. M. Prichard Do. . . |ML . 201 8th Septem- Do.
ber 1908,
Do. . | (402) Mr.D. Gangadhar Do, . .|RL . 2 28th Novem- X
¢ nlo ber 1908, 1 year
Do. . (4(;:!) Mr. Shamji Madho- Do, . | P L, . 204 zi;%aoctohr Do.
Do. .| (404) Mr. B i Pes- Do. . .| PL 01 2nd December
( toZn)l. yramj 1908 Do.

E. L, denotes Bxploring License, P. L,

Prospecting Licensc, and M. L., Mining Lease.
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CENTRAL PROVINCES—contd.
| g —
DISTRIOT. Grantee. ! Mineral. Nature of Area in commence- Term.
| grant. acres. ment.
Bhandara . (405) Mr. Jay,nnnth Mangancse . . | P L. . 136 21st Decem- | 1 yoar.
Ballabhram, ber 1008,
Do. . (4?:1) Mr. Shamji Madho- Do. P. L 67 21;30 g)cwber Do,
Do. (407) Messrs. Lal Behari Do. P. L. . 66 6th December Do.
Narayandas and Ram- 1908.
charan Shanker Lal
of Knmptee,

Do. (408) Mr. Rambilas Mur- Do, P.L. 39 Stlllglggvember Do.
Do. (409) Lala Ganesh Prasad Do. . P.L. . 104 10th Novem- Do,
and Janki Prasud. ber 1908.

Do. (410) Mossrs. B. B. B, Do, | P.L. . 81 25th Novem- Do.
Fouzdar & Bros. i ber 1008,

Do, . | (411) Mr. R, H, Richard- Do. i Pl 59 7th November Do.

son. 1908,
Do. (412) Mr. Ramnbilas Mur- Do. P. L. . 30 28th October Do.
lidhar. H 1908.
Do. . | (413) Mr, Cooverji Bhofa, Do. M.L . 23 6th October | 30 yeare
Caleutta. 1008.
Do, (414) Ral Sahib Mathura Do. M L 34 20th Scptem- Do.
Prasad and Motllal. ber 1908,
Do. .| (415) Mr. P. Balkrishna Do. P. L. . 275 25th Novem- | 1 year.
Naidu. ber 1008. .
Do. (416) Mr, Hiralal Sukul . Do. P. L 29 5tlliolggvember Do.
Do. (417) Messrs. Kassam- Do, P.L. . 209 8th  October Do,
bhoy, Gopald.ss and 1908, N
Mahadeo Seth, Kamp-
Do. (418) Do. do. . Do. . .| B.L . 31 Do. . Do,
Do. .| (410) Do. do. . Do, P. L. . 8 16th October Do,
1908,
Do. 420) Mr. Byramjl Pes- Do. . .| E.L 182 24th October Do,
¢ to!:jl. ml . 1008,
Do. (421) Messrs, Martin & | All mincrals .| P.L . 2,730 26th Novem- Do.
Co. ber 1908.
Do. (122) Mosars. Kassam- | Monganeso . . | P. L. 4 16th October Do.
bhoy, (}opnldnu and 1908.
Mahadeo
Do. .| (423) Do. do. . Do. . |PL . ] 8th  October Do,
1908,
Do. $#424) Mr. P. Balkrishna Do. . P. L. . 02 4th November Do.
Naidu, 1908,
De. . | (425) Mr. Tafballl Kam- Do, E. L . 413 3rd December | Doy
ruddin. 1008.

E. L. denotes Exploring License, P.

T., Prerpecting) Licenee, and M. L., Mining Tcare.
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CENTRAL PROVINCES—conid.

Date of
DISTRIOT. Qrantee. Mineral. Nature of Area in commenoe- Term,
grant. acres. ment.
Bllaspur . | (426) Mr. W. Thompson. | Coal . . .| BL. . | Notstated . uﬂo?brw lya
Do. .| (427) Mr.B.K.Kangs . | Limestone . . | KL .| 4,650 2lst Septem- | Dc
‘ber 1008,
Do. .|(428) Do. do. .|Coal. . .|BL .| 637 Do. De
Chands . | (420) Mr. G. Rama-|Copper ., .|P.L . 87 22nd Septem- Do
swamy. ber 1908,
Do. .| (430) Do. do. . Doo . .|PL . 216 Do. . Do
Chhindwara. (481) Seths Romlal and | Mangancss, . | P.L. . 597 Sist  March| Do,
uk.uial, 1008.
Do. . | (492) "’ Sahvb uvmm Do. . .|PL . el 18 h Februn Do,
Prasad and Motllal. L 1008. i
Do. .|[(488) Do do. . Do . .|RPL . 63 81st March [ Do,
1008.
Do. ., | (434) Seths Ramlal and Do. . .| PL . 218 16th Jan Do.
(smm) , L 1908,
Do. | (435) Messrs. V. D. Sal- Do. . .|P.L . 276 Do, . Do.
pekar and Kartarbux.
Do. . ((436) Mr. R. H. Richard- Do. . .|{PL . 510 30th Mareh [ Do.
son. 1908.
Do. . | (437) Rai Sahib Mathura Do . .|PL . 176 81st  March Do.
‘Prasad and Motllal, 1908,

Do. . | use) Mum.!‘nmhn;d Do. . .|(RPL .| 6 th Jomuary | Do.
Do. . | (480) Rai Sahib Math Do, P.L. . [} 3lat  March Do.
Ot 2o Mathura o L 1008,

Do. . (440) Mosars. V. D, Sal- | Do. . . [BL. . 207 Do. Do.

kar and Kartarbux.

Do. . | (441) Messrs./H. Verma| Do. . .|P.L. . 106 Do. . Do.
and K. Lall.

Do. . | (442) Messrs, Shaw, Wal- .. W|RL . 486 24th January Do,
e & o St Wal- | Coal 1908.

Do, . | (448) Mogsrs. H. me Mangsnese . . |P.L 127 21st January |  Do.
, and Kanhaiyalal nese 1808,

Do. .| (44) Mr. Mubammad| Do. . .|B.L .| 1% | Sist Mah| Do.
Alkbar Khan and others. 1908,

Do. 'l (445) The Hon'bleMr.¢.] Do. . .[RBL . 48 Do. .| Do

. M. Chitnavis,

Do, . | (446) Ral Sahib Mathura | Do, . .|R.L. . 18 80th June | Do
Prasad and Motilal, 1908,

Do. .| (447) Beths Ramlal and| Do, ., . |BL . 476 Do. .| Do

. Sukh'al, :

E, L. denotes Bxploring License, P. L., Prospecting License, and M, L., Miping Lease,



Part.1.] Horrann: Mineral Production of India during 1908. 101
CENTRAL PROVINCES—conid.
Date of
DISTRIOY. Grantee. Mineral, Nature of Area in commence- Term.
grant. acres. ment.
hhindwara. | (448) RaiSshib Mathura | Manganeso . ., | M. L. 61 4th May 1008 | 30 years.
Prasad and Motilal,
Do. . | (449) Seths Ramlal end | Do. . P.L . 01 30th ™ Jupe | 1 year.
Sukhlal, 1008,
Do. . |(460) Khan Bahadur AH{ Do. . . |BL . ] 1st April1908 |  Do.
Raza Khan,
Do. . [(461) Mr. M. B. Dadabhoy| Do.’ Rl 044 30{130 . June [ Do.
Do. . (ua)l The U;:Ber Pench | Coal . M.L. 2,607 1at May 1008 | 30 years.
Do. . | (453) Measrs, V.D Sllpe- Manganese, . | P. L. 410 14th August | 1 Vear.
kar and Ka: 1008,
Do. (4?) uest-;-. Motilal, Do. . |P.L 277 4th July 1008 Do,
agannath and Lakh:
michand.
Do. . (455{ Messrs. Mohammad | - Do. . P.L. 920 6th  August Do. |
Akbar & Co. 1908,
" Do, (456) Mr. L. Grossmann. | Coal . P.L .| 17018 “Folos August | Do
Do. . | (467) Rai Sahib Mathura | Manganese . P.L. 23 16th July1908|  Do.
Prasad and Motilal,
Do. (458) Messrs. V., D, Sal- | Mica™, R 2 168 14th August| Do
pekar and Kartarbux. 1908,
Do. . | (459) Mr. W.8 .| Ma . .|PL 200 28th Septem- Do
(459) talkart nganese : th Septen
Do, 4 . D. N. .. P.L 4,256 30th Septem- Do.
0, (460) Mr. D. N. Mitra . | Coal ‘zb beugosf"
Do. (461) Ral Sahib Mathura { Do. . ., . |P.L . 433 24th Septem- Do.
Prasad and Motilal, ber 1808,
Do. . (4%2} Mr. M. B, Dada-| Do.. . .|EL] .| 202 27th July1p08|  Do.
0Y.
Do. . (ms) The Hon’ble Mr. G. | Manganose . P.L . 124 6th November|  Do.
Chitnavis. 1008,
Do. .| (464) Messrs. Motilal, Do, . P.L . 430 9th December Do.
Jagannath and Lakhe 1908,
michand,
Do. . | (465) The Indian . . |[ML 64 8th November| 30 years.
¢ na)ull?nlncco.mm Do. 1008, |
Do. .| (4 . . «|PL . 20 3rd November | 1 year.
(480 Govind Bao Befi | Do 1008, "
Do. . | (467) Mr,Cooverjl Bhojs | Coal . . . [P.L . 337 nhmomm Do.
Do. . |(468) Mossrs, Motilal, | Manganese . . |P.L. (] th Decomber Do.
Mmth and Lakh: 1008,
Do. .|{(469) Do. do. .|Mlea. . .[PL . 81 Do. . Do

E. L. denotes Exploring License, P. L., Prospecting License, and M. I.., Mining Lease.
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CENTRAL PROVINCES—contd.
Date of
DISTRICT. Grantee. Mineral. Nature of Area in commence- Torm.
. grant. acres. ment.
Chhindwara. | (470) Mr. M. B. Dada- | Coal . . | BL 2,026 6th Docember | 1 year.
bhoy. 1908.
Damoh .| (471) R. B. Damodhar | All minerals E 'L 61,760 24th February Do.
Rao. 1908,
Drug . (472) Dr. H. 8. Gaur, | Lead, zinc, alumi- | E. L. . 1,317 2nd  July Do.
Ratanshaw & Co. nium, manganeso 1908,
and gruphite,
Do. . | (473) Messrs. B. B. B.| Platinum, wol- | P, L. 84 10th Novem- Do,
Fouzdar & Bros. {ram, tin, baux- Ler 1008,
ite and roan-
gunese.
Hoshangabad| (474) Mr. B. T. Ral of | All mincrals E. L. . BV 16th February Do,
Saugor. 1908,
Jubbulpore. { (475) Messra. Olpherts & | Red ironorcand | P. L. 69 oth  March Do.
Co., Murwara. manganesc. 1908.
Do. . i) 5 . L. . 346 19th Januar Do.
(¢7N ‘)‘kﬂ:‘bun Nagannah | Munganese . P. L 1008, 12
Vo. .| (477) Messrs. Burn & Co. | Gold, silver, lead, | P. L. . 2,788 16th Septem. | 6 month+.
unlMr, P, C. Dutt. copper, _nsenie, bar 1007,
0N, MADZAnese,
limo'stone, i.lne:
dolomite, barytes,|
tin and antimony.
Do. . | (478) Mr. Shirish Chander | Mangancso  and | B. L. 50 28th February | 1 year.
Roy Chaudhry. iron. 1008,
Do. .| (479 R. B. Beharlal| Do, . . |LL 25 31st  March | Do
Khazanchi, Jubbulpore. 1908,
Do. . | (480) The Bombay Mﬂ- Stmlﬂbone, steatite, | E. L. 3451 23rd  March | Do
ing and Prospe o and nsbestos. 1908.
Syndlcate,
Do. .|[(481) Do. do. .| Bauxite ., .|P.L 1,044 1st June 1908 Do.
Do. . | (482) Messrs. Burn & Co. | Soapstone, steatite | M. L. . 280 9th May 1008 | 30 years.
and Mr. P. C. Dutt. and tal .
Do. . | (483) Rao Bahadur Gan- | Mangancse . P.I. 124 22nd  April | 1 Year.
pat Rao Gopal Ghatate. 1908,
Do. .| (484) Mr. M'.‘ B. Chopra . Do, . | RG . 229 18t June 1008 Do.
Do. . | (485) Mr, Shirlsh Chander | Monganeseand | P.1. - 5 6th June 1008 | Do,
Roy Ohoudhry. iron.
Do, .| (48) Mossrs. C. Mac- | Copper, lead, sil- | 8.L. .| 583 ¥ |220a apri| Do
donald & Co. vor, Ianganese, 1008.
gold and zlne-
No, .| (487)"The Bombay Pros- | Bauxite, lthe- [B.L .| 1710 Do. . Do,
pecting and Mining | marge and china
Syndicate. clay.
Da, (488) Mr. J. W. A. Mac- | Bauxite and alu- | K, L. . 7,180 2ard  April Do,
donald. um, 1908.

E. L. denotes Exploring Liconse, P. L., Prospecting Liceuse, and M. L., Mining Leuse.
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Date of
DISTRICT. Grantee. Mineral. Nature of Area mm cominence- Term.
grant. acres. ment.
Jubbulpore, | (489) The Bombay Pros- | Steatite, talc ond | E, L. 2,872 9th May 1008 | 1 year.
pecting and Mining | soapstone.
Syndlcate,
Do. (400) Mr, Shirish Chander | Gold, silver, lead | M. L. 35 14th July 100¢| 16 yeare,
Roy Chaudhury, and copper.
De. . | (401) Lala Gancsh Prasad, | 8ilver, manganese, | P. L. . 100 15th Septem- | 1 year.
Janki Prasad & Bros. | coppor and lron. ber 1908,
Do. (492) Messrs, H. F. Cook | Gold, sllver, cop- | P. L. 7?2 11th  August Do,
Sons, Murwara., per, lead, iron, 1908,
red olay and
manganese,

Do. (493) Mr. Hiralal Sukul | Moanganesc, .| P.L. 49 9th July 1008 Do.
Do .| (494) Lala Gapesh Pra-| Do. P.L. 48 16th Septem-{ Do
sad, Janki Prasad & ber 1908,

Bros,
Do. .| (495) The Bombay Pros- | Gold, silver, cop- | E. L. 1,434 L4th July 1008 Do
Pecting and Mining | DPer, and
Syndicate, coal.
Do. (496) Do,  do. . | Gold, silver, cop- | E.L. . 027 Do. Do
per, lead and
platinum,
. (497) Mr. P C. Dutt, | Gold, silver, cop- | E. L. 1,687 13th July 1008f Do
Do Bar-at-Law. ’ Dog'andlerad.wp L ’ Y
Do, .|(498) Do, do. .|Bauxite , ,|P.L 204 21;30 " June Do.
Do, (49pﬂga‘ggellou:iboyl’roa- Do. E. L 423 14th July 1908  Do.
Ct an Mmlng
Syndicato. .
Do. .| (500) The  Jubbulpore | Gold, silver, cop- | E. L. 071 Do. Da
Bor Mining Association.| Perand load.
Do. (501) The Bombay Prog- | Steatite EL . 220 28th  August Dn
sectlng and )inning 1908,
yndicate.
. . |(502) Scth ‘el Coal . ., .|EL 1,675 9th December | Do
Do (3ovn.sjl,]!lurwm‘nl.mlau 1808.
Nagpur . | (503) The Central Prov- | Manganese, ., |[P.L. . 34 27th Februsry] Do
inces Prospecting 1908.
Syndicate,
Do. .| (604) Mr. D. Laxmi- Do . .|PL . 410 13th January| Do
narain of Kamptee, 1008.
Do. . | (508) Mr. G. M. Prichard Do. . .|RL . 4 Gﬂ;mmreh Do.
. . | (508) Mr. J. Kellerachon. | Iron, manganese, | P. L. . 151 26th February Da.
Do {500) tin, copper, bis. 1908,
muth and wol-
fram.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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Date of -
DIsTRIOT.} Grantee. Mineral. N;:."l’;‘“ m" commence- Term.
Nagpur 507) The Central Prov- | Manganese . .4 M.L, . 1 10th February | 30 8
P ¢ ) Prospecting o 1908. your
Byndluw.
De. (508) Mr. Hiralal Sukul!, Do. L RL . 7 lsi%onnuuy 1 year.
’d o
Do. (609) Mr, Cooverji Bhoja Do. . .|PL . mn 30§h0'018anuary Do.
Do. (510)  Do. do. . Do, P.L 785 17th January Do,
1908,
Do.{ (611) Mr. D, Lexmi- Do. . P.L. . 107 28th  March Do,
Larain, 1908.
Do. (512) Mr. Bapuji Vishwa-| Do. . . [P.L. . 14 4th  March Do.
nath Gandhi, 1908,
Do,! (513) Mossrs. B." B. B. Do. . .|PL . 114 3rd  March Do,
Fouzdar & Bros. 1008.
Do, « | (614) Mesars, Knssam- Do. . o« | P L 1 6th  March Do,
bhoy Ramji & Co. 1908.
Do. (616) The Central Prov- Do. . .| M.L. 1 10th February | 30 years.
inces Prospecting 1008.
yndicate.
Do. . | (616) Meun Jensop & Do. . | PL. 12 22nd January | 1year.
Go of Calcutta, 1908.
Do. . | (617) Messrs. Cursetji & Do. . .| P.L . 24 8rd  March Do.
Co. 1008.
Do. (618) Mr, Shamji Madho- Do. e ® 28th March Do.
B 1908.
Do. . |[(19) Do. do. . Do. . .|PL . 385 Do. . Do.
Do. . | (520) Mr. M. Gupta Do. . P.L 26 wioos March Do,
Do. (5?‘1)“{1‘. Shamji Madho- Do. P.L. 185 zstl,hm March Do,
Do. .| (622),Mr. J. Kellerschon | Iron, manganese, | P,L. . 534 26th February Do.
» tin, woltmm, bis- 1908.
muth and copper.
Do. (623) Lala B, Sitaram . | Manganese . .| P. L . 40 zeghmumh Do.
Do. (624) Mr. Shamfi Madho-{ Do. . . [P, L . 96* Do. . Do.
Do, .| ®6%) Do do. . Do. . .|PL . 80 Do. . Do.
Do. (sze)'lﬂt Sayed Gulam [ Do. . .|P.L . 54 Do. . Do.
Mustaffa.
Do. . {l(527) Mr.J.J.Velloz . Do. . ..PL . 134 mihwl;eb!mw Do.
Do, (628) Mr. J. Kellerschon | Do. . . |P.L, ., 54 zo;hw%ebmny Do.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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CENTRAL PROVINCES—contd.
Natureof | Arealn Date of
DISTRIOT. Grantee. Mineral. commence- Term.
grant. acres. Thent.

Nagpur . (52&2 Mesars, Cursetyl & | Manganese . .| P.L . 27 zogh"&ebmry 1 year.
Do. . | (530) Babu E. Nagannah Do. . .|RPL . 10 4th  March | Do,
Naldu, 1008.

Do. .| (631) Mr. Byramji Pes-| Do. . . |E.L . | Entirevilage | 26th Febr Do.

tonjl. il 1008, Y
Do. . (1’31;2) Mr.Shamfi Madho-| Do. . . [P.L . 38 11tihm.8hnmy Do.
Do. . | (633) Messrs. Kassam- Do. . | B.L . | Entire village | 80th January Do.
bhoy Ram]i & Co. 1008,
Do. . |(634) Do do. . Do. . .|BL . i 6th March | Do.
1008,
Do. .| (635) BabuE. Neganmsh | Do. . .| EL . 62 3rd  March| Do.
Naidu. 1908,
Do. . | (636) Messrs. B. B. B. Do. P/L. . 176 Do. . Do.
Fouzdar & Bros.
Do. (537) Mr.  Govind} Rao Do, EL - 301 17th Jonuary Do.
Baji Rao. 1908,
Do. (538) Mr. Byramji D.| Do. EL . 172 220d Jan Do.
Doongaji. yramf 1908, i
Do. (689) Do. do. . Do. . .|EEL. . 246 Do, . Do.
Do. (640) Do. do. . Do. BRI . 579 Do. . Do.
Do. (541) Do, do. .| Do E.L | 20 Do. .| Do
Do. (542) Mr. Venkat Rao Do, . E.L. .. 1,084 17th January Do.
Nalk. i 1908,
Do. (643) Messrs, Ramprasad | Do, . PL .. 121 9th  March [ Do,
m)dmmimnln. ; 1008.
|
Do. . | (544) Mr. M. B. Dada- Do. BL .1 1 26th February | Do.
¢ bhoy. ' 1008,
Do. .| (645) Mr. Madhulal Doo- |  Do. SBL 1 oth'June1oo8 |  Do.
gar. .
Do, (546) Mr. Cooverjl Bhoja Do A % A 26 oth'April1008|  Do.
Do. .|(47) Do. do. . Do. . .|PL ., 18 Do. . Do,
Do. .| (f48) Mr.RamblasMur.| Do. . .|RBL .. b4 24t Jue | Do,
¢ u&m u ' 1908.
Do, (549) Mr. D. Loxminaratn]| Do. . . |PL .| 830 25th May 1008 Do.
Do. .|(550) Do, do. . Do. . .|BL .l 4 Do. Do.
Do. .|G8) Do do. .| Do . .|RL .i Do 7.l Do
Do. . |(652) Memsra.LallBeharl | Do. . . |RL  .I' 305 20t ¥ June | Do.
Naraindas and_ Ram- | . { 1008,
charan Sanker Lall. I

B. L. denctes Exploring License, P. L., Prospecting License, and M. L., Mining Lease,
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CENTRAL PROVINCES—conid.
! Nature of Areain’ Date of
DistrICT. Grantoe. Mineral. ! gunt. RCTeR. coz;::::cu- Term.
|
. o B = —
Nagpur (563) Messrs, Lall Behari| Mangancse, . P.L 7 4th  March | 1 year.
N ralndas and Ram- | 1008,
charan ~ank r Lall, ,
Do, (554) Messrs, Ramprasad Do, L RL 048 Oth January Do.
and Laxminarain, ! 1908,
Do, (555) Mr. G. M. krichard Do, .| B.L. 1,472 Oth Junc 1908 |  Do.
Do. (556) Mr. Madhulal Doo- Do. . . DL 701 Do, . Do,
gar.
Do. (667) Do, do Do, P.L 451 Do. . Do.
Do. (658) Mr. J. Kcllerschon Do. P.L 166 13}1&) ngny 1008| Do
Do. (659) Mr. Madhulal Doo- Do. P.L. 17 9th June 1008 |  Do.
gur.
Do. (500) Mr. Cooverjl Bhoja Do. P.L 343 29fl.hm June Do.
Do. (661) Mr. Hiralal Sukul . Do. P.L 250 wglaﬂs Apl [ Do
Do. 562) Babu E. Nagannal Do, P.L. 24 20th  Ju Do.
¢ m{wu. ! ' 008,
Do. (563) Messrs, Kassum- Do. P.L 100 10th May 1908]  Do.
bhoy Ramji & Co.
Do. (664) Mr, Atmaram Anto- |  Do. P.L. 125 18th May 1908)  Do.
ba Kalar,
Do. (5g|5) Mr. Shamji Madho- | Do. . P.L. 168 Gth June 1808 | Do
Do, (666) Lala Mohanial | Do. . PL . 251 26th May 1008) Do
Kalar,
Do. (667) Do, do. Do. P.L. 248 Do. . Do,
Do, (ooj?) Mr. Shamjl Madho- Do. NS . 208 5th June 1008 |  Do.
Do. (669) The Indian Manga- Do. P.L. 138 15th May 1008)  Do.
nese Co. *
Do. (570) Messrs. Kassam- Do. P.L 83 10th May 1008)  Do.
bhoy & Co.
Do. (571) Babu E. Nagannsh | Do. . P.L 62 o |20th  Jgune| Do
Naldu, 1008,
Do. (572) Mr. G. P. Jaideo Do. .|PL 30 2nd June 1008) Do
4 Prasad.
Do. (57&11 Mr. Byramji Pes- Do. . .|RL . 1 2nd May1008 | Do
Do, (674) Do. do. Do . .|BL . 2,710 ond June 1908 Do.
Do. (576) |Messrs, Kassam- Do. . + | B L. . 864 24th  June Do.
bhoy Ramjl & Co. 1008.

. L. donotes Exploring Liconse, P. L., Prospecting License, and M. L., Mining Leavo.



Pagrr, 1.] Houranp: Mineral Production of India during 1908. 107
CENTRAL PROVINCES—contd.
Nature of Area in Date of
DISTRIOT. Grantee. Mineral. commence- Term.
grant. acres, mont.
Nagpur . | (676) Mr. Darasha Man- | Manganeso . L . 170 24th  Juue | 1year.
cherji. 1008,
Do. « | (677) Babu K, Nagannah Do. . P.L . 57 20th  June Do.
¢ Na)tidu. 1008.
Do. .| (678) Mr.B. V. Gandhi . Do, L. L 1t 145150 70etober Do.
Do. « | (679) Messrs. Ramprasad Do. P L. 121 0th May 1008 Do.
and Laxminarain,
Do. . | (580) Messrs. Kassam- Do. E. L. . 02 28th October De
bhoy Ramii & Co. 1007.

Do. .| (681) Do. do. . Do. E. L. 207 10th May 1908 Do.
Do. (682) Mr. Byramji Pes- Do. P L 209 20th  June Do
tonjl. 1908.

Do, . | (583) Mr. M, B. Dada- Do. P. L. 38 24th  June Do,
bhoy. 1808,

Do, (584) Mr.T. B. Kantha- Do. P. L. 113 1st Junc 1908 Do.

ria.
Do. . | (685) Mr. Byramji D. Do. P. L. . 42 7th May 1008 Do.
Doongaji.
Do. (686) Mr, Byramjl Pcs- Do. E. L. 501 30th  April Do.
tonji. 1908.
Do. (687) Mr.T.D.Zal . Do. P. L. 49 21st Novem- Pa.
ber 1908.
Do. . (52‘83 Mr. T. B. Kantha- Do. . P L 200 Oth May 1008 Do.
Do. .| (89) Do do . Do. E.L . 113 30th  April| Do
1008,
Do. .| (590) Lala  Mohanlal Do, P.L 251 2nd May 1008 | Do,
Kalar.
Do. (601) Mr. Atmaram An. Do. E.L. 73 19th May 1908 Do,
toba Kalar.
Do, . | (692) Mr.T. D. Zal . Do. E L . 18 28th  March Do,
1008.
Do. . | (508) Mr. Byramji Pes- Do. K. L. + |- Entire vil 20th  June Do,
tonjl, ! g 1808.
Do. . | (504) Do. do. Do, E L. Do. Do. . Do.
Do, (5'95) Do. do. . Do. . E. L. Do. Do. . Do.
Do. . | (696) Do. do. . Do. . E. L Do. Do. . Do,
Do. . |97 Do. do. . Do. . E.L Do, Do. . Do,
Do, (598) Do. do, Do. E. L. Do, Do. . Do,
Do. . |(99) Do. do . Do. . EL . Do. Do, . Do.

. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Leusc.
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CENTRAL PROVINCES—conid.
Natwreof |  Arealn Date of
DISTRICT. Grantee. Mineral | amaat. Pty eom:ce- Term.
|
Nagpur (600) Mr. Byramji Pes- | Mangancse , l E.L. . | Botle village { 20th  Junc | 1 year,
tongl, ! 1008,
Do. . | (601) Do. do. Do, . E. L. Do. 2nd May 1008 Do,
Do. (602) The Mining Pros- Do, E. L 622 8th June 1008 Do,
Ppecting Syndicate.
Do. (603) Mr.T.B. Kantha- Do, 1 B L 06 30th  April Do
rin. . 1908.
Do. (604) Messrs. Umaralli Do. . E. L. « | Entire villago | 24th  April Do.
Brothers. 1908.
Do. . | (605) Mr. Hiralal Sukul . Do. P L . n 7th July 1008 Do.
Do. (606) Mcssrs. Kassam- Do, . P.L. (] 16th Scptem- Do.
bhoy Ramji & Co. ber 1908,
Do. (607) Mr. Cooverji Bhoja Do. . P.L. 634 0th July 1908 Do,
Do. . { (608) Mr. B. V. Kaoroy . Do. P.L. 31 Sﬂ;oo eAugnnt Do,
Do. (609) The Nagpur Man- Do. P. L. . 139 Do. . Do.
ganose Syndi-
cate.
Do, . |(610) Mr. Lalbehari Do. . P.L. 246 17th July 1908 Do.
Naraindas.
Do. . | (611) Mr. Hanmant Rao Do, . P.L. . 028 Do, Do.
Mohitey.
Do. 612) Mr. Atmaram An- Do. . P.L. 21 218t Jan Do.
¢ toba Kalar. 1008,
Do. .| (613) Mr. Govindrao Do. P. L. . 084 23rd Scptem- Do.
Deshmukh, ber 1908.
Do. (614) Messrs. Ramprasad Do. . P.L. 215 Do. . Do.
and Laxminarain,
Do. . | (615) Mr. amji Pes- Do. . P.L. 60 2nd Septem- Do.
i tonjl. Byram} ber 1908,
Do. . | (618) Mrs» B; i D. Do. P. L. . 22 23rd Septem- Do.
LR Loy, By ) ber 1908,
Do. . | (617) Mr. M. B. Dada- Do. P.L 37 16th Septom- Do,
bhoy. ber 1008,
Do. . | (618) Messrs. P. 8. Kot~ Do, . P.L . [ 5th  August Do.
wu)»l and 8. R. Naldu, e 1008, o
To. | (010) Mr. Byramji Pes-| Do. . EL . 405 ond Septem- |  Do.
wzm. yram} beu&tf.
Do. (620) Mr, Darashaw Man- Do. . P.L. . 167 21st Beptem- Do.
cherjl. . ber 1608
Do. (621) Mr. T. B. Kantha- | Do, RL . 35 218t A Do.
ra, 1008.
Do, .](622) Do do . Do. P. L. . 889 218t July 1608 Do.

E. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Loasc.
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Date of
DIETRIOT. Grantee. Mineral. N;ﬁ;?t_“ Area fn commence- | Torm.
Nuzpur . | (628) Mr. T. B. Kantha- | Manguncse , P.L. . 100 218t July | 1 year.
. 1908.
Do. (624) Mr. Bymamji D. | Mla . . .|PL . 12 17th August Do.
Doungafi. 1008.

Do. . | (626) Do, do. . | Manganese . .| P L. . 172 8rd July 1008 Do.
Do, . | (626) Mr. B i Pos- | Mang wol- | P. L. 227 2nd Septem- Do.
( tonji. yram} mn?;mf’ew. b1 1908,

Do. . | (627) Do. do. Do. . .| B.L . | Entire village Do. . Do,
Do. . | (628) Mr. Byramjl D. | Manganese , P. L. . 246 7th  August Do.
Doongafl. 1908,

Do. . | (629) Do. do. . Do. . .| P.L. 579 3rd July 1908 Do.
Do. . | (630) Do. do. . Do. P.L. 20 Do. . Do,
Do. . | (631) Mr.T. B. Kantha- Do. .| P.L. . 140 24th August Do,
rla. 1008.

Do. . | (632) Mr. Atmaram An- Do. . | P L 168 7th July 1908 Do.

toba Kalar.
Do. (633) Mir Aslam Khan . Do, P.L, 69 24%08“!3“!& Do.
Do, . | (634) The Central India Do. P. L. . 139 16th Septem- Do.
Mining Co., Ltd. ! ber 1908.
Do. . | (635) Babu E. Nagannah Do. . P. L. 32 21st  August Do.
Naldu. 1008,
Do. .| (636) Mr. Byramji D. . All minerals P L 26 23rd Septem- Do.
Doongaji. . ber 1908.
. 637) Mr. Byramjl Pes- | Ma; . .|PL .| Entire vilage | 20d Septem- | Do,
Do O ongt Byl marnos ntlre village | 20 er 1008,
Do. (638) Mesars, P. 8. Kot- | Wolfram, tin, and | E. L. 153 17th July1008| Do,
wal and 8. R. Naidu, molybdenum,
. . | (639) Mr. Henmant Rao . E.L. 101 18th Septem- Do.
Do ¢ Mohitey. Munganose ber lgOB'.n
Do. (640) The Ce tral Prov- Do. I.L 33 24th Nem. Do.
inces Prospecting ber 1008,
Syndicato,
Do. . | (841) Mr. R, H. Richard- Do. P.L. 84 4th November Do,
son. 1908.
Do. . | (642) The Central Indin Do. ML 25 12th October | 80 years,
Mining Co., Ltd. 1908,
Do. . | (648) Mr. D, Laxmi- Do. . .| P L, . 25 21st Decem- | 1 year.
¢ narain. , ber 1008,
Do, .| (64) Do. do . Do. ML 7 17th Decem- | 30 years.
ber 1008,
Do, . | (646) Messrs, Kassam- Do. ., .|PL . 19 7th Novem- | 1 year.
] bhoy t:amji & Co. ber 1908,

E. L. denotés Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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Naturo of Aroa in Dato of
DISTRIOT. Granteo. Mineral. grant. acros. cor;rg;:ce- Torm.
Nagpur . | (646) Babu Madhulal | Mangancse .| PL. . 38 4th Novem- | 1 year.
Doogar. ber 1908,
Do. . | (647) Mr. G. P. Jaideo Do. . .| BL. . a3 14th Decem- Do.
Prasad. ber 1008,
Do. « | (648) Mr. Atmaram An- Do. . .| L . 73 Do. Do
tobs Knalar.
Do. . | (048) Mcsyrs. Kassam- Do. . .|P.L . 67 23rd Decem- Do,
bhoy Ramji & Co. ber 1908,
Do, .| (860) M, Byramji Dy . L. . 16 Do. . Do,
Costonjl,

Do, . | (681)  Do. do, . Dy, . R 621 Do, . Do,
Do. . | (652) Mr. Byramji D. | All minerals .| P L. . [i1:1.] 4th Novem- Do,
Docngajf. ber 1908,

Do. . | (853) Mr. (. P. Jaidco | Mangancse . I PL, . 39 14th Decom- Do.
Prasad. ber 1908,

Do. . | (664) Mr. Byramji D. Do. . .| P L. . 7 4th Novem- Do.
D)rngajl, i ber 1008,

Do. . | (655) Messrs. Kassam- Do. . DL . 122 7th  Decem- Do.
bhoy Ramjt & Co. ber 1908,

Do. . (656) Mr. Byramji Pes- Do, . .| P L. . 36 i 20th Decem- Do,
tonji. | ber 1008,

]
Do, . (667) Do, do, , Do, . .| L. . 533 Do. . Do.
Do, ., (658) Mr. Atmaram An- Do. . .| P.L. . 51 14th Decem- Do.
toba Kalir, ber 1908, |
|
Do. . (659) Tho Central India Do. . .| M. L. . 42 10th Novem- ' 30 ycars
Ining Co., Ltd. ber 1008. |
Do. . (860) Messrs, Kassam- Do. . .|PL . 112 . 7th  Decem- ' 1 yoar.
bhny Ramji & Co. . ber190s, '
Do, . (661) Messrs. Martin & | Molybdenum, iron, | P. L. . 662 14th chbcr! Do.
* Co., Calenttn, tin, wolfram and 1908, X
copper, !
1
Do. . (602) Mr. J. Kellerschon, { Molbydenum, iron, | P. L. . 85 7th December Do.
tin,  wolfram, 1908, '
copper and man- }
i gonese, i i
' i |
Do.” . i(663) Mr. Byrumjl D.| Mangenese. ., |P.L. ., 10 4th Novem- Do,
Doongajl. : ber 1808, |
] 1 i
Do. .. (604) Mr.DamashawMan.| Do. ., . [P.L  .° 9 Do. . Do
- cherjl Dungsfi. !
Do. . (665) Mesars, P. 8. Kot~ Do. . .| P.L . 260 24th Novem- ; Do,
wal and 8. B. Naidu, | ber 1908. |
. 1
Do. . (666) Mr. M. B. Dada-; Do. . .[PL . 108 23rd Decem- |  Do.
. bhoy. \ l ber 1908, I

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



Parr.1.] Houranp: Mineral Production of India during 1908. m
CENTRAL PROVINCES—contd.

|
l Date of
Dusrmron, Grante. Mineral. Nt | Awaln commonce- | Tera,
. . D. Laxmi- | Manganeso . .'P.L . 137 23rd Decems | 1 year,
Vagpur (667) M:. D Xm| nganese ber 1906, year.
3 . | (668) Mr. D. Gngadhar Do. . .,;RL . 302 24th X
Do. [( n‘)D. ngad] Tooe. April Do,
Do. . | (869) Mr. Rambllas Mur- Do. . .|PL . 99 24th Novem- | Do,
lidhar. i b 008, !
Do, .| (67) Mr.Byramfi Pes-! Do. , . |PL ., 53 + 28rd Do crn- Do.
¢ to)n]l. yraeal ’ | bor 1008,
. . | (671) Babu E. Nugannah Do. . P L. . 29 " 7th  Decem- Do.
Do ¢ Nu)uldu. ‘ ber 1908, i
Do. . | (672) Messrs. Ramprasad Do. . iDL Ll 145 14th Decem. | Do,
und Laxminarain. ber 1908, X
Do. .| (678) Mr, B Pes-| Do, . .|EL .| Entire viliage | 23rd Decem-
( fom, " Bl berioie.
Do. . | (674) Mr. Gopal Sheoram Do. . .| P.L. . 20 ltth Decem- l Do.
Duwe. ber 1008, |
Do. . | (876) Mr. Byramji Pcs- | Mangunese, wol- | E. L. . 762 23rd Decem- ' Do,
tonjl, fram and copper. ber 1008, -
Do. (670) Do, do. Do. .| B L. . 1,149 Do. Do,
Do, &7) Mesars, Lalbehari | Mangancse , P L . 120 7th  Decem- Do,
avindas & Rimcharan ber 1908
Shankerlal, X
Do. (678) Mr, Byramji Des- Do, . | E L . 93 23rd Decem. Do.
tonji. ber 1908,
Do. (679) Mr. Gopal Sheoram Do. . .| B. L. . 66 i 14th Decem. Do.
Dawo. ber 1908,
De. . | (680) Mel!ru B K, Chul- Do. . .| B L . 100 24th Novem- Do.
lnncy & ber 1908,
Do, . | (081) Mr. Byramji Pes- Do. . .| B.L, . 365 23rd Decem- Do.
tonji. ber 1908,
Do. . (682) The Central Prov- | Wolfram . .| BL . 4,802 7th  Decem- Do,
incey Prospecting ber 1908,
Syndicate,
Do. .| (683) Mr. Byramjl Pes- | Allminerals . | B.L. .| 2120 23rd Decem-| Do
tonj. ber 1908,
Do. . | (684) Do. dn. Do. . .| B.L . 2,203 Do, . Do.
Do. .| (888) Do. do. . Do. . .|EL . 148 Do. Do.
Do. . | (686) The Central Indis | Manganese, . | P.IL. . 167 14th OQctob Do.
¢ 0o., Ltd. e 1908,
Do. . |(687) Tho Nagpur Man-| Do. . .|EB.IL . 8 7th December | Do,
¢ ga)nese Mining Synd!- 1908,
ocate. J
Do. ,|@s8 Do do. .| Do . .|EL . 46 | 14th!Do'em.| Do.
l ber 1008,

E. L. denotes Exploring License, P. L., Prospecting Liconse, and M. L., Mining Leasc,
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Date of -
Nature of Area In
DISTRIOT. Grantee. Mineral. grant. acres. ool;\ll::au- Term.
Nagpur 689) Mr. Byramji Pes- | Mangancse .| B. L. . 275 7th  Decem- | 1 year.
e ¢ tonjl. ml ber 1908.
Raipur (690) Babu Batu Krishna | Graphite E. L. . 1,366 23rd Decem- Do.
Gupta of Bilaspur. ber 1008,
Sa . | (601) Mesars. Kali Pra-| All minerals E. L. Not stated . | 21st Jan Do,
neor sano Mukerji and 1008. =
Bhagwandas Slrvaya.
Do. . | (692) Messrs. Ganpat Rao Do. . .| B.L. . Do. 23rd January Do,
Shrikhande, Gopal 1908,
an na
Rao. N
Do. (693) Mr. Azimullah Do. E.L Do. 13th January Do.
Khan, Malguzar and 1908,
Honorary Magistrate,
Sa gor.
Do. (694) Messrs, Dinanath Do. .| B. L, .| 88,161 20th January Do.
B.olal and Laxman 1908.
Rao. -
Do. . | (695) Bhawan{ Shanker Do. E. L. Notstated . | 9th  March Do.
Sukul of 8s .gor. 1008,
Do. .| (896) Messrs. Gour & Do. E. L Do. 11th  March Do.
Sons. 1908,
Do. (697) Messrs, Kall Pra- Do. P L. 173 3rd Ap1il 1008 Do.
san' Mukerjl and
Bhagwandas Sirvaya,
Pleaders,
Do. (698) Mr. Dam‘dsr Do. P. L. 273 oth June Do,
Ramchandra Shri- 1008.
khande,
Do, . | (609) R. B. Seth, Ballab- | Copper, iron, lead, | P.T.. . 180 23rd  June Do
dass and Jiwandass. ete. 1008,
Do. (7%0)]‘ l.’;hlwnnl Shanker | All minerals E. L. 65,284 8th May 1908 Do.
ukul,
Do. (701) th%deo Mukerji . Do. . E.L. 110,657 22nd May 1908 Do.
Do. (702) The Jubbulporo | Iron, coal, ropper, | P. L. . 160 14th July 1008 Do.
Prospecting Syndica.c. gmphih'a and v
miveral oil.
Do. 703) Messrs. Kall Pra- | Iron, coal, copper, | P. L. 170 2nd Septem- Do.
° (uno Muker)i and | graphite man'l . berlt)gst‘.e
Bhagwnndas, Pleaders, oll, gold and
Saugor. silver.
. 704) Ganpat Rao Bhri- | Gold, silver, lead, | P, L. 168 12th Novom- Do,
Do (klm)ndt*, ga"m Extra [ ‘l'w-‘r. 7lne,' ber 1908.
Assistant Commissioner, | iron, tul, pre.
Gopal Rao and Ram- ]~ s stonss and
krls 'n Rao, Pleaders, | mineraloil.
Saugor.
Seoni . | (705) Mr. Darasha Mun- | Manganese .| PL . 85 10th February Do.
cherjl. 1908,

B. L. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease,
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Natwreof |  Aresfn Date of
5 5 Mineral. commence- Terz.
. DIBTRIOT Grantee grant. acres. mna
. 3 - | Man . | RPL . ” 28th Feb: 1 year.
Seoni (706) Mr. Byramji Pes: gancso 1008, ruary yea
Do. « | (707) Dadu Vishwanath Do. . P.L. . 60 8th February Do,
Singh of Seonl. 1908,
Do, +|(08) Do. do . Do. . P.L. 117 Do, . Do.
Do. . | (700) Mesars, Gauri Shan- | Do, .| BL. 101 Do. .| Do
kar and Dadu Bakh-
tawar Singh,

Do. .|(M0) Do do. Do. P.L 363 Do. Do.
* Do. < | (T11)  Mr. Wasudeo Do. .| PL 1856 24th  June Do.
Trimbak, 1908,

Do. - | (7112) Dr. Gaur and Do. .| B.L. 2,684 Oth April 1908 Do,

Mossrs. Ratansha and
Peston]l.
DNo. (713) Do. do. . Do. . .| B.L. . 3,104 7th May 1008 Do.
Do. «|(M4) Do. do. . Do. .| B.L . 640 Do. Do,
Do. « | (716) Mr. Rambilas Mur- Do. P.L. 320 28th August Do.
lidhar. 1908.
Do. . ("1,‘12 Me(?rlm d'inun'g Mica . . P. L. 750 ‘l
0y, Go an 29th 8o -
Mahadeo Soth, i| “verigga ™ | Do.
Do. < | (M7  Do. do. .| Do. . .| PL 368 J
Do, (718) Babu Kripashanker | Manganese , E.L. 1,012 o'l,hm August Do.
Do. (710) Mr. M. Billa . | Maj ese and | E. L. 1,280 6th July 1008 Do.
woliram.
Do, (720) Mr. Kemji . . Do. E.L, 1,600 7th July 1908 | Do,
Do. . | (721) Do. . Do. . .| B L . 1,280 Do, . Do.
Do. (7122) Do, .1 Do . |EL .| 10 Do. . Do,
Teotmal . | (723) Mcssrs, Parry & | Coal . . oML, 960 O
Co. of Madras. .
Do. . | (124) Do, do. , | Do, . . l(~ L . 1,280
Do, + | (725) Do. do. ., Do, . . ML, . 800 12th Febru- 80 years,
_ ary 1008,
Do, (7268) Do. do. .| Do. . . (M. L. 800
Do, (727) Do do. .| Do. . .| M.L. 1,280
Do. . |(728) Do. do. .| Do. LML L0 1,90
Do. + | (720) Do. do. . I Do. . | PL 1,420 lll,tel!l. lDeeom- 1 year,

K. L. denotes Exploring License, P. L., Prospecting Lice ns ¢,and M. L., Mining Lease.
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EASTERN BENGAL AND ASSAM.
: Dato of
DisraIOT. | Grantee. : Minend ’ Nm_“ Area In commence- | Term.
[ i | JEORUT PR —
Chittagong . (730) Mesars, Turner, Mor-' All minerals ! P.L o 2,676 10th July 1008| Renewed
n & Co,, Caleutta. | | for 1 year.
1 i
Garo Hills . (731) Thoe Hon'ble Mr, | Coal . . . PL . | 128,000 28th An 1year.
R. H, Henderson, C.LE. ’ 1908, gust | 1yes
har. l
MADRAS.
Anantapur . | (732) W. Stonor . Cold . P.L. . 5,369 21§mbmry 1 year.
Do. .| (733) W.Stonor, Agent, | Do. |l pL 246 7th July 1908 Do.
Anantapur Gold Fiends,
Bollary . (734) 0. Jambon (xinco | Manganese . M. L . 44°25 16th  June | 30 years.
ransferred the 1908.
\nr-ml Sandur Mining
Co.).
Do. (735) F.E. Dunn, Bun- Do. P.L 31900 12th Deccm- | 1year.
galore, ber 1908,
Cuddapah . | (736) Ishak Ishmale & | Cold, sitver, | E. T. Notgiven . | 9th January Do.
Co. copper, lead and | 1008,
mincral oil.
Do. (737) Messts. King and | Not stated . E.L. . Do. . | 3rd February Do.
Jossclyn, Madras. 1008,
Do. . (75{:) cshcik Mcera Sahib | Manganesc . E. L. i 11,520 October 1908 Do.
Do. (739) Devatl Chenchin . | Miea . E. L. 640 lst Decem- Do.
ber 1908,

Godavari . | (740) 8. D. Ware . All minerals E. L. Not given 1(11338 March Do.
Do. (741) F. H.Dakley Do. . EL . Do. . 2%3’53 June | Do.
Do. (742) Mr. Bowden, on be- | Graphite .| P.L . 2,660 Do. . Do.

half of Mr, Oakley.
Do. . |(743) B.D.Ware , . | Allminerals .| B L . | Not given ®. % QOctober Do.
Do. .| (149 Do . Do. . .|EL . Do. . Do. . Do.
Do. . | (745) Mr, Bowden, on be- | Graphite . .| P.L . 2,240 23rd Decem- Do.
half of Mr. Oakley 1908,
Do. .|[|(746) Do. do. . Do, . .{PL . 2,660 Do. . Do.

Guntur . | (747) P.W.Bhose .| Iromore ., . |EL .| 28560 Not stated . Do.
Do. .| (748) Mr. 8. Craw Shaw . | Copper and pre- | P. L. . 2972 Do. . Do.

clous stones.

E. L. denotes Exploring License, P.

L., Prospecting License, and M. L., Mining Leago,
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MADRAS—contd.
: Date of
DISTRIOT. Grantee. Mineral, ; N;:.“;'Ld Ares In commence: | Torm.
Kistna . (749) The South Indian | /!l minerals . EL . | In124 villages | 21+t February | 1 year.
Mining Syndi- , 1908.
utae. '
Kurnool . | (760) A. Ghose Steatito P. L. 161 lgghosoehbu Do.
Do. . | (51) R.C. Dyrianathan | Corundum . PN 1621 26th Novem- Do.
ber 1908,
Nellore (762) I. DPattabhirami | Mica . P. L. 1980 Oth  March Do.
Reddl, 1908,
Do. (753) K. Krishnaswami | Do. P. L. 1143 20th February Do,
Mudali. ) 1908,
Do. (754) K. Ramakrisnayya | All minerals R L. All unoccupied 20th January |  Do.
Chetti. reserved and | 1908,
unreserved
lands.
Do. (765) K. Audinarayana Do. E L. Do. 318t January Do.
Reddl. 1908.
Do. (766) G. Venkatasubba Do. E.L. Do. O0th  March Do,
Reddl. 1908,
Do. (7657) Muhl.mmn,dl:lnbi- Do. E.L. Do. 10th  March Do.
bulla 1908,
Do. . | (758) K. Chinnia Venka- | Mica M. L. 270 14th February | 20 years.
tasubbayn Chet. (putta 1908. y
land)
Do, . | (769) N. Narayana Raju. | Do. . M. L. 553 27th Novem- | 30 ycars.
ber 1907.
Do. .| (760) K. Guruswami | Do. . P.L. . 1906 20th Jan 1 year.
Somayajulu, " 1908. ety yea
Do. .| (761) P. Venkataram | Do. .| DL 1750 31t Jan 6 months.
Naidu, 1008, Y
Do. . | (762) R. Lakshminarasa | Do. . Pr.L 1308 17th  Febru- | 1 year.
Reddi. ary 1908,
Do. (763) N. Obula Reddi Do. . P.L. 2641 19th January Do,
;B b 1008.
Do. . | (764) R. V. Kuppuswami | Do. . E.L. Al mrved Oth January Do.
Alyar. and unreserv-| 1008,
ed unocen-
pled lands in
Govern-
ment villages,|
Do. . | (765) A, Audinara Do. . .| E.L Do. , | 8ist Jam Do.
Battudu, yan ;1 1908, ry
Do. . | (766) R. Venkata Roddi, :&o . ML 20'61 | 25th May 1008 80 years,
Do. . | (767) M. Varada Redd! . |@§Do. . M. L. 4'46 30th Decem- | 3 years,
ber 1907,
Do, (768) K. Panchalu Reddi . | ML 17780 lgg.asl‘cbmnw 80 years.

E. L. denotes Exploring License, P. L., Prospecting ILicense, and M. L., Mining Leace.



116 Records of the Geological Survey of India. [VoL. XXXVIIL.
MADRAS—contd.
Date of
Nature of Area in
DIBTRIOT. Granteo. Mineral. grant. acres. com:ace- Torm.
Neflore . | (768) D. Panchala Naidu | Mica . P. L. 11'80 21st May 1908 | 1 year.
. .| aw Do. ML .| ' 13500 |4th  March | 30 years.
Do (77]1101.1- Ranguswaml (cxtenslon) 1808,
Do. (771) K. Krishnaswami | Do, P. L. 1011 7th May 1008 | 1 year.
Mudali.
Do. . | (772) R. Lakshminarasa | Do. M. L. 5743 28th  Juno | 30 years.
Reddi. 1008
Do. (773) B. Chenchuramiah | Do. .| P L 1000 23rd Juno 1908, 1 year.
Do. . | (774) George Ellgen All minerals E. L. Not stated .| 4th May 1908
Do, (776) R. Rangaswami | Mica . P. L. 19 10th May 1008, Do.
Rao. (rencwul)
Do. . | (776) K. Panchalu Reddi | All minerals E. L. Not stated 27th May 1908; Do.
Do. (777) 8. V. Subba Ruo . Do. E. L. Do. 23rd June mos' Do.
Do. . | (778) K. Panchalu Reddi | Mica P. L. . 144°50 23rd July 1008 30 ycars.
(converted
toM. L.)
Do. .| (779) P. Venkatarama | Do. . ML . 80°44 11th Septem-| Do.
Nayudu, (extension) ber 1908.
. | (780) Muhammnd Asad- | Do. M. L. 49'67 4th  August | 20 years.
uddin Ahmad Sshib. 1908.
Do. (781) R. V. Kuppuswami | Do. M. L. . 3186 20th Soptem- | 30 years.
Alyar. (extension) ber 1908,
Do. (7832;‘1% Venkatasubba | Do. . .| ML . 19437 3rd July 1808 | Do.
* ’
Do. (783) K. Panchalu Reddi | Do. . M. L. . 3760 16th July 1808, Do.
Do. . | (184) A, Audinarayana | Do. P.L. 1120 11th July 1908, 1 year.
Battudu,
Do. . | (785) P. Venkatarama | Do. . P. L. . 15'76 20th Septem- | Do.
Nayudu. ber 1008.
Do. (786) B. Chenchuramiah | All miners® . | B.L. .| Notstated . | dth Septem-| Do.
ber 1908.
Do. . | (787) Haji Muohammad | Mica . . .| P.L. . 11'40 14th Septem- | Do.
labibulla Sahib. . ber 1908,
Do. . | (788) Do. do. ,| Do, . +|RL . 14721 2nd December | Do.
1008,
North Arvot (780) Mesm Klng ﬁnd All minerals «| B.L. Whole district | April 1008 . | Do.
for s,
Pu ephot
Do. (700) Ishak Ysmail & Co. Do. . | E.L. . Do. . Do. .| Do,
Do. (791) Chinnatambi Raju Do. . .| E.L . Do. . Do, .| Do.
Perpambet,
Salem . | (792) James fhort . | Ironore . [ B.L . 4,360°28 "{%08 June | Do.

E. T. denotes Exploring License, P. L., Prospecting License, and M. L., Mining Lease.
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MADRAS—concld.
! Date of
Nature of Areain |’
DISTRICT. Granteo. Mineral. grant. acres. i oomzm- Term.
Salem (793) K. M. Velasami | Mica . E.L Unasscssed 2nd Septem- | 1 year.
Chettl. and assessed ber 1008,
waste landa
in Eda
Omalur an
Jalakanda-
puram vil-
' Inges.
bo. .| (4) AL Tiruvongada- Corundum . E.L. Assessed and | 17th August | Do.
sami Mudaliyar. 1008,
waste lands
i in the whole
| t.
Do. (7052'1‘. R. Venkataraman| Mica . . .1 E.L. . Do. 11th Septem.| Do.
Alyar. b:r 1908,
Do. (796) James Short Gold, galena, il-. P.L. 476 14th Decem- | Do,
m(,lllw, barytes, | ber 1908,
pyrites and oﬂwr'
metallic ores.
Do. (707) Do. annesito and l P.L. 1,705'00 10th March | Do.
chxoml ! 1908.
Do. (798) Lovn Tardival Do. . { P.L 6% | 12th October | Do.
| X
South Canara| (799) 8. K. Rego . Gold and silver . i P.L. 82 10th July 1008 | Do.
Trichinopoly | (800) T. Lelshman Wolmmlw, tanta. | P. L. . 370 8th May 1908 | Do.
lum and ~ other !
sllicd minerals. !
Do. .| (801) T. R. Tawker & | Plumbago, oopp!)r' P. L. . 57240 20th October | Do.
Sons. and other metal- 1008.
lic ores. l
NORTH-WEST FRONTIER PROVINCE.
| [ [
Abbottabad. | (802)* Rai Sahib Sardar | Coal . P.{. i 240 "20th Jannary ' 1 .
sﬂli.ocln. Oonlnutr:tnm. & Il l 1908, . year
Abbottabad, | i ' '
PUNJAB. '
Atfock . | (a03) Lieutensnt M.|God. . .|P.L .| 53760 15th Novem- | 5 years,
| nee. retired  Bub: ' ! ber 1908,
Fineer (. W, 8, of !
l’ort Haney, Bri
Columbis.

* This license was granted in 1007,
B, L. denotes Exploring License, P. L., Prospecting ‘Liccnse,and M. L., Mining Lease.
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{ ' ?

PUNJAB—contd.
. Date of
DISTRIOT. Grantee. Minoral. N;ff;‘;;“‘ A:::;'_’ commence- | Torm.
ment.
Jhelum . | (804) Lala Thakar Das . | Coal . . .| P L. . 283'51 14{.:,10].!ebmry 1 year.
Do, . | (805) Ishar Das, Con. | De. . . .| P.L. . 141 30th May 1008| Do.
tractor, Pind Dadan
.
Do, . | (806) L. Dala Shah and | Do. . . . PL, . 150 27th May 1908| Do.
Karam Chand of Dal-
wal.
Do, . | (807) Do. do. . | Do .| P.L . 200 Do. .| Do.
Do. . | (808) The Punjab Coal | Do. . . .| M. L. . 1,171 20th Decem-~ | 30 years,
Co. ber 1905.
Mianwall . | (800) 8. Lachman Singh Do, P. L. . o4 | 4th April 1008 | 1 year.
Do, . | (810) Bindra Ban,sonof | Do.. . .|P.L. . 1,548 1 20th Septem- | Do,
late Lala Thakar Das. | ber 1908.
Do. . | (811) Do. do. .| Do.. . .| P.L . 1,675 23rd October | Do.
1908,
Shahpur . | (812) Malik Mohan Singh | Do, . . .| P.L. . 1,635 10{10108 March | Do.
" .
H
Do. . |(813) Sujan SinghofHa- | Do.. . . |PL . 363 " 20th October | Do,
dall, ‘ 1908,
UNITED PROVINCES.
Almora . (814) Sawal  Singhal | Copperore . .| P L . 40 " Not stated . | 1 year.
heur Chand, Lak m!
Lhnnd and Abdur
. Rahim Khan. !
Garhwal . ' (816) Mr. R. M. Nash . Do. , .|ML . 1,010 ! laimg)ctober 30 years,
. (816) Brlsh Chander Roy, | Copper, lead, silver | P.L. . 362 . 1st July 1908 | 1 year.
Tosost O Do of tho. Pecs: | “and xeid, e year
| pecting 8 \ .
Jubbulpore, f
y3
SUMMARY.
Prospecting Explorin, Minin, Total of each
Provixoes. Heenses. Hoouses. - | loascs. Province.
Baluchistan . e e e e e 2 . 20 22
1 . . . . . . . fg “is 3 gg
Pombey - . . .' Lo 4 16 g ot
Central Pll;vlmiel q A . . . M; 151 30 523
ang [ . .
’&:‘«2‘;’:‘ ne " . 30 26 i 0
North-West l‘tont.ler Provlnoe . . . 1 . - 1
b .. . 1g . } 1
United Provinces .. 3
Total for each kind and Gund Totnl 1908 508 287 71 816
Totals jor 1907 . . 368 171 61 609

E. L. denotes Exploring License, P. L., Prospeoting License, and M. L., Mining Leaso.
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CLASSIFICATION OF LICENSES AND LEASES.
TaBLE 10.—Prospecting and Mining Licenses granted in Baluchistan during 1908.

1908,
DISTRIOT.
No. Arca in acres. Mineral.
Prospecting Licenses.
Quetta-Plshln . . . . 1 160 Coal,
8ibi . 1 910 Chromita,
TOTAL . ’ 2
Mining Leases.
Quetta-Pishin . . . . ' 2 | 260 Chromite.
Do. . 8 543:95 | Cosl. 1
Zhob ‘ 10 2,610°826 | Chromite.
ToraL . l 20 l

TasLE 11.—Prospecting and Mining Licenses granted in Bengal during 1908,
Prospecting Licenses.

Darjeeling . . . . 1 '97 Coal, copper, iron and othor ores.
Hazarlbagh . . . . 14 '2,320 Mica.
Singbhum e e e 4 4,588 Manganess.
Do. . . . B 1 1,920 Chromite.
ToTAL . 20

‘Mining Leases.

Gaya 469 Miea.
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TaBLE 12.—Prospecting Licenses granted in Bombay during 1908.

1008.
DisTRIOT.
No. Area in acres. Mineral.
Prospecting Licenses.

Belgaum . . Ve e 1 410 Manganese.
Bijapur . . f . . 1 1,902 Gold.

Do. . . . . . 4 2,241 Manganese.

Do. . . . . . 1 608 Conl. !

Do. . . . 1 1,436 Asbestos.
Dhfrwér . . . . . 2 288 Copper and lead.

Do. . . . . . 2 1,647 Manganese.

Do. . 4 6,764 Gold.

Do. . . 1 1,947 Gold, silver and other metals.

Do. f . . . 1 378 Gold and copper.

Do. . . 1 808 Lead.
Kénara . 1 2,481 Copper.

Do. . . . . . 16 41,722 Manganese.

Do. . 1 2,037 Mangancse and mics.
Pénch Mahals . 7 4,012 Manganese.

Do. .. . . . . 2 Not stated. Do.
Ratnagiri . 1 10 Graphite.
TofaL . “

TasLE 13.—Prospecting and Mining Licenses granted in Burma during 1908.
Prospecting Licenses.

Ambherst 309°14 Antimony.

Bhamo 38,200 Gold, silver, load and tin
Henzada 6,760 Coal,

Kyaukse 1,280 All minerals,

Magwe 20,660°03 Petroloum.
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Tapre 13. Prospecting and Mining Licenses granted in Burma during

1908.
JHHE
Dmrator. . . R
No. Aren in acres, Mineral,
Prospecting Licenses—contd.
Mandulay . . . . . 1 484'8 All minerals,
Do. . . . . . 1 1,280 Silver, lead, zine and copper .
Do. . . . . . 1 6883 Tron ore.
Mergui . . . . . 1 960 Tin and wolfram.
Minbu . . . . . 1 1,600 Petroleum.
Do. . . . 2 Not stated. Do.
H
Myingyan . . . . . 1 3,200 Coal and mica.
Do. . . . . . 7 23,420 Petroleumn.
Northern Shan States . . 2 2,560 Gold .
Do. . . . 2 4,800 ! Silver and load.
Do. . . . . 1 2,880 | Antlmony, tin, sitver and allied metals,
Do. . . . . 1 1,920 : Copper and associnted minerals.
Pakokku . . . . 2 2,785 Petroleum.
Prome . . . . 1 6,400 Gold aud tin.
Southern Shan States . 2 8,400 Silver, lead and nssociated mincra ls.
Do. . . . . 1 160 Gold and silver.
Thaton . . . . . 1 2,560 Silver and lead.
Thayetmyo 3 8,320 Petrolenm,
Toungoo . . . . 1 3,200 All metals,
Yamethin . . . . 1 4,960 Giold, silver, lead, copper and tin.
Toran . 47 . i
Mining Leases.
e e - - - e
Mongmit State . . . o' 1 5,760 Gold.
Pakokku | . . . . 1 640 Petroleum.
ToraL . ' 2 .
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TABLE 14.—Prospecting and Mining Licenses granted in the Central Provinces
during 1908.

19008.

DISTRICT. e a— = — e ————— — — ——

v
No. Area in acres, Mineral.

Prospecting Licenses.

Raltghat . . . . . 69 13,243 . Mangancse.
Do. . . . . . 1 ns M,
Do. L. 1 3,630 Bauxite.
Betl . . . . . 3 55508 Coal.
Do. . 3 . . . 1 1,283 i ({raphite and corundum
Do. . . . . . 1 208 All minerals,
Bhandara . . . . . a8 9,995 Mangancse, !
Do. . . . . . 1 2,730 All minerals.
Chandn . . . . . 2 252 Copper.
Chhindwara, . . . ., 28 6,776 Manganese.
Po. e 6 14.53) | Coal.
Do, . e 2 249 Miea.
Drug . . . . . 1 R4 Platinmn, woifram, tin, ete.
Jubbulpore . . . . 5 1,00 Manganese, *
Do. . . . . 2 144 : Iron and mangancse.
No. Lo 2 1438 i Bauxite.
Do. . ' 3,600 Gold, silver, copper, load, ete
Nagpur . . . Jat 17,452° 28 l Manganese.
Do. . . . . . 3 me Tron, manganese, wolfram,"tin, ete.
Do. . . . . . 1 12 l Mica.
Do, . . . . . 2 647 Molybdenum, wolfram, t.lg, ete,
Do. . . . . . 2 14 | All minerals,
Saugor . o 2 118 ) Do.
Do. . . . . . 3 a77 Iron, coal, copper, gold, silver, ete,
Scont . . . £ 1,350 Manganese.
Do. . . . . . 2 1,118 Mica.
Yeotmal . . . . . 1 1,420 Coal.
TOTAL . 347 ..
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TABLE 14.—Prospecting and Mining Licenses granted in the Central Provinces during

1908—contd.
|
| 1908,
DISTRICT. ' . S e —— Ce .
’ No. I Area in acres. \ Mineral.
Mining Leases.
. ' e .
Balaghat . . . o 3 1,440 Manganese.
Bhandara . . . . 8 ! 585 Do.
Chhindwara 2 : 125 Do,
Do. . . 1 2,607 Coal.
Jubbulpore . . 1 289 Steatite, talc and ashestos.
Do. . . . .y 1 35 Gold, silver, lead and copper.
Nagpur e e 3 144 Manganese,
Yeotmal ... [ 6,400 | Coal,
TOTAL . ‘ 30 '

TaBLE 15.—Prospecting Licenses granted in Eastern Beyal and Assam during 1908.
Prospecting Licenses.

Chittagong e e e 1 2,675 !All minerals,
Garo Hills . 1 128,000 :le.
R U ,
TOTAL . 2 ’

TaBLE 16.—Prospecting and Mining Licenses granted in Madras during 1908.
Prospecting Licenses.

Anantapur . . . . 2 5,605 Gold.

Bellary P 1 | 310°09  Manganese.

Godavari P . 3 . 7,360 ' Graphite,

Guntur . . . . . 1 i 29° 72 Copyper and precious stones,
Kurnoel ., . . . 1

161 ! Steatite.
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TABLE 16.—Prospecting and Mining licenses granted in Madras during 1908—contd.

i 1008.
DisTRICT. ——
No. Area in acres. Mincral.
Prospecting Licenses—contd.
Kurnool . 1 1621 Jorundum
Nelloje . . . 14 221' 49 Mica.
Salem . . 1 4,360° 28 Iron ore.
Do. - N . . 1 475 All minerals
Do. . . . 2 2,336° 99 Magnesite and hromite.
South Canara . . . B 1 82 Gold and silver.
Trichinopoly . . . . 1 370 Wolfram, tantalum, ete.
Do, . 1 572740 Plumbago, copper and other metalllc ores
ToTAL . l 30
Mining Leases.
Bellary . . 1 44°25 Manganese.
1
Nellore . . i 13 1,021° 50 Mica.
TOTAL . l! 14 '

TasLe 17.

Abbo tabad

~Prospecting Licenses granted in the North-West Frontier Province
during 1908.

Prospecting Licenses.

240 ! Coal,

TaBLE 18. -~Prospecting and Mining Licenses granted in the Punjab duripg 1908.

Attock . .
Jhelum .
Minnwali . .
Shahpur .

Prospecting Licenses.

.o 1 ] 53,760 Gold.!
.. ‘ ! 77451 | Coal.
Coe 3 ‘ 3,177 Do.
. 2 | 1,008 Do,

TOTAL 4 10 l
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TABLE 18.—Prospecting and Mining Licenses granted in the Punjab during 1908—

contd.
1808,
DISTRICT. - R B -
No. Aren in acres, ' Mineral,
Mining Leases.
Jhelum . . . . . 1 1,171 Coal.

TABLE 19.—Prospecting and Mining Licenses granted in the United Provinces during
1908.

Prospecting Licenses.

Almora . . . . . 1 10 Copper ore.
Thansi . 1 3-62 Copper, lead, silver and gold.
e
Mining Leases.
Garhwal . . . . 1 1,910 Copper ore,

TaBLE 20. —Summary of Concessions granted in Government lands during the ten years

1899 to 1908.

YEAR. ﬁ?ﬁ;’}gjﬁ; lExpluﬂm; lenses..‘, Total.
T w 13 . )
W0 . . . .. e 61 [ ‘u )
1) R0 ‘ 15 104
U1 3 . 18 105
L 84 ! 16 100
1004 . . . . . . . . . 125 26 151
005 . . . . e us M 189
18 . . . . 211 . 1 | 252
1907 e e e 539 ] 6l ‘ 600
908 . . . . ... 570 237 | 816
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Rajputana. Borings for coal in India. Geology of India.

Part 8.—Tertiary zone and underlying rocks in North-west Punjab. Tossil floras in India.
Erratics in Potwar. Coal 2xplorations in Darjiling district. Limestones in neighbous-
hood of Barakar. Forms of blowing-machine used by smiths of Upper Assam.
Analyses of Raniganj coals. . .

Part j.—QGeology of ﬁlnhanndi basin and its vicinity. Diamonds, gold, and lead ores of
Sambalpur district. *Eryon Comp. Barrovensis,” McCoy, from Sripermatu group
near Madras. Fossil floras in India. The Blaini group and ‘Central Gneiss® in
Simla  Himalayas. Tortiaries of North-West Punjab. Genera Cheromeryx aud

Ithagatherium.
Vou. XI, 1878.

Part 1.—Annual report for 1877. Geology of Upper Godavaii basin, between river
Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi.
Siwalik mammals. Palwontological relations of Gondwana system. Erratics in

unjab.

Part ﬂ.-—J-Geology of Sind (second notice). Origin of Kumaun lakes. T'rip over Milam
Pass, Kumaun. Mud voleanoes of Ramri and Cheduba. Mineral resources of Ramri,
Cheduba and adjacont islands. . .

Purt 3.—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore-
Kistna districts. Senarmontite from Sarawak.

Part j.—~—CGeographical distribution of fossil organisms in Indis. Submerged forest on
Bombay Island.

Vor. XII, 1879.

OLart 1.—Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia.
Siwalik birds. Tour through Hangrang and Spiti. Mud eruption in Ramri lsland
(Arakan). Braunite, with R'-’hodonite, from Nagpur, Central Provinces. Palaxontologi-
cal notes from Satpura coal-basin, Coal importatjons into India.

Part 2.—Mohpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur district.
Geological reconnaissance from Indus at Kushalgarh to Kurram at Thal on Afghan
frontier. Ceology of Upper Punjab.

‘art 3.—Qoological features of northern Madura, Pudukota State, and southern parts
Tanjere and Trichinopoly districts included within limits of sheet 80 of Indian Atla
Cretacoous fossils from richinopoly district, collected in 1877-78. Sphenophyllum a1
other Yquisetacem with roference to Indian form Trizygia Specivsa, Royle (Sphen
phyllum Trizygia, Ung.). Mysorin and Atacamite from Nellore district. Coruundu
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda.

LPart j.—* Attock Slates’ and their probable geological position. Marginal bone of unde.
scribed tortoise, from Upper Siwaliks, ncar Nila, in Potwar, Punjab. Geology of
North Arcot district. Road section from Murree to Abbottabad.

Vor. XIIT, 1880.

Purt 1.—Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of
Bironcha. Geology of Ladak and neglghbounpng districts. Teeth of fosgil fishes gom
Ramri Island and Punjab, Tossil genera Néggerathia, Stbg., Noggerathivpsia, Fstm.,
and Rhiptozamites, Schmalb., in palwozoic and secondary rocks of Europe, Asia, and
Australin, Fossil plunts fiom Kattywar, Shekh Budin, and Sirgujah. Volanic foci
of eruption in Konkan., .

Part 8.—Geological notes. Palxontological notes on lower trias of Himalayas, Artesian
wells at Pondicherry, and possibility of finding sources of water-supply at Madras.

Purt. 3.—Kumaun lakes, Celt of palaolithic t)g)e in Punjab. Palmontological notes from
:"(arharbznl and Soul}.h I;legn sqall-ﬁelds. Salorrehﬁion of Gondwana lﬂrs with other

oras. Arlesian wells at Pondicherry. t in Rajputana. Gas an io

g, o8 Askan const on 151h March 1670 fndpin Juno 1645, ™ 4 mud oruptions

art }.—Pleis ocone eposits o orthern Punjab, and ovidence they afford of extreme
climate duriug ‘imrtion_ of that, period. Useful minerals of Arvali );egion. Cotrelatil-‘
of Gondwana-flora wilh that of Australia coal-bearing system. Reh or alkali so
and ;a.line well wators. Reh soils of Upper India. Naini Tal landslip, 18th Septe

ber 1880,
Vor. XIV, 1881.

Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and nejgh 3
ing districts. Biwalik carnivora. giwaliﬁ group of Snb-Himnla.yan’ region.g Sb:;’t‘il
Rewah Gondwana basin. Fermg_mous beds associated with bassltic rocks of north.
eastern Ulster, in relation to Indian laterite. Rajmabal plants. Travelled blocks of
_the Puniab. Appendix to ‘ Palwontological notes on lower trias of Himalayas." Mam-
malian fossils from Perim Island.



Part 9.—Nahan-Siwalik unconformity in North-Western Himalaya. Gondwana verte-
brates. Ossiferous beds of Hlundes in Tibet. Mining records and mmmﬁ record office
of Great Brituin ; and Coal and Metalliferous Mines Act of 1872 (England). Cobaltite
and danaite from Khetri mines, Rajputana; with remarks on Jaipurite (Syepoorite).
Zinc-ore (Smithsonite and Blends) with barytes in Karnul district, Madras. Mud
eruption in island of Cheduba. i .

Part 3.—Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North-West
Himalayas. Fish-palate from Siwaliks. Palxontological notes from Hazaribagh and
Tohardagga districts. TFossil carnivora from Siwalik hills.

Part 4.—Unification of geological nomenclature and cutographg. Geology of Arvali re%'c‘)ln,
central and eastern. Native antimony obtained at Pulo Obin, near Singapore. -
gite from Jugﬁia tt, Kistnah district, and zinc carbonate from Karnul, Madras.
Section from Dalhousie to PanFi, vid Sach Pass. South Rewah Gondwana basiu.
Submerged forest on Bombay Island.

Vor. XV, 1882,

Part 1.—Annual report for 1881. Geol of Nerth-West Kashmir and Khagan. Gond-
wana labyrinthodonts. Biwalik and Jamna mammals. Geology of Dalhousie, North-
West Himalaya. Palm leaves from (tertiary) Murree and Kasauli beds in_ India.
Iridosmine from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur.
On (1) co%per mine near Yon%i hill, Darjilinlg district ; iZ) arsenical pyrites in same
neighbourhood ; (3) kaolin at Darjiling. Analyses of coal and fire-clay from Makum
coal-field, Upper Assam. Experiments on coal of Pind Dadun Khan, Salt-range, with
reference to production of gas, made April 20th, 1881. Proceedings of International
Congress of Bologna.

Part 2.—Geoloqg of Travancore State. Warkilli beds and reg)ortcd associnted deposits at
Quilon, in Travancore. Siwalik and Narbada fossils. Coal-bearing rocks of Upper
Rer and Mand rivers in Western Chutia Nagpur. Pench river coal-field in Chhind-
wara district, Central Provinces. Bovings for coal at Engsein, British Burma, Sap-
phires in North-Western Himalaya. Eruption of mud volcanoes in Cheduba.

Part 3.—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai route between
Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. Traps of Darang
and Mandi in North-Western Himalayas. Connexion between Hazara and Kashmir
scries. Umaria coal-field (South Rewah Gondwana basin). Daranggiri coal-field,
(Garo Hills, Assam. Coal in Myanoung division, Henzada district.

Part 5 (out of print).—Gold-fields of Mysore. Borings for coal at Beddadanol, Godavari
district, in 1874. Supposed occurrence of coal on Kistna.

Voy. XVI, 1883.

Part 1.—Annual report for 1882. Richthofenia, Kays (Anomia Lawrenciana, Koninck)
Geology of South Travancore. Geology of Chamba, Basalts of Bombay.

Part 2.—Synopsis of fossil vertebrata of India. Bijori Labyrinthodont. Skuil of Hippo.
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in
north-eastern part of Jabalpur district. Laterite and other manganese-ore occurring
at Gosulpore, Jabalpur district. Umaria coal-field.

Part 3.—Microscopic structure of some Dalhousie rocks. Lavas of Aden. Probable occur-
rence of Siw strata in China and Japan. Mastodon angnstidens in India. T'raverse
between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasis Hills,
near Laour, in Sylhet. -

Part j.—Palwontological notes from Dalton mli: and Hutar coal-flelds in Chote Nagpur.
Altered basalts of Dalhousie region in North-Western Himalayas. Microscopic etrue-
ture of some Sub-Himalayan rocks of tertiary age. Geology of Jaunsar and Lower
Himalayas, Traverse through Eastern Khasia, Jaintia, and North Cachar Hills.
Native lead from Maulmain and chromite from the Andaman Islands. Fiery eruption
from one of mud volanoes of Cheduba Island, Arakan. Irrigation from wells in
North: Western Provinces and Qudh.

Vou. XVII, 1884,

Part 1.—Annusl report for 1883. Bmooth-water anchorages or mud-banks of Narrakal and
Alleppy on Travancore coast. Billa Surgam and other caves in Kurnool district.
Geology of Chuari and Bihunta pargapts of Chamba. Lyttonia, Waagen, in Kuling

Part 3 Eacthqaske of 3lst Deceraber 1681, M ‘

art 3.—. quake of 3lst December - Microscopic structure of some Himalayan
ranites and gneissose granites. Choi coal explor&ion. Re-discovery of foa:il!‘l’ in
iwalik beds. Mineral resources of the Andaman Ielands in neighbourhood of Pard
Blair. Inteytrappean beds in Deccan and Laramie group in Western North America.

10



Part 8 (eud of print).—Microscopic structure of some Arvali rocks. Soction along Tadus
from Peshawar Valley to Salt-range. Sites for boring in Raigarh-Hingiv conl-field
(first notice). Lignitc near Raipore, Central Provinces. ‘I'urquoise mines of Nishapir,
Khorassan. Fiery eruption from Minbyin mud volcano of Cheduba Island, Arakan.
Langrim coal-field, Bouth-Western Khasia Hills, Umavia coal-ficld.

Part }.—Geodlcgy of part of Gangasulan pargana of British Garhwal. Slates and schists
imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Sulsi-
man. Smooth-water anchorages of Travancore coast. Autiferous sands of the Suban.
siri river, Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam caves.

Vor. XVIII, 1885.

Part 1.—Annunal report for 1884, Country between Singareni coal-field and Kistna river.
Geological sketch of country between Singareni coal-field and Hyderabad, Coal and
lmestone in Doiginng river near (folaghat, Assam. {Tomotaxiz, as illustrated from
Indian formations. Afghan field notes.

Part_2.—Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandhali series in
Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Fale. and Caut. MS.).
Geology of Chamba. Probability of obtaining water by means of artesian wells in
plains of Upper India. Artesion sources in plains of Upper India. Geology of Aka
Hills, Alleged tendency of Arakan mud voleanoces to burst into eruption most
frequently during rains. Analyzes of phosphatic nodules and rock from Mussooree.

Part 3.—Geology of Andaman Islands. Third species of Merycopotamus. Iercolation as
affoctod by current. Pirthalla and Chandpur metcorites. Oil-wella and coal in
Thayetmyo district, British Burma. Antimony deposits in Maulman district. Kash-
mir carthquake of 30th May 1885. Bengal carthquake of 14th July 1885.

Purt 4.—Cicological work in Chhattiszarh division of Central Provinces. Bengal earth-

nnke of 14th July 1855. Kashmir earthquake of 30th May 1885. Excavations in
illa Surgam caves, Nepaulite. Nabetmahet meteorite.

Vor. XIX, 1886.

Part 1.-~Annual report for 1885. International Geological Congress of Berlin. Palxzozoio
Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal-
bearing beds. Afghan aud Porsian l'ield-notes. Section from Simla to Wangtu, and
petrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part 2.—Cleology of parts of Bellary' and Anantapur districts. Ceology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Himu-
layns. Mammalia of Karnul Caves. Prospects of finding coal in Western Kajputanh,.
Olive group of Salt-range. Boulder-beds of Salt-range. (Gondwana ITomotaxis.

Purt 8.—Geological sketch of Vizagapatam district, Madras. Geology of Northern Jesal-
mer. Microscopic structure of Malaini rocks of Arvali region. alanjkhandi coppe:-
ore in Balaghat district, C. P

Dart 4 (vut of print).—Petroleum in India. Petroleum exploration at Khdtan. Boring in
Chhattisgarh coal-fields, Yield-notes from Afghanistan : No. 3, Turkistan. Fiery
eruption from one of mud volcanoes of Cheduba Island, Arakan. Nammianthal
aerolite, Analysis of gold dust from Meza valley, Upper Burma.

Vor. XX, 1887,

Part 1.—Annual report for 1886. TField-notes from Afghanistan : No. 4, from Turkistan
to India. _Physical geology of West British Garhwal ; with notes on a route traversed
through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garo Hills. Indian image-
stones. Soundings rece.atly taken off Barren Island and Narcondam. Talebir boulder-
beds. Analysis of Fhosphatic Nodules from Salt-range, Punjab.

Part 2.—TFossil vertebrata of India. Kchinoidea of cretaceous series of Lower Narbada
Valley. Field-notes : No. 5—to accompany geological sketch map of Afﬁhanistan and
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps.
Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of
Salt-range in Punjab. .

Part 3.—Retirement of Mr. Medlicott. J. B. Mushketoff’s ({eology of Rursian Turkistau.
Crystallive and metamerphio rocks of Lower Himalaya, Qarhwal, and Kumaun, Sec-
tion I. Geology of Simla and Jutogh. ¢ Lalitpur ’ meteorite. .

Part t——l’oinu in Himdaxan geology. Crystalline and metamorphic rocks of Lower

- alays, Garhwal, and Kumaun, Section II. Iron industry of western portion of
ur. Notes on Upper Burma. Boring exploration in Chhattisgarh conl-fielde.

-{Second notice). Pressure Metamorphism, with reference to foliation of Himalayar:

(neissoss Granite. Papers on Himaloyan Geology and Microscopic Petrology.
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Vor XXI, 1888,

Part 1.—Annual reﬁort for 1887. Crystalline and metumoﬁiﬁc rocks of Lower Himalaya,

Garhwal, and Kumaun, Section III. Birds'-nest of Elephant Island, Mergui Archi-

go. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble

rom boulder bed (speckled sandstome’) of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo. .

Part 2.—Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar
System in South India. Igneous rocks of Raipur and Balaghat, Central Provinces.
Sangar Marg and Mehowgale coal-fields, Kashmir. .

Part 3.—Manganese Iron n.mg Manganese Ores of Jabalpur. ¢ The Carboniferons Glacial
Period.’ Pre-tertiary sedimentary formations of Simla re, ion of Lower Himalayas.
Part j.—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock

sculpture. Nummulites in Zanskar. Mica traps from Barakar and Raniganj.

Vor. XXII, 1889.

Part 1 (out of print).—Annual veport for 1888. Dharwar System in South India. Wajra

arur diamonds, and M. Chaper’s alloged discovery of diamonds in_pegmatite.

Generic position of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumite,

its nature, mode of occuirence in India, and cause of its flexibility. Siwalik and
Narbada Chelonia. A

Part 2.—Indian Steatite. Distorted pebbles in Siwalik conglomerate. ‘Carboniferous
Glacial Period.” Oil-fields of Twingoung and Beme, Burma. Gypsum of Nehal Nadi,
Kumaun, Materials for pottery in neighbourhood of Jabalpur and Umaria.

Part 8.—Cosl outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolus beds of
Salt-range. Geological notes. Oherra Poonjee coal-field, in Khasia Hills. Cobalti-
ferous Matt from Nepdl. President of Geological Society of London on International
Geological Congress of 1888. Tin-mining in Mergui district. .

Part } (out of print).~Land-tortoises of Siwaliks. FPelvis of a ruminant from Biwaliks.
Assays from Sambhar Salt-Lake in Rajputana. Manganiferous iron and Manganese
Ores of Jabalpur. Palagonite-bearing traps of Rdimahil hills and Deccan.” Tin-
smelting in Malay Peninsula. Provisional Index of Tocal Distribution of Important

il\ﬁ[inerlals, Miscellaneous Minerals, Gem Stones and Quarry Stones in Indian Empire.
art 1.

Vor. XXIII, 1880.

Part 1.—Annual report for 1889. Lakadong coal-fields, Juintia Hills. Pectoral and pelvic
girdles and skull of Indian Dicynodonts. Vertebrate remains from Nagpur district
(with description of fish-skull). Crystalline and metamorphic rocks of Lower Hima-
layas, Garhwil and Kumuun, Section 1V. Bivalves of Olive-group, Balt-range.

ud-banks of Travancore coasts.

Part 3.—Petroloum explorations in Harnai district, Baluchistan. Sapphire Mines of
Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold-
field. Field notes from Shan Hills (Upper Burma). ‘tew species of Sgingoaphmridw

Part 3.—Geology and Economic Resources of Country adjoining Sind-Pishin Railway
between Sharigh and Spintangi, and of country between it and Khattan. Journey
through India in 1888-89, by Dr. Johannes Walther. Coal-fields of Lairungao, Mao-
sandram, and Mno-belar-kar, in the Khasi Hills. Indian Steatite. Provisional Index
of Local Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and
Quarry 8tones in Indian Empire.

Part }.~Geological sketch of Naini Tal; with remarks on natural conditions governin
mountain slopes. Fossil Indian Bird Bones. Darjiling Coal .between Lisu ab
Ramthi rivers, Bagic Eruptive Rocks of Kadapah Area. Deep Boring at Lucknow.
Coal Seam of Dore Ravine, Hazara.

Vor. XX1V, 1891,

Part 1.—Annual report for 1890. Geology of Salt-range of Punjab, with re-comsidered
theory of Origin and Agl: of Salt-Mart. Graphite in decomposed Gneiss {Laterite) in
Oeylon. Glaciers of Kabru, Pandim, ete. Salts of Sambhar Lake in Rajputana, and
*Reh’ {’rom ‘;iligarh in North-Western Provinces. Analysie of Dolomite from Salt-
range, Punjab.

Part l‘-g—°0il na’or Moghal Kot, in Sherdni country, Suleiman Hills. Mineral Oil from
Suleiman Hills. Geology of Lushai Hills, Coal-fields in Northern Shan States.
‘Reported Namstka Ruby-mine in Maingldn State. Tourmaline (Schorl) Mines in
Mainglén Btate. Salt-spring near Bawgyo, Thibaw State. ) :

o ]2



Part 8—Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin Duncan.

. Pyroxenic varieties of Gneies and ite-bearing Rocks. .

Part }—Mammalisn Bones from Mongolia. Darjiling Coul Exploration. Geology and
Mineral Resources of Bikkim. Rocks from the Salt-range, Punjab.

Vor. XXV, 1892.

Part 1.—Annual report for 1891, Geologg of Thal Chotidli and part of Mari country.
Petrological Notes on Boulder-bed of Snlbrang, Punjab. Sub-recent and Recent
Deposite of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat; with appendices on
Chamans of Quetta; and Artesian water-supply of Quetta and Pishin.

Part 2 (out of print).—Ceclogy of Saféd Kéh, Jberria Coal-field.

Part 8.—Locality of Indian Tscheffkinite. Geological Sketch of country north of Bhamo.
Economic resources of Amber and Jade mines area in Upper Burma. Iron-ores and
Iron Industries of Salem District. Riebeckite in India. Coal on Great Tenasserim
River, Lower Burma. . 3 .

Part 4.—Oil Springs at Moghal Kot in Shirani Hills. Mineral Oil from Suleiman Hills.

ew Amber-like Resin in Burma. Triassic Deposits of Salt-range.

Vou. XXVI, 1893.

Part 1,—Annual report for 1892. Central Mimalayas. Jadeile in Upper Burma. Bur-
:rlnifa;, 9rzmw Fossil Resin from Upper Burma. Prospecting Operations, Mergui District,

Part s.—-E;rthquake in Baluchistan on 20th Dacember 1892. Burmite, new amber-like
lf‘cosail resin from Upper Burma. Alluvial deposits and Subterranean water-supply of

angoon. )

Part. 8.—Ceology of Sherani Hills. Carboniferous Fossils from Tenasserim. Boring at
Chandernagore. Granite in Tavoy and Mergui. A .

DPart i.—(:‘eologv of country between Chappar Rift and Harnai in Baluchistdn. Geolgﬁy
of part of Tenasserim {hlley with special reference to Tendau-Kamapying Cosl-fleld.
Magnetite containing Manganese and Alumina. Hislopite.

Vor. XXVII, 18%4.

Fart 1.—Annual report for 1893, Bhaganwala Conl-field, Salt-range, Pnnf"u.b.

Part 2.—Petroleum from Burma. §ingareni Coal-field, Hyderabad (Deccan). Gohna
Landslip, Garhwal.

Part 3.—Cambrian Formation of Kastern Balt-range. QGiridih (Karharbari) Coal-fields.
Chipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis, Sow. sp., in Tertiary Formation of India and Burma.

Part f.——Geology of Wuntho in b’p?r Burma. Echinoids from Upper Cretaceous Slstem
of Baluchistdn. H]ifhly Phosphatic Mica Peridotites intrusive in Lower Gondwana
Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vor. XXVIII, 18065.

Dart 1.—Annual reg rt for 1804. Cretaccous Formation of Pondicherry. Early allusion
to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1803. .

Part 2.—Cretaceous Rocks of Southern India and geographical conditions during later
cretaceous times. Experimental Boring for Petroleum at Sukkur from October 1893
to March 1885. Tertiary system in Burma.

Part 3.—Jadeite and other rocks, from Tammaw in Upper Burma. Geology of Tochi
Valley. Lower Gondwanas in Ar?nﬂu.

Part f;:_ gneous Rocks of Giridih (Kurhurbaree) Coal-field and their Contact Effects.
Vindhyan system south of Sone and their relation to so-called Lower Vindhyans.
Lower Vindhyan area of Sone Valley. Tertiary system in Burma.

Vor. XXIX, 1896,

Part 1.—Annual report for 1885. Acicular inclusions in Indian Garnets. Origin and
Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic rocks,
Part 2.~Ultra-husic rocks and derived minerels of Chalk (Magnesite) hills; and other

localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts,
. Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of “ Gondwanaland.” - Notes. ) .
" Part 8.-<Igneous Rocks from the Tochi Valley. Notes.
Part }.—~Stestite' mines, Minbu district, Burma. Lower Vindhyan {(Sub-Kaimur) area of
. .Bone Valley, Rewah. Notes.
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Vor. XXX, 1897. .

Part 1.—Annual report for 1896. Norite and associated Basio Dykes and Lava-flows in
Southern India. Genus Vertebraria. On. Glossopteris and Vertebraria.

Part 2.—Cretaceous Deposita of Pondicherri. Notes.

Part 8.—Flow structure in igneous dyke. Olivine-norite dykes at Cooncor. Excavations
for corandum near Palakod, Salem District. Occurrence of coal at Palana in Bikanir,
Geological specimens collected by Afghan-Baluch Boundary Commission of 1846.

Part j.—Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc., from Lower
Pliocene I‘?f Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on
micas, otes.

Vor. XXXI, 1904,

DPart 1 (out of prinf).—Prefatory Notice. Cnpfaet-ore near Komai, Darjeeling district.
Zewan beds in Vihi district, Kashmir. Coal dcposits of Isa Khel, Mianwali district,
Punjab, Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district. Miscellaneous Notes. Assays.

Part 2 (out of print).—~Tt.-Genl. C. A. McMahon. Cyclobus Haydeni Diener. Anriferous
OQccurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
methods of Coke-maling at East Indian Railway Collieries, with supplementary note
by Director, Geological Survey of India. Miscellancous Notes.

Part 8 (out of print),—Upper Palicozoic formations of Eurasia. Glaciation and History
of Sind Valley. Hulorites in Trias of Baluchistan. Geology and Mineral Resources
of Mayurbhanj. Miscellaneous Notes.

Part_4 (out of print).-—Geology of Upper Assam. Auriferous Occurrences of Assam.
Curious occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index.

Vor. XXXII, 1905.

Part 1 (out of print).—Review of Mineral Production of 1ndia during 1808—1903.

Part 2 (out of print).—General report, April 1903 to December 1904. Geoiopy of Pro-
vinces of Tsang and U in Tibet. Bauxite in India. Miscellaneous Notes.

Part 8 (out of print).—Anthracolithic Faunn from Subansri Gorge, Asram, Elephas
Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites Limestone
of Byans. Amblygonite in Kashmir. Miscellaneous Notes.

Part f.-—-Obitum-y notices of H. B. Medlicott and W. T. Blanford. Xangra Earthquake
of 4th April 1905. Index to Volume XXXII.

Vor. XXXTIII, 1906,

Part 1 (out of print).—lineral Production of India during 1904. Pleistocene Movement in
Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern Shan States.
Natural Bridge in Gokteik Gtorge. Geology and Mineral Resources of Narnaul Dis-
trict (Patiala State). Miscellancous Notes.

Part 2 (out of print).—Ceneral report for 1905. T.ashio Coal-field, Northern Shan States.
Namma, Mosnsang and Man-se-le Coualfields, Northern Shan States, Burma. Mis-
ceilancous Notes, .

Part 8 (out of print).—Petrology and Manganese-ore Doposils of Sausar Tahsil, Chhind-
wara district, Central Provinces. Geology of part of valley of Kanhan River in
Nagpur and Chhindwara districts, Central Provinces. Manganite from Sandur Hills.
Miscollaneous Notes.

Part_j (out of print).—Composition and Quality of Indian Coals. Classification of the
Vindhyan System. Geology of State of Panna with reference to the Diamond-
bearing Deposits. Index to Volume XXXI11I.

Von XXXIV, 1806,

Part 1.—Fossils from Halorites Limestone of Bambanag Cliff, Kumaon. Upml'.l‘rinuio
Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan. Occur-
rences in Foot-hills of Bhutan. Dandli Coal-field : Coal outcrops in Xotli Tehsil of
Jammnu State. Miscellaneous Notes. .

Part 2 (out of print).—Mineral Production of India during 1805, Nummulites Douvillei,
with remarks on Zonal Distribution of Indian Nummulites, Auriferous Tracts in
Southern India. Abandonment of Collieries at Warora, Central Provinces. Mis-
cellaneous Notes. :

Part 8.—Explosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill
Gibbsite  with Manganese-ore from Talevadi, Belgaum district, and Gibbsite from
Bhekowli, S8atara District. Classification of Tertiary System in Sind with reference
to Zonal distribution of Eocene Echinoidea. ﬁ .
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Part 4 (out of print).—Jaipur and Nizira Coalficlds, Upper Assam. Makum Coal-fields
between 'Lirap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan
district, Upper Burma. Asymmetry of Yenangyat-Singu Anticline, Upper Burma.
Northern part of (Gwegyo Anticline, Myinggan District, Upper Burma. Breynia
Multituberculata, from Nari of Baluchistan and Sind. lndex to Volaume XXX}V.

Von. XXXV, 1907.

Part 1 (out of print).—General report for 1906. Orthopbragmina and Lepidocyclina in
Nummulitic Series. Meteoric Shower of 22nd October 1903 at Dokéchi and neighbour-
hood, Dacea District. .

Part 2.—Indian Aerolites, Brine-wells at Bawgyo, Northern Shan States. Gold-bearin
l]g:l)onits of Foi Twang, Shan States. Physa Prinsepii in Maestrichtian strata o

uchistan. Miscellaneous Notes,

Part 3.--Preliminary survey of certain Glacicrs in North-West Himalaya. A.—Notes on
certain Glaciers in North-West Kashmir. .

Part j.—Preliminary survey of certain Glaciers in North-West Himalaya. B.~-Notes on
certain Qlaciers in Lahaul. C.—Notes on certain Glaciers in Kumaon. Index to
Volume XXXV.

Vor. XXXVI, 1907-08.

Part 1.—Petrological Study of Rocks from hill tracts, Vizagapatam district, Madras
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presi-
dency. Stratigraphical Position of Ganﬁamopterin Beds of Kashmir. Volcanic out-
burst of Late Tertiary Age in South Hsenwi, N. Shan States. New suide from
Bugti Hills, Baluchistan. %ermoﬂarboniferous Plants from Kashmir.

Part 2.—NMineral Production of India during 1906. Ammonites of Bagh Beds. Mis-
cellaneous Notes.

Part 3.—Marine fossils in Yenangyaung oil-field, Upper Burma. Fresh-water shells of
genus Batissa in Yenangyaung oil-field, Upper Burma. New Species of Dendrophyllia
from Upper Miocene of Burma. Structure and age of T'aungtha hills, Myingyan dis-
trict, Upper Barma. Kossils from Sedimentary rocks of Oman (Arabia). Rubies in
Kachin hills, Upper Burma. Cretaceous Qrbitoides of lndia. Two Calcutia Earth-
quakes of 1906. Miscellaneous Notes.

Part }.—Pseudo-Fucoids from Pab sandstones at Fort Munro, and from Vindhyan series.
Jadeite in Kachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe dis-
irict, Upper Burma. Group of Manganates, comprising Hollandite, Psilomelane and
Coronadite. Occurrence of Wolfram in Nagpur district, Central Provinces. Mis-
cellaneous Notes. Index to Volume XXXVI.

Vor. XXXVII, 1908-09.

Purt 1. —General Report for 1907. Mineral Production of India during 1907. Occurrence
of striated boulders in Blaini formation of Simla. Miscellaneous Notes.

Part 2.—Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind.
Geology and Mineral Resources of Rajpipla State. Suitability of sunds in Rajmahal
Hills for glass manufacture. Three new Manganese-bearing minerals :—Vredenburgite,
Sitaparite and Juddite. Laterites from Central Provinces. Miscellaneous Notes.

Part 8.—Southern part of Gwegyo Hills, including Payagyigon-Ngashandaung Oil-field.
Silver-lead mines of Bawdwin, Northern Shan States. Mud volcances of Arakan
Coast. Burma.

Part j—Gypsum Deposits in Hamirpur district, United Provinces. Gondwanas and
velated marine sedimentary systems of Kashmir. Miscellaneous Notes. Index to
Volume XXXVII.

The price fixed for these publications ix 1 rupee (1v. 4d.) each part of 2 rupces (2s. 8d.)
each volume of four parts.
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Panchet rocks, by T. H. Huxrey. PL 2 (1878) ; The Vertebrate Fossils
of the Kota-Maleri Group, by Sir P. ve M. Gney Ecgrron, L. C. MuvLL,
and W. T. Braxrorp. Pt. 3 (1879); Reptilia and Batrachia, by R.
Lyorrgrr. 1't. 4 (1885); Tho Labyrinthodont from the Bijori P,
by R. LYDEKEER (out of print). Pt. 5 (1885); The Reptilia end Am-
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(Ser. X. )—INDIAN TERTIARY AND POST‘TI}RTIARY VERTEBRATA by
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Vou. L11, pp. xxlv, 264, pls. 38. 188486 Pt. 1; Additional Siwalik Perissodactyla and
Proboscidia. Pt. 2; Siwalik and Narbada Bunodont Suina. Ph. 3;
Rodenta and new Rummunts from the Siwaliks. Pt. 4; Siwalik Birds.
Pt. 65; Mastodon Teoth from Perim Island. Pt. 6; Siwalik and Nar.
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ON THE OCCURRENCE OF Ostrea latimarginata, A CHARAC-
TERISTIC GAJ SPECIES, IN THE ‘YENANGYAUNG
STAGE’ OF BURMA. By E. VREDENBURG, A.R.S.M.,
AR.CS., F.GS., Assistant Superintcndent, Geological
Survey of India, AND M. STUART, B.SC., F.G.S., Assist-
ant Superintendent, Geological Survey of India.

I.—Ostrea latimarginata.
(B E. VREDENBURG.)

WE are indebted to Mr. HI. J. Davies, Geologist to the Burma

Oil Company, for one of the most interesting fossil dis-
coverics as yet made in Burma. Amongst some fossils sent by Mr.
Davies {from the Pyalo-Kwetha anticline in the Allanmyo subdivision
of the Thayetmyo district, there are several shells of an oyster which
shows the specific characters of Ostrea latimarginata, onc of the
principal zone fossils of the uppermost horizons of the Gdj in
Western India. The characters and horizons of this shell have
been discussed in a previous volume of these Records (Vol. XXXVI,
pp. 317—318) and there is a good illustration by J. de C. Sowerby
in the Transactions of the Geological Society, series 2, Volume V,
Pl. XXV (1840), under the name O. flabellula. The specimen
figured by Sowerby is from Kachh. The shell has been obtained
from Kachh, Kathiawar, and Sind at the uppermost limit of the
GA] beds. The fixed valve is ormamented with narrow ribs, close-
set and numerous, but with a tendency sometimes to become ob-
solete ; its most conspicuous character is the enormous flange-
shaped surface that surrounds the body-cavity and extends far
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Sitsayan shales and the locally unfossiliferous or poorly fossiliferous
lower part of the sandstone, while the fossiliferous beds of Theo-
bald’s Prome series have been united with the Kama clays to
consti ute the Yenangyaung sc-ies! thus relying on a purely ac-
cidental and local character to split up the well-marked unit con-
stituted by the great sandstone mass.

The discovery of such a characteristic zone fossil as Ostea
latimarginata at a definite horizon makes it cxpedient to return
to Theobald’s more nat.aral classification. This form occurs at the
upper limit of the Prome beds as originally defined, that is, just-
below the base of the Kama clay. Since Ostrea latimarginata is
particularly characteristic of the upper zones of the G4j in Western
India we have, by analogy, the Prome series, as originally defined,
coinciding with the G&j and probably an undetermined portion
of the Nari, while the Kama clay must be the equivalent of a
portion of the Hingldj beds as defined by Mr. Vredenburg. The
Kama clay, where originally obscrved and defined by Theobald,
was not measured by him. Accédrding to Mr. Vredenburg in the
Mekran province of Baluchistan, the G&j proper is overlaid by a
clay and sandstone formation several thousand feet thick which
has been distinguished as the Hingldj series. Where most typically
developed as in the Hingld] mountains and their neighbourhood,
the lower part of the Hingl4j series consists principally of clay,
while the upper part includes a vast thickness of sandstones passing
upwards into conglomerates, The stratigraphical succession and
lithology suggest a close similarity to the Kama clay and the
overlying Irrawaddy system.

According to Mr. Vredenburg the 1lingldj scries in its lower
beds contains fossils closcly related to the G4&j fauna, while the
uppermost beds contain a decidedly different assemBlage of forms,
one of the leading shells being Pecten Vasseli Fuchs. In Burma also
many of the fossils form the Upper Prome beds (--Lower Yenangy-
aung =G4j) pass into the Kama clay, while a marine fauna, which
has not yet becn examined in detail, occurs locally in the overlying
beds of the Irrawaddy system.

The Irrawaddy system, on the strength of its mammalian fauna,
has been regarded as the equivalent of the Siwaliks. Mr. Vredenburg
is of opinion that even the newest Hingldj beds are older than

1 Pab, Ir dica, New xcrios, Vol. 1, part 3,
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the Siwaliks proper. It is quite possible that the Irrawaddy
system contains representatives both of the Upper Hingldj and of
the Siwaliks. The stratigraphical studies so far undertaken arc
quite insufficient to settle the mutual relations of the beds with
marine fossils and those with mammalian remains within  the
Irrawaddy system. Nor do we know whether any stratigraphical
break occurs between the mammalian beds and the supposed
equivalents of the Upper Hingldj. A distinet unconformity separates
the Kama clay from the basement beds of the Trrawaddy system
with marine fossils in Lower Burma, but the stratigraphical break
is not accompanied by any great change in the fauna and may
not therefore represent a great interval of time. Nevertheless the
recognition of this unconformity is of great importance in account-
ing for the extreme divergences in the thickness of the Kama clay
that have been observed from place to place: there are many
instances where the Kama clay expands from a few feet to more
than 1,200 feet in thickness within the distance of a few miles,
bringing the succession into the closest correspondence with the
vast thickness of supra-Gij clays mentioned by Mr. Vredenburg.
This inconstancy of the Kama clay is a feature that has been
brought to light only by the recent survey and was unknown to
Dr. Noetling. The ignorance of this fact coupled with his not
altogether happy re-adjustment of Theobald’s scheme of classifica-
tion has led him to a misconception which is of rather scrious
import from the practical point ol view; at Yenangyaung the beds
overlying the petroliferous horizon were regarded by Noetling as
representing the entire mass of his Yenangyaung stage, that is
Theobald’s Kama clay and Upper Prome beds. Consequently the
petroliferous beds themselves were veferred by Noetling to  his
Prome stage proper, that is Theobald’s Lower Prome beds and
Sitsayan shales, and it has been an accepted idea ever since that
these lower beds (Noctling’s Promean) constitute the true petroli-
ferous horizon in the Pegu group.

The detailed studies made in the necighbourhood of another
petroliferous locality, Padaukpin, have shown that the petroliferous
sands are mere intercalations within the Kama clay, which at that
place, in consequence of the irregularitics depending upon the above-
mentioned unconformity, has expanded to a thickness of consider-
ably more than 1,200 fcet. In the light of the observations made
at Padaukpin and other places, it -becomes extremely probable
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that the petroliferous beds at Yenangyaung are also intercalations
in the Kama clay.

In cvery instance where the petroliferous horizon in the Pegu
system can be definitely identified, it is invariably the Kama clays
and their subsidiary sandstones that hold the oil, a fact which
should be constantly kept in mind in any further search for oil-
bearing localities.
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CHINA-CLAY AND FIRE-CLAY DEPOSITS IN THE RAJMAHAL
HiLLs. BY MURRAY STUART, B.Sc., F.G.S., /ssistant
Superintendent, Geological Survey of India. (With
Plates 1, 2 and 3, fig. 1.)

INTRODUCTION.

CRING the latter part of the season 1907-08, I was deputel to the

Rajmatal Hills to investigate the district for kaolin and fire-

clay as well as for sand for glass-making purposes. The results f my

enquities into the latter subject I have embcdied in a separate report.!

The area investigated is that described by Ball in the Memoirs of the
Geological Survey of India, Volume XIII, part 2.

China-clay has long been lnow to exist in the Rajmahal Hills at
l.ohandia (25° 3/, 87°27’) and Patarghatta (25° 207, 87° 20’) and is men-
tioned by V Ball.? Since 1902 china-clay has been worked at Mangal
Hat (26° 4’, 87° 51’) where it exists in the white Damuda sandstone,
and is now. being used by the (‘alcutta Pottery Company for the manu-
facture of their china and porcelain. Besides these three localities
china-clay had not been noted in the district, and no further information
was known about fire-clay beyond the fact that it existed jin the
district.?

CHINA-CLAY.

As the result of my investigations I find that china-clay occu s in
tiiree ways in the district :—
(@) As the deromposition product of felspar in the fundamental
gneisses and schists.
(b) In the white Damuda sandstone, where its presence is due to
the decomposition of felspar originally present in the sand-

stone.
(¢) As beds of white china-clay interbedded in the white Damyda

sandstone.

' Records, Geol. Surv. Ind., XXXV1I, p. 101,
: Memoirs, Geol. Sury. Ind. Vol. XIII, p, 86.
Memoirs, Geol. Surv, Ind,, Vol, XIII, p, 87,
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The first form (a) is seen in quantit,; in the undermentioned local-
ities : —
Katangi near Baskia (24 °28/, 87°29’) (21, 195).!
Karanpur (24° 19/, 87° 27°) (21, 193).
Dodhdni (24° 17, 87° 27) (21, 194).
Base of hill Patarghatta (25° 20°, 87° 207) (21, 205).
In nala near Rajabhita (25° 57/, 87° 27’ 30”) (21, 179).
Bhukhanda (24° 21/, 87° 21) 21, 207).
Near Bagmara on the Pir Painti-Dumka road (24° 37/, 87° 21')
(21, 206).

Of these the most important are the three first-mentioned localities.
"The china-clay there is quite white and very free from quaitz and other
mechanical impurities. It is of the powdery, not very plastic, variety
and much resembles the Cornish china-clay in physical properties. 1

made an analysis of the sample obtained at Dodhéni with the follow-
ing result :—

Silica . . 545 per cent.
Alumina . . 390-6 .
Water by difference 59

As some of the silica is present as free quartz, this analysis indicates
material not unlike Cornish china-clay, which has the compesition :—

Siliea . 464 per cent.
Alumina 397 .
Water 139

To test the refractoriness of these china-clays I made small bricks
from them which I subjected to a white heat (about 1,600° Fahr.) for
a quarter of an hour. Tn none of the cases was there any sign of fusion,
so that these china-clays should prove suitable for the manufacture of
all kinds of white porcelain and china-ware. The Urawbacks they
possess are their low plasticity and their limited occurrence. The low
plasticity need not be a disqualifying condition, as the same obtains
with the well-known Cornish china-clays.

The quantity of china-clay in these localities, however, cannot be
estimated from the surface indications, and to get any real idea as to its
extent trisl shafts must be sunk. The exposure of china-clay which is
seen at Katangi is some 50 yards in length, and is seen to a depth of 15

! The numbers in brackets refer to the index numbers of specimens preserved
in the Museum of tho Geological Survey of Indiu.
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feet without any base being exposed ; and, without actual quarrying,
it is impossible to say how much will be available.

The china-clay seen at Dodhéni is much less, although no limits of
depth or extent are seen. Itis worked by the natives by means of
tunnels, and they use it to form a whitewash. The tunnels go down to
a depth of 10 feet into the clay and show no bottom. They extend some
30 feet across the strike of the gneiss, and there are indications that the
china-clay stretches some distance along the particular bands of gneiss.
The outcrop of these china-clay beds and the surrounding country is
covered and concealed by some 5 feet of soil and alluvium.

The exposure at Karanpur is confined to two small sinkings in which
the china-clay becomes less pure below a depth of 6 feet. Here too the
china-clay appears to extend a short way under the overlying alluvium
along the strike of the gneiss which is in a south-easterly direction.

The exposure at PAtarghatts is seen at the base of the hill facing
the river. Here the percentage of quartz grains present is considerably
higher than in the former cases, and the extent of the china-clay-bearing
gneiss cannot be secen.  There is, however, evidence of the wide extent
of these beds under the Patarghatta hill which renders them so far
the most important in the district. In 1860 a large pottery works
flourished there, managed by Mr. G. Macdonald. I have appended an
abstract of his report on these pottery works and a report on the
geology of the hills by H. F. Blanford. "This was printed in 1864 and
contains very valuable and detailed information as to the extent and
value of the clays which cannot now be otherwise obtained except by
fresh borings and experiments.

The other exposures mentioned above are very small in extent and
are of scientific interest only.

As regards transport, Katangi is some five miles distant from
Narganjo and is connected with it by a rough cart track. From
Narganjo a good road runs to Muraroi Station on the East Indian
Railway some 40 miles distant. Karaupur and Dodhéni are respec-
tively about 40 and 35 miles from Rampur Hat Station on the East
Indian Railway, and are connected with it by a good road.

The second form (b) in which china-clay occurs is in the white
Damuda sandstone of the district. Its presence there is almost
entirely due to the decomposition of felspar originally present in the
sandstone ; though there is occasional evidence, as at Amjhari (24° 31,
87°29/) (21, 199) that the china-clay was deposited as such together
with the coarse gritty sandstone. In this case it would be derived-
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from the fundamental gneisses and schists where they had already
become kaolinised. Occasionally also the sandstone contains inclusions
of china-clay. These inclusions range in size from quite small frag-
ments, up to many cubic inches in volume (21, 185). Their presence in
the rock is duc to a change in the conditions of deposition, and the
consequent cutting out of some of the contemporaneous beds of china-
clay which occur interbedded with the sandstone, the fragments from
the clay bed being subsequently re-deposited as inclusions in sand.

This china-clay is being extracted from the sandstone at Mangal Hat
by a system of crushing, washing and subsequent settling, and is being
used by the Calcutta Pottery Company for the manufacture of their
wares. In an article upon Porcelain by Mr. Satya Sundar Deb, Scholar
in Ceramics in Japan,! this china-clay from the sandstone at Mangal
Hat is mentioned and the following statement made ;  The total and
rational analyses are very satisfactory and the clay is not in any way
inferior to German or Japanese kaolins.” 1In addition to this Mr. Debh
informed me that this china-clay is exceedingly plastic and does not
need such a high temperature in firing as the foreign less plastic china-
clays. This form of china-clay occurs throughout the white Damuda
sandstone of the district, and may be found wherever the white
sandstone occurs. It is perhaps most conveniently obtained at Mangal
Hat owing to the close proximity of the railway, but it occurs equally
well throughout the Hura Coal-field (21, 181; 21, 182; 21, 183 ;
21, 184; 21, 185), in the northern and castern boundaries of the
Dhamni Coal-field (21, 178 ; 21, 202), and in parts of the Chuperbhita
Coal-field, chiefly aear Alobaru (24° 32/, 87° 32’) (21, 180), Chilgo (24°
347, 87° 30’ 20”) and Amjhari (24° 31’, 87° 29’) (21, 199).

In many places on the western side of the hills the percentage of
china-clay present in the sandstone is much higher than jt is at Mangal
Hat or Pir Pahar (25° 6/, 87° 50), a group of hills adjacent to Mangal Hat.
However, on the western side of the hills the white Damuda sandstone
is often slightly micaceous, which would mean greater care in the washing
of the china-clay, while at Mangal Hat the sandstone is remarkably
free from mica.

' The third form (c) occurs at Patarghatta (256° 20°, 87° 20") and in
the Hura Coal.field. At Patarghatta the china-clays occur some 20
feet above the fundamental gneiss and persist throughout the Patar-
ghatta hills (21, 201 ; 21, 202). These clays are fully described by

1 Industrial India, vol. 11, No, 4, p, 95,
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Mr. Macdonald and Mr. Blanford in the appended report, and from
my observations I can say that their quantity is practically undimin-
ished and that they yield a very white, quite infusible china.

In the Hura Coal-field china-clay occurs as a bed from 4 to 5 feet
thick about a quarter of a mile to the west of Pidram (25°0’, 87°27’)
(21, 198) and also at a place just south of the streams by Hura on the
jungle road leading to Mahua Bathén. This seam also is about 3 feet
thick (21, 196).

In addition to the above there occurs in the centre of the aqueduct,
south of Rohri village, a seam of a harder variety of china-clay, but this
is only 10 inches in thickness. It must be crushed before it can be used,
and yields a nearly white china. These seams all dip gently to the east
at an angle varying between 5 and 10 degrees, and are about a mile
from any cart road. It is, therefore, doubtful whether the difficulties of
transport would allow of their profitable quarrying, though it is almost
certain that they extend over a large area. The nearest railway station
would be Pir Painti on the Fast Tndian Railway which is some 31 miles
away.

I analysed a sample of china-clay taken from the bed near Pidram.
The anhydrous material contained :—

Silica . . . . . . . . 595 por cent.

Alumina . . . . . . . 39°4 v

Alkalies and loss . . . . . . 1'1 "
SUMMARY.

China-clay occurs plentifully throughout the district, and there exist
two localities which have yielded supplies to successful works. At
Mangal Hat the Damuda sandstone is now yielding china-clay which is
being used by the Calcutta Pottery Works. The most important depos-
its however seem to be those at Pitarghatta where successful works
flourished in 1860. These deposits arc fully described by Messrs.
Macdonald and Blanford. The works are mentioned by the late
Dr. V, Ball,! but the reason for their ceasing work was not lack of demand
of the articles manufactured there, as he states, but owing to the departure
of Mr. Macdonald for private reasons. When in full work, these works
produced articles of the highest quality, including table china, porcelain
for scientific purposes, the finest Parian ware, etc., equal to that

Memoirs, Geol, Surv. Ind., Vol. XIII, p, 86,
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produced in Staffordshire. Many of these were exhibited in Calcutta
in the Exhibition in 1864, and were for some time preserved in the
Asiatic Society. The success of the works was due to Mr. Macdonald
who had expert knowledge of the industry. Coal was obtained
from a mine at Lohandia, where Mr. Macdonald sunk a shaft.

When Mr. Macdonald left these works in 1864 they were closed and
fell into disuse ; but the materials and the coal remain, and under the
management of an expert should again produce articles quite equal to
the best produced in Staffordshire. Mr. Macdonald considered that
Pitarghatta was the best situated place for a works in India; and
from my own observations, I can certainly say that the position as re-
gards materials is excellent, that their supply is practically speaking
unlimited, and that if the best wares could be manufactured there over
40 years ago they can be manufactured now.

FIRE-CLAY.

Fire-clay occurs somewhat plentifully on the western side of the Raj-
mahal hills. 1t is found mostly in the three northern coalfields where it
occurs in beds in the Damuda rocks. These beds are nowhere of any
great thickness and are generally about 3 feet thick. They all dip at low
angles towards the east, the dips ranging from ahout 5 to 10 degrees.

The clays themselves vary in colour from white to purple and blue,
and yield bricks which range from dirty-white, fine-textured wareto
yellow bricks almost identical in appearance to the best Stourbridge
bricks.

In order td test the fire-clays [ made small bricks from them, and
subjected these when dry toa white heat (about 1,600° Fahr.) for a
quarter of an hour in a blowpipe furnace. By this means I was able to
test both the plasticity and the refractoriness of the clay»

With reference to the following table of fire-clay beds, it should be
remarked that a few of the beds have strictly speaking no right to be
included inalist of the fire-clay deposits of the district. But in cases
where the appearance of the clay might lead one tohope for good results
orin cases where a poor clay exists close to a good fire-clay, I have thought
it desirable to enumerate them in the table.

From the results of my experiments on the samples of clay which I
obtained, I am of the opinion that the fire-clay which occurs in the Raj-
mahal hills will answer most if not all of the requirements for which
Stourbridge clay is at present used in this country. Many of the clays
enumerated in the following tableare porfectly infusible, and their tex-
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ture is quite as fine and uniform as that of the finest Stourbridge clay
and therefore I see no reason why these clays should not make such
articles as retorts for gas manufacture, etc., as well as the simpler fire-

bricks.

In addition to these high quality fire-clays; there are many which are
equally infusible, but which have perhaps not a sufficiently fine texture

to bo suitable for the manufacture of retorts, ete.

These would make

fire-bricks which should be quite as satisfactory as bricks made {from the

finest fire-clays.

Index to Localitres.

Locality.
Alobaru . . .
Amjhari
Bagmara . . . . .
Bargo . .
Bhulgora . .
Bora ghat . . . . v
Burari . . . . .
Chilgo . . . .
Dhumni . . . . .
Dumabhita . . . . . .
Gllhurria . . . . . .
Gugri . . . . .
Hura . . . . .

Jiajore . . . . . .
Khijurin . . . . .

Lohandia . . . . .
Narganjn . . . .

Rohrl . B . . . . .
Salduha . . . . .
Simlong bungalow . . . . .

Simru bungalow . . .
8imru ghat . .

Simra or Samru village . .
Surwa . . . .
Surwa norch of Katikund . .
Telbhita . .
Umbépént . . . .

Latitude. Longitude.
.. 24° 32’ 87° 32
. 24° 81 87° 20/
ce . 24° 37 87°21°
.. 24° 30° 407 87° 27
. 24° 57’ 87°27
... 25°1 87° 25°
.. 24° 57’ 20° 87° 27 30°
e 24° 3¢’ 87° 30 20°
ce 24° 47" 30 87° 83°
. 24° 42/ 87° 32 40°
e 24° 50 407 87° 28"
. 24° 44’ 87° 31
. 24° 58’ 30" 87° 26°
Ce 24° 45° 50" 87° 28’
e 24° 15 87°18°
. PIAEY 87° 25/
2¢° 25 87° 28’
.. 24° 58’ 30" 87° 26 30°
ce 24° 19’ 87° 34
. 24° 45’ 87° 30
.. 250 9 87° 23’
e 25° 1’ 87° 23
e 25° ¢ 30° 87° o4/
Ce 24° 26 87° 32’
ce . 24° 23° 87° 28
e 24° 47 20° 87° 28"
e e 24° 16’ 30° 87° 35
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List of fire-clay beds in the Raymahal

i
Number of Colour ot
Locality. Specimen, clay. Plasticity.
L]
North base of hills south-cast of Simru bun- 21231 Dirty white . Good . .
galow. :
50 feet below21—281 . . . . . 21—212 Do, . Do .
Base of hills Bora (ihat, north entrance . . 21—208 Do, . Do. . .
Base of hills } mile west of 21—208 . . 21—250 Do. . Do. . .
In Simru Ghat . . . . . . M —22¢ Do. . Do. . .
South-west of hill south of Lohundin . . 21—-232 Do, . Do.
Buse of west of hill south of Lohundla . ..  21—233 ° Do. . Do
\Weat base of Bhuskapahar, } mile north of 21—241 «  Blue . . Do.
Simru village : '
South of Rohri in aqueduct . . f 21—234 l Dirty white . Do.
Fast side of hill west of Rohri S e i Do. . Do
Hura, by stream . . 2 w2y Do. . Do
Hura, below 21—224¢ . . . . . 2)-242 | Turple . . Do
|
Nala west of Burari on road . . . 21—235 | Pale yellow | Do.
|
In nala south of Bhulgora . . . . 21—-205 | Puple . . Do.
Gllhurria . . . . . . 21—219 ; Blue . . Do.
North-east end of Dhumni Coalficld . . 2] —258 Purpla . . Do,
Hill above Dhumni . . . . L 21- 204 | Grey ' Do,
i i L]
Base of hill, below 21204 ; 21—240 ' Blue . . Do, .
Continuation of 21~-240 on main hills to 21216 | Do, . . Do,
north. ,
Second bed 3 feet helow 21—216 . . .1 2—27 Do . . Do. . .
West of smnll hill east of Simlong bungalow | 21—221 Yellow whito Do. . .

} mile east of Jiajore . . . . . 21—237 Dirty white .

South of Telbhita in naln . . . 21—233 Do, B

} mile down stream bclow 21—233 . 21—215 Grey . .

1=}
1
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I
I

|
Thl%lzl:ﬁsl °f | Refractorincss. \ Colg\:]rnn‘f.ter REMARKS,
|
a ! -
3feet . « | Infusible . i Grey . . | Should make a good fire-clay.
|
i 2 feet seen base | Indieation  of | Dirty yellow Only useful as a common fire-clay ; would not be
invisible. vitrification, I suitable for very high temperatures,
Ditto Infusible ! Grey . . | Showsa few grains of mechanically mixed iron
: after firing, but should make a good ordinary
i fire-clay.

et . Do. i Tule yellow . | Should make a good fire-clay.

2 foet seen base Do. . ' Nearly white . Slightly gritty. but should make a good ordi-

invisible, ! nary fire-clay,

8 feet seen base Do. . . Blue white Should make an excellent fire-clay.

invisible.
Ditt) Do. . i Pale yellow Ditto ditto.

2 feet seen base | Vitrifies slightly ~ Dark brown . | Only usefulasacommon firc-clay ; would not be

invisible, ' suitable for very high temperatures.

2 feet 9 inches . | Infusible Dirty white . | Should make a good fire-clay.

4 feet neen base Do, . | Nearly white Should make an excellent firc-clay.

Invisible,

2 feet 6 inches . Do, . | Pale yellow . [ Should make a very good firc-clay,

3 feet 3 inches . | Fusible . . i Brown . Useless, ’

2 feet 8 inches . | 1nfusible . | Pale yellow . | Should make a good fire-clay.

8feet . | Vitrifies slightly | Giey . . | Only useful as a common_ fire-clay., would not
be switable for very high temperatures,

3feet . . | Infusible Light brown ., | Should make a good firc-clay.

3 feet seen baso | Vittifios <lightly | Dark brewn | Only useful as a common fire-clay ; would

Invisibl+, not bo suitable for very high temporatures.

3 feet 6 inches , | Tnfusible . | Qrey . Sholuld make a good fire-clay or cheap china-
clay.

3feet 9inches . | Vitrifies slightly | Yellow . Only useful as a common fire-clay ; would not be

: auitable for very high temperatures,
i

4 fect . . 1 Infusible . | Dark yellow . | Should make a good firc-clay,

3fect . | Vitrifles slightly | Palc ycllow . | Only uscful asa very common fire-clay : would
not besuitable for very high temperatures.,

2 foct 3 Inches | infusibl: . | Light yel'ow ., | Shows a few grains of me hanically mi
iron after ﬂrfr , but should make a S;ood x;-:l-
dinary fire-clay.

2 foot seen base | Vitrifies slightly | Light brown . | Onlyusefulnsscommon fire-clay : would not b

invisible. suitable for very high temperatures, °
dfeet . . Do. . | Grey . . Ditto ditto,

3fect . + | Infusible « | Do. . .

Slightly gritty, but should make a good -
nary fire-clay. ond:
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List of fire-clay beds in the Rajmahal

. Number of Colour f
Locality. 8p-cimen. clay. Phisticity.
Doomabhita . . . . . . 21—225 White . | Good
In bend of stream west of Jiajore . . . 21--218 Yellow white . Do.
South base of hill east of Simlong . . . 21 —247 Dirty white . Do.
South-east of hill near Dhumni on Simlong 21—222 Blue . . Do.
road.
In nala west of Googri above coal scam . . 21—251 Dirty white . Do,
1 mile south of Simlong on Heranpoor rond . 2)-—248 Do, .| Do.
In nals } mile south of 21 —251 . . 21—220 White . . Do.
Near Bargo . . . . . 21-—258 Diity white . Do,
Underlying 21—238 . . . . 21211 Purple . . Do.
Chilgo . . . . . . . 21--223 White . . Do.
North of Surwa . . . . . . 21—213 Do. . . Do.
Sarwa, north of Katikund . . . . 21--209 Dirty white . Do.
East of Narganjo in nala . . . . 21 —249 Do. . Do,
Scuth of Salduha in nala . . . . 21 —257 Do. . Do,
Umbarpance . . . . . . 21 -21¢ Yellow . Do.
Khijuria . . . . . N . 20211 Grey . . Do.
APPENDIX.

Repurt on the Geology of Palraghatia Hill, near Colgong, by Hely F. Blanford,
A.RS.M,, with Analyses of Clays by G. Macdonald.

[From pamphlet printed by Savielle and Collier, Cossitollah, 1864, for distri-
bution at the Exhibition of 1864.]

The two isolated hills of Patraghatta and Kasdeh are situated on the banks
of the Ganges a few miles below Colgong, and rise from the nearly level alluvial
country (which forms the greater part of the Bhagulpore district) to the height of
about 180 and 400 feet, respectively. The latter hill is by far the larger, covering
an ares of ncarly one square mile as measured on the geological map. Mr.
Macdonald considers that this is much below its real extent. It is of irregular
form, and this may account for the discrepancy, and is distant about three-quarters
of a mile from a smaller hill of Patraghatta, which riscs abruptly on the verge of
the river, and covers an arca of not more than one-fifth of a squarc mile. 'Though
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hills of Ddman-1-koh—contd,
Thickness of I Refractoriness. | Colour after ! REMARKS,
bed. ! firinz. 1
G — - i
4 feet ( Infusible . | Dirty yellow . | An impure clay, but should make a common
! i fire-clay.
4fect . . Do. Light yellow . | Should make an excellent fire-clay.
L fles sl Light gre; | Not suitable for very high temparatures, but
8 fect . | Vitrifles slightly ght grey | should make a common fire-clay or china-
. i clay.
i ]
3 feet 9 inches . Do. Dirty white . ' Include fused particles after firing due to grains
i | of iron, therefore useless.
4feet o . i Infusible . | Nearly white , | Should make an excellent fire-clay.
| .
2 fect secn base | Do. Light yellow . Ditto.
invisible. : i
4 fect . Do. Dirty white Slightly impure, should make a good fire-clay.
1foot . . Do Yellow . . : Shoald make an cxeclient fire-clay.
2 feet " Do. . | Light yellow . Ditto,
3 feet b, Vitiifics slightly | Dark gre ' Only useful as & very common fire-clay ; would
l%‘v me: 50 s sy Krey not be suitable for very high temperatures.
10 to 15 feet Do. . . | Brown ) Ditto ditto,
3 feet Infasibla Light brown . Slightly gritty, Lut should make a good ordi-
. ' pary fire-chy,
1 foot @ inches . I Vitrifics slightly | Grey Only useful asa common fire-clay ; would not be
suitable for very high temperatures.
4fect . .1 Do ' Brown . Ditto, ditto,
3 feot . Do ey . L Ditto, ditto.
6 feet acen base Do, ' Dark grey Ditto. dittn,

invisible. , i

thus disconnected, they are identical in geological structure, and have undoubtedly
at some former time been continuous with cach other and with the rocks now
forming the Rajmahal hills to the castward.

Kasdeh hill is still covered with thick jungle, and although a fow native ex-
cavations have been made on certain parts of it for the extraction of clay, the rocks
of which it is composed have not been nearly so thoroughly exposed as has been the
case at the hill of Patraghatta, where most of the jungle has been cleared, and a
large number of excavations and borings enable the structure of the hill to be as-
certained in considerable detail. Accordingly, during my late visit to Patraghatta
I devoted the greater part of the time at my disposal to a close examination of
the hill of Patraghatta, with a view to determine the extent of its clays suitable
for the manufacture of pottery, and having thus obtained a pretty thorough know-
ledge of its formation, 1 paid a brief visit to Kasdeh hill, in order to satisfy myself
of its general character and the probability of its being equally rich in useful minerals
with the former, in proportion to its extent. Tho present report will, therefore,
be chiefly devoted to a description of the smaller or Patraghatta hill. The Kasdeh
hill may bo examined in detail at some future time, and I would recommend this
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be done before any extensive workings arc opened out upon it, At present, al-
though much detailed information might be gained in three or four days devoted
exclusively to this hill, T do not think that until more trial works have been made
upon it, its structure can bo made out with that detail which is desirable for eco-
nomical purposes. To the general facts of its resemblance in structure to Patraghatta
hill and of its containing several extensive beds of excellent clays, I am, however,
enabled to speak with confidence.

The basis rock of the Bhaugulpore district, as of India generally, is of the class
termed metamorphic by Geologists, which varies infinitely in mineral composition
but counsists mainly of quartz with felspar, mica, hornblende and garnet in varying
proportion. Most of the hills of the Bhaugnlpore district are formed by clevated
bases of these rocks which protrude through the general alluvial covering of the
surrounding plain. The rocks and hills of Colgong and Gungelday are, for example,
of this character, but except for building purposes the stone is generally valueless.
At the base of Patraghatta hill, and on the south-western spur of Kasdeh hill up
to a height of about 100 or 150 feet, rocks of this class also appear. They wero
here originally composed of quartz, felspar and a little mica, but owing to some
peculiarity in the chemical composition of the second mineral, which appears to
preponderate in the rock, it has been decomposed very extensively, and the whole
of the rock has been resolved into a friable granular mass, which can be generally
dug out with a shovel. This is closely similar to the cornish-stone of Knglish
potters, and in its original state may be used to & considerable extent in certain
kinds of pottery.

When levigated, the fine white clay which results from the decomposition of the
felspar, is separated under the name of kaolin or china-clay, and is onc of the most
valuable materials used in the manufacture of pottery and porcelain. At the
south-western corner of ’atraghatta hill, this rock is scen up to a height of about
25 feet above the present level of the river, but at the spot it is less thoroughly
decomposed than in the shafts which have been sunk below the level of the allu-
vium. At the north-western corner of the same hill it has been sunk into a dopth
of 14 feet, and in'a boring near the lime-kilns at the foot of the south flank of the
hill, it has heen ponetrated, as I am informed by Mr. Macdonald, to a depth of 40
feet. [t is, therefore, in all probability, continuous beneath the hill, and as at the
depth of 40 feet it was found to be oqually decomposed ag neaver the surface, there
is no reason to believe that this depth represents the limit of its eftent downwards.

At Kasdeh hill, where, as mentioned, it rises to a height of about 100 feet above
the plain, the material appeared to be cqually good with that of Patraghatta. It
is not at all improbable that it extends widely beneath this hill also, as well as in
all probability, beneath the alluvium intervening between the two hills. I have
no hesitation, therefore, in saying that so far as present evidence enables me to
judge, the supply of kaolin obtainable is very large indeed—what would be termed
by some inexhaustible,—~but this would of course be an incorrect phrascology. The
kaolin is very white, and apparently freo from iron.

The mass of hoth Kasdeh and Patraghatta hills consists of rocks of a very
different character to the above, but which yield materials not less valuable for the
manufacture of pottery. These are stratified doposits, the materials of which
have beep originally derived from the metamorphic rocks, but having been sorted
and arranged by the action of water, are now deposited in alternate layers of
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sandy clays, and clay free from the admixture of sand. A general section of Patra-
ghatta hill hereto prefixed will best explain their mode of occurrence.

The total thickness of these beds, as existing in Patraghatta hill, is about 180
feet, and they are cappod by a little outline of volcanic rocks, the last remnant of
an outpouring which must at one timo have extended widoly over the country.

The beds have a general inclination of 4° or 5° to the eastward, and individual
layers or beds do not appear to be continuous throughout but gradually to thin
out and be replaced by those of another character, so that a soction measured
at one place would not at all accurately represent that which would be obtained
at the distance even of a few hundred yards. Notwithstanding this irregularity,
the general character of the beds appears to be the same throughout tho hill, so that
although any given bed may not be traceable (as a rule) more than a few hundred
yards, a shaft sunk at any part of the hill would expose layers of clay, sand, etc.,
of similar character in 1nuch the same relative proportion, though differing in se-
quonce. In the execavations now exposed I have been able to measure one
nearly perfect and two or three partial soctions, which will givo the, total thickness
of the beds, and at the same time cnable a fair idea to be formed of the amount of
valuable minerals existing in the hill. These I will now describe :—

Section 1 is taken at the north-western corner of the hill. A shaft is in process
of sinking at this point near the river bank, and for the first 30 feet passes through
the lower beds of the stratified sories. It then enters the decomposed gneiss, 14 feet
of which have been already sunk through. The cornish-stone from this shaft yields
an excellent kaolin. Above the shaft the rocks are well seen or the face of the
hill to within about 30 feet of the summit, and five beds of clay, varying in thick-
ness from 2 feet 6 inches to 6 feet in thickness, are exposed, all well fitted for the
manufacture of Pottery. These aro not, however, the only useful materials : many
of tho sands are scarcely less valuable for mixture with the clay, consisting for the
most part of nearly pure quartzose sand, free from iron, and very white, when
washed. The highest bed, included in this section, is a hard flaggy ferruginous
sandstone, containing probably not less than 30 to 35 per cent. of iron. This band
appears to be continuous through the hill and serves as an excellent horizon from
which to measure sections elsewhere. It is socen forming the roof of a little cave
on the north brow of the hill, and is again met with in the shaft (Section 3), and on

the southern faco of the hill above the spot where a boring is now in progress
(Section 2).

About fifty yards to the south of Section 1, a couple of trial excavations in the
lower part of the face of the hill expose the Section No. 4. If this be compared
with the lower part of Seetion 1, it will be seen that, although the general relations
of the beds are similar, thoir relative thickness is very different, and some thin
beds appear which do not occur in Section 1. This affords a fair illustration of the
variability of the stratification within a short distance. The proportion of valuable
materials is here somewhat greator than in Section 1. The clays aro excellent,
espeoially those il the upper excavation, and aro either pure white pipe-clay, or a

brownish grey clay, which, being apparently colored by organic matter, only
burns white.

Section No. 5 represents the lowest beds, where they rest on the gneiss at the
south-western corner of the hill, and, therefore, nearly a quarter of a mile distant
from No, 1, The gneiss bencath them (here about 25 feet above tho river level)

02



146 Records of the Geological Survey of India. [Vor. XXXVIII.

is less decomposed than in tho bottom of the shaft at No. 1, but iy still sufficiently
8o to be of some value if required.

Section No. 6 comes next in order, passing round to the south of the hill. 1t
is taken in two quarries behind the workshops, and oxhibits two beds of white clay,
6 feot and 5 feet 6 inches in thicknoss, respoctively : 1 am uncertian what part of
Section No. 1 this section represents. Behind the kilns, and a little way up the
side of the hill, a bore hole has been sunk through, as Mr. Macdonald informs muo,
82 feet, of clays and sands bofore reaching the gneiss, 40 feet of which havo also been
ponetratod. According to the section recorded by Mr. Macdonald, one 12 feet bed
of white clay and one 13 feet bed of dark clay were met with in the bore hole, be-
sides eoveral beds of sandy clay. The kaolin from the gneiss at the boltom was of
excellent quality through the whole thickness penetrated, viz., 40 fect.

Furthor along tho same face of the hill, and about half way up it, a bore hole
is now being sunk. The bore has reached a depth of 21 feot, 19 of which Mr.
Macdonald informs me are through clay. I am inclined to doubt whether much of
this bed is such as can be profitably employed in pottery, but I saw a specimen
brought up by the borer from tho bottom equal to any clay I met with elsewhero.
From this bore hole the sequence of the Leds wup to theiron bandis given in
Section 2.

It is exposed partly in a cutting, partly on the natural surface of the ground.

fhe beds above the iron band are only exposed in the shaft on the castern sum-
mit of the hill, and are 65 feet in thickness up to the hasalt. 1 was unable to deseend
this shaft, but give the section on Mr. Macdonald’s authority without details.
No. 3. — Isawsome specimens of excellent clay among the little heaps from the
shaft.

Adding together the Section No. 1 and No. 3, the total thickness of the stratified
rocks up to the basalt is 180 feet. T think it may be fairly assumed that this is not
above the real average, and it is not improbable, judging from the depth of the hore
hole hehind the kilns, that the beds may be thicker on the south side of the hill.
Confining myself, however, to the results of my own observation, T will take 180 feet
as the average thickness, and two-ninths of the whole or 40 feet, will be (accord-
ing to the average of the sections measured by mysclf) the amount of fine clay tit
for pottery which they include. I tako no count of the beds between the iron band
and the basalt, 7.c., they are not included in the calculation of the average, but are
included in the application of that average, inasmuch as I havoenot been able to
examine them personally, and I equally exclude from consideration the results of
the borings, as the sections have not been noted in such a way as to admit of com-
parison with my own obscrvations. In the above estimate I have also excluded
all the sandy clays, many of which would be valuable for other purposes, such as
the manufacturc of fire bricks, and the sands which will be as useful in pottery as
the clays themsclves. Thus, then, although the fine clays occur for the most part
in beds of 3 and 4 feet only, it frequently happens that in excavating these a consi-
derable thickness of beds might be profitably worked together, the materials being
sorted as removed.

It thus appears that of the materials required for the manufacture of pottery,
all of those most largely employed are obtainable in one hill, »z., cornish-stone,
kaolin, sand and pipe-clays as also clays for the manufacture of fire brick. All
these exist in large quantity in the hills of Patraghatta, and apparently also in that
of Kasdeh. Moreover, I have little doubt that they extend beneath the flat ground
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intervening between the two hills, and it is probable that they would cqually be
met with in shafts sunk anywhere to the east or south-cast of the former hill, within
half a mile or so of its foot.

Of other materials, Mr. Macdonald showed me some cxcellent felspar from
Lohunda, about 20 miles distant, whence a good coal is also obtainable for the
furnaces. Sufficient lime for the use of the works may yet be obtained also from
the hill, but as the limestone is a merce surface formation unconnceted with the es-
sential structure of the hill, the supply is very limited, and could not be calculated
upon anywhere in the ncighbourhood.  Borax, potash, gypsum, and a few other
materials used in pottery, such as zaffre and other coloring materials, must be pur-
chased, but this is the caso at almost all pottery works, and their carriage would be
inexpensive in proportion to their intrinsic value. Gypsum is known to occur in
the North-Western Provinees and the Punjab, and may probably at some future
time he procurable from Indian localities at less cost than that which is now brought
from Europe.

Finally, I consider that large pottery works may be established at Patraghatta
without any fcar of the failurc of clays, sands or other materials that I have men-
tioned. -

HeNry F. BLANFORD.

The 8th November 1863,

Analysis of samples of clay by G. Macdonald, Esq.

Loss by l l I
Al ) a ignition '
“alysis of the Patiaghatta clays  jin water | . . - Mag- hon and l'ota i
and sund. and or- | Siliea. JAlumina ) Lime. | yehy U Manga. and
ganic nese. | Loss,
matter. i
No. I.—Kaslin . . . .| 1200 | 57:00 | 3011 142 | 121 | Trace | 126
No. 2.—Finc white clay, closely
resembling knolin . 10°00 55°00 10°38 220 1432 Trace 100
No. 3.—A fino light drab-colored
cluy . . . . 1275 2100 46°30 156 050 022 012
No. 4.—Alightdrabelay . . 1350 54563 4027 2:00 1-25 075 1-20
No. 5.—A fine light drab clay . 1025 | 63°13 3520 073 036 044 ' 010

No. 6.—A light brown clay . . 000 | 70°00 | 27-10 Not ascertained.

No. 7.—Decomposed gnelss . . 525 78°00 1850 045 f 147 . 000 158

No. 8.—Washed sand . . . 025 | 9600 115 | Trace | Trace | Trace 2:33

No. 9.—A fine light drab clay, from :
43 feet deep in  bore,
scam 13 fect thick . . 1000 62:00 31°00 Not ascertained.

No. 10.—A drab clay, from 44 feet in

bore, near the kilns, exc-
cellent fire-clay . 8:00 | 80°U0 16°00 Not ascertained.

All the analyses were mado from 100 parts of the ignited clay, and the loss by
ignition in water and organic matter recorded, the clays having first been dried
at 212° Fahr.
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In Nos. 6, 9, and 10, the full analyses arc not given, their value being most im-
portant from the quantity of silica thoy contain in a fine state of division, and they
are sufficiently frce from iron and lime to be most valuable for the manufacture
of fire-bricks, fire-clay, and stone-ware.

List of articles foricarded to the Exhibition of 1864.

Specimens of clays referred to in the report, numbered according to their re-
spective analyses.

Three milk pans of sizes forming a sot.

Specimens of various articles of table service, such as plates, dishes, cups,
saucers, beakers, jugs, cte.

Drain-pipes comprising glazed specimens of two nine-inch and two six-inch
pipes.

Unglazed specimens of various kinds of roofing tiles.

EXPLANATION OF PLATES.

Plate 1.—-Ideal section of Pitarghatta Hill by He F. Blanford.

Plate 2.—Sections of borings in Patarghatta Hill by H. F. Blanford.

Plate 3, fig. 1.—Photograph of a 3-ft. white clay bed in Damuda
white savdstone, Bora ghat.
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THE OCCURRENCE OF COAL AT GILHURRIA IN THE RAJ-
MAHAL HILLS. BY MURRAY STUART, B.Sc., F.G.S.,
Assistant Superintendent, Geological Survey of India.
(With Plate 3, fig. 2.)

]N the early part of 1908 whilst I was examining the western flank of
- the Rajmahal hills for china-clay and sand for glass manufacture,
I was informed that coal was being obtained from a place called Gilhurria
(24° 50’ 40", 87° 28”), situated nearly half way between the boundaries
of the Hura and Dhamni coalfields.

On visiting the locality I found that the coal was exposed in the bed

of the stream, which was then dry, and that it was being worked by the
natives some [ew yards up the face of the hill south of the stream course.

It is being worked by means of qnarryiug and the following section
is seen :—

Upper quarry :

Ft,
Soil . . 1
Red sand . . . . . . . . . 4
Carbonaceous, blue clay . , . . . 2
Blue clay . . . . 3
Coal-seam (base not seen) 6

underneath whichisasecond quarry showing:

Carbonaccous, white kaolinitic grit . . . . 4
Coal-seam (base not seen) . . . . . . 3

The two quarries are separated by 14 ft. of undergrowth and scree.
The strike of the rocks is N. 10° 'W. with an easterly dip of 6°,

The examination of the rocks su rounding the exposed coal revealed
the outcrop of a small patch of Damuda rocks, hitherto unsuspected, in
the valley near Gilhurria covered directly with trap at the western end,
but passing up into a thin covering of Dubrajpur sandstones to the east.

The whole outcrop is very small but is interesting inasmuch as it
contains burnable coal and also that it indicates the continuity of the
Hura and Dhamni Coalfields unde ' the trap. In the map of the district
prepared by V. Ball and published in Memoirs, Geological Survey
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of India, Vol. XIII, part 2, these rocks are all mapped as Dubrajpur
rocks and the continuity of the two coalfields, underneath the trap,

was only a matter of conjecture.

, G e
y///4 Trap (Rajmahal) Dubrajpur series
| Damuda series Metamorphic' series

Geological sketch-map of the country around Gilhurria. (Scale 17=1 mile.)

The coal itself is of a very uniform quality in both seams. In texture
it is of the carbonaceous shale variety, but it is crowded with small frag-
ments of ca bonised wood and plant remains which give*to it its burn-
ing power (21, 260).

Although these fragments all lie in a definite direction, yet there is
an absence of any banding o bedding in the coal. In this respect it
differs from a true coal.

An analysis of the coal, made by me, showed it to have the following
composition —

Moisture . 740 per cont.
Volatile matter 3094
Fixed carbon . 39:67 ”»

Ash . . 21 '93 ”
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Since these figures are obtained from the coal where it outerops it is
probable that the percentage of volatile matter in the coal would be
found to be higher s me little distance underground. That is, the
percentage of combustible matter in the coal would be higher. In
the case of a true coal, whose composition remains practically constant
over large tracts, this would be so. But .n this case it is impossible to
predict whether the composition of the coal does persist over any distance
or whether it constantly changes.

EXPLANATION OF PLATE.
Coal mine at Gilhurria—
(n) Red sand—4 ft.
(b) Carbonaceous blue clay—2 ft.,
(¢) Blue fire-clay—3 ft.
(d) Coal-seam—=6 ft. (base not seen).
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NOTE ON A PEGU INLIER AT ONDWE, MAGWE DISTRICT,
UPPER BURMA. BY E. H. PASCOE, M.A., B.Sc., F.G.S.,
Assistant Superintendent, Geological Survey of India,
(With Plates 4 and §5.)

HE following note has been prepared from a report by M. R. Ry.

Sethu Rama Rau, Sub-Assistant, Geological Survey of India,

Burma Oilfields party, resulting from his survey of sheet 156, Burma

Survey l-inch map, during April 1909 : both the accompanying maps
(Plates 4 and 5) are the work of the same obszrver.

Position.—The inlier, as shewn on the map (Plate 4), occurs on the
Yin Chaung (chaung=stream or stieam-bed), some 10 miles east of the
Irrawaddy, and includes the vil'age of Ondwe (Lat. 20° 6’ 52", Long. 95°
10’ 45”), which is about 16 miles by road from Magwe. The centie of the
inlier is some 30 miles S.S.E. of the Yenangyaung Oilficld.

Structure.—In the midst of the Irrowaddy Sandstone (‘‘ Pliocene *’ of
earlier publications), the Pegu beds (** Miocene *’) form an elliptical out-
crop 4 miles long and 1} miles broad, at the centre of a symmetrica' anti-
clinal dome (sce map, Plate X). The direction of its longer axis, which
may be taken as coincident with the anticlinal axis, is about 40° W.
of N. to 40° E. of 8.

The fold is a very gentle one : a transverse section across its centre
would show the following dips :—

(4) at the Pegu-Irrawaddy boundary on either side, 10°—I 2¢,
(%) 2,000 feet from this boundary, nearer the crestal area, from
3° to b°.

A few minor dip-faults cccur, one of which was traced for } mile, but
Mr. Sethu Rama Rau reports them to be too small to aflect any possible
oilfield.

Rocks.—The Pegu rocks are described as consisting “ chiefly of shales
and friable sandstones, with thin sandy limestone bands >’ : they are
ev'dently softer than the Irrawaddy sandstones as they have suffered
greater denudation. Here and there the limestone bands are fossiliferous,
and one fossil band is traceable on both sides of the crest. Selenite is
abundant.
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The Irrawaddy beds consist of the usual soft current-bedded sand-
stones with a few sandy limestone bands, and much fossil wood, mostly
sijjceous but sometimes calcareous. Near the base are ferruginous
conglomerates with fragmental vertebrate remains. The ‘‘ Red Bed *’
forming the base of the Irrawaddy series in so many places elsewhere, is
absent here. The boundary between the Pegu and Irrawaddy series
selected as the most probable and mapped by Mr. Sethu Rama Rau
was the base of a sandy limestone associated with irregular patches of
an ossiferous fer.uginous conglomerate, overlying beds rich in selenite ;
the junction is probably an unconformable one. The thickness of Pegu
beds exposed is probably about 200—250 feet.

Other deposits are :—the Red Alluvial Silt which is gravelly in
places and occurs on high ground, and recent stream alluvium : neither
of these call for further notice.

Prospects of oblaining oil.—The orientation of the Yenangyaung in-
lie is 27°—28° W. of N,, that of the Ondwe inlier about 40° W. of N,
while that of the line joining the two is very nearly the mean be-
tween them, so that the two Pegu exposures probably lie upon the same
wave-front of the folding movement. This need not necessarily have
any significance from an oil prospector’s standpoint, but in the favour-
able structure of the rocks and the proximity of the area to Yenangyaung
it is equal to some places which have been tested, and might be worth
a deep experimental boring. No seepages occur. The Yin Chaung con-

tains water all the year round and the locality can be easily reached from
either Magwe or Myingun.



154 Records of the Geological Survey of India. [Vou. XXXVILI.

THE ORIGIN OF THE SALT DEPOSITS OF RAJPUTANA. BY
SIR THOMAS H. HoLLAND, K.C.LE, D.Sc., F.RS.,
AND W. A. K CHRISTIE, B.Sc., Ph.D. Geological
Survey of India. (With Plates 6 and 7.)

DUR]N G the last few years, a special investigation has been
made by the Geological Survey of India into the salt resources
of the Sambhar [Lake in Rajputana and naturally the origin
of the salt has formed part of the enquiry.
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The Sambhar Lake iz situated in the middle of a closed depres-
) sion in the Aravalli schists, and is
bh'b::'" resources of Sam- foq by four rivers—Menda, Rupnagar,
o Kharian and Khandel,—which, with
some smaller streams, drain an area of about 2,200 square miles.
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The lake at its highest level covers an arca of about 90 square
miles. For the greater part of the year there is no water on its
surface, but, in seasons of normal rainfall, the depth of the water
in the middle of the lake averages 4 feet in the monsoon.

The investigations referred to above have shown that the salt
resources of Sambhar are confined to a body of saliferous silt,
stretching over an area of 80 to 90 square miles and attaining
depths in the centre of 60 to 70 feet. The analyses made of
samples taken at regular intervals over the lake-bed show that
in the upper 4 feot of silt over an area of 68 square miles, there
is an accumulation of more than 18,000,000 tons of sodium-chloride.
As other samples taken at depths of 8 to 12 feet show that ap-
proximately the same percentage of salt occurs in silt to the latter
depth, there must be in the upper 12 feet of silt more than 55,000,000

tons of salt. d .

Sambhar is not the only salt lake in Rajputana. There are

Other Rajputana Salt ot-her smaller temporary lakes like
vLakes. Yl il Didwana, Falodi, Lonkara-Sur, and
) Kachor-Rewassa, while a brine-impreg-
nated subsoil exists throughout the desert region, as well as in
the country to the wost, in Sind and around the Rann of Cutch.
To the north of the Rajputana country also subsoil brine is raised
and evaporated for salt in the districts south-west of Delhi, while
to the north-west saline soils are common in Bhawalpur State and
in the Punjab districts of Multan and Mazaffargarh. Shallow
wells sunk in the sand in most parts of Rajputana are brackish,
and the whole country is noticeably saliferous. There may be
many Sambhars concealed by the mantle of desert sand.

The first attempt to explain the origin of the Rajputana salt

. sources seems to have been made by
Previous theories pro-

. Mr. A. O. Hume in his Report on the
g?:db;ﬂe;_ww““t for the Adninistration of the Inland Customs

Department for the year 1867-68. He
refers to the salt in the Sambhar Lake as possibly a mere surface

deposit, due to the drying up of an inland sea, or possibly accord-

ing to some ‘‘the washings of countless ages out of the surrounding
Permian formation.”

To support the theory of a recent invasion of the sea in the

S ! i Rajputana area, there is no positive
upposed mariue origin. evidence, and the idea that the salt
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is due to evaporation of bodies of sea-water cut off from the re-
treating ocoan is thus without foundation. During Lower Tertiary
times the sea stretched over parts of Sind, Rajputana, and the
Punjab, and the rock-salt deposits of Kohat and possibly those of
the Salt Range were formed about then, although not necessarily
by the isolation of bodies of sea-water. But no evidence as to
the existence of Tertiary strata has been found anywhere near the
Sambhar Lake, either superficially ar by the borings recently made
under the advice of the Geological Survey Depg.rtment. The rocks
around are various forms of schists belonging to the Aravalli
system, resembling in general lithological characters the Dharwar
system of South India. No rock-salt formations have ever been
found in such rocks or in the Vindhyan formations in the adjoin-
ing parts of Rajputana, nor would the decomposition of these rocks
give rise to any unmwsual quantities of sodiw®-chloride.
In a report made in 1902, Dr. Noetling suggested that the salt
Supposed salt springs in of the Sambhar Lake is ob'fained from
the (}rl:gtillille rocks. a subterranean saline spring arising
‘ along a fault-plane hidden by the
mass of silt which now forms the bed of the lake. No proof
oxists as to the presence of a fault-plane, and no attempt was
made to account for the occurrence of salt in a spring arising
through the Aravalli schists: the idea of the existence of a
salino spring rising through the schists is not supported by
any more direct and positive evidence than is the local logend
that the salt was once a mass of gold and silver converted by
the thoughtful Devi into the less valuable product to prevent
its being coveted by some of the powerful tribes in the country
around.! .

Mr. T. D. LaTouche accounts for this general prevalence of

salt as follows :—

““ It scems to me that instead of our being compelled to speculate on f@-

. ) mer cxtensions of the sen or great changes

Suggested concentration ¢ 1oy, no evidenco of which isto bo found
of ordinary river water. in order to account for the presence of the
salt a simple explanation presents itself in the peculiar conditions of the

1 The idea of brine-springs in the bed of the lake was mentioned by R. M.
Adam in 1870 (Report, Inland Customs Department, 1869-70, Appendix B, p.
12) as one of tho theories for the origin of the salt. Mr. Adam favoured the
theory that the salt came from tho rocks around, which he thought to be Per-
mian,
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country as regards drainage and evaporation. The rain-water flowing from
the hills is evaporated long before it reaches the sea, owing to the porous
nature of the sand and the dryness of the atmosphere, and the salt it
contains, which would under ordinary conditions be carried by rivers into the
sea, and help to swell the amount of salt alrcady there, is deposited among
the sand grains, and in proccss of time has thoroughly impregnated the soil
with salt, The process is in fact exactly similar to that which, it is uni-
versally admitted, accounts for the presence of the salt in the sea itself.
Wherever depressions in the general level of the country occur, as at Pach-
padra, Sambhar, and other places, the drainage from the surrounding higher
ground concentrates tho salt, until in course of time the accumulation has
become so great as to be commercially valuable.

““Tt is perhaps not improbable that as particles of carbonate of lime are
distributed over tho desert by winds blowing from the south-west, and in
time form beds of kankar, soalso particles of salt may be blown up from
the sca-shoro and help to increase the amount of salt contained in the sand.”!

Were the main part of the salt in the lake derived in the man-
ner suggested by Mr. LaTouche from the decomposition of the
surrounding rocks, one would expect that in these rocks and in
the silt the ratios of chlorine to other soluble constituents (sodium,
for instance), would be commensurate.

Taking F. W. Clarke’s estimate of the reletive quantities of
the elements in the earth’s crust,’ we find the ratio of chlorine
to sodium to be 2:88: 100. Assuming that the composition of
the rocks of the Sambhar basin does not differ greatly from Clarke’s
average, we should expect to find these elements in similar propor-
tions in the Sambhar silt. Mr. D. Hooper’s analyses of the
unwashed lake mud, however, gave an averege ratio of 161 :100,
about 56 times as great,—a figure which would indicate that we
must look elsewhere for the source of the chlorine.

Mr. LaTouche’s explanation does not account satisfactorily for
the large quantities of salt in the small lakes at high levels, where
the small rivers that flow in are rivers only for a short while after
& _heavy downpour of rain. We have no right to expect much salt
in a river formed by a heavy downpour on a country of schists
and quartzites, where there is little vegetation or animal life. For
most of the year, there is no rurning water in the rivers and the
processes of rock-decomposition that relieve sodium-salts must be
almost st a standstill; even during the floods of the monsoon the

1 Mem., Geal. Surv. Ind.. XXXV, 1902, 42
2 Data of Geochemistry : Bul. U. S. Qeol. Sury., No. 330, p. 32.
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Lt

amount of chemical action on the rocks washed cannot be so great>
as that which occurs in a country of perennial eprings and evenly °
distributed rainfall with abundance of life.

The geologist is accustomed to draw freely on time to explain
such phenomera as the results of erosion, or the accumulation of
salts in the ocean and salt lakes. He is, however, not justified
in asking for more time than his rough data justify, and it appears
to us that to sccount for all the sodium-chloride ir the Sambbar
Lake we should be driven by Mr. LaTouche’s theory to assuwe
that the present physiographical conditions of the Sambhar basin
bave persisted for a period that would be considered long even by
a geolegist. Taking again F. W. (larke’s estimate of the amount of
chlorine in the Earth’s crust’ and (‘. Davison’s figure regarding the
rate at which the rivers of the globe lower their basins,” we should
require, under existing physivgraphical conditions, 26,000 years to
obtain the amount of chlorine in the upper 12 feet of silt under
the Sambhar Lake. This minimum estimate of time unecessary
to relieve the quantity of salt in Sambhar is probably many times
below the truth lor the reasons that we assume in this calculation—

(1) that the Aravslli schists contsin as much chlorine as the
average rocks of the Earth's crust;

(2) that the average rate of denudation has been maintained
in an arca where we know denuding agencies have been
extremely fecble during recent times;

(3) that during denudation complete rock-decomposition has
occurred, and thet all the rocks ecroded have yielded
their full amonnt of chlorire ;

(4) that the salt-bearing silt is only 12 fcet decps whereas we
know that there are further, and perhaps larger, quar-
tities below ;

(5) that chlorine .makes up 0°07 per cent. »f the HKarth's
crust : Clarke states that the estimate is probably teo
high.

These figures have no precise value whatever: they merely
show that, when we assume the salt of Sambhar to be the result
of the simple concentration of the small quantities carried by ordi-
nary fresh river-water, it is necessary to hc in a position to main-

1 Loe. cil.
2 ¢, Davison, Geol. Mag., 1889, 409,
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tain, either that this action has been in progress for very long ages
without interruption, or that a larger area than the present basin
has in the past been drained into the Sambhar Lake. The geo-
logist has no right to ask for conditions that are not in any
way indioated by the processesin operation, and it appears to us
unreasonable to suppose that the amount of salt accumulated in
Sambhar is the result of the concentration of quantities so small
a8 we find in ordinary river-water.
As it seemed probable that the so-called fresh water of the
rivers ontering Sambhar carried more
bllli::"'l:;“iate" in the Nam- ¢ the usual quantities of salt,
1ar hasin. one of us suggested the collection of
samples from the flood-water of the rivers Menda, Kharian, Rup-
nagar, and Khandel. Sir Richard Dane, then Commissioner of
Northern India Salt Revenue, who shared our misgivings about
the theories regarding the origin of the salt in Sambhar, arranged
to have samples collected at the beginning of the 1907 monsoon,
and samples of the early flood-waters were taken similarly in 1908.
These have been examined by one of us in the Geological Survey
laboratory. The following table gives the sodium chloride per mil-
lion parts of river-water, calculating all the chlorine present as

§odium chloride :—

1%07. : 1908.
In the Menda e e 1,393 l 25,300
»  Kharian, . . . . . . . 605 573

»  Rupnagar . . . . . 77-0 742

»  Khandel 10-85 63°8

The very wide variations in these results have yet to be ex-
plained ; but all four samples of river-water contain so much more
chlorine than is usual in.fresh-water rivers that there is now less
difficulty in accounting for the immediate origin of the large stocks
of salt in the Sambhar silt.

Sir John Murray' calculates that in nineteen of the large rivers
of the globe each cubic mile of river-water contains 16,657 tons of
sodium chloride, 2,462 tons of lithium chloride, and 1,030 tons of
ammonium chloride. The chlorine in these compounds amounts

T

1 Scott. Qeograph. Mag., 111, 1887, 76, 77.
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to 12,840 tons, that is, chlorine sufficient for 21,180 tons of so-
dium chloride. As a cubic mile of river-water weighs about
4,205,650,000 tons, the chlorine estimated as sodium chloride in the large
rivers of the globe cannot excced 504 parts per million of river-
water. This is less than hall the amount found in the least saline
of the Sambhar tributary rivers, and of course very much less
than that found in the Menda, which is the most important, and
discharges a larger body of water than any, of the rivers entering
the Sambhar T.ake. Tho figures quoted for ordinary river-water
are admittedly approximate, the wvariations from river to river
and from time to time in the same river being too great to per-
mit of the preparation of a reliable average. We are safe, how-
ever, in assuming that the rivers entering Sambhar, though stated
to be fresh, are comparatively saline.

But we have still to account for the oxistence of these large
quantities of salt in the small basin of only 2,200 square miles
drained into Sambhar. Rock-decomposition is reduced to a mini-
mum in such a dry climate, and the rocks of the basin, being schists
not rich in alkaline minerals, are of a kind that would be below
rather than above the average in yielding alkaline chlorides. At
the higher levels, where the principal salt lakes occur, one would ex-
pect ordinarily that the country would be deficient in salt rather
than overstocked with it, for no drainage is received from outside
areas, and nothing contributes to the relief of the chlorides con--
tained in the subjacent rocks.

It is distantly possible that some salt is brought into Rajputana

Possible  subterranean by the water porcolating underground
percolation from the Pun- from.tho irrigated areas of*the Punjab.
jab. Considerable quantities of water are

' obtainable from the sandstones at about
100 feet below the lignite scam of Palana in Bikanor, that is, about 300
feet below the surface. It isjust possible that this water, and some of
that in the deep wells throughout Rajputana, comes underground
from the Punjab, and the gradual passage of this to the surface
by capillary attraction would result in the superficial deposition
of the various dissolved salts as the water dried up. We can sug-
gest no means at presont for proving that this is the origin of
the deep-well water in Rajputana, or that in this way salt is im-
ported to the desert area. It is likely, however, that only the
areas of lower lovels to the north and west of Jodhpur and north
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of Barmer receive such water, and these are outside the main salt-
bearing tracts. Sambhar, for instance, is at an elevation of 1,184
foot and is the bottom of a closed basin of schistose rocks. 1t is
not possible, therefore, that any of the water in the Sambhar
basin can have come from the irrigated lower levels of the Pun-
jab. The same is true of the salt lake of Didwana at an eleva-
tion of about 1,150 feet; Kachor-Rewassa at about 1,590 feet ;
Degana at about 1,200 feet; and the small salt lakes near Kacha-
wan : all these aro within the Aravalli schist area and at com-
paratively high levels.

Pachbadra, however, is at an elevation of only 400-—500 feet,
and is outside the Aravalli schist belt; but between it and the
Punjab there are higher levels of 900—1,000 feet in the region of
Pokaran and Falodi, while the ground to the north-westwards falls
away towards the dry valley of the ancient Saraswati (Ghaggar)
river, and thence down to the valleys of the Sutlej and Indus.
It is unlikely that any of the underground water in the Pach-
badra area comes from the Punjab region, as whatever water passes
in this way underground from the irrigated areas of the Punjab
probably gravitates towards the low ground to the north-west,
emerging in the valleys of the Ghaggar, Sutlej, and Indus. We are not
justified, therefore, in assuming that any saltis brought to the high-
lands of Rajputana by subterrancan water; and the quantities are
far too great to be the result of rock-decomposition within the area.

The possible occurrence of geologically old rock-salt beds below

the silt and sand has been suggested
sn.i};h(ls:::::lgsf. ancient rock- more than once; but e.vidences as

to their occurrence are quite negative.
Although the subjacent rocks are largely concealed by the great
mantle of sand, the numerous outcrops exposed on the west of
the Aravalli range show nothing but schists and crystalline rocks
over a wide zone, and the nearest unaltered sedimentary rocks
are of the Virdhyan series, which have never revecaled any traces
of rock-salt. Still further west occur representatives of the num-
mulitic formations such as we know to be associated with the rock-
salt deposits of Kohat; but in Rajputana no rock-salt has been
found with this formation, although they have been cut through
deeply in the Palana coalfield. In any case, if rock-salt were found
below the nummulitic rocks of Bikaner they could not have
contributed to the superficial salt on the orystalline highlands of
Jodhpur and Jaipur.

L2
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Professor J. Walther, in his well-known work Das Gesetz der
Wiistenbildung, suggested that the
Walther’s theory. generally :fline gharacter of desert
regions is due to the salt in marine formations being brought to the
surface by capill.ry action to form a supe ficiel efflorescence, which
is afterwards washed by the sudden floods (that also characterise
desert areas) into the lower parts of the desert basin, and there,
after evaporation of the water, is left as a layer of salt. This
last part of the process is seen in oll regions of internal drainage
where desicoation exceeds precipitation. But Walther’s theory
does not appear to have met with genersl acceptance, partly
because it does not account satisfactorily for the large quantities
required to make enormous rock-salt beds of the kind known, for
instance at Stassfurt, in Galicia and in North-West India. Even
for small quantities we cannot accept the theory as applicable to
most of the salt-lakes on the Rajputana highlands: they rest on
crystalline rocks, and any salt they yield must be relieved by
rock-decomposition, and, under the circumstances, must-be a small,
perhaps negligible, quantity.
It occurred to one of us that the last point mentioned by
. i .. Mr. LaTouche, as a contributory
fel?;llll.ldill’l‘:el:il:serf‘;;?l'&l.lm- cause of a purely subordinate kind,
is in reality the main source of salt
in the Sambhar basin and in the Rajputana region generally,—
namely, that most of the salt is brought in in the form of fine
dust by the strong south-west winds that blow across the salt-
incrusted region of the Rann of Cutch during the months of April,
May, and June of each year. In another part of his memoir Mr.
LaTouche refers to the discovery, among the fragments®of carbon-
ate of lime found in the sand, of foraminifera resembling those
that occur in the Tertiary rocks of Cutch.! These have been
found as far inland as 40 miles to the north-cast of Bikaner, or
500 miles from Cutch, and Mr. LaTouche concludes that they
must have beer carried so far by the wind. He also calls
atten ion to the angular nature of the small sand grains in the
Bikaner desert as additional evidence that the wind-borne material
has undergone only a limited amount of attrition, Mr. LaTouche
has not, however, drawn attention to the difference between the

1 Wind-blown caleareous rocks largely composed of foraminifora have been found
in Kathiawar, being similar to the well-known Porebandar stone and of recent
geologinal age (J. W. Evans, Quart, Journ. Geol. Soc.. LVI, 6563).
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heavy grains that are rolled along by the wind “and thus rounded,
and the lighter materials that are carried bodily by the wind, and
thus escape attrition. As granules of sand and carbonate of lime
can be carried to such considerable distances inland, so also pre-
sumably large quantities of salt must be carried yearly by the south-
west winds which pass over the dry salt plains of Cutch and thence
into Rajputana. Salt is specifically lighter than the quartz sand
grains or the granules of carbonate of lime, and its tendency to
form in skeleton, so-called *° hopper shaped,” crystals, renders it
more likely to be lifted by the wind.
The force and direction of the strong winds are shown by the
. ; . configuration of tke sand-hills. The
Prevailing winds. sand-hills marked on quarter sheets
Nos. 11 N.W. and N.E. and 10 S.E. are long nparallel ridges
aligned in a S.W.—N.E. direction, while further N.E., where the
force of tho wind is reduced, the sand-hills shown in quarter sheots
Nos. 19 N.E. and 18 S.E. have main ridges running N.W.—S.E.
with subsidiary ridges on the windward side, pointing S.W. These
interesting differences between the two classes of sand-hills have
been explained and illustrated by Mr. R. D. Oldham in the 2nd
edition of the Manual of Indian Geology (page 456). The longitu-
dinal ridges are formed in the area of very strong winds, while
the transverse ridges are formed further N.E. where the force of
the wind is reduced.

It thus seemed possible that the salt carried by the south-west
wind into Rajputana would account for most of that which is
found impregnated in the soil throughout the desert region. By
the floods formed during each monsoon this salt would be washed into
certain local depressions and thus give riso to the numerous salt lakes.

The numerous accounts that have been published of the Rann
of Cutch seem to leave little room for doubt as to the occurrence
of a large area covered with sand and silt impregnated with dry salt.
The descriptions by Sir Alexander Burnes in the Transactions of the
Royal Asiatic Society, Vol. 1II, pages 550 to 558, by A. B. Wynne
in his Memoir on the Geology of Cutch (Mem., Geol. Surv. Ind.,
Vol. IX, p. 14), and most recently by Mr. R. Sivewright of
the Public Works Department of India (Geographical Journal,
Vol. XXIX, 1907, p. 518), leave no room for doubt as to the
dry character of the country, the large quantities of superficial
salts in the sand, and the heavy dust-storms that characterise the
period of strong winds during the second quarter of the year.
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The Climatological Atlas of India, issued by the Meteorological
Department in 1907, shows by the maps forming Plates XXVII et
seq., that during April strong winds set in in the E.N.E. direction
across the delta of the Indus and that strong south-west winds
pass up the valley of the Luni river, as recorded at the meteorological
station of Pachbadra. During the same time, westerly winds blow
in the direction of Mount Abu and Decsa from the neighbourhood
of the Rann of Cutch. These presumably also carry salt; but,
as they carry it into an area from which afterwards it is washed
out by the heavier rain that falls east of the Aravallis, it is car-
ried away by the rivers that flow into the Gulf of Cambay.
During May, the south-west winds continue from the Cutch area
into Rajputana, and these are still more pronounced during June.
As the force of the wind is reduced in the area west of Delhi
and interrupted by currents from other directions, the effect of
this north-eastwardly wind during the hot dry weather must be
practically limited in its salt-bearing capacity to Rajputana and
the south-west part of the Punjah. The winds maintain similar
directions, with apparently equal force during July, August, and
September, but their ability to pick up salt from the salt deserts of
Cutch must be considerably reduced when the ground becomes wet
after the break of the monsoon in June.

That salt is carried by winds blowing from the sea has of course
Transport of seaspray °On8 been recognised, and an aanW-
by the wind. : * ance was made by Prof. J. Joly' for
the effect of this return of salt to
the land in his well-known cstimate of the age of the Ocean.
Fine drops of sea-spray become quickly evaporatede when rain
does not accompany the wind, and the residual particles of salt
are probably even more easily transported than the spray.

The Rivers Pollution Commission, in their Sixth Report,® noted
the liability of winds to carry sea-spray,—a point enlarged upon
by R. Angus Smith," who showed that she quantity of salt con-
tained in rain water varies with the distance from the coast. Many

subsequently published ¢ chlorine maps ” have confirmed the state-
ment.

1 8ei. Trans., Roy. Dub, Soe., VII, 1809, p. 23, and subsequent discussion in
Geol. Mag., 1901, 341350 and 5040506  © o 4
2 1868, p, 19.

3 Air and Rain, p. 263,
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The ®olian origin of salt deposits was suggested by F. Posepny'

in 1877 in a paper on the Salt Lakes

I‘l“ﬂ'ious!.y . suggested of the Western States of America.
golian origin of salt - r
deposits. He based his theory on a comparison

of the amount of salt carried annually
from Bohemia by the Elbe, with the quantities used for industrial
and domestic purposes, and emitted by mineral springs, in the
drainage area of that river. The excess contained in the river-water
he attributed to salt carried in the air from the sea, quoting an
analysis of rain-water from Nancy to prove the presence in the air
of chlorides in sufficient quantity to justify his supposition. On
applying the figures obtained to the question of the Great Salt
Lake, he calculated that an amount of salt equal to that in the
lake would have been deposited in a closed basin of the area of
Bohemia in six thousand years.

The suggestion was immediately disputed by E. Tietze,® who
pointed out certain flaws in Posepny’s argument, and concluded
that the genesis of most salt deposits, and more particularly of
those in Porsia, could be explained on more old-fashioned assump-
tions.

The theory advanced by Posepny received little recognition for
over twenty years. It was revived by W. Ackroyd® in a number
of papers on the atmospheric circulation of salt; Ackroyd, who
studiod the chlorine content of the rocks of the neighbourhood,
concluded that the salt of the Dead Sea must have been carried
by the wind from the Mediterranean.’

E. Dubois® in a recent paper, has discussed quantitatively the
question of atmospheric transportation, from data concerning the
amount and composition of the rainfall on a strip of land 31,000
hectares in extent on tho west coast of Holland. He points out
that computations made from ordinary rainfall statistics and analy-
ses are inadequate for the purpose, as the amount of salt reaching
the soil in ways other than precipitation by rain is neglected.
From lysimetric measurements by H. de Bruyn of the water
percolating through the sand dunes between the Hague and

1 Sitz. b, d. k. Akad. Wien, 1878, 179,

2 Jahrb. der k. k. geol. Reichsanst., 1877, 34l. -

8 Chem. News, Tth June 1901, p. 265, and 2nd August 1901, p. 56; Geol.
Mag., 1001, p. 445; cf also J. Joly. Chcm News, 28th June 1901, p. 801.

4 Chem. News, 8th January 1904, p.

5 Arch. du Musde Teyler, Ser. 2, Vol X, p. 461
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Scheveningen, he calculates the total rainfall on the 31,000 hectares
in question. Assuming that the water derives no impurity from the
soil, and that afalyses of the water used in Amsterdam and the
Hague, whose supplies are derived from the belt in question,
represent the average composition of the water over the whole belt,
he calculates that 20,000 kg. of salt are annually deposited from
the atmosphere on each square kilometre. He proceeds to apply
these figures to the question of the origin of the salt in the Great
Salt Lake, and calculates from (. K. Gilbert’s' data that the time
required for the accumulation of the salt in the Great Salt Take in
this manner would be 143,000 years—a period which he regards
as many times in excess of its probable age. It should be noted,
however, that Dubois takes the amount of salt in the basin as
twenty times that estimated by Gilbert to be contained in the Great
Salt Lake, and that he assumes that the rate of atmospheric trans-
port is only one-fiftieth of that found on the Dutch dunes.

The transport of salt by the wind is mentioned by J. Walther®
as a co-operating factor in the formation of desert salt deposits,
and by R. Beck® as a possible source of the chlorine in the cerar-
gyrite of arid regions. The latter question has heen fully discussed
by C. R. Keyes,' who concludes that this hypothesis ‘‘ is probably
more important in the desert regions generally than all of the others
combined.”’

The suggestion of the wind-borne origin of the Rajputana salt
Critici;sms by 10(;&] officers deposits was submitted for criticism
of the Salt Department. to officers of the Department of North-
ern India Salt Revenue with long

experience of the districts in question. Messrs. G. Bhckley and
G. T. Scully had seen no evidence of salt being carried by the
wind. Mr. E. D. Nunn, on the contrary, stated that when out
across country away from the salt works at Sambhar, it is possible
to taste the salt on one’s lips in the hot windy weather, while
crystals of salt up to a quarter of an inch in diameter have been
carried 1,000 yards by the wind at Sambhar itself. The dew,
too, that collects on the Faras trees in the desert is, according to
Mr. Nunn, distinctly saline.

1 U. 8. Qeol. Surv.,, Mon, 1.

2 Das Gesetz der Witstenbildung, 1900, 145.

3 Nature of Ore-deposits : Translation by W. H. Weed, Vol. IT, 375.

4 Trans, Amer. Inst. Min. Eny., January 1008, p, 28; Kcon. Geol., IT, 778,
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The composition of the brine contained in the Sambhar Lake

presents no features which are not

Comparison of Sambbar easily explained on this theory. The

Lukebrine with Oceanlc f)lowing is a typical analysis of the

residue obtained on evaporating the

lake-brine ; the mean of 77 analyses of ocean water' is given for
comparison :—

!
San(m‘%ha; I].(ake. ! Qoean.
Christie.) } (W. Dittmar.)
H
Na .. . . . . . . 38°86 ' 30-593
K . . . . . . . . 0°09 i 1°106
Ca . . . . . . . . trace 1°197
Mg . . . . . . . . 0-01 ; 3-726
ol e e 52°96 ! 55-292
S04 e e e e e 5-83 ! 7-692
COg . . . . . . . . 2:19 , +207
Br . . . . . . . . 0-042 ' -188
,' -
10000 ' 100-000

The Sambhar brine contains also traces of NH,, Fe, 8, SO,
BO,, PO,, T and SiO,.

The chief points of difference in the analyses lie in the excess
of carbonates and the deficit of potassium, calcium, magnesium and
bromine in Sambhar brine as compared with sea-water.

The comparatively large proportion of sodium carbonate is
probably due to the reduction of sodium sulphate to sulphide® by
the decomposition of organic matter, which, chiefly in the form
of alge, abounds in the lake after the rains. The sodium sul-
phide is then acted on by the carbonic acid of the atmosphere,
reinforced by that liberated by the decomposition of the alge,
and sodium carbonate is formed, the sulphuretted hydrogen given
oft* being' doubtless to a great extent responsible for the intoler-
able stench prevalent at Sambhar when the lake is drying up.
The intense blackness of the lake mud is also due to sulphuretted
hydrogen, black ferrous sulphide being formed from the iron com-
pounds in solution and suspension. The sodium carbonate formed

1 Challenger Rep., Phys. and Chem., I. p. 203, 188%.

2 Determined by Dittmar’s method. Ibid, p. 91.

3 ¢f. E. Sickenberger, Chem. Zeit., 1802, pp. 1645, 1691. Quoted by Clarke, Data
of Geochemistry, p. 104,

¢ NagS + CQy + HyO = Na,COs + HeS.
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by the reaction would precipitate from the brine as carbonates
any caleium and magnesium salts introduced as chlorides or sul-
phates.

According to J. Usiglio,) when sea-water is evaporated, calcium
carbonate and sulphate are the first salts to be precipitated. So-
dium. chloride, with small quantities of calcium and still smaller
quantities of magnesium as sulphates and chlorides, crystallises
next. When 913 per cent. of the total sodium chloride has sep-
arated, the bittern still contains S8 per cent. of the original
magnesium as chloride and sulphate with the greater part of the
potassium and the bromine. Apart from the possibility of these
salts being drained away, we must remember that magnesium
chloride is a very deliquescent substance, so that the Dbitterns
would not be likely to become dry enough to be transported by the
wind, whereas the purer salt crystals would. We may thus explain
the deficit in potassium and bromine found in the lake-brine.”

The argument finds some corroboration from a consideration of
the relative proportions of calcium and magnesium salts in the lake
mud. We should expect to find the ratic of caleium to magne-
sium much greater than in sea-water.  The proportion of calcium
to magnesium in the lake mud, as determined in 1904 by Mr.
D. Hooper, (‘urator, Industrial Section, Indian Museum, is 286 : 100,
Their relative proportions in sea-water are 32 to 100.

The best test of such a theory would be a series of determina-
tions of the amount of salt held in
suspension by the winds prevailing
between the salt deposits and the supposed source of origin. Analy-
ses of rain-waters can tell us much, but the fact that they only
allow us to compute the amount of salt actually in suspension at
the commencement of the fall renders estimates based on them
valueless except for qualitative and comparative purposes.

Rain-storms in desert regions are also often preceded by
local wind-storms of irregular direction, and as the arrival of the
first drops cannot be predicted with absolute certainty, it is im-
possible to be sure that the rain-gauges are not tainted with the
locally raised saline dust.

Method of investigation.

1 Ann. Chim. Phys., 3cd ser., Vol. 27, p. 186.

2 The relative proportions of iodine in the ocean and in the Sambhar brine
are almost the same as those of bromine. The iodine found in the Sambhar
brine residue amounted to 0°00139 per cont. A. Gautier’s figure for the total iodine in
ooean water (C. R., Vol, 128, p, 1069) is about 0'0070 per cent.
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With the co-operation of the Meteorological Department, however,
samples of rain-water were collected from several places in Raj-
putana at the beginning of the rains in 1909, the arrangement
male for the collection of such samples in 1908 having been frus-
trated by an unusually early and unexpected burst of the rains.
Rain was collected at the following places (see map on page 1),
Jaipur, Sambhar, Bikaner, Ajmer, Jodhpur, Pachbadra, Udaipur.
and Abu. Detailed instructions as to the method of collection
were issued to the meteorological observers, who were specially
cautioned about the necessity of having the rain-catching apparatus
washed immediately previous to the fall with distilled water sent
for the purpose.

The results given below arc in parts of chlorine per million :—

Partsof . Distance
Mo on . chlurine | from nearest
Place. Dute. per million. | part of Rann
of (tuteh,

1909
Jaipur . . . . . June 13th . . . 0-31 310
Sambharl . . . . June 14th | . . 0-98 280
Bikaner . . . . June29th . . . 2-3 250
Ajmer . . . . . July st 0-31 230
Jodhpur . . . . Junc 28th . . . 37 150
Pachbadra . . . . Junel6th . . . 51 100
Udaipur . . . . June 13th . . . 6:0 130
Abu . . . . . June 13th 0-16 80

It would not be safe to infer much from such isolated data,
but comparison with the chlorine maps of the eastern maritime
provinces of the United States,’ in which the isochlor lines run
nearly parallel with the coast line, shows that the figures are greatly
in excess of the normal amount of chlorine found at similar dis-
tances from the coast. The curve corresponding with 10 part
of chlorine per million lies at about 50 miles from the Atlantic
coast, the 0'5 line being about 100 miles distant from the sea.

The exceptional lowness of the Abu figure is due partly to the
fact that the station is about 4,000 feet above sea-level, and partly
to the prevalence of an easterly wind whon the rain fell.

It is evident that the most reliable evidence on the question
would be obtained by sampling the hot-weather winds which blow
steadily in a roughly N.N.E. direction from the salt-incrusted Rann

1 The first part of the fall was not colleoted.
3 U. 8. Geol. Surv.,, Water Supply and Irrigation Paper No. 141..
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of Cutch into the Rajputana desert. An attempt was therefore
made to determine directly the chlorine content of the air in
Rajputana during the hot weather of 1908. Our first intention
was to sample the air simultaneously at various places along the
Cutch-Sambhar route traversed by the hot winds. Various devices
were tried in the laboratory with the object of finding a method
of catching salt in the wind sufficiently accurate for the purpose
of the enquiry, and simple enough to be manipulated by the
resident observers whose services we hoped to obtain,—amateur
observers, who would not be able to devote much time to the work.

A miniature wind, whose velocity was determined by a small alu-
minium anemometer, was made by a 16”
electric fan. A stock of finely powdered
dry salt was kept in a vertical wedge-
shaped bottle, whose opening at the upper and wider end was closed by
-a stopper with two holes. Through the one a glass tube connected
with a foot bellows reached to the bottom of the flask, through the
other a delivery tube, cut off just below the cork, conveyed the
dust in front of the centre of the revolving fan, where it termin-
ated in a ‘‘spray nozzle’’ such as is used for washing in photography.
The object of the wedge-shaped bottle was to insure that there
would always be a supply of dust covering the mouth of the tube
connected with the blast; that of the ‘‘ spray nozzle,”” to distribute
the dust evenly in the plane in which the fan revolved. With this
apparatus the results obtained by various methods were compared
with those obtained by aspirating a known volume of the air
through water. The speed of the wind used in the experiments
was about 9 milez per hour.

Two layers of fine muslin mosquito-netting (5 holes Jo the c.m.),
placed on a frame one five c.m. behind the other in planes perpendi-
cular to the direction of the wind, and kept moist partly by
capillary attractior from water in a covered trough below, and
partly by a distributing teservoir above, showed the air to contain
71 per cent. of the amount determined by aspiration, i.e., 7-1 per
cent. of the total salt contained in such a quantity of air as

would have passed the area covered by the netting, had that
been removed.

A series of five strips of 9 c.m, broad lamp-wick were set up
vertically 1 c.m. apart, parallel to one another and to the direc--
tion of theiwind. The lower ends of the strips dipped into a
covered trough of water, the wicks being thus kept moist. The

Preliminary Laboratory
tests.
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idea, due to Dr. Morris Travers, was that the wind, eddying in
the passages between the strips, would deposit its salt on them.
The amount found was 110 per cent. of that determined by the
aspirator method.

A lamp-wick, set up vertically in a plane perpendicular to the
wind direction, with its lower end dipping into water, collected
80 per cent. of the total. A similar wick, dipping into a bottle at
its lower end, and communicating with a bottle above filled with
water, was made to act as a slow siphon; the water flowed from
the upper to the lower bottle down the wick, keeping it continually
moist. This recorded an average of 12'6 per cent. of the total
salt. It was found to be the most convenient method for deter-
mining the relative quantities of salt in the air at different ele-
vations, and will be described more fully later.

Various other devices,—a glass plate smeared with vaselin,—
a glass funnel placed with its mouth to the wind, and its bent
stem dipping into a bottle filled almost to the stem with water,—
a miniature imitation of rain-washing by means of a dropping-
bottle, the size of the drops, the number of them falling in a given
time, and the distance of their fall being known, etc., were tried
with disappointing results. It was not, of course, to be expected
that such contrivances would indicate the absolute quantity of
salt in the wind directly, but the percentage found was surprisingly
low. If this were constant for one form of apparatus, a factor
could be introduced into the calculation to give the absolute
quantities present, but the factor varies with the speed, and—more
embarrassing—with the gustiness of the wind.

No method being found at once accurate and simple enough
for the project of amateur observations along the Cutch-Sambhar
route, it was decided to use the aspirator method in a series of
determinations at one place only,—about half way between Sambhar
and the Rann.

Various types of aspirator have been devised for such purposes.
For taking large samples of air, the ordinary method with two
interchangeable bottles, water flowing from the upper to the lower,
is too inconvenient to manipulate, while the technical method of
using a bellows, whose capacity is more or less definitely known,

-was deemed too inacourate for the purpose. R. Angus Smith'
recommended a large wide-mouthed bottle with a rubber bellows

1 Air and Rain, p. 450.
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at the top, and used also a pump driven by a windmill, the num-
ber of whose revolutions was automatically recorded. Similar sug-
gestions were kindly made to us by Mr. W. H. Pickering and the
late Mr. J. Lomas. O. Haln' has described a very portable form
of aspirator, the self-recording pump of which is worked by a motor
driven by accumulators. The chief defect of such instruments lies
in the fact that no matter what resistance there may be to the
entrance of the air (and the ‘“head  of water in the absorption
vessels is not constant), the pump will always complete its stroke,
the pressure in the cylinder, and consequently the quantity of air
aspirated, being thus rendered indefinite. The windmill methods,
too, suffer from the defect that, without special regulating contri-
vances, the rate of aspiration in a strong wind would be too great
for efficient washing, if the apparatus is to work at a reasonable
rate in a gentle breecze.

The aspirator it was decided to wvse was of the same type
as the Jarge gasometers used in gas
works. The outer vessel of galvanised
iron (see Plate 6) was 90 c.m. high and
40 ca. in  diameter, with a small horizontal slit 5 ¢.m. from the
top. The inner cylinder was provided with a brass scale on its
outer surface running from top to bottom, and so graduated that
when water overflowed through the slit in the outer cylinder, and
the air in the inner cylinder was under atmospheric pressure,
the reading on the scale oppo:ite the slit gave the volume of air
in the gasholder. Two scts of three guide rods each, one inside
reaching from the bottom 90 c.m. high, and the other fixed to the
top of the outer cylinder and reaching upwards for abort 90 c.m.,
kept the inner cylinder in position. The latter was raised by
means of weights attached to a rope passing over pullys supported
by the outer guide rods. It was fitted at the top with a ther-
mometer and two stopcocks, one communicating with a manometer
and the other with the washing apparatus. The gasometer was
calibrated by drawing air from it into a graduvated glass aspirator.
The air was freed from salt by making it bubble through water
in an Erlenmeyer flask, and then through water conteined in a
Contat-Gockel ‘¢ Aufsatz *? (see Pl 6). It then passed through a
vertical glass tube with two bulbs before passing by a 5 metre
rubber tube to the asplrator The glass tubes in th(, wa.shmg

) 1 Gesumllmlsmgenuur, 1908, p. l(u
2 Zs. angew. Chem., 1899, 620.

Apparatus  selected for
operations in the descrt.
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apparatus, being always covered with moisture inside, helped consid-
erably in the absorption.

The question arose as to how the air-inlet tube should be placed
with reference to the direction of the wind. If placed facing the
wind, a certain amount of salt would be blown in, besides the
quantity sucked in by the aspirator, whereas, if placed perpendicular-
ly to the wind direction, the tube itself being horizontal, or if
facing leeward, the amount found would be less than the true
velue. A laboratory experiment, with a tube 196 m.m. wide
placed vertically, and a wind blowing at 10 miles an hour carry-
ing salt particles which had passed through a sieve of 36 meshes
to the c.m., showed that over 50 per cent. of the amount of salt
found had adventitiously dropped in.

To avoid these errors, the mouth of the inlet tube was placed
so that it faced the prevailing direction of the wind, and the
amount to be deducted on account of salt blown into the washing
apparatus,—as distinet from that sucked in—determmed by means
of a second apparatus sinunlar to that attached to the aspirator.
The two were set up close together, their air-inlet tubes being
perallel to one another.

This use of a “‘ blenk ’’ experiment, cerried out under the same
conditions as the other, had the further advantage of eliminating
incidental errors,—arising from impurities in the water used, from
solution of salts from the storage bottles, etc.,—a more important
consideration here than in most cases, as the quantities dealt with
were so minute that a comparatively small error would have
vitiated the results completely.

The apparatus was set up in April 1908 near Pachbadra (25° 55

. . N., 72° 11’ E.), about 220 miles W.S.W.

Field operations. of the Sambhar Lake and some 150
miles N.E. of the Rann of Cutch. In the neighbourhood of Pach-
badra, as in many other places in the Rajputana desert, salt is
recovered from the soil in considerable quantities. The apparatus
was therefore set up abovt 3 miles W.S.W. of the circuit bungalow,
r.e.,, windward of the pits where solt is manufactured. The wind
is quite constant during the hot-weather months, so that no con-
tamination from manufactured salt was to be feared. A site was
selected at the top of the windward end of a long, gently sloping
dune, running S.8.W.—N.N.E., whose surface sand contained -005
per cont, of sodium ohloride. The aspirator was enclosed in & tent
placed 5 metres S.E. of the absorption apparatus.
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The zero mark on the scale having been brought to the level
of the water at the slit, weights aggregating 456 kg. were put on.
Water was then poured into the outer cylinder to replace that
sucked up into the inner one, and prevent air from entering the
latter from below. Suction was then started by opening the
stopcock connected with the washing apparatus. The aspirator
was ususally filled in about 20 minutes, when the stopcock was
closed. The pressure of the air inside was brought to that of
the atmosphere by removing some of the weights, during which
operation water overflowed from the slit into a reservoir. As
soon as the manometer showed the pressure inside and outside
to be the same, and water ceased to overflow at the slit, the read-
ing of the scale at the slit was taken and the temperature of the
air in the gasholder noted.

The apparatus was then brought to zero by taking off all
the weights and removing the thermometer stopper. When the
water level coincided with zero on the scale, the stopper was
replaced and aspiration begun again, water beirg poured back from
the reservoir as soon as the weights had been put on. The ane-
mometer and wind-vane were read at the beginning and end of
each aspiration. The operations were repeated until two or three
cubic metres of air, as a rule, had been washed, the absorption
apparatus being replenished with water from time to time as eva-
poration proceeded. At the end of an experiment, the solution
was transferred in the circuit bungalow to a 200 c.c. flask, and
the separate pieces of the apparatus were carefully washed. The blank
apparatus reccived the same treatment as the others

The amount of salt contained in the solution was afterwards

determined in the Geological Survey
L 8 SN boriory Ly e ingnigns nephl

ometric method due to T. W. Richards.
Without the nephelometer, the investigation would have been much
more difficult, if not impossible. The opalescence produced in
a salt solution of unknown concentration on the addition of sil-
ver pitrate is compared with that produced in a solutior of known
strength. The concentrations are varied until they are nearly
the same, when comparison in the nephelometer gives the ratio
of the concentration of the known to that of the unknown solution.

1 T. W. Richards, Proc. Am. Acad., 30, 385, 189%.
T. W. Richards & R. C. Wells, Am. Chem. Jour., 31, 235, 1004.

R. C. Wells, Am. Chem. Jour., 35, 99, 1906,
T. W. Richards, Am. Chem. Jour., 356, 510, 1900.
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The concentration of the solution obtained from a ‘“ blonk »’
experiment was first determined by comparison with a known
salt solution. The amount of a stendard solution of salt, which
had to be added to the ‘‘ blank *’ solution to make it approximately
equel in strength to the solution through which air hed been
aspirated, was thep estimated and the similar solutions compared
in the nephelometer; e.g., a blank solution was found to have a
concentration of 0-928 ,—(ﬁfg@o godium ochloride; 25 oc.c. of this
with 0250 oc.c. of r, sodium chloride, 1 o.0. of i nitrio
acid and 1 o.c. of f silver nitrate compared with 25 c.c. of
the solution through which air had been aspirated 4 025 c.c. of
water + 1 c.c. of f:%, pitric acid + 1 c¢.c. of % silver nitrate
gave as an average of six readings the ratio of concentrations
0940: 1. The total amount of sodium chloride in the first solu-
tion was 26 x 0928 x 0-000000585 + 0-25 x 0-0000585 g., t.e.,
‘00002819 g. The total in the second was 1/0:940 x 0-00002819 g.
The net amount of salt in 25 c.c. due to aspiration was therefore
1 0940 x 0-00002819-- 26 x 0-928 x 0-000000585, i.e., -00001642 g.,
and in 200 c.c. 00001314 g., which represents the total quantity
of salt aspirated during the experiment.

The water used in these determinations snd also in the field
was redistilled from a still and condenser of Jena glass directly
into a large glass recciver connccted at the top with a cotton wool
filter and soda lime tower, so that the water came in contact
with no air which had not been freed from chlorides. The receiver
was fitted with a siphon delivery tuboe at whoce end was a
Jannasch filtering-tube packed between two perforated platinum
discs with glass wool, and fitted with a dust-proof stopper. Water
distilled in an apparatus whose delivery tube was open to the
atmosphere was found to absorb chlorides from the gas supply in
sufficient quantity to vitiate the results! Water obtained in the
above way after the stil had been working for a fortnight showed

with silver nitrate no trace of opalescence when tested in the
nephelometér.

The results given in the following table show the quantity

Result of salt in g. per cubic metre of air.
esults. The volume of air has in each case

1The quantity of;qhydrochloric acid formed by combustion of the purest
sloohol obtainable was, aiso not negligible. Y ¥
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been reduced to the volume it would occupy at 0°C. and 760 m.m.
if free from water vapour:—

Grams of
Bpeed of }‘.:L“.':S Totalealt | B0lbper MO
No. Dates. Hours. | pyinds 0°C.  found of air at
| miles per and 750 mms' 0°C, and ——
hour. m.m., dry * 760 m.m.,
I <M.y . dl’y-
L - -

1 | 28th-30th April | 20°23 22°0 1-622 0001314 0000810 | Peligot absorp-

1008, P I tion tube, 76
| ¢.m. .

2 | 3rdand 4th May | 14°20 84 . *00018: 0001326 | Erlenmeyer, 16
1908. v 1366 001811 c.m. high. ’

3 | 6th and 6th May 1424 72 . *000099: *0000676 | Erlenmeyer, level
1008, v 17469 0093 (el et ground.

4 | 8thand 9th May  13-28 13°7 1°445 '0000557! *0000386 | Erlenmeyer, 10
1908. | ¢. m. high.

5 | 10th and 11th Negative
My 1908, quantity.

6 | 12th, 14th and k 18°72 17°1 1°997 *0001274 0000638 | Erlenmeyer, 75
15th May 1908. c.m. high.

7 | 16th-218¢ May ! Determinations
1908. | spollt in tho

| ficld.

8 | 23rd-26th  May | 21°0 19°6 2°081 | *0000388 ‘0000186 | Erlenmeyer, 76
1908. | c.m. high.

9 2:33;20&: May | 21-23 296 2-430 | *0000067 +0000023 » "

10 | 30th and 31st| 20°77 24'8 27720 *0001001 *0000368 " »
May and 1st
June 1908.

11 2?36'2“' June | 27°07 300 3447 ‘000321 *0000031 " "

12 | 6th-8th June 1008 | 10°67 36°1 2°550 000448 000175 " "

13 ogta;‘l:m June | 26°95 16°5 3°168 -000020! *000196 " »

14 1:;%;’1&11 June | 25752 151 3006 *000368 '000122 » "

15 | 17th, 21st, 25th | 22°07 21°6 2°62) *0000302 0000115 L’rlanmoyer. 76
and 26th June c.m. high. 1°64°
1008. raln, 18th Juno

1908.
16 | 27th, 28th and | 20°18 22°3 2°301 * 0000082 +0000296 | Erlenmoyer, 76
i 30th June 1908. c.m. high.

17 | 1st, 3rd, 4th and | 23°20 10°1 2°257 *000464? *000206%] Erlenmeyer, 76

6th July 1008, cm. 02
min, Srd-4th
Juno 1008.

18 | 13th-15th  Jul, 16°25 21° . *00001 *0000060 | Erlenme; 75

1908. v 7 1-062 17 cm. high. 867
rain, 7th-12th

July 1008.
the atmosphere, the smaller was the

Naturally the clearer
amount of salt found.

The dustiness of the air depended more
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on the prevalence of miniature cyclones and on the gustiness
of the wind than on its high velocity. Cyclones, whose dust-laden
core is usually only a few yards in diameter, frequently sweep over
the plains, and larger ones giving rise to blinding dust-storms are
not uncommon. Four comparatively small ones were recorded
in May, 1908, but all took place at night, and samples of the
air at the time were not obtained. A small one passed over the
observation station from the south-west on the afternoon of June
Tth ; the amount of salt collected during four days, of which June
Tth was one, was ‘000175 g. per cubic metre. According to the
local residents, the air in the hot weather of 1908 was very much
clearer than usual and the number of dust-storms exceptionally
small. So pronounced a feature are they of the normal hot weather
conditions, that the Pachbadra salt manufacturers, in anticipa-
tion of the bad effects of the dust, stop work at the end of April.
In 1908, an unusual shortage in the output due to heavy rains in
the previous year caused them to attempt to continue manufacture
till the rains; and, owing to the exceptional nature of the season,
the experiment was very successful. Mr. F. Ashton, formerly
Deputy Commissioner of Northern India Salt Revenue, describes
the conditions of the hot season as follows : —

“ During the months of May and June, the hard level tracts of country along
the Luni river become intensely heated, and the south-west wind, which passes
over these, reaches Pachbudra as a fiery gale laden with dense clouds of heated
sand, Undor these conditions, the thermometer has been known to rise to 122°
in the shade, and this temperature, with a gale of wind blowing and the atmos-
phere so thick with flying sand that it is impossible to discern objects at a
greater distance than 100 yards, is intensely felt.”!

We may take it then that the amount of salt found in the
atmosphere in 1908 was less than normal. This is confirmed by
the records of the Pachbadra meteorological station.? In 1908, the
speed of the wind was in defect to the extent of 17'7 per cent. in April,
of 15'3 per cen . in May, of 9'2 per cent in June, and of 431 per
cent. in July when compared with the averages of the previous ten years.

The amount of chlorine found is dependent to a considerable

extent on the speed of the wind,

Relation of wind-speed though by no means proportional to
z‘i't .duat-carrylug €apa- it This is scarcely to be expected,
for the dust-raising capacity of a

1 Jour. Ind. Art. and Ind., 1901, p. 29,
2 Monthly Weather Review, Caloutta.
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wind depends much more indirectly on its average speed than on
the prevalence of gusts of high velocity. A comparatively steady
wind of low velocity and constant direction serves to a certain
extent to sieve the salt impregnated grains and salt particles, so
that the larger ones are at the surface, and also to arrange the
particles so that they take up positions of maximum stability for
that wind direction, from which they cannot be dislodged except
by a wind of considerably greater speed or of different direction.
As soon as the speed of the wind increases beyond a limiting value
for a certain size of grain,! transportation can begin, and any
small increase beyond this value causes a large increase in the
transporting power. The deficiency, then, in the speed of the
wind in 1908 may mean a considerable deficit in the amount of
salt transported.

The effect of a high wind in raising salt dust may not reach
a maximum until after the wind has commenced to subside ;
the observations from May 30th to June 11th illustrate this.

An attempt was also made to compare the amount of salt in
the air at different heights. For this
purpose, two pieces of apparatus like
that shown in Plate 7 were fitted up at
different elevations. A piece of lamp wick 2:656 c.m. broad, whose
end reached to the bottom of a 50 c.c. bottle, was somewhat
loosely clamped in position by means of two hemicylindrical
paraffined corks about 27 c.m. wide, fitting the mouth of the
bottle. The wick from the bottle was passed over a rubber
roller R, and thence vertically down to the bottom of a second
bottle similar to the first one, in which it was similarly fixed.
Distilled water placed in the upper bottle siphoged over into
the lower one in about 1} hours, keeping the wick moist even in
a high wind. All the wick, with the exception of 98 c.m. from
X to Y, was enclosed either inthe bottles or in the wooden box
B, through a narrow slit S in the bottom of which it protruded.
The apparatus was mounted on the bearings MM to act like a
wind vane, so that an area of 98 x 266 c.m.? was exposed
perpendicularly to the direction of the wind. The height of the
apparatus could be increased by means of extra pieces of gas pip-
ing P. As soon as the distilled water from the upper bottle had

1 For grains 025 m.m. in diameter for instance, the limiting velocity is 67 m.
per seo. N.A. Sokolow, Die Diinen, Berlin, 1894, p. 12.
8 Monthly Weather Review, Caloutta.

" Nalt-carrying capacity at
different altitudes,
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siphoned over into the lower one, they were interchanged without
removing the wick from either bottle, and the experiment continued.
The bottles were replenished with distilled water from time to time
through a small hole in the °‘leeward ’’ cork.

At the conclusion of an experiment the wick was transferred
by means of glass rods to one of the bottles and the salt extracted
from it by repeated washing with distilled water; the solution was
made up to either 200 or 250 c.c. and the chlorine determined
nephelometrically, the two samples collected at the same time being
determined together as described on page 174.

Laboratory experiments showed that, with a wind of 10 miles
per hour, the apparatus absorbed on an average 12'6 per cent.
of the total as determined by aspiration. The greater the force
of the wind, the less efficient was the apparatus in extracting
the salt from it, presumably from causes similar to those which
preven! the formation, in a wind-swept sandy plain, of a bank of
sand immediately windward of a solid obstacle—the development
of eddies and counter-currents.! Comparative experiments in the
laboratory with a similar apparatus and an aspirator showed, for
instance, that a decrease of 48 per cent. in the speed of the
wind (from 15 to 7-'  iles per hour) raised the ‘ absorptive
efficcency ” by 12 per cent. of its value at the higher speed.
The co-efficients of absorption used in calculating the values given
below therefore varied slightly, the efficiency of the higher appara-
tus being less than that of the lower one because the speed of the
wind increases with elevation.

The conditions of such experiments, however, are by no means
strictly comparable with those of nature. 8. P. Langley’ has
shown that in a wind of about 23 miles an hour, which would
ordinarily be considered constant, enormous fluctuations occur many
times per minute, the average interval from a maximum to a
minimum being a little over 10 seconds, and the average change
of velocity in this time being about 10 miles an hour. Owing
to such considerations and to the difficulties of manipulation of
the apparatus, the results given below can only be regarded as
rough approximations. The figures have little absolute signi-
ficance, but a relative one in so far as the assumption is justified

10f. P. Gerhardt, Dinenbau, Berlin, 1900, g..szs.’
3 The Internsl Work of the Wind, Am. J. 8ci., 3, XLVII, 50.



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

hat similar conditions obtain at elevations not differing widel
om one another.

Total salt found Amount of salt
at 75 c.m.=100. found per M® at
Helght | Speed Total salt Totalamounts | Gramsofsalt | 75 c.m.==t100.
DATES of appa- of wind, | .o, ctod found at different [Per M3 of air at| Amount found
. ratus, | miles urnr‘ns 4 heighta are 0°0.and 760 [per M3 at differcnt
c.m. |[per hour . cxpressed in n.m., dry. heights are ex-
percentages of pressed in percent-
this. ages of this.
12th-15th and 75 ] 11°18 0°001724 100
17th-19th 100 ‘00000886
July 1908.
12th-16th and 160 13707 0°001574 91 ‘00000703 79
17th-10th
July 1008. |
25th and 26th 75 4473 0-000597 100 * 0000263 100
July 1908.
26th and 26th 226 6°92 0000743 123 0000216 89
July 1908.
27thand 28th 75 7°41 0°000663 100 0000160 100
July 1908.
27th and 28th 300 11°70 0000730 118 ‘0000117 80
July 1008.

Though the amount of salt per cubic metre of air is greater
at lower levels, the quantity transported in a given time—and
it is with that we are concerned, — shows no diminution with
increase of elevation, on account of the greater velocity of the
wind. This increase of speed is not confined to the layers of
the atmosphere immediately above the surface, but persists to
great heights.! Once the finer particles of dust have reached these
upper layers, either by an upward gust of wind or by a small
cyclonic disturbance, they seem to be held in suspension for con-
siderable periods and distances. S. P. Langley’ ha# shown that
there is nothing dynamically inexplicable in bodies being ab'e to
rise against gravity or to remain suspended in the air provided
the speed of the wind is variable; Vaughan Cornish® has suggested
an electrical theory to account for the phenomenon ; but whatever
be the true explanation it is certain that large quantities of salt
must be transported in this way.

son. J. Scot. Meterolog. Sve., 5., Tab. IX and XI-LXIﬁl.,
G. T. Walker. Rep. Bd. of Rei. Adv. of Ind., 1907-08, Calcutta, p. 150
€ Loc. cit., p. 63.
8 Geog. Jour. XXXI, p. 402.
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Chlorine has been found in the atmosphere at considerable
heights ; A. Muntz! found 034 m.g. of sodium chloride per litre
in rain water collected on the Pic du Midi in the Pyrenees, 2,877 m.
high. The amount is certainly very much less than what
Muntz found in rain water falling in the plains at Bergerac, some
200 k.m. north (250 g. per 1), but ovidently the chlorine con-
tent of the atmosphere at 3,000 m. is by no means negligible.

It is impossible with the data available to get even an approxi-
mate figure for the amount of salt
transported per annum, as we do not
know what goes on in the higher regions of the atmosphere. To
get'a rough idea of the quantities involved, let us assume that
all the salt transported is carried in the lowest 100 metre layer,—
in which we make a large negative error,—and that the amount
of salt per unit volume throughout this layer is the same as that
found 75 c.m. above the ground,—in which we probably make a
positive error less than the first, and let us find how much salt
would be transported per annum over an area equal to the drainage
area of the Sambhar Lake. If we take the average of the
aspirator determinations at 75 c.m. from 12th May till the break
of the rains, we find it to be 00000885 g. per m®. at 0°C. and
760 m.m.—say 00000774 at 35°C. and 750 m.m. The Sambhar
catchment area is about 2,200 square miles; assuming i circular,
the diameter is 85,000 metres. If we assume the transport of salt
to go on for 12 hours a day for four months at the average
speed recorded during the experiments in question (23:6 miles per
hour), we find 236 x 1,609 < 4 x 30 x 12 metres to be the
length, as it were, of the prism of air in question; its width is
85,000 metres ; its height 100 metres. We have, therefore, for the
amount of salt transported 85,000 x 236 x 1,609 x 4 x 30 x
12 x 100 X 00000774 grams = 36,000 metric tons. If we take a
front of 300 k.m., we find that 130,000 tons would be transported
into Rajputana each hot weather.

As the speed of the wind, more especially in the neighbourhood
of Sambhar than at Pachbadra, falls off to a very gentle breeze
at night the salt in suspension in the air has a chance of being
deposited ; once deposited, it is less likely to be retransported than
at places nearer the coast where the winds are considerably stronger.

Summary of Results.

1 Comples Rendus, CXII (1891), 448.
8 @eog. Jour. XXXI, p. 402,
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Sometimes in the hot weather, the wind is sufficiently strong
to traverse the distance from the Rann to Sambhar in 12 hours,
but, as a rule, the particles must be transported by stages. Let
us assume, postulating as before no precision, that half of the salt
in suspension over the Sambhar drainage area when the wind falls
in the evening is precipitated overnight and that none is precipi-
tated in the daytime. TIn the four hot weather months this would
amount to some 3,000 tons, and in 18,000 years to 55,000,000 tons,
the amount contained in the upper 12 feet of the Sambhar silt.
The figures, of course, have no precise value, but they give some
crude idea of the quantities involved.

The results have an important bearing on current theories re-

Application of explana- gording the origin of the numerous
tion to ancient rock-salt rock-salt deposits that are found in
deposits. strata of widely varying ages in diff-
erent parts of the world. Such deposits are generally regarded
as due, cither to the drying up of large inland lakes and conse-
quent concentration of their saline constituents, or to the similar
concentration of bodies of sea-water cut off wholly or partially from
the general body of the ocean. The latter explanation is more gene-
rally adopted to account for the thick and repeated beds of salt
with alternations of gypsnm. As wide desert areas are commonly
arecs of low barometric pressure, and towards which consequently
strong winds blow from outside, the theory of Posepny may be of
wide application. Many of the rock-salt deposits of the world are
accompanied by signs of desert phenomena, but these do not necessarily
imply that the salt deposits were not formed by the concentration
of bodies of sea-water, for obviously the one condition neces-
sary for the rapid evaporation of partially isolatede basins of
sea-water is a climate so dry that there are few or no fresh-
water rivers entering such basins. Deposits of salt laid down
in such basins, must, therefore, be found within close range of
areas affected by desert conditions, although the salt deposits are
not necessarily laid down within the desert area in the manner
exemplified in the Rajputana region.

Though it has been proved that large quantities of salt are
carried into Rajputana by the wind, this explanation cannot be
applied widely to the rock-salt deposits of the past without danger
of confusing cause and effect. In the great Persian deserts—the
Dasht-i-Kavir and Dasht-i-Lut—there is now possibly an influx
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.of salt-bearing wind from the north-west and from the south-east;
but the topography of the country suggests that this great belt
.of desert regions is a part of the Caspian depression in which a
remnant of the ocean is in course of concentration ; the salt marshes
of the Russian steppes are probably the north-westward con-
tinuation of this depression. In the Persian area, therefore, it
is not necessarily the desert conditions that have caused the
accumulation of salt, but the salt left in other ways has probably
assisted in the development of desert phenomena.

The connection between desert phenomena and ihe British
Triassic rock-salt deposits has recently been reviewed and developed
by the late Mr. J. Lomas! Some of the features characteristic of
the British Trias as well as of other rock-salt bearing formations
which have been recognized in Rajputana have been mentioned in
the previous pages. It is necessary, however, to make special
mention of the gypsum which so constantly accompanies rock-salt.
This mineral not only ocours as isolated crystals in saline lake silts,
but in parts of Rejputane, as at Mangalore in Jodhpur State and
at Jamsar in Bikaner, it forms extensive deposits 3 to 5 feet
thick, sufficiently pure to permit of wholesale quarrying. An
occurrence of gypsum not unlike these in Rajputana is mentioned
by Munzinger® in the great salt basin tothe east of the Abyssinian
mountains.

Nodular carbonate of lime (kankar) occurs commonly in the
Rajputana desert region, but as this substance is also common in
alluvial deposits like those of the Indo-Gangetic plain, it is not
peculiar to desert regions. *

Conclusions.

1t has now been shown by actual observation during the
hot weather that large quantities of sodium chloride in the form of
fine dry dust are carried into the desert region of Rajputana from
the south-south-west. Concluding from the daily observations made
at Pachbadra (25° 55’ N., 72° 11’ E.) during the hot weather of
1908, the amount of salt passing a front 300 k.m. broad and
100 m. high during the four hot weather months might be

”21119!;1:. Brit. Assoc., 1908, 574, and Proc. Liverpool Geol. Soc., 1906-07, P

% Geogr. Jour., 1860, p. 188,
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indicated as 130,000 tons. The hot weather of 1908 was a season
of unusually weak winds, and this figure (which has little more
than  qualitative value) is probably well below the annual
average influx of salt dust.

When it is known that these hot winds blow steadily towards
the north-north-east for three or four months every year, that they
are strongest (often attaining the speed of gales) during the day-
time when the salt dust is dried by the scorching sun under a
cloudless sky, that there is no reflux and very little variation in
direction, with a grodually diminishing speed as the heart of the
desert i approached, and that the period of hot, dry, southerly
winds is followed always by a downpour of rain, with the forma-
tion of a lake in each small area of internal drainage in the Raj-
putana desert, it is easy to account for the great accumulations
of saline silt which arc left after the annual desiccation of the salt
lakes.

These winds from the south-south-west blow over the arm of
the sea knowp as the Rainn of Cuteh, which is covered with a
layer of white salt during the hot, dry season. Every disturbance
ot this crust by pedestrians and animals helps to form the salt
dust which is walted away towards Rajputana. The winds blow
strongly in the daytime, with a lull at nights, but the movement
is all in one direction at the time of year when the dust is dry
and can be carried most easily; and there is no set-back until
after the monsoon period of rain when all the finely divided salt
dust that may" haye rveached the heart of the desert is washed
into the hollows occupied by brine lakes. The strength of these
winds is indicated by the fact that small foraminifera have been
carried bedily (not rvolled) as far as 500 miles inlafd from the
coast of Cutech.

An idea of the quantities of salt to he accounted for his been obt iin-
cd by a special examination of the Sambhar Lake: the silt of this
lake partly fills a depression in the Aravalli schist ‘“‘country’’;
it has been shown by two horings that the silt is about 70 feet
thick in places, and, as the result of detailed sampling at regular
intervals, it has been shown that the uppermost 12 feet of this
silt over an arca of 68 square miles includes 55,000,000 tons of
sodium chloride. There are many other smallor salt lakes of the
Sambhar type on the Rajputana highlands, and there may be many
such bodies of silt buried under the mantle of sand.
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We consider that the action of the wind alone is sufficient to
account for the large accumulations of salt in Rajputana. The
instance is one of special importance from the circumstance that
on the Rajputana highlands no other explanation offered will
account for any but unimportant quantities of salt; there are no
inflowing large rivers; there are no traces of ancient rock-salt
deposits ; no known saline springs; no likelihood of subterranean
water Tising to the surface; no probable connection throughout
most of the area lying on the crystalline schists with the water
which is possibly percolating underground from the lower-lying
Punjab plains towards the still lower depression of the Indus valley.

While admitting that rock-salt deposits may be formed in other
ways also, our observations in Rajputana go far to strengthen
the evidences gathered by the late J. Lomas and others to show
that many rock-salt deposits, like those in the British Trias, are
dependent  on  desert conditions. Large desert areas are regions
of indraught during tbe hot dry scasons when any salt available
is ecasily pulverised.  Where there are regions of internal drainage
the salt becomes ** fixed >’ in local hollows after rain. In the Raj-
putana salt-lake tegion we find deposits of gypsum. nodular lime-
stone, and plano-convex lenticular masses of calcareous mud stained
black with ferrous sulphide. which, on oxidation, would give rise
to the red colour so characteristic of the marls and sands associ-
ated with rock-salt deposits.

The well-known estimate of the age of the ocean made by
Prof. J. Joly included a ten per cent. correction due to the
sea salt carried inland by -winds and brought down by rain to
add to the quantity carried to the ocean by rivers. References
to the salt carried inland by sca-breezes have generally as-
sumed that the principal quantities leave the ocean as fine
spray ; but it appears from our obscrvations that under special
conditions like those in Western India, where a desert region forms
the hinterland of a salt-incrusted temporary arm of the sea, far
larger quantities of sea salt may be carried inland as finely divided
dust. It is impossible, however, to say from our results that Prof.
Joly’s allowance for sea-salt in river-waters should be materially
increased.

The process by which the salt is formed in the Rann of Cutch
tends to eliminate the rarer and more soluble magnesium and
potassium salts leaving the wind-borne chloride to be more
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purely that of sodium than would be the result of an inland trans-
portation of simple sea spray. The iodine and bromine in the
Sambhar brines are found to be in a smaller ratio to the chlorine
than in sea-water, possibly for a similar reason, but these two
halogens bear just the same ratio to one another as in the sea.



Parr 2.] Miscellaneous Notes. 187

MISCELLANEOUS NOTES.

Corrective note on the fossil described under the pro-
visional name “ Twingonia,” from the Pegu beds
(““ Miocene ) of Burma.

It has been found by Mr. Bankim Behari Gupta, Museum Assist-
ant, that the fossil temporarily named ‘ Twingonia ” and described
in Rec., Geol. Surv. India, Vol. XXXVI, Part 3, pp. 138--139, as resem-
bling more than anything else some foraminifer alliel to Orbitoides, is
identical with some fish otoliths discovered by Dr. Noetling. The
form I described has been taken for a nummulite and does bear an
accidental resemblance in shape and occasionally in structure to the
Nummaulinide. Dr. Noetling, seemingly, did not at the time consider
it of sufficient importance to warrant a description, and merely referred
to it as ** Otolithus sp.” (Pal@ont. Ind., new series, Vol. I, Part 3,
p- 376), stating that it apparently differed from any of the forms
described by Dr. Koken in his monograph (Zeits. d. Deutsch. Geol.
Gesells.,, Vol. XXXVI, 1884, p. 500). His two figures are small, and
owing to the paucity of external features in the fossil, convey very
little impression of its characteristics. By a regrettable oversight
I must have overlooked his type-specimen. The name **Twingonia »
was never intended to have any necessarily generic significance, and,
pending further research, might still be used provisionally with advan-
tage. Since attention was drawn to it, specimens have been reported
from many localities in Burma.

|E. H. Pascok.]






Records, Vol. XXXVIIL PL. 1.

%]lﬂlﬂ]]ﬂ] 'ﬂ]l]]mmﬂ[[[[mﬂllﬂ[.]']ﬂmﬂmﬂm | n i,

1 J\H Wiyl

o RIVER S ummunun

= L ll\ll\l ity mmuu e
DDrrr 7

7 /”/7 /// % 4//’/* ,;7///;’ /?// ;/

il v, 722 s

N i :..7 L ’\ N S
" " mmlmmmlmnmmmmmmmwmﬁ&nm;g;;;mm \\\\\







GFEOLOGICAL SURVEY 0OF /INDIA
Records, Vo . XXXVIII, Pi. 3

Phota. by M Stuart

FIG 1 SHOWING OCCURRENCE OF CED OF WHITE CLAY. 3 FEET THICK.
IN WHITE DAMUDA FANDSTONE. BORA GHAT.
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Part_8 (ous of print).~Rocks of the Lower Godavari. * Atgarh Sandstones ' near Cottack.
Fozsil floras in India. New or rare mammals from the Siwaliks. Arvali series in
North-eastern Rajputana. Borings for coal in India. Geology of India. .

Part 8 (out of print).—Tertiary zone and wnderlying rocks in North-west Punjab. Forsil
floras in Indis. Erratics in Potwar. Coal explorations in Darjiling district. . Lime-
gtones in neighbourhood of Barakar. Forms of blowing-machine used by smiths of
Upper Assam. Analyses of Raniganj coals. .

Part §.—Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead ores of
Sambalpur district. ‘Eryon Comp. Barrovensis,’ McCoy, from Sripermatur group
near Madras. Fossil floras in India. The Blaini group and ‘Central Gneiss’ in
S8imla Himalayas. Tertiaries of North-West Punjab. Genera Cheromeryx and

Rbagatherium,
hag Voo XI, 1878. .

Part 1.—Annual report for 1877. Geology of Upper Godavari basin, between river
Wardha and Godavari, near Sironcha.  Geology of Kashmir, Kishtwar, and Pangi.
giwai{: mammals. Palzontological relations of Gondwana system. *Erratics in

unjab.’ :

Part 2.~Geology of Sind (second notice). Origin of Kumaun lakes. Trip over Milam

ass, Kumaun. Mud volcanoes of Ramri and Cheduba. Mineral resources of Ramri,
Chednba and adjacent islands.

Part 8.—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore.
Kistna districts. Senarmontite from Sarawak.

Part §.—Geographical distribution of fossil organisms in India. Submerged forest on

Bombay Island.
Vor. XII, 1879

Part 1.—Annual report for 1878. Gealogy of Kashmir (third notice). Siwalik mammalia.
Siwalik birds. Tour through Hangranz and Spiti. Mud eruption in Ramri Tsland
(Asakan). Braunite, with Rhodonite, from Nawpur, Central Provinces. Palmontologi-
cal notes from Satpura coal-basin. Coal iinportations into India.

Part 2.—Mohpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur district.
(ieological reconmaissance from Indus at Kushalgarh to Kurram at Thal on Afghan
frontier. Geology of Upper Punjab.

Part 8.—Qeological features of northern Madunra, Pudukota State, and southern parts of
Tanjore and Trichinopoly districts included within limits of sheet 80 of Indian Atlas.
Cretaceous fossils from Trichinopaly district, collected in 1877-78. Sphenophylium and
other Equisetacem with reference to Indian form Trizygia Speciosa, Royle (Spheno-
phyllum Trizygia, Ung.). Mysorin and Atacamite from Nellore district. Corundum
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda.

Part j—* Attock Slates * andTheir probable geological position. Marginal bone of unde-
seribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Panjab. Geology of
North Arcot district. Road section from Murree to Abbottabad.

Vor. XIII, 1880.

Parc‘ Z—Annual report for 1879, Geology of Upper Godavari basin in neighbourhood of
Sironcha. (eology of Ladak and neighbouring districts. Teeth of fossil fishes from
Ramri Tsland and Punjab. Fossil geners Noggerathin, Sthg., Néggerathiopsis, Fstm ,
and Rhiptozamites, Schmalh., in palicozoic and secondary rocks of Europe, Asia, and
Australia. Foseil plants from Kattywar, Shekh Budin, and Sirgujah. Volanic foui
of eruption in Konkan.

Part 8.—Geolugical notes. Palwontological notes on lower trias of Himalayas. Artesian
wells at Pondicherry, and poeeibility of finding soarces of water-supply at Madras.
Lart. 3.—Knmaun lakes. Oelt of palolithic type in Punjab. Palazontological notes from
gurharbzx;lt and Souﬁ.h I:e;a ‘(l:oa,l'-ﬁeldn. S lor{e)x;gcm of Gondwana I%or& with other

oras. esian wells at Pondicherry. Salt in Rajputana QGas i
P tox; Arglin;n‘comt o;x 12th I\Itafrcll:I 18‘{9 z':‘:\d in June 1843. and mud eruptions
art j.—~Pleistocene deposits of Northern Punjab, and ovidence they afford of ex
climate during portion of that period. Useful minerals of Arvali yregion. Cor:elt::i,g:
of Gongiw.mn. ora with that of Australin coal-bearing system. Reh or alkali soils
:lx:d sgégm well waters. Reh soils of Upper India. Naini Tal landslip, 18th Septem-

r 1
Vou. XIV, 1881,

Par¢ 1.~~Annual rt for 1880. Geology of part of Dardistan, Baltista d -
ing districts. Evnlik carnivora, Siwalik group of Sub-Hi;ml:.yal:; :: :n‘ig hé‘oo:t’).x
Bewah Gondwana basin. Ferrus.moun beds associated with basaltic s of north.
m:t;t:n E‘l:torA in rodl?:i:: .ul; Iln lmllhmwml.ujmrhal p"l:ir;t:. . 'gru‘elled blacks of

jab. i aleeontolo, n * -
malinn fossils from Perim Ialand, 0% lomer trias of Himslayaa.” Mam
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Part 8.—Nahan-Siwalilk unconformity in North-Western Himalaya. Gondwana verte..
brates. Ossiferous beds of Hundes in Tibet. Mining records and mining record office
of Great Dritain; and Coal and Metalliforous Mines Act of 1872 (Englans). Cobaltite
and danaite from Khetri mines, Rajputann; with remarks on Jaipurite (Syepoorite).
Zinc-ore (Smithsonite and Blende) with barytes in Karmul district, Madras. Mud
eruption in island of Cheduba.

Part_3.—Artesian borings in India. Oligaclase granite at Wangtu on Sutlej, North-West
Himalayas. TFish-palate from Siwaliks. Paleontological notes from Hazaribagh and
T.ohardagga districts. Fossil carnivora from Siwalik hills.

Part j.—Unification of geological nomenclature and carto, mphe;. Geology of Arvali region,
central and eastern. Native antimony obtained at Pulo Obin, near Singapore. Tur-

ite from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras.
ection from Dalhourie to Pangi, vid Sach Pass. South Rewah Gondwana basin.
Submerged forest on Bombay Island.

Vor. XV, 1882,

Part 1 (out of print).—Annual report for 1881. Ceology of North-West Kashmir and
Khagan. Gondwana labyrinthodonts. Siwalik and Jamna mammals. Geology of
Dalhousie. North-West Himmalaya. Palm leaves from (tertiary) Murree and Kasauli
beds in India. Iridosmine from Noa-Dihing river. Uprer Assam, and Platinum from
Chutia Nagpur. On (1) copper mine near Yongri hill, Darjiling district ; (2) arsenical
pyrites in same neighbourhood ; (3) koalin at Darjiling. Analyses of coal and fire-clay
from Makum coal field, Upper Assam. Experimenis on coal of Pind Dadun Khan.
Salt-range, with refarence to production of gas, made April 29th, 1881. Proceedings
of International Congress of Bologna.

Part 2 (out of print).---Geology of Travancore State. Warkilli beds and reported asso-
ciated deposits ot Quilon, in Thiavancore. Siwalik and Narbada fossils.  Coal bearing
rocks of UUpper Rer and Mand rivers in Western Chutia Nagpur. Pench river coal-
field in Chhindwara district. Central Provinces. Borings for coal at Engrein, British
Burma. Sapphires in North-Western Himalaya. Eruption of mud volcanoes in
Cheduba.

Part 8.—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai route between
Sibi and Quetta. Cryrtals of stilhite from Western Ghats, Bombay. Traps of Darang
and Mandi in North Western Himalavas, Connexjon between Hazara and Kashmir
series. T'maria coal field (South Rewah Gondwana basin). Daranggiri coalfield,
Garo Hills, Assam. Coal in Myanoung division, Henzada district.

Part } (out of print).—Gold-fields of Mysorc. Borings for coal at Beddadanol, Godavarj
district, in 1874. Supposed occurrence of coal on Kistna.

Vor. XVI, 1883.

Part_1.—Annual report for 1482. Richthofenia, Kays (Anomia Lawrenciana, Koninck).
Geology of South Travancore. Qeolocy of Chamba. Basalta of Bombay.

Part 2.—Synopsia of fossil vertebrata of India. Bijori Labyrinthodont. Skuii of Hippo.
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in
north-eastern part of Jabalpur district. Laterite and other monganese-ore occurring
at Cinsnlpore, Jabalpur district. Umaria coal-field.

Part 3.—Microsconic structure of gome Dathousie rorks. T.avas of Aden. Probable oceur-
renco of Siwalik etrata in China and Japan. Mastodon angustidens in India. Traverse
between Almora and Mussoor¢e. Cretaceous coal-measures at Borsora, in Khasia Hills,
near Taoar, in Sylhet.

Part_j.—Palmoutological notes frorn Daltinganj and Hatar coal-fields in Chota Nagour.
Himalayas. Traverre throngh Eastern Khasia, Jaintia. and North Cachar Hills
ture of some Suh-Himalayan rocks of tertiarv age. Geology of Jaunsar and T.ower
Altered basalts of Dalhourie region in North-Western Himalayns. Microscopic struc-
Native lead from Maulinain and chroite from the Andaman Tslands. Fiery eruntion
from one of mud volanoes of Cheduba Island, Arakan. Irrigation from wells in
North-Western Provinces and Oudh.

Vor XVII, 1884.

Part 1.—Annual report for 1883. Smocth-water anchorages or mud-banks of Narrakal and
Alleppy on Travancore coast. Billa Surgam and other caves in Kurnool district.
(hologyf °1§a Cltmgri and Sihunta pargan-s of Chamba. Lyttonia, Waagen, in Kuling
series o ghmir.

Part 8.—Earthquake of 3lst Deceraber 188) Microscopic structure of some Himalayan

nites and gneissose granites. Chol coal exploration. Re-discovery of fossils in
Riwalik beds. Mineral resources of the Andaman Islands in neighbourhood of -Port

Blair. Intertrappean beds in Deccan and Laramie group in Western North Amerios.

,
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Part 8 (out of print).—Microscopic stracture of some Arvali rocks. Section along Indus
from Peshawar Valley to Salt-range. Sites for boring in Raigarh-Hingir_coal-field
(first notive). Tignite near Raipore, Central Provinces. ‘Turquoise mines of Nishdpir,
Khorassnn.  Fiery eruption from Minbyin mud volcano of Cheduba Island, Arakan.
Laugrin coal-field, South-Western Khasia Hills. Umnuria coal-ficld. .

Part §.—Geo’ogy of part of Gangasulan pargana of British Garhwal. Slates and schiats
imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Sulei-
man. Smooth-water anchorages of Travancore coast. Auriferous sands of the Suban-
siri river. Poundicherry lignite, and phosphatic 10cks at Musuri. Billa Snrgam caves.

Vou. XVI1I1, 1885,

Part 1.—Annual report for 1884. Country between Singareni coal-field and Kistna river,
Geological sketch of country between Singareni coal-field and Hyderabad. Coal and
limastone in Doigrung river noamr Golaghal, Assam. Homotasis, as illustiated from
Indian formations. Afghan field notes.

Part 2.—NKossiliferous sories in Lower Himalaya, Garbwal. Age of Mandhali series in
Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Cant. MS.).
Geology of Chamba. Probability of obtaining water by means of artesian wells in
plaine of Upper India. Artesiar sources in plains of Upper India. Geology of Aka
Hills. Alleged tendency of Arakan mud volcances to burst into eruption most
frequently during rains. = Analyses of phosphatic nodules and rock from Mussooree.

PLart 3.—Geology of Andaman Islands. Third species of Merycopotamus. Percolation as
affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in
Thayetmyo district, British Burma. Antimony deposits in Maulman district. Kash-
mwir earthquake of 30th May 1885. Bengal earthquake of 14th July 1885.

Part .- Geologicul work in Chhattisgarh division of Centrai Provinces. Bengal earth-
gun.ke of 14th July 1885. Kushmir earthquake of 30th May 1885. Excavations in

illa Surgam caves. Nepaulite. Sabetmahet meteorite.

Vou. XIX, 1866.

Part 1.- Annuzl report for 1885. Tnternational Geological Congress of Berlin. Palwozoic
Fossils in Olive group of Salt rauge. Conelation nf ludian aud Australian coal-
bearing beds. Afghan and Persian Field-notex. Section from Simla to Wangtu, and
petrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part 2.—(oology of parts of Bellary and Anantapar districts. Geology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rorks from Central Hima-
layas. Mammalia of Karnul Caves. Prospects of finding coal in Westorn Kajputana.
Olive group of Salt-range. Boulder-beds of Salt-range. (londwans Homotaxis.

Part 8.—Geological sketch of Vizagapatam district, Madeas., Geology of Northern Jesal-
mer. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi copper-
ore in Balaghat distriet, C. P.

Part {l(out of print).—Petrolonm in India. Petrolenm exploration at Khdtan. Boring in
Chhattisgarh coal-fields. Tield-notes from Afghanistan: No. 3, Twkistan. Fiery
eraption from one of mud velcanoves of Cheduba Island, Arvakar. Nuammionthal
aerolite. Analysis of gold dunst from Meza valley, Upper Burma.

Vor. XX, 1887.

Part 1.—Annual report for 1886. TField-notes fiom Afghanietan : No. 4. from Turkistan
to Indin. Physical geology of West British Garhwal; with notes on a route traversed
through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garoe Hills, Indian image-
stones. Soundings recently taken off Barren Island and Narcondam. Talchir boulder-
beds. Analysis of I hosphatic Nodules from Salt-range, Punjab.

Part_8.—Fossil vertebrata of India. Ichinoidea of cretaceous series of Lower Narbada
Vv ield-notes : No. 5—to accompany geological sketch mar of Afghanistan and
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan trapa.
Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of
8alt-range in Punjab,

Lart 3.—Retirement of Mr. Medlicott. J. B. Mushkotoff’s Cieoloiy of Russian Turkistan
Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec-
tion I. Geology of Simla and Jutogh. ¢ Lah'tﬁnr ’ meteorite.

Part {.—-Pointa in Himalaxan geology. Crystalline and metamorphic rocks of Lower
Himalaya, Garhwal, and Kumaun, Section Il. Yron indnstré of western portion of

Raipor, Notes on Upper Burma. Boring exploration in Chhattisgarh conl-folde.

Becond notics). Pressure Metamorphism, with reference to folistion of Himalayan

neissose Granite. Papers on Himalayan Geology and Microscopie Pewrology.
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Vor. XXI,

Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of Lower Himalaya,
Garhwal, and Kumaun, Section III. Birds’-nest of Elephant Island, Mergui Archi-
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble
from bouldér bed (‘speckled sandstone ') of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo.

Part 2.—Award of Wollaston Gold Medal, (leological Society of London, 1888. Dharwar
System in South India. Igneous rocks of Raipur and Balaghat, Central Provinces.
Sangar Marg and Mchowgale coal-fields, IXashmir, . .

Part 3.—Manganese Iron and Manganese Ores of Jabalpur. © The Carboniferous Glacial
Period.’ "Pre-tertiary sedimentary formations of Simlu region of Lower Himalayus.

Part, 4.—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock
sculpture. Nummulites in Zanskar. Mica traps from Barakar and Raniganj.

Vor. XXII, 1889.

Part 1 (out of print).—Annual report for 1888. Dharwar System in South India. Wajra
Karur diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite,
Generic position of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumte,
ite nature, mode of occmrence in India, and cause of its floxibility. Siwalik and
Narbada Chelonia. .

Part 2.~-Indian Steatite. Distorted pebbles in Siwalik conglomerate. ¢ Carboniferous
Glacial Period.” Oil-fields of Twingoung and Beme, Burma. Gypsum of Nehal Nadi,
Kumaun. Materials for pottery in neighbourhood of Jabalpur and Umaria.

Part 3.—Coal outcrops in Sharigh Valley, Baluchistan, 'I'rilobites in Neobulus beds o_f
‘Salt-range. (eological notes. Cherra Poonjee coal-field, in Khasia Hills. Cobalti-
ferous Matt from Nepil. President of Geological Soviety of London on International
Geological Congress of 1883. Tin-mining in Mergui district.

Part 4 (out of print).-—Land-tortoises of Siwaliks. Pelvis of a romiunant from Siwaliks.
Assays from Sumbhar Salt-Lake in Rajputana. Manganiferous iron and Mangarese
Ores of Jabulpur. Talagonite-boaring traps of Rdjmahsl hills and Decean. Tin-
smelting in Alalay Peninsula. Provisional Index of Local Distribution of Important

lf\.ﬁnerialls, Miscellaneous Minerals, Gem Stones und Quarry Stoues in ludian Empire.
art 1.

Vor. XXIII, 1890.

Part 1.—Annual report for 1889. Lakadong coal-fields, Jaintin Hills. Pecloral and pelvie
girdles and skull of Indian Dicynodonts. Vertebrate remaius from Nagpur district
(with description of fish-sknll). Crystalline and metamorphic rocks of Lower Hima-
layas, Garbwil and Kumaun, Scction TV. Bivalves of Olive-group, Salt-range.
Mud-banks of Travancore coasts.

Part 2 (out of print).—Petroleum explorations in Harnai district, Baluchistan. Sapphire
Mines of Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet
Gollcli«ﬁc?}id. Tield notes from Shan Hills (Upper Burma). New species of Syring-
ospharide.

Part. 8 (out of print).—Genlogy and Economic Resources of Country adjoining Sind -Pishin
Railway between Sharigh and Spintangi, and of country between it and Khaitan.
Journey through India in 1688-89, by Dr. Johannes Walther. Goal fields of Tairungao,
Maosandram. and Mao-belar kar, in the Khasi Hills. Indian Steatite. Provisio
Index of Local Distribution of Important Minerals, Miscollancous Minerals, Gem
Stones, and Quarry Stones in Indian FEmpire.

Part } (out of print).—Geological sketch of Naini Tal; with remarks on natural conditions
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lisu
and Romtbi rivers. Basic Eruptive Rocks of Kadapah Area. Deep Boring at Tuck-
now. Coal Seum or Dore Ravine, Hazara.

Vor. XX1V, 1801.

Part 1.—Annual report for 18980, Geology of Salt-range of Punjab, with re-considéred
theory of Origin and Age of Ralt-Mart. Graphite in decomposed Gneiss (Laterite) in
Ceylon. Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and
‘ Reh’ Ii;:orp I:\ligarh in North-Western Provinces. Analysis of Dolomite from Salt-
range, Pnnjab.

Part 2.—3-0il near Moghal Kot, in Sherini_country, Suleiman Hills. Mineral Oil from
Buleiman Hilis. ology of Lmshai Hilla. Coal-fields in Northern Shan BStatos.
Reported Namsika Ruﬁymine in Mainglon State. Tourmaline (Schorl) Mines in
Mainglon State. Salt-spring near Bawgyo, Thibaw State. )
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Part 3 (out of grint).-—Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin
Duncan. * Pyroxenic varieties of Gneiss and Scapolite-bearing Rocks.
Part j—Mammalian Bones from Mongolia. Darjiling Coul Exploration. Geology and
ineral Resources of Sikkim. Rocks from the Salt-range, Punjab,

" Vou. XXV, 1862,

Part 1.—Annual report ior 1891. Geology of Thal Chotidli and part of Man country.
Petrolggical Notos on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent
Deposits of valley plains of Quetta, Pishin, and Dasht-i-Beduaolat; with appendices or
Chamans of Quetta; and Artesian water-supply of Quetta and Pishin.

Part 3 (out of print).— Goology of Saféd Kéh. Jherria Coal-Bold.

Part $.—Locality of Indian Tscheffkinite. Geological Sketch of country north of Bhamo.

nomic resources of Amber and Jade mines area in Upper Burma. Iron-ores and
Iron Industries of Salem District. Riebeckite in India. Coal on Great Tenasserim
River, Lower Burma.

Part 4.—O0il Springs at Moghal Kot in Shirani Hills. Mineral Oil from Suleiman Hills.

New Amber-like Resin in Burma. Triassic Deposits of Salt-range.

Vou. XXVI, 1893,

Part 1.--Annual report for 1892, Cenlral Mimalayas. Jadeite in Upper Burma. Bur-
:ll%ito, new Fossil Resin from Upper Burma. Yrospecting Operations, Mergui District,

Part z.—-Ex'm:hquake in Baluchistan on 20th December 1892. Burmite, new amber-like
gssil resin from Upper Burma. Alluvial deposits and Subterranean water-supply of

angoon.

Part 3.—Geology of Sherani Hills. Carboniferous Fossils from Tenasseriin. Boring at
Chandernagore. Granite in Tavoy and Mergui.

Part j.—Geology of country between Chappar Rift and Hornai in Baluchistdn. Geolog
of part of Tenasserim Valley with special reference to Tendau-Kamapying, Coal-field.
Magnetite containing Manganese and Alumina. Hislopite.

Vor. XXVIIJ, 1804,

Eart 1.—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab.

Part_2.—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna
Landslip, Carhwal.

Part 8.—Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields.
Chipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis, Sow, sp., in Tertiary Formation of India and Burma.

Part }.—Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System
of Baluchistdén. Highly Phosphatic Mica Peridotites intrusive in Tower Gondwana
Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vor. XXVIIT, 1895.

Part 1.—Annual report for 1894, Cretacoous Formation of Pondichervy. FEarly allusion
to Barren [sland. Bibliography of Barren lsland and Narcondam from 1884 to 1894,

Part 2.—Cretaceous Rocks of Southern Tndia and geographicval conditions during later
crotaceovs times.,  Exporimontal Boring for Petroleum at Sukkur from October 1893
to March 1895. Tertiary system in Burmn.

Part_3.--ladeite aud other rocks, from Tammaw in Upper Burma. Geology of Tochi
Valley. Lower Gondwanas in Argentina.

Part j.—Igneous Rocks of Giridih (Kurhurbsree) Coal-field and their Conta.t Effects.
Vindhyan system south of Sone and their relation to so-called Lower Vindhyans.
Laower Vindhyan area of Sone Valley. Tertiary system in Burma.

Vou XXIX, 1896.

Part 1.—Annual report for 1895. Acicular inclusions in Indian (arnets, Origin and
Growth of Garnotp and of their Micropegmatitic intergrowths in Pyroxenic rorks.

Part 3.—Ultra-hasic rocks and derived minorals of Chalk (Magnesite) hills. and other
localities near Salem, Madras. Corundum localities in Salem and Coimhatore districts,
Madras. Oorundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of * Gondwanaland.” Notes.

Part 8.—Igneons Rocks from the Tochi Vallay. Notes,

Part_}.—Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Kashmir) aroa of
Sone Valley, Rewnh. Notes.
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Vou XXX, 1897.

Part 1.~-Annual report for 1896. Norite and associated Basic Dykes and Lava-flows in
Southern India. Genus Vertebraria. On (ilossopteris and Vertebraria.

Part 2—Cretaceous Depusits of Pondicherri. Notes,

Part 3.—Flow structure in igneous dyke. Olivine-uorfte dykes at Coonoor. Excavations
for corundum near Palakod, Salem District. Ocunrrence of coal at Palana in Bikanir.
Geological epecimens collected by Afghan-Baluch Boundary Commission of 1896.

Part j.—Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras
Pl:esldency. Worn femur of Hippopotamus irravadicus, Caut. and Falec., from Lower
Pliocene \})ft Burma. Supposed coal at Juintia, Baxa Duars. Percussion Figures on
micas. Notes.

Vou. XXXI, 1904

Part 1 (out of print).— Prelatory Notice. Copper-ore near Komai, Darjeeling district.
Zewan beds in Vibi district, Kashmir. Coul deposits of Isa Khel, Mianwali district,
Punjab. Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district., Miscellaneous Notes. Assays,

Part 2 (out of print).—Lt.-Genl. C. A, McMahon. Cyclobus Huydeni Diener. Auriferous
QOccurrences of Chota Nagpur, Bengal. On tho feasibility of introducing modern
methods of Coke-making at East Indian Railway Collicries, with supplementary note
Ly Director, Geological Survey of India. Miscellaneous Notes.

Part 3 (out o}‘ print). —Upper Paleozoic formations of Eurasia. Glaciation nnd History
of Sind Valley. HHalorites in Trins of Baluchistan. Gevlogy and Mineral Resonrces
of Mayurbhanj. Miscellaneons Notes.

Part_} (out of prinf).-- Geology of Upper Assam. Auriferons Occurrences of Assam.
Curious occenrrence of Scapolite from Madras Presidency.  Miscellaneous Noter. Tndex.

VYor. XXXII. 1905.

Part 1 (out of pmint).-~Review of Mineral Production of India during 1898--1903.

Part 2 (out of print).--(leneral report, April 1903 to December 1804. (eology of Pro-
vinces of 'sang and U in Tibet. Bauxite in India. Miscollaneous Notes.

Part 3 (out o1 prot).—Anthracolithic Fauna from Subansiri Govge, Assam.  Elephas
Antiquus (Namadicus) in Godavari Allavium. T'rinssic Fauna of Tropites-Limestone
of Byans. Amblygonite in Kashmir. Misccllaneous Notes.

Part }.—~-Obituary notices of H. B. Medlicott and W. ‘I'. Blanford, Kangra Farthquake
of 4th April 1905. Index to Volnme XX XII.

Vor, XXXIII, 1906.

Part 1 (out of print).---Mineral Production of Indiu during 1904. Pleistoceno Movement in
Indjan Peninsnla. Recent Changes in Courss of Nam-{u River, Northern Shan ts tes.
Natural Bridge in Gokteik Gorge. Goology and Mincral Resources of Narnaul Dis-
trict (Patinla State). Mircellaneous Notes.

Part 2 (out of print).—Gencral report for 1905. Tashio Coal-field, Northern 8han States.
Namma, Mansang and Man-se-le Coalfields, Noithern Shan States, Burma. Mis-
cellaneous Notes, )

Part 3 (ont of print).—Petrology and Manganese-ore Deposits of Sansar Talsil, Chhind-
wara district, Central Provinces. (Geology of part of vallsy of Xanhan River in
Nagpur and Chhindwara districts, Central Provinces. Manganite from Sandur Hills.
Miscellaneons Notes.

Part } (out of print).—Composition and Quality of Indian Coals. Classification of the
Vindhyan System. Geology of State of Panna with refercnce to the Diamond-
bearing Deposits. Index to Volume X XXI111.

Von. XXXIV, 1906.

Part 1.—Fossils from Halorites Timestone of Bambanag Cliff, Kumaon. Upper-Triassic
Fauna from Pishin District, Baluchistan. (eology of portion of Bhutan. Goal Oceur-
rences in Foot-hills of Bhutun. Dandli Coal-field : Uoal outerops in Kotli Tehsil of
Jammu State. Miscellanecus Notes, . N

Part 2 {out of printf).—Mineval Production of India during 1905. Nummulites Douvillei,
with remarks on Zonal Distribution of Indian Nummulites. Auriferous Tracts in
Sonthern India. Abandonment of Collieries at Warora, Central Provinces. Mis-
cellancous Notes. :

Part §.—Ezxplosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill.
Gibbsite with Manganese-ore from Talevadi, Belgaum district, and Gibbsite from
Bhekowli, Satara rict, Classification of Tertiary System in 8ind with reference
to Zonal distribution of Eocene Echinoidea.
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Part 4 (out of print).—Jaipur and Nizira Coal-ficlds, Upper Assam. Makum Coal-fields
between ‘lirap and Namdang Streams. Kabat Anticline, near Seiki¢in, Myingyan
district, Upper Burma. Asymmetry of Yenangyat-SBingu Anticline, Upper” Burma.
Northern part of (Gwegyo Anticline, Myingyan District, Upper Burma. Breynia
Multituberculata, from D%ari of Baluchistan ami' Sind, lndex to Volume XXXI1V.

Vor. XXXV, 1907.

Part 1 (out of print).—General report for 1906. Orthophragmina and Lepidocxclma in
Numnulitic Series. Meteoric Shower of 22nd October 1903 at Dokdchi and neighbour-
hood, Dacca District. .

Plart 9.—Indian Aerolites. Brine-wells at Bawgyo, Northern Shan States. Gold-bearin,
Doposits of Loi Twang, Shan States. Physa Prinsepii in Maestrichtian strata o
Baluchistan. Miscellaneous Notes.

Part 8.—Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on
certain Glaciers in North-West Kashmir.

FPart j.—Preliminary survey of certain Glaciers in North-West Himalaya. B.—Notes on

certain Glaciers in Lahaul. C.—Notes on cortain Glaciers in Kumaon. Index to
Volume XXXV.

Vor. XXXVI, 1907 08.

Part_1.—Pectrological Study of Rocks from hill tracts, Vizagapatam district, Madrae
Presidency. Nephelino Syenites from hill tracts, Vizagapatam district, Madras Presi-
dency. Stratigraphical Position of Gangamopteris Beds of Kashmir. Volcanic out-
burst of Late 'Tertiary Age in South Flsenwi, N. Shan States. New suidie from
Buyti Hills, Baluchistan. ermo-Carboniferous Plants from Kashmir.

It 2.—Mineral Production of India during 1906. Ammonites of Bagh Beds. Mis-
cellaneous Notes.

Part 8.—Marine fossils in Yenangyaung oil-field, Upper Burma. Fresh-water shella of
genus Batissa in Yenangyaung oil-field, Upper Burma. New 8pecies of Dendrophyllia
irom Upper Miocene of Burma. Structure and age of Taungtha hills, Myingyan dis-
trict, Upper Barma.  Fossils from Sedimentaty rocks of Qman (Arabiaz. Rubies in
Kachin hills, Upper Burma. Cretaceous Orbitoides of India. Two Calcutia Earth-
qnakes of 1906. Miscellaneous Notes. A

Purt j.—Pscudo-Fucoids from Pab sandstones at Fort Munro, and from Vindhyan series.
Jadeite in Kachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe dis-
trict, Upper Burma. Group of Manganates, comprising Hollandite, Dsilomelane and
Coronadite. Occurrence of Wolfram in Nagpur district, Contral Provinces. Mis-
cellaneous Notes. Index to Volume XXXVI.

Vor. XXXVII, 1908-09.

P’art I.—General Report for 1907. Mineral Production of Tndia during 1907. Occurrence
of striated boulders in Blaini formation of Simla. Miscellancousr Notes.

Port 2.—~Texrtiary and Post-Terliary Freshwater Deposits of Baluchistan and Sind.
(leology and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal
Hills %or glass manufacture. Three new Manganese-bearing minerals :—Vredenburgite,
Sitaparitc and Juddite. Laterites from Central Provinces. Miscellaneous Notes.

Port 3.—8outhern part of Gwegyo Hills, including Payagyigon-Ngashandaung Oil-field.
Silver-lead mines of Bawdwin, Norvtherun Shan States. Mud volcances of Arakan
Const, Burma.

Part §.—CGypsum Deposits in Hamirpur district, United Provinces. Gondwanas and
rolated murine sedimentary systemn of Kashmir. Miscellancous Notes. Index to
Volume XXXVII. :

Vor. XXXVIII, 1809.
Part 1.—Ceneral Roport for 1908. Mineral Production of India during 1908.

The price fixed for these publications is 1 rupee (1s. 4d.) each part of 2 rupeos (2s. 8d.}
each volume of four parts.
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tions on Western Tibet.

VI. Pt. 1, 1867 (out of print) : Neighbourhond of Tynyan, ete.. in Sind.—
Genlogy of portion of Cutch. Pt. 2, 1867, Rep. 1908 (pri~e 2 Rs.):
Boksro Coal-field. —Ramgarh Coal-field.-~Traps of Western and Central
India. Pt. 3, 1869 (price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys.—
Frog-beds in Bombay.—Ozyglosaus pusillus.

VII. Pt. 1, 1869 (price 3 Rs.) : Vindhyan series.-—~Mincral Statistics.—Coal.—
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XIX. Pt. 1, 1882 (price 2 Ra.) : Cachar Earthquake of 1869, Pt. 2, 1882 (price
1 Re.) : Thermal Springs of India. Pt. 3, 1883 (price 1 Re.) : Catalogue
of Indian Earthquakes. Pt. 4, 1883 (oui of print) : Geology of parts of
Manipur and Néga Hills.

XX. Pt. 1, 1883 (out of print) : Geology of Madura and Tinnevelly. Pt. 2, 1883
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(out of print) : Geology of Kathiawar. Pt. 3, 1885 (out of print) : Coal-
field o. South Rewah .Pt. 4, 1885 (out of gnnt} : Barren Island.
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XXIIL 1891 (price 5 Rs.) : Geology of Central Himalayas.

XXIV. Pt. 1, fB&W (out of print) :gbouthem Coual-fields of Satpura Gondwiéna basin.
Pt. 2, 1890 (out of print) : Geology of Sub-Himalaya of Garhwal and
Kumaun. Pt. 3, 1890 (out of print) : Geology of South Malabar, be-
tween Beypore and Ponnani Rivers.

XXV. 1896 (out of print) : Geology of Bellary District, Madras Presidency.

XXVI. 1896 (out of print) : Geology of Hazara.

XXVII. Pt, 1, 1895 (ouf of :rinf) : Marine Foesil from Miocone of Upper
Burma. Pt. 2, 1897 (out of print) : Petroleum in Burma and its lechni-
cal exploitation.

XXVIIL Pt. 1, 1898 (price 2 Rs.): Geological Structure of Chitichun region.—
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REPORT ON THE GEOLOGY OF SARAWAN, JHALAWAN,
MEKRAN AND THE STATE OF LAS BELA, CON-
SIDERED PRINCIPALLY FROM THE POINT OF VIEW OF
EcoNomic DEVELOPMENT. By E. W. VREDENBURG,
Assistant  Superintendent, Geological Survey of India.
(With Plates 8 to 12.)

I.—GEOLOGICAL SUMMARY.

1.—INTRODUCTION.

rl‘HANKS to the kind assistance tendered by Major Showers,

Captain MacConaghey, and Mr Brett, Political Officers of the
. Kelat Agency, and by the rulers and officials of the States of Kelat
and Las Bela, I have been able, togother with my colleaguo
Mr. Tipper, during the winter of 1905-1906, to visit a very vast
extent of country regarding the geology of which very little was
known up to the present day. )

The following summary is a reprint of a report submitted to
the Government of the Baluchistan Agency, with a view to draw
attention to certain matters that might be of economic importance.
As it also contains a great deal that is of scientific interest, it is
reproduced in these Records, pending the publication of a more
detailed account which is being prepared for the Memoiss.

The vast extent of the country which 1 surveyed within the
limited time of about four months precluded the possibility of
detailed prospecting. All I can do is to indicate in which particular
regions further research is specially advisable. For instance, in
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the case of coal, I have been able to establish that the geological
formation containing this mineral occurs only in a comparatively®
restricted area of the Sarawan district. The limits of the coal-
*bearing beds being thus ascertained, it becomes a comparatively
easy task for an expert to ascertain the quality and extent of
the coal-seams in this rolatively small area. My own examination
of the coalfield had to be necessarily a cursory one, otherwise it
would have encroached upon the time needed for the examination
of other areas. Tho same thing applies to every part of the
country visited, and therefore, the paucity of the minerals actually
seen does not necessarily imply the mineral poverty of the country.
The method which 1 pursued is the only systematic one in re-
searches of this kind: by means of the gencral survey just com-
pleted, it will now be possible to attempt prospecting operations
in restricted areas.

2.—MAIN DIVISIONS OF THE AREA.

The area is divided into an eastern and a western region by an
irregular north and south line roughly coinciding with longitude 66°
15’ E. The western region is almost entirely occupied by a mono-
tonous series of shales or clay-shales and sandstones known in the
publications of the Geological Survey of India as Kojak or Mekran
beds which correspond principally with the oligocene *‘ flysch ™ of
Europe. This western region may be spoken of as the *flysch
region.” The eastern region exhibits a far more varied geological
sequence and consists of rocks ranging in age through a vast series
of succefsive geological formations, all of which are remarkable for
containing vast thicknesses of limestone. This area may be spoken
of therefore as the “ calcareous region.”

In both regions, the strata have been folded #nto a succession of
anticlines separated by synclines. In the western or ¢ flysch ”
area, excepting the neighbourhood of the sea-coast, the flexures are
generally much sharper and much more numerous than in the
eastern region. This is due partly to the somewhat greater degree
of compression that has affected the rocks of that western region,
and largely to the pliable nature of their shaly layers as compared
with the unyielding limestone masses of the eastern area, which,
instead of becoming crumpled into innumerable small sharp folds,
have risen into great dome-shaped bulges often several miles
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across. These differences in composition and structure have exerted

a considerable influence in determining the physical features of the
two regions.

3.—THE CALCAREOUS REGION.

The eastern region including the greater part of Sarawan,
Jhalawan and Las Bela, is constituted by a vast thickness of sedi-
mentary rocks ranging in age from Carboniferous to pliocene. As
already mentioned, a considerable proportion of these rocks consists
of limestones, those of the oligocene (Nari series), eocene (Khirthar
series), and especially of the Jurassic, being particularly massive.
These Jurassic limestones include a thickness of several thousand
feet of limestone of which the newer portion, middle Jurassic in
age, is extremely thick-bedded, and dark-grey in colour, while the
older portion, whose age is Liassic, consists of less massive layers,
very distinctly bedded, and of a still darker grey tint, sometimes
nearly black.

These Jurassic limestones constitute the leading features of the
orography of this area. The tallest and most massive mountains
aro huge anticlinal bulges of Jurassic limestones from which the
overlying strata have been denuded away. They have the shape
of elongated domes irregularly elliptical in plan, the longer axis
striking more commonly approximately north and south, or, less
frequently, somewhat at right angles to this direction. Surrounding
theso dome-shaped mountains, there is usually a ring of less lofty
but very steep ridges constituted by regularly bedded limestones,
which are as hard and compact as those of the domes themselves
but whose aggregate thickness is always much less; they are of
lower Cretaceous age, and normally overlic the massive Jurassic lime-
stones ; their situation at the periphery of the Jurassic domes is
due to their having been denuded away from the central loftiest
portion of those structures. Their concentric disposition with refer-
ence to the massive domes is very noticeable on a map, while their
clear white or red colours contrast curiously with the dark tinge
of the huge limestone masses which they encircle.

The steep slopes of the Jurassic limestone hills generally coincide
with the angle of dip of the strata. After laying bare the surface
of the massive Jurassic beds by removal of the somewhat thinner-
bedded rocks overlying them, denudation has almost come to a

B2
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standstill. Except in the few cases where they are cut through
by deep and narrow rift-like river gorges, these Jurassic rocks havo®
scarcely suffered from denudation or erosion. This accounts for
the uniform appearance of their inaccessible slopes corresponding
with the surface of bedding of the high-dipping strata. The almost
continuous barrier of steep ridges of cretaceous limestones encircling
them contributes to render them still more difficult of access.

Amongst the most conspicuous hills of Jurassic limestone may
"be mentioned the Chehiltan and Koh-i-Maran in Sarawan, con-
sisting of Middle Jurassic limestones, Anjiro and Sumbaji in Jhala-
wan, consisting of Liassic beds.

The main channels of drainage have established themselves
principally in the synclinal valleys intervening between these massive
Jurassic domes or ridges. The Shirinab river, the Mula, the Hab,
the Porali, the Bolan, bave their courses situated mainly along
synclines. '

A disposition of this sort, with the upheaved bulges forming
hills and the intervening troughs valleys, is what one would Jost
naturally expect a priori in any country where the strata have been
folded and upheaved. Yet it is by no means one gencrally met
with, at least not in countries favoured by a sufficiently abundant
rainfall. For, although a disposition of this sort must have naturally
originated in every folded district immediately after the folding and
upheaval had taken place, it did not usually persist : the axes of the
anticlines, by the very reason of their greater elevation, became
exposed to denudation more that the intervening troughs. More-
over, the rocks wedged in along the synclines became more in-
durated by compression than those in the anticlinal bulges which,
instead of being compressed, had a tendency to expand towards the
free surface and to hecome fissured. Consequently,edenudation pro-
ceeds at a much faster rate along the anticlines than along the
synclines, with the final result of a complete reversal of the original
topography, the anticlines being occupied by river-valleys, between
which the rocks forming the synclines are left standing as ridges.
The -vellknown principles are here referred to in order to em.
phasize the peculiar physical features of the calcareous zone,
The absence of any instances of a reversal of the topography
in the calcareous districts of Baluchistan, follows from a twofold
cause : the scantiness of the rainfall, and the preponderance of
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limestones. In consequence of the deficient rainfall, denudation
has proceeded far more slowly than in countries better favoured
in that respect, and the calcareous constitution of the rocks still
further aggravates the backward condition of the topography :
owing to the slightly solvent action of rain-water upon limestone,
the water finds its way through fissures, and thus excavates
subterranean channels by means of which it sinks at once to
the low level of the river beds deeply encased in narrow gorges,
and cannot, therefore, gather sufficient volume on the hill-slopes
to produce any appreciable erosion. The only way in which thé
surface of such a calcareous country can become not'ceably
transformed, is by the collapse of the caverns- through which,
the streams circulate underground, but where the rainfall is as
scanty as in this part of Baluchistan, the caverns remain narrow,
and their roof shows no tendency to fall in.

The greater part of the eastern or calcareous region, is, as above
explained, occupied by numerous anticlinal bulges of Jurassic rocks.
There are two principal groups of hills built up of Jurassic lime-
stones. The first group occupies nearly the whole width of Sarawan
from the neighbourhood of the Quetta region southwards up to the
latitude of Manguchar. From Manguchar it continues south-west-
wards with diminished breadth, the Jurassic beds becoming gradually
concealed by overlying deposits to the south-west of Kelat.
Throughout this region, the strike of the ridges is very regular,
about 15° to 20° east of north. The loftiest peaks of the Sarawan
Jurassics are those of Chehiltan and Koh-i-Maran.

The second group of Jurassic anticlines occupies nearly the whole
breadth of northern Jhalawan from east to west about Zahri,
Bhagwana and the Mula Pass. From Bhagwana it divides into
two principal branches, one striking southwards towards Khozdar
and Wad, and continuing east of the Porali river and of the plain
of Las Bela up to near the sea-coast. The second brauch strikes
south-west towards Kodak, Nal, and Jebri, and fina"y disappears
beneath newer rocks before reaching Wasar. This western branch
might be regarded as a prolongation of the Sarawan group of
Jurassic ridges that gradually dwindles to the south-west of Kelat.
There is also a somewhat interrupted series of narrow outcrops
extending north-east from the Mula Pass, towards the Bolan Pass,
the northernmost prolongations of which merge into the eastern
margin of the Sarawan group.
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The strike of the ridges constituting the Jurassic group of
Jhalawan is not so regular as in Sarawan. The south-eastern ex-
tension towards Jebri, and the north-western extension towards the
Bolan Pass strike more or less cast of north, conforming them-
selves, therefore, to the general direction of ‘strike of the Sarawan
group. In the south-castern group, the strike varies from south to
a little east of south. In northern Jhalawan, that is in the region
of Zahri, Bhagwana, the Mula Pass, where the Jurassic ridges
extend almost right across the province, the strike curves rather
rapidly from north-east, at the western margin of the district to
south-east at the eastern margin, while in the middle of the area
it is mostly east and west: the different directions of strike
curiously interfere with one another in this part of the district,
curtailing the length of the ridges in such a manner that they
sometimes hecome almost circular domes.

Wedged in between the Sarawan and the Jhalawan series of
anticlinal bulges is an elevated plateau extending diagonally from
north-east to south-west across southern Sarawan and northern
Jhalawan. There is no general name to designate this well marked
topographical feature, though various parts of it are known by local
names such as Luddok and Sarun designating the cliffs forming the
north-castern edge of the plateau, Shamo, the cliffs of its south-
ocastern edge, Melabi, its north-western spur, Harboi, a lofty ridge
south-east of Kelat, with the highost peak of the plateau (9,830
feet). This lofty plateau consists of massive limestones, but, both
in age and in structure, it differs from the surrounding anticlinal
ridges of Jurassic limestones. It consists of eocene rocks resting
upon the Jurdssic and Cretaceous, and, instead of being an anti-
clinal bulge, it is, mainly, an elevated shallow synclinal trough sur-
rounded by a slightly raised rim. The edges of the plateau are
tall craggy cliffs of limestone, usually with an undergcarp of shaly
beds. The massive limestone forming this immense plateau is a
nummulitic limestone of white or pale-buff, or pale-grey colour,
belonging to the series described in the publications of the Geolo-
gical Survey of India as Upper Khirthar or as Spintangi.

East and north-east of the great plateau area it forms other
scarped synclinal ridges striking a few degrees east of north. The
Upper Khirthar limestones are also largely developed all along the
eastern margin of the calcareous region, *south of the Mula Pass,
especially in the Khirthar range, where their vast thickness is still
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further reinforced by an enormous mass of overlying limestones
white or brown in colour, of oligocene age, constituting part of the
Nari Series of Indian Geological nomenclature. From Gidar and
Nal up to the northern edge of the plain of Las Bela, the limestone
ranges forming the western margin of the calcareous region, also
consist of an enormous thickness of these massive Nari limestones.

Except where these Tertiary limestones (eocene or oligocene)
rest directly upon older Cretaceous or Jurassic rocks, the under-
scarp of their lofty cliffs is often constituted by Tertiary shaly beds
of older eocene age. These strata principally consist of alternat-
ing layers of shale and sandstone, the sandstones being usually
friable and greenish, the clays blackish or greenish, sometimes
weathering into soft clay. Although there is a great lithological
sameness about all these eocene shaly beds, yet they contain rocks
belonging to two series very different in geological age. The newer
series which is the one most widely spread in the region surveyed
is known in the geological nomenclature of India as the Lower
Khirthar. It underlies conformably the Upper Khirthar limestone
and is not known to contain any minerals of value. The older
series which is known as the Ghazij or Upper Laki series is only
found in Sarawan, principally north of the great plateau of Upper
Khirthar limestones. Tt underlies the Upper Khirthar limestones
unconformably and the junction is often characterised by a zone of
bright red and yellow clays of lateritic origin, indicating that the
surface of the Ghazij beds was converted into dry land during the
interval that elapsed between their deposition and that of the Upper
Khirthar limestones. These lateritic beds cannot always be depend-
ed upon to distinguish the Ghazij from the Khirthar shales ; for
they are not always distinctly developed, and it is then only by
means of the fossils occasionally found accompanying these rocks
that the two series can be distinguished from one another. Num-
mulites belonging to the species Nummulites atacicus and Assilina
granulosa characterise the older or Taki series.. The species
N. levigatus and N. aturicus (N. perforatus) are characteristic of
the newer series. The distinction of the two series is a matter
of considerable importance, for it is the older one, the Ghazij,
that contains all the coal of Baluchistan, the Khirthar shales being
sterile. :

Dry land conditions such as intervened between the deposition
of the Laki and Khirthar, also occurred between the periods of
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marine submergence during which the other sedimentary groups of
Baluchistan were deposited. For instance, the conspicuous Lower
Cretaceous limestones which I have already noticed as encircling the
great anticlinal bosses of Jurassic limestones rest sometimes on
Middlo Jurassic beds, sometimes on older beds of Liassic age: in the
latter instance, the massive limestones of the Middle Jurassic have
either never been deposited, or, if they once existed, they have been
redenuded away during the interval that elapsed between the Lower
Jurassic and Lower Cretaceous periods. Another unconformity
occurs between the Lower and Upper Cretaceous: the Middle Creta-
ceous is absent from Baluchistan just like the Upper Jurassic; even
the lower part of the Upper Crefaccous is missing, so that all the
Upper Cretaceous beds of Baluchistan are uppermost Cretaceous.
The Laki beds, in their turn, are unconformable to the Upper Cre-
taceous, t}w Khirthar to the Laki, the Nari (Oligocene) to the
Khirthar.

These unconformities account for the variations observed in the
geological sections at different places. Not only were the beds
irregnlarly denuded during the continental periods, but after each
continental interval, the sea did not emcroach simultaneously over
the whole area, so that certain formations represented by thousands
of feet in one section may be feebly developed or completely miss-
ing in another section at no great distance.

The most variable of all these strata are the Upper Cretacoous
ones, sometimes represented mostly by limestones, sometimes mostly
by sandstones, sometimes by a combination of shales, sandstones and
limestones. Their thickness varies as much as their composition: in
some places the whole group is absent, in other places, for instance
in the Pab range, it is represented by thousands of feet of coarse
sandstones.

A partwularly inconstant member of this vanable Upper Cretace-
ous group is a volcanic formation corresponding with the Deccan
Trap of the Indian Peninsula. It occurs both in the shape of
superficial volcanic accumulations such.as basalts, agglomerates, ash-
beds, interstratified with marine sediments, and as intrusive masses,
representing .the underground portions of the volcanoes, which have
now become exposed owing to the subsequent upheaval and denuda-
tion of the area. These intrusions are all of the basic class of
igneous rocks, principally dolerites and serpentines. They are
largely deweloped in Jhalawan especially in the region surrounding
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Nal, from Nal to Jebri, from Nal to Wad, and throughout a broad
zone west of the Porali river. This zone crosses the Porali river
just north of the plain of Las Bela, and continues as a broad
belt east of that plain as far as the sea-coast at Gadani. Valuable
metallic ores occur in connection with these intrusions and the
extensive zone along which these igneous rocks have been observed
deserves to be prospected in detail.

The newest of the great geological systems in that known as the
Siwaliks, consisting of clays, sandstones, and conglomerates. As a
rule they are ill-exposed in the interior of the calcareous region,
being mostly concealed by alluvial deposits, as in the neighbourhood
of Mastung. But considerable exposures are to be seen along its
castern margin, on the borders of the Kachhi plain. The sulphur
mines of Sanni are situated in this formation.

The leading features and the distribution of the several geolo-
gical formations occurring in the calcareous region are summarised
in the following table :—
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5.—THE FLYSCH REGION.

The flysch region includes the western border of Sarawan and
Jhalawan, the western portion of Las Bela, and the whole of the
Mekran district with the exception of a narrow fringe of territory
bordering upon Kharan near the Mashkel river, where one observes
some pliocene Siwalik sandstones, and some eocene slates. The
eastern limit of the flysch region is formed by the eastern side
of the Gurgina valley, the calcareous ranges extending from Nimargh
to Maraf and from there to Kodak and Greshag, the calcareous
ranges from Nal to Wad and to Wadinghar, and finally, the alluvial
plain of Las Bela. The whole of this region is occupied by one
geological formation, mostly a monotonous series of folded sandstones
and shales of greenish colour known as “ Kojak shales,” forming
innumerable close-set parallel ridges. They are mostly of oligocene
age, and correspond with the “ oligocene flysch” of Europe. In
the neighbourhood of the Mekran coast these same beds have a
somewhat different appearance becausg the argillaceous rocks else-
where compressed into shales or slates have remained in the state
of a friable clay, scarcely differing from the marine ooze which
originally constituted them. The huge masses of white sandstones
which overlie these clays, and constitute the peninsula of Ormara,
the Hinglaj mountains, and other sandstone rangesin the neighbour-
hood of the Mekran coast, are somewhat newer than the bulk of
the Kojak group, their age being Lower Miocene (Burdigalian to
Helvetian).

Owing partly to the less scanty rainfall, and partly to the
presence of impermeable clay beds and absence of fissured calcareous
masses, the topography is much more like that produced by normal
denudation, than in the limestone districts of Baluchistan: the
synclines constitute the hill-ranges, the anticlines the intervening low
ground, a disposition which is just the revers® of that observed
in the neighbouring calcareous districts. This is especially noticeable
in the neighbourhood of the Mekran coast where the grand sandstone
ranges always exhibit the structure of shallow synclines, the inter-
vening low ground being all occupied by the underlying shales of
clays whose structure is anticlinal. In this neighbourhood where the
softer beds have not become indurated into hard shales or slate®,
the lower ground pccupied by the anticlines exhibits an extraordi-
narily complicated topography of small hills consisting of shales or
clays weathering into mud, riddled by a network of innumerable
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ramified ravines. The immense mural escarpments of the overlying
massive white sandstones tower over the confused mass of the mud
hills with a grand simplicity of outline that forms an imposing con-
trast. Mud volcanoes are situated along the axes of these anti-
clines. They will be referred to again in connection with the
possible occurrence of petroleum which their presence perhaps indicates.

The contrast between the two types of denudation exhibited by
the caloareous and the flysch region, is illustrated in the sections,
Plates 8 and 10, accompanying this report. In the section, Pl 8, the
highest summit is part of an anticlinal dome. In the other, it is
part of a shallow syncline. Both sections show the same peculiarity
with respect to the anticlines which are much more pronounced
than the intervening synclines, this being quite independent of
whether the ridges shaped by denudation be anticlinal or synclinal.

* 6.—RECENT FORMATIONS.

Recent formations aie not restricted particularly to either the
costern or western district. The broader valleys and plains are
occupied by fine-grained alluvium which constitutes excellent soil
wherever irrigation is available. The valleys of Mastung and
Manguchar, of Nal, Khozdar and Zidi, of Wad, the great alluvial
plains of Las Bela, Panjgur, Parom, Kech, are instances of exten-
sive alluvial areas. The huge talus formations that amsually skirt
the mountain ranges of arid regions and are known in Baluchistan
as "“ daman ” are observed principally in Sarawan and in the north-
ern Mekran. It is a formation of this kind that yields the artesian
water of Quetta. But, except along the northern borders of Sara-
wan, this formation is not extensively developed in the region here
dealt with, especially when compared with the neighbourhood of
Quetta, and the more arid regions of the Zhob and of Nushki;
this is largely due to the difference in the amount of rainfall. For
the same reason, sand dunes are almost absent from the countries
visited last season, the only noticeable occurrences being those
north of Mastung, and the dunes along the sea-coast.

The raised beaches observed along the sea-coast are interesting
recent or perhaps pleistocene formations.

II,—ECONOMIC CHAPTER.

Judgix.lg from its geological constitution, it is improbable that the
western or flysch region contains any minerals of value, except,
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perhaps, petroleuam in the neighbourhood of the sea-coast. In the -
eastern or calcareous region, minerals are to be sought principally
in the Ghazij shales and in the basic intrusions, the first being
the coal-bearing series, the second being connected with the mineral
veins. Barytes occurs in the Parh limestones, sulphur and alunite®
in the Siwaliks, while the majority of the rocks forming the cal-
careous region could be used for lime making.

As explained in the introduction to the Geological Summary
detailed prospecting was out of the question during the past field
season. It is hoped, however, that the following notes regarding
various minerals may be of some use and interest.

1.—COAL.

The only place at which I actually observed coal is hal®way
between Johan and a place called Ziarat. The section, Pl. 8,
shows the situation of the coal-seam at this place, the general
geological constitution being as follows :—

Approximate
Formations, thickness,
Middle Khirthar or Spintangi limestone . . . . . . 600 feet.
Ghazij group, consisting of frinble shales, and, especially towards the
base, sandstones with plant impressions, In the upper part of the
group, one observes a coal-seam some 3 or 4 feet thick. Bright
coloured lateritic clays occur at the junction with the unconform-
ably overlying Khirthar . . . . . . . . 2,000
Parh lirnmbo!;es . . . . . . . . . Looo
Belemnite shales . . . . . . . . . . 200 .
Massive limestone (Middle Jurassic) . 2,500 ,,
Lias . . . . . . . . . . . . 2,500

Owing to the extremely friable nature of the clay beds amongst
which the coal lies, it is so hidden by débris that it is not possible
to obtain an accurate estimate of its thickness. I succeeded i
actually seeing it only at one place which was very edifficult of
access on account of the steepness of the friable and insecure slope
leading to it. The coal exposed at that place ia in a very splintery
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condition. Its quality is very poor, but I could not get a repre-
Q:\ ntative sample without uncovering the outcrop which would have

used undesirable delay. It is principally along the northern es-
carpments of the great eocene plateau from Gishk hill to Melabi
hill, that a search should be made for coal seams. Throughout
»the eastern escarpments of the great plateau, the shales underlying
the  Middle Khirthar limestone no longer belong to the Ghazij
group, but to the less ancient Lower Khirthar which is not coal-
beanng The whole of the area occupied by the Ghazij outcrop
is worth prospecting. The impure coal of Avagul near Mastung
perhaps belong to the Ghazij series. It was examined by Mr.
Tipper whose notes are appended to this report.

In the list of marches furnished to me by Major Showers, men-
tion was made of traces of coal at Shirinab west of Mastung. Un-
fortu&tely, I forgot this mention when travelling to Shirinab. The
correttness of the information is shown by the occurrence of Ghazij
shales along the western side of the Shirinab valley. .But the
extremely disturbed condition of the strata along this outcrop does

" not favour the notion of easily working it. Not only are the
strata along this outcrop greatly crushed and compressed, but, as
is shown in the section, Pl. 9, they are almost vertical, which
greatly reduces the. amount of available mineral. It is possible that
the continuation of the same beds exists in a less disturbed con-
dition beneath the Shirinab valley, but this could only be tested

«by boring.

2.—PETROLEUM.

The rocks of the calcareous region do not appear suitable for
the underground storage of petroleum, on account of their extremely
fissured condition. The attempts hitherto mgde either to exploit
petroleum springs or prospect for that mineral have mostly been
“carried out in places resembling the calcarcous region dealt with in
the present report, and this may account for the smsll measure of
success hitherto attained. In the area here dealt with, there are
"two regions where the prospect seems somewhat more favourable :

8 Bela and Southern Mekran, where the rocks belong®to the
Kojek or Mekran system, and Kachhi, where they belong to the
Siwaliks,

) ¢
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(a) Possible oil-fleld of Las Bela and the Southern
Mekran.

* 1| As already explained, the rocks of the Mekran district consist of
alternating shales and sandstones disposed in parallel folds closely
packed in the interior of the country, but broad and shallow in the
neighbourhood of the sea-coast. In the interior of the country,
the rocks are greatly crushed and disturbed, while they are very
little altered near the coast. In this coastal region, the serics con-
sists of a mass of white or pale buff sardstones amourting in
places to several thousand feet in thickness, known as the Hinglaj
sandstones which are underlaid by pale-greenish shales or clays.
There is a considerable thickness of these shales underlaid in their
turn by alternations of shale and sandstone. The clays or shales
are exposed in long narrow anticlines whose axes run parallel with
the sea-coast. In -section, these anticlines have a very stee’ roof
shape along their axes, the dip of the strata becoming gradually
shallower away from them. TIn the intervals between the anti-
clines, tho Hinglaj sandstones occupy the broad and shallow syn-
clinal areas, constituting the HAl4i and MHinglaj ranges, the Dhrun,
the Gurang, the Talar, the rocky promontories of Ormara, Gwadar
and Junri. The structure is illustrated in the section, Pl. 10.
Such a structure is one ideally suited for the underground ac-
cumulation of mineral oil.  Petroleum, when present, always
accumulates along the axes of anticlines, and, in the present
instance, the steepness and continuity of the anticlinal axes, and
the imperviousness of the covering clays are highly favourable
features. -Although no actual flow of liquid oil has been observed
at any place yet there are some reasons for believing that these
strata are oil bearing.

Foremost amongst these mdlcatlons is the qecurrence of the
mud volcanoes, precistly along these anticlinal axes; it is uncertain,
however, whether the gases cmitted contain gaseous hydrocarbons,
such as would indicate the presence of liquid petroleum. Ityis con-
coivable that the anticlinal arches may be impermeable enough to
arrest the upward passage of the stored liquid, and yet that minute
fissures or pores might suffice to afford a passage to the gases. The
water which accompanies the gases does not rise from the depths
of the anticlinal arches. It is merely stored in the overlying strata
and is forced upwards by the gas rising from below ; its similarity
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of composition with the neighbouring sea-water, and its temperature
identical with that of the sea and air indicate that it originates from
a small depth. Therefore the absence of liquid hydrocarbons from
the products of the mud volcanoes is no indication that they do
not exist underground, and all the other circumstances seem favour-
able enough to justify experimenting in order to ascertain their
presence or accessibity.

The best chances of success will be obtained if the site for the
experimental boring is selected at a place where the anticlinal roof
has been' considerably denuded in order to traverse as small a thick-
ness as possible of the impermeable clay. This thickness is, in any
case, an uncertain factor, because the exposures do not afford any
means of readily ascertaining the thickness of clay or shale that will
have to be traversed; but, of course, it will be least where a con-
siderable portion has already been removed by natural agencies.
Another uncertain factor is also introduced by the singular shape of
the anticlines which have a very steep dip in the immediate neigh-
bourhood of their axes. It is evident that if the site chosen is
not on the actual axis of the anticline, the high dip of the beds
will considerably increase the depth to which it will have to be
carricd before meeting the underlying layers, At the actual axis
of the anticline the bedding is of course horizontal, but the strati-
fication of these clay masses is so obscure that it is not possible
to determine its exact position: consequently if the first boring
could not be carried through the entire thickness of the clays,
and therefore yielded no oil, it would still be necessary to sink
new ones & little to the north and south of the line along which
the first experiment was made, and the trials should be continued
until one of these borings struck a sandstone bed. It is to be
noticed that while this peculiarity of structure is unfavourable for
prospecting, it is eminently well suited to storage. The left bank
of the Hingol, north-east of the word “Aghor” on the }” map,
would be a suitable place for the first trial. The success or failure
of the initial experiments will indicate whether it i§ worth while
investigating the other anticlines shown on the map. The borings
must be started with a wide diameter, so as to be able to reach
a considerable depth, between 1,000 and 2,000 feet if hecessary.
Moreover, the wider the boring, the more remunerative would it
be in case it struck oil; and the importance of the possible result
is sufficient to justify a fairly large outlay.

c2
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Further west, in Persia, mineral oil is remuneratively extracted
from these same beds. In geological age, they correspond with the
oil-bearing strata of Burma, and with the “ Schlier” of Europe, that
is with one of the most constantly petroliferous geological forma-
tions.

(b) Possible oil-fleld of K%:hhi.

Petroleum springs have been reported as occurring amongst the
Siwalik strata surrounding the Kachhi plain. The districts of
Sarawan and Bolan, the Mari and Bugti ‘country, are fringed by a
zone of Siwalik hills bordering the Kachhi plain. In these hills,
the Siwalik system consists of alternating sandstones and clays
whose composition and frequently anticlinal structure seem quite
favourable to the storage of petroleum. They are, therefore, worth
prospecting at suitable places. Sulphur, salt and gypsum, the usual
associates of mineral oil, are also found in these rocks. It shbuld
be mentioned, however, that in Burma, the Siwalik system, although
it seems favourably constituted for the storage of petroleum, is
always sterile, all the oil being contained in the underlying beds
which correspond with the beds underlying the Siwaliks of Baluchis-
tan, that is with the Mekran or Kojak system.

8.—SULPHUR, SALT, ALUNITE, GYPSUM.

Salt, sulphur and gypsum (sulphate of lime) are commonly met
with in petroliferous regions. Sulphur is found both in the Mekran
or Kojak series, and in the Siwaliks. In both series it has been
deposited from sulphurous springs. I visited some deposits of
sulphur in the Mekran series at Kan Berar in the State of Las Bela.
The amount of mineral which they contain is too small to be
profitably extracted. ~The mines of Sanni in the Siwalik area
bordering the plain of Kachhi appear to be much richer.

(a) Sulphur and salt of Kan Berar.

West of the southern portion of the alluvial plain of the Porali,
seporating that alluvial expanse from the Pohr valley, rises an
anticlinal ridge of Hinglaj sandstones striking a few degrees west ot
south and ending southward by an anticlinal apse about 3 miles
distant from the sea-coast close to the mouth of the Pohr. The
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anticline has not been sufficiently denuded to expose the clay beds
underlying the Hinglaj sandstones, except in its southernmost por-
tion where some narrow outcrops of the typical shales appear along
the crest of the anticline which is somewhat more denuded than
further north. A large mugd volcano rises above these clays. The
sulphur of Kan Berar ocours at the crest of the anticline quite olose
to its southern termination. The crest of the anticline at that place is
considerably denuded, yet rot sufficiently to expose the typical Mek-
ran shales that underlie the Hinglaj sandstones. The lowest beds
exposed are alternating shales and sandstones belonging to a some-
what higher horizon than the typical Mekran shales. Amongst the
ravines cutting through these beds, are some intensely sulphurous
salt springs. The cliffs overlooking these springs exhibit veins of
sulphur and salt evidently representing the channels through which
the mineral waters reached the sarface at a time when the ravines
had not been excavated to their present depth. Both the salt and
sulphur are pure and well crystallised, but the amount is too small
to be of economic value.
. L J
(b) Sulphur and alunite in the Siwaliks.

Of the sulphur mines situated in the Siwalik area, the best
known are those of Sanni which have been profitably worked for
many years. In addition to sulphur, these mines yield alunite (sul-
phate of alumina). The mines have been®visited by Mr. Tipper
whose notes on the subject are appended to this report.

(c) Gypsum.

The tertiary clays and shales of all ages, whenever they are but
slightly disturbed, contain numerous crystals of gypsum scattered
through their mass. In regions where these same beds have been
converted into hard shales, the gypsum disappears, giving place to
veins of calcite. Lastly, when the degree of alteration of the beds
is carried still further, so that they become slates, the calcite veins
are replaced by veins of quartz. The gypsum observed in the
region visited last season could be locally used for manufacturing
plaster-of-Paris, but I have not come across any continuous masses
of the mineral, such as might be worth exploiting on a large
scale, '
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4.—MINERALS CONNECTED WITH THE IGNEOUS
INTRUSIONS.

(@) Copper and lead.

The ores of copper and lead for which Jhalawan has long been
known are mostly, if not entirely, conneoted with the great basic
intrusions described in the Geological Summary. Being unaware of
the situation of the intrusive zone before commencing our tour, it
was not possible either for Mr. Tipper or myself to do any prospect-
ing. Now that a map exists showing ®he position of the zone, it
will be possible to investigate it in detail. The situation of the
zone has been described in the Geological Summary and is indi-
cated on the accompanying map.

I have observed one instance where a copper deposit appears

. to occur in the eocene coal-measures, in beds newer therefore than
the great intrusions. This is betwcen Ziarat and Johan, in Sara-
wan, at the same locality where I saw the cosl-seam above de-
scribed. The locality was indicated to me by Duffedar Sarang Khan.
The hill-slopes at this place are so friablgy and the gmound so much
broken up, that I was unable to find the actual ore-body, probably
a vein, but the hill-slopes were strewn witb its weathered products,
in the shape of concretions of malachite and azurite (carbonates of
copper). I did not succeed in obtaining any of the unweathered
ore, but some of Sarang Khan’s specimens contain, beneath the
crust of carbonates, s core of copper-glance, one of the richest ores
of copper. This ore deposit is worth closer examination than I was
able to give it. From its position amidst eocene strate it appears
to be much newer than the basic intrusiors. Perhaps it represents
a product of solfataric phenomena that may have lingered beyond
the era of the great volcanic eruptions. In other parts of Balu-
chistan I have como across igneous intrusiong outting through
eocene strata, and representing a period of igneous activity (not
necessarily volcanic), newer than the Deccan Trap, and whose age
is oligocene or lower miocene. This is perhaps the case with the
vein near Johan, and, if so, it would constitute an exception to the
usual age of the metdllic deposits of this district.

Formerly lead and other minerals were obtained from the mines

- of Shekran near Khozdar, apparently comnected with the typical

basic intrusions of cretaceous age. The mines were visited by

M. Tipper, whose notes are appended to this report.
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(b) Magnesite.

Some 7 or 8 miles south of Wad, north of a camping ground
* known as Bania Pani, the serpentine intrusions are crowded with
veins of a white mineral which I took to be magnesite. The net-
work of veins is sometimes so dense that the hill-slopes appear en-
tirely white. The specimens have got mislaid on their way to
Caloutta. If they can be recovered, they will be examined in the
laboratory, and & note added to this ®report. Magnesite thus
situated and in such abundance might be worth extracting in the
cvent of a railway exlension to Las Bela.! .

(¢) Serpentine. .

Tho serpentines so largely developed along the intrusive zone
constitute sometimes handsome ornamental stones. Some varieties
are wrought into small ornaments at the pilgrimage place of Shah
Billawal.

5.—IRON PYRITES AND BARYTES.

Large concretions of marcasite (a form of iron pyrites) are
commonly found in the lateritic layers at the junction of the Belem-
nite shales with the underlying Jurassm but not in sufficient #mount
at any one locality to be remuneratively extracted.

Barytes has been observed in the Belemnite shales by Mr.
Tipper whose notes are appended to this report.

6.—IRRIGATION.

The area dealt with in this report includes most of the lesy arid
portions of Baluchistan, this'being cspecially the case with the Mek-
ran district. My observations were too hurried to cnable mo to
make suggestions regarding any extensive schemo of irrigation, but
I have seen enough to feel convinced of the desirability of making
some provision to save the cnormous.amount of water that yearly
runs to waste. Apart from the possibility of storing & vast amount
of water from occasional showers, a great®deal could be done to
turn to better account, than it is at present, the considerable per-

1 Since our visit to Las Bela, manganese-ores have been discovered in this Stnte-
Precise dotails are not yet available. The ore is psilomelane,
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ennial flow of the large Mekran rivers. The artificial dams and
terraced fields known as “ gorband ” whose presence in the Nushki-
Chagai district appears to indicate a recent dessication of that tract,
are extremely numerous throughout Jhalawan, Sarawan and the
Mekran. In a great many cases these structures have been erected
as dams across considerable streams, but have now fallen in dis-
repair, and have been largely carried away by floods. The climate
has probably not detegiorated so much as that of the districts
further north. The gradual dwindling of the lakes occupying areas
of closed drainage which must have acted so powerfully in causing
the dessication of the desert further north, has not affected.to the
same extent the areas here reported upon, for their drainage is, for
the greater part, connected with the ocean, and even the portion of
the Mekran tributary to a closed-drainage area, feeds a river of
considerable size, the Mashkhel.

In the calcareous districts of Baluchistan, the narrow gorges
interspersed along the course of the rivers seem favourable to the
building of dams that would allow the formation of artificial reser-
voirs. The fissured condition of the calcareous masses might inter-
fere with the water-tight character of the reservoirs to an extent
that cannot be predicted, as no important work of the kind has
yet been erected in Baluchistan.

There are no fissured limestones in the western region, where
perennial rivers such as the Hingol, the Mashkhel, the Dasht and
some of their tributaries could be turned to account for irrigation
to a far greater extent than they are at present by constructing
dams at suitable places. All along the course of the Lower Hingol,
south of ldtitude 26°, there are large areas of absolutely barren soil
on gjther bank, the reason being that the river is encased between
shale banks some 30 feet high which it never overflows even when
in flood. By constructing dams and canals to distribute water over
such areas, these plains could be cultivated. At Hingol itself, where
the river finally emerges from the hills, the same thing could be
done to irrigate the plaine extending up to the sea-coast. The
construction of a serieg of such works along the river would also
tend to check the disastrous floods to which it is subject.

Still more than in the case of the Hingol, works of a similar
nature are desirable in connection with the Dasht river and its
tributaries, on account of the vastness of the alluvial plains which
it traverses, the excellence of their alluvial soil, and the large
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volume of water carried)'by the river. I have not visited the
river gorges north of the Sami and Mand plains, respectively east
and west of Kej, but judging from the map, they appear well
adapted to the creation of artificial reservoirs that would still
further enhance the fertility of the Kej plain. Another work at
the gorge north of the Dasht plain would confer similar advantages
to that fertile expanse of splendid soil, while a canal could be con-
structed to bring a plentiful supply of drigking water to the well
situated harbour of Junri. Along the tall Tanges north of the Kej
valley, many minor works could be constructed to economise some-
thing of the large amount of water that runs to waste after every
shower of rain. ) :

It shquld be possible to treat the Mashkhel in the same way,
but this would benefit mostly territory belonging to Kharan.

Of course such works would require a large outlay. But the
potentiality of the Mekran seems to me so incomparably superior
to that of any other part of Baluchistan that the matter deserves
careful consideration. The climate is suited to all kinds of crops:
wheat, cotton, indigo, sugar-cane, rice, etc. The population appears
intelligent and industrious. If the natural water-supply of the
region could be made available to its fullest efficiency, the province
could support three or four times its present population, and would
become a prosperous annex of the fertile portions of Sind.

With regard to the chances of artesian wells, it is to be noticed
that the geological formation that yields the artesian water of
Baluchistan is not greatly developed in the region- which I visited
during my last tour. This is the recent talus or * daman” de-
scribed in the Geological Summary. Owing to the less arid condi-
tions of the region, combined frequently with a smaller relative
altitude of the hills, this formation does not attain anything lik® the
proportions which it has round Quetta, or in the Zhob or Chagai
districts. When developed at all conspicuously, it usually spreads
out at a very shallow angle, so that a high pressure in the under-
ground reservoir cannot be expected. At the foot of the northern
slopes of Melabi hill, at the south-east corner of the southern Zahri
plain, the western border of the Kachhi plain, in the plains of Jhau
and of Kej, the talus seems sufficiently developed to indicate the
possibility of artesian conditions, but in all these places drinking
water i8 to be had in abundance and an artesian well would not
be of great utility.



214 Records of the Geological Survey of India, [Vor. XXXVIII.

APPENDIX.

Notes on some minerals.
By G. H. Tipper, Assistant Superintendent, Geological Survey of India.

Baigles.—This mineral is found widcly distributed through Kalat and Lae
Bela States in the Belemnite shales of Lower Cretaceousage. It has also
been found in the middle Khirthar shales, Tho two chief localities are
the lower scarps of the Pab range near Pabni chauki and the Sarmowli
river botween Chad afld Anjira. Wherever found the mineral occurs as
scattered concretions in association with nodules of pyrites. Of the two
localitics the Sarmowli riveris too remote from any centre : while that near
Pabni is very favourably situated, as it is only about two days’ march from
Karachi. Barytes has a considerable commercial value in Calcutta, but I
am not in a position to say whether there is any market in Karachi., From
the mode of occurrence of the minesal it is impossible to estimato Phe quantity
available, but considering the great outerop of the Belemnite shales in the
vicinily there must be a fair amount of the mincral scaltered about.

Sulphur.—Sulphur occurs at the Bhituri river near Sanni, at Gokurth and
Draj Bent in the Bolan Pass. In the Bolan the outcrops are much
obscured by sinter deposits. It is of intercst as the rock in which the
sulphur occurs is a massivo limestone of Upper Cretaccous (Cardita

. Beaumonti) age. At Sanni the sulphur has been at one time extensively
mined. I was told that this was done on bchalf of the Amir of Af-
ghanistan and that mining was stopped at the British occupation. Since
then the openingshave all been stopped by d¢bris and in addition the
mine hasat some time been set on fire. I had the mine cleared, but the
opening proved too small to allow me to get down uny distance. Some
of the escort managed to scramble in for some way and got good speci-
mens for me, The sulphur occurs as veins and impregnations in the
clays of the Siwaliks. Somoe of the clay-bands are so full of sulphur
that they bum with ease. Small quantities are even now extracted for
the local manufacture of gunpowder.

Alunogen or Sulphate of Alumina occurs in veins associated with the sulphur.
It is almost pure and was at onc time uscd as a mordant. Both the
sulphur and the alunogen havo been deposited from sulphurous springs.

Pdroleum shows are to be seen both near Sanni and js the Bolan. They
do not, 1 think, indicate that there are reservoirs of oil waiting to be
tapped, but they rather point out places where the oil has been and
from which it hasescaped. The experiment of boring for oil was tried with-
out success at Kirtha in the Bolan. At the swphur mines of Sanni I
was informed that the purification of the sulphur was carried out by
means of the earth-oil foiind in the mines, From the description given
me it must be like that of the Bolan, a thick tarry maltha, and it
seems doubtful whether there is any reservoir of oil.

Lead and Antimony.—According to all the inhabitants of Jhalawan both
lead and antimony are found at numerous localities in the province.
This is probably quite true, but the only place where these motals are
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known to occur is at Shekran, about 14 miles north of Khozdar. This
locality was visited by Dr. Cook about 60 years ago, at which time no
work was being done. Previous to this they had been secn by Masson in
1843. He gives a desoription of the method of smelting, which resembled
that of the open hearth process. At the present time small pieces of
native (?) lead washed down by the streams provide the Brahui with the

« necessary lead for bullets, The mines occur in the hard blue Jimestones
of the®Lias and in the rather softer beds of the middle Jurassic. They
are extremely numerous and many of them are now blocked by débris, so
that it is impossible to say whether they are merely surface diggings
or not, The old method of working seems to have been very simple.
The ore was extracted, sorted at the mouth of the pit and the selected
ore was taken to a spot necar the stream to be smelted. At this spot
there is o large heap of slag now partly over-grown with “ pish.”1
When the mines were in full swing there must have been a much larger
supply of fuel in the vicinity than there is at present. The chief ore is
cerussite or carbonate of lead. So far no ores of antimony have been
found, but analysis of the slags shows antimony present in every case, so
that antimony ores are almost certainly there. Amongst other specimens
somc manganese-ore was picked up, but it is entirely superficial in origin.
None of the slags contain any traces of silver, so that it is doubtful
whether silver-lead ore does occur.  Supposing that a fairly rich metal-
liferous vein wore discovered in this locality, it would be impossible to
smelt it on the spot, gn account of lack of fuel at any convenient dis-
tance. It would, I think, never pay to carry crude ore the present
great distance to the railway.

Coal.—At Avagul, south-cast of Mastung, there is somo carbonaceous shale. It
occurs in shaly limestones of Lower Eocone age. It is of no value as fuel.

Cupper.—Beyond occasional traces of copper, no true vein of copper ore was
discovered, although search was made on every possible occasion.

EXPLANATION OF PLATES.

PratTe 8.

Scction shoWwing position of coal-seam at Ziarat, west of Johan.
PraTr 9.

Scetion showing position of *‘ Laki » strata in the Shirinub valley,
Prate 10.

Section illustrating the geological structure near the Mekran coast.
Prate 11.

Diagram illustrating the position of anticlinal axes in Eastern Baluchistan
and Western Sind,
PrarE 12,

Geological map of Eastern Baluchistan and Western Sind.
1 Nannorhops Ritchicana, Wdl.-Chameerops Ritchicanu, Criff.
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NOTE ON A HIPPURITE-BEARING LIMESTONE IN SEISTAN
AND ON THE GEOLOGY OF THE ADJOINING REGION.
By ERNEST W. VREDENBURG, A.RSM., A.R.CS.,
F.G.S., Assistant Superintendent, Geological Survey of
India. (With Plates 13 to 16.)

INTRODUCTION. .

Amongst a geological collestion from Seistan, forwarded to the
Geological Survey of India by Mr. T. R. J. Ward and Sir Henry
McMahon ir 1905, there are a few fossils which are of special
interest as they include specimens of Hippurites. The locality
is situsted nearer to the frontiers of the Indian Empire than any
other in which specimens of the genus have been discovered. Up
to the present there is ‘no instance on recdrd of a true hippurite
having been found in India.

OUTLINE OF THE GEOLOGY OF SEISTAN.

By piecing together the information ga.thered. by Huntington
(The Basin of Eastern Persia and Seistan, Carnegie Institution,
1905), McMahon (Recent Survey and Ewploration in Seistan, Geog.
Journ., 1906), and the surveys previously accomplished by me
(Geological Sketch of the Baluchistan Desert and part of Eastern -
Persia, Mem. Geol. Surv. Ind., Vol. XXXI, 1901), it*is now possible
to form a fairly connected idea of the Geology of Seistan.

The populated districts of Sejstan are distributed through the
Seistan the lowest Iying lowest lying portions of one of those

} depressed almost flat areas of closed

g'i?):tf‘m of a vast depres- drainage, intervening between mountair
ranges, such as characterise many parts

of Persia and Central Asia. In this particular case, the depression
occupies a considerable portion of Southern Afghanistan, stretch-
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ing from east to west for a distance of some 320 miles, the
breadth from north to south being about 180 miles. The lowest

lying portion is along the western
Helmand river and delta. IZmrginPof the depressioi. The greater
part of this area is a desert, oxcept along the banks of the
Helmand river, and in the more deeply depressed western
portion where numerous artificial canals supply water for irriga-
tion from the distributaries of the Helmand. This river spreads
in delta fashion over the lowest lying part of the tract, some
portions of which are flooded by shallow sheets of water whose
extent varies according to the season of the year. In
addition to the Helmand, several rivers, of which the most
important are the Khash Rud, the Farah Rud and Harut
Rud, enter the depression of Seistan proper along its north-eastern
or northern margin and contribute to supply water and silt to
the area occupied by the shallow lakes.

The shallow lakes of Seistan proper contain fresh water. The
soluble salts washed into them from
a considerable drainage area do not
accumvulate, because the lakes are flushed
during exceptional floods, the surplus water overflowing into a

still deeper depression, the Zirreh Lake,

The Zirreh Lake. situated It:':)u.th of the populous portion

of the province. The water of the Zirreh Lake is saturated with
salt.

From a geological point of view, the constitution of Seistan

is the same as that of the adjacent
of%:?:g::fal constitution depressions of Persia and Baluchistan,

} some of which have already been
surveyed and described with some detail. The encircling hi]l ranges
contain -a varied sequence of highly
disturbed rocks amongst which cretaceous
and eocene strata especially predominate, while the depresstd area
is occupied by undisturbed or slightly disturbed formations belong-
ing to three successive formations: the Siwaliks (or “ Gobi
formation ’) mostly of pliocene age, the pleistocene alluvial

gravels and clays, and recent acocumula-
pre:)sﬁluzfll":a:g.n of thede- i/ These three groups of deposits
represent three successive stages in the
desiccation of the vast inland seas that were out off from

Fresh-water lake of
Seistan proper.

Encircling hill ranges.
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the ocean in later Tertiary times by the orogenic upheavals that
occurred during that period. Only, while the recent formations
snd even the pleistocene accumulations show no distinet signs
of having been disturbed since they were deposited, the Siwaliks
have been distinctly affected by movements of the earth’s crust.
. Over the almost horizontal spreads

Disturbance of Siwaliks. 4.4 constitute the greater portion of
the depressions, theso movements do not amount to anything more
than a more or less local warping; but, all along the margins of
the depressions, where the Siwalik beds border the mountainous
Siwaliks uptnrned along ranges, these same deposits are violent-
the margins of the ly upturned, being tilted at high
depressions. angles, and affected by overthrusts in-
dicating in all cases a direction of movement from the mountainous
towards the low-lying region. The warping and tilting of the
Siwaliks and the concomitant overthrusts must date back to the
pliocene, and accounts for the manner in which these beds which,
originally must have been deposited with s near approack to uni-
formity and horizontality over the floor of the inland seas, sre now
observed at varying altitudes. The inequalities in the floor of
the depressed areas left dry by the desiccation of the inland seas
are to be attributed largely to this pliocene disturbance. It is
very likely however that a closer study than has been hitherto
practicable, would reveal a certain amount of disturbarce amongst
the pleistocene accumulations, such as has been distinotly shown
to have taken place in many parts of India, both in the peninsular
and extra-peninsular regions ; normal favlting scems to have affected
the margins of the depressions in post-pleistocene times. Numerous
volcanic cones bear testimony to a
disturbance of this nature, as also the
earthquakes that affegt definite lines
along the margins of the depressed areas. Sir Henry McMahon
has dfawn attention to a line of disturbance of this nature from
Chaman to Nushki along the easterr moargin of the great depres-
sion of Southern Afghanistan. Along the margins of the low-
lying western portion, volcanic manifestations are nvmerous, and
include the Koh-i-Svlten, Damodim, Kobh-i-Delil, Mit Koh, and
another wunnamed cone, all of which are situated south of the
Zirreh Lake, and have elready been described in these publications
(Mem. Geol. Surv. Ind., Vol. XXXI, pp. 274—283, 1901), while in

Pleistocene faulting and
volecanicemanifestations.
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Seistan proper, the Koh-i-Khwajal and Koh-i-Chako are of a similar
nature.
These crust disturbances account quite sufficiently for®a feature
‘ . that has puzzled many observers in
engllli'gn;fthbelg:[lblrtsssti;{:it.a Seistan : the depression occupied by the
. delta of the Helmand and the shallow
lakes of Seistan and the Zirreh Lake is surrounded by cliffs of
horizontal (or nearly horizontal) Siwalik strata whose shapes are
evidently dctermined by ordinary crosion. As tlese cliffs surround
an area which is the lowest lying portion of an inland basin, it
seems difficult to account for the disposal of the materiel removed
by denudation if one sapposes these cliffs to consist of undisturbed
meterial. The supposed absence of disturbance is, however, only a
deceptive appearance caused by the horizontality of the deposits
away from the margins of the pleins. That the horizontality is
neither genersl nor absolute, cven in such situstions, is distinctly
shown by some of the photographs communicated by Mr. Ward,
and also by Huntington’s diagrammatic section through the Koh-i-
Khwaje (Basin of Lastern Persia and Seistan, fig. 168, p. 286,
1905), while the highly disturbed condition of these same beds along
the actusl margin of the depression is evidenced clearly enough
in ¢ photograph which I have reproduced in a previous publication
of this department, and which represents an exposure of this for-
mation situated some 20 miles west-south-west of the western ter-
mination of the Zirreh Take (Mem. Geol. Surv. Ind., Vol. XXXI,
Pl 12). As thero have been, therefore, considerable crust movements,
it is quite to bo expected that heneath certain parts of the lowost
lying area the Siwaliks lie buricd under a considerable depth of
pleistocene and recent accumulations representing the material
derived from the erosion rendered ovident by the features of the
clifis above alluded to. ’

1 The voleanic rocks from the Koh-i-Khwaja include :

1. Porphyritic dolerite with phenocrysts of labradorite and augite in a base of
smaller crystals of tho samoe two minerals plus iron-oro; there is some
secondary serpentine. (G==2'72.)

2. Very fine grained basalt consisting’ of minute crystals of felspar, augite, and
iron-ore dust, with a few small porphritic crystals of augite. (G=2-81 to
2°90.)

3. Very porous andesite of a dull briock-red colour, almost & pumice; the minute
vesiclos contain opal and zeolite, while some larger cavities contain caleite.

4. Ash-beds.

These rock8recall somewhat those of another small volcanic outburst ocourring in the
southern part of the Seistan depressioy, and already mentioned in & previous publication.
(Mem. @. 8. 1., Vol. XXXI, p. 283, 1901.)
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Seistan is noted for the violence of the wind that sweeps across
the country for months at a time.
Eoliay denudation. Huntingtoxf,y McMahon and many other
observers have drawn attention to the extraordinary amount of
eolian denudation which it produces especially amongst the soft
recent deposits. Though this might be sufficient to counterbalance
to a great extent the accretion of the sediment due to the silt
brought down by the Helmand, it would not suffice for the local
formation of the depression which there is every reason to ascribe
to tectonic influences. .
One of the reasons that have somewhat obscured the obvious-
. ness of this simple explanation is the

Confusion l’et“"’te“fs'wa' failure, on the part of many observers,

ltiil;::'“d sub recent forma- to recognise that a considerable

portion of the deposjts occupying
the plains of Baluchistan, Persia, and Central Asia are identical
with the Siwaliks. Instead of their being interpreted as lake or
inland-sea deposits of Tertiary age, they have often been regarded
as an ordinary alluvial formation ‘of much later date. These rocks
were unhesitatingly referred to the Tertiary era by Griesbach when
he first observed them in the plain of Pishin near Quetta (Mem. Geol.
Surv. Ind., Vol. XVIIL, p. 18, 1881,-Rec. Geol. Surv. Ind., Vol. XVIII,
p. 58, 1884). Partly through an accidental misapplication of the
term “Gaj” (a name belonging to a series older than the Siwaliks,
but misapplied by Griesbach in consequence of a misapprehension
as to its meaning), Griesbach’s interpretation did not gain credit
with his successors who referred the deposits in question to a sub-
recent age and denied their lacustrine origin (Rec. Geol. Surv. Ind.,
Vol. XXV, p. 36, “Manual,” 2nd ed., p. 417).

The researches, of the last few years have fully established
the correctness of CGriesbach’s views, and the 1degt1ty of these beds
with the Siwalik formation of India and the Gobi formation of
Central Asia.

The Siwalik strata, whether comparatively undisturbed or else

violently tilted, consist principally of

Character of the Siwalik glternating pink and greenish  clays
strata. and occasionally sandstones and con-
glomerates, This at least is the character of the bulk of the
formation, constituting the middle. sub-division. Greenishegrey sand-
stones predominate in the Lower Siwaliks, while in the Upper
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Siwaliks there is often a considerable admixture of coarse fluviatile
conglomerates and of buff-coloured clays recalling the pleistocene
formations.

A number of detailed measured. sectlons, consisting principally
of the alternating pink and green clays, observed along the north-
western border of the depression of Seistan proper, have been
represented by Huntington on Plate 5 of his work on the basin
of Eastern Persia and Seistan.

The pleistocene formations consist largely of alternations .of
buff-coloured, more or less sandy clays
and conglomerates. Instead of exhibit-
ing the characters of sediments deposited under water, they recall
ordinary alluvial deposits, indicating that the inland seas of the
Siwalik period were then to a considerable extent dried up. Yet
judging from the terraced disposition of these pleistocene deposits,
a portion of the basins must have been still occupied by water,
and the pleistocene deposits only became largely eroded when the
water level finally sank in post-pleistocene times.

The pleistocene formations consist largely of great accumulations
of unstratified buff-coloured clay exhi-

' biting the character of the “loess.”
The arid plains strewn with black pebbles that constitute the
plains known as ‘“dasht” owe their
origin to’ the pleistocene conglomerates :
the pebbles are laid bare by the wind,
which removes all traces of the silt that once enclosed them,
they become coated with a thin film of hydrated oxides of man-
ganese or iron as is usually the case in desert countries.

The recent accumulations of the
Recent deposits. Helmand delta consist of ordinary river
gilt. In order to give a clear idea of the physical and geological
relations of Seistan and of the adjacent lands, the small diagram,
Pl. 13, shows the main features of the geology of Baluchistan
and Southern Afghanistan so far as known at present.

Pleistocene formation.

The loess.

“Dasht’” plains strewn
with black pebbles.

FOSSILIFEROUS CRETACEOUS LIMESTONES.

The only: fossils gathered ¢n situ amongst the specimens for-
“warded by Sir Henry McMahon are those mentioned in the intro-
duction to this note, They were collected amongst the hills

LA D
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forming the north-western margin of the Seistan swamps. These
hills constitute the most south-easterly spurs of one of the moun-
tain ridges which, from the neighbourhood of Birjand, in eastern
Porsia, extend, with a south-easterly strike, towards the borders
of the Seistan depression. The ridges gradually decrease in alti-
tude on approaching the depression, and terminate in isolated
spurs entirely surrounded by the Upper Tertiary (“Siwalik” or
“Gobi”) and sub-recent formations that fill the Scistan depression.
Two such isolated masses constituting the terminations of one of
these ridges, and along the summits of which has been carried the
frontier line between Persia and Afghanistan, have yielded the fos-
sils in question. The more north-westerly and the larger of these
two islands of older rocks is known as Koh-i-Nahrahu or Koh-i-
Siah, and rises to an altitude of 4,984 feet, some 3,430 feet there-
fore above the level of the swamps. The smaller, and south-
easterly one, known as Koh-i-Maku, rises to a height of 3,900 feet.

Judging from Mr. Ward’s photographs and the notes ‘supplied
by Sir Henry McMahon, the rocks constituting these hills dip at
high angles, the stratification being contorted.

All the ranges running close to the Perso-Afghan frontier from
the neighbourhood of Meshed to Birjand are disposed along this
same south-easterly direction of strike. On reaching the longitude
of Seistan their direction veers round and becomes more easterly ;
in the case of the ridge terminating in the Koh-i-Nahrahu and
Maku, this change of direction cannot be observed, because the
older rocks constituting these ridges sink beneath the horizontally
bedded late Tertiary and Quaternary beds of the depression. North-
east of the depression, the eastward-striking portion of several
ranges belonging to the same system was crossed by Mr. Griesback
during the march of the Russo-Afghan Boungary Commission in
1883.

They are described by Mr. Griesbach as consisting of hippuritic
Vimestones invaded by various intrusive igneous rocks (Rec. Geol.
Sury, Ind., Vol. XVIII, p. 60, 1884).

Koh-i-Nahrahu and Maku also consist of a hard grey limestone
which yields well-preserved specimens of two species of Hippurites.
There are also some specimens of rock showing a brecciated struc- -
ture, with fragments of a green porcellanic-looking limestone " em-
bedded in a grey calcareous matrix. The green fragments resemble
gome of the rocks known in Baluchistan as ‘ Parh limestones ”
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whose age is Neocomian. In the present instance, however, the
available material is insufficient to decide whether these Neocomian
rocks are represented. '
The fossils include a hippurite which I have regarded as identical
with Hippurites gosaviensis Douvills, an undescribed Pironea
which I propose to name Pironea persica, sections of a Plagio-
ptychus, a large rtibbed Pecten, a large very singular lamellibranch
which I have been unable to identify, and is perhaps related to
the Pinnide (Pl. 16, fig. 2), casts of a large, very -clongate Nerinea
(PL. 16, fig. la. 1b), and of a large naticoid shelll
. Hippurites gosaviensis seems to characterise, in Kurope, the
Upper Turonian or the beds at the limit of the Upper Turonian
and Lower Senonian. The species of Pironea so far described
are regarded as Upper Senonian, but the present one exhibits more
primitive features than its congeners, and its presence is not there-
fore out of keeping with the attribution of a Lower Senonian or
uppermost Turonian age to these rocks.

DESCRIPTIONS OF THE HIPPURITES.

The two species of hippurites may be briefly described as
follows : '

Hippurites gosaviensis Douvillé.
Pr. 14, figs. 1, 2.

1866.—H. cornuvaccinum Zittel, Die Bivalven der Gosaugebilde
(Denkschr. der Kais. Akad. der Wissensch.,, Vol. XXV,
p- 135, Pl XXI, figs. 1--7).
1890.—H. gosaviensis Douvillé, Etudes ser les Rudistes (Mem. Soc.
Geol. Fr., No. 6, p. 24).
i895.—id., loc. cit. (Pl. XXIX, figs. 1—6, Pl. XXXIII, fig. 5).
There are unfortunately no specimens of the® upper valte. The
lower valve in young specimens up to a diameter of about 8
centimetres is conical, and more or less curved or deflected in
various directions. . Full-grown specimens become cylindrical, and
some of the fragments are as much as 25 centimetres long, for a
diameter of 8 or 8:5 centimetres. The greatest diameter observed
amongst any of the specimens is 10-5 centimetres.
Externally the outer layer is ornamented with close.set angular
ribs, delicately striated transversely, the intervening furrpws ‘being

-2
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also angular; their average width from furrow to furrow is about
3 millimetres. The position of the two pillats is indicated exter-
nally by grooves slightly deeper than the other furrows; the
groove corresponding to the cardinal ridge is somewhat more
pronounced and distinguished by the obliquity of the transverse
striation disposed in “ herring-bone ” fashion as is usual in
hippurites.

When the outermost layer of the envelope is broken off, the
inner layers appear ornamented with ribs that are much less promi-
nent than those of the outer layer, while the furrows coinciding
with the pillars and cardinal ridge are much more pronounced than
when the external surface is intact.

The internal disposition of the internal pillars, cardinal ridge,
teeth, and muscular apophysis is invariably that which character- -
ises Hippurites gosaviensis. None of the specimens show every
one of these parts with perfect distinctness, but by piecing together
the indications furnished by separate individuals the main outlines
of the plan can be discovered. The first pillar is circular in
section and supported on a much shorter ridge than the second
pillar which is more elliptical. The supporting ridges are exces-
sively slender, and that of the second pillar is constantly deflected
posteriorly, that is away from the first pillar and from the cardinal
“ridge. Amongst Douvillé’s illustrations the only one representing
any tendency to such a disposition is that of a specimen collected
by Carez in the Corbiéres (text-figure 15). The constancy of this
character in the Seistan specimens probably represents a racial
character., The cardinal ridge is long and slender and terminates
somewhat irregularly. The shape of the posterior tooth and mus-
cular apophysis and of their respective alveol®s cannot exactly be
made out in any of the specimens owing to the crystalline condi-
tion of gthe calcite, filling them ; but their relativd position can be
recognised as being transverse to the first pillar, and agrees there-
fore with that which characterises H. gosaviensis, the poaterior
muscular apophysis always extending internally beyond the first pillar.
Fig. lc, Pl 14, shows the upper surface of an almost perfect
lower valve, of which two side views are also given (Pl 14, fig.
la, 16). The projections from the upper valve and their correspond-
ing falveolm are concealed by remnants of the shell substance of
the upper valve, but the specimen shows very clearly that the
space in front of the anterior pilla.r is occupied b_y shell substance,
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indicating that the alveola for the muscular apophysis extends
further inwards than the extremity of the first pillar, a very
characteristic feature of H. gosaviensis. The same specimen also
shows very clearly the absence of any anterior accessory cavity in
front of the cardinal ridge—also a character of this species.

Fig. 2, Pl 14, represents a somewhat weathered and frag-
mentary upper valve whose upper surface has been partly poliched,
showing clearly all the leading features: the cardinal ridge and
pillars, the body cavity and scars of adductor muscles, and the
position of the teeth and muscular qapophysis of the upper valve.
The annexed outline drawing will help to understand these features
on the photograph :—

Fig. 1.—Section of Hippuriles gosaviensis.

(Bes P1. 14, fig. 2.)

B, alveola of anterior cardinal tooth; B, alveola of poaterior cardinal
tooth ; mp, socket of posterior muscular apophysis; L, cardinal ridge; 'S,
first pillar; E, eeoond pillar; D, body cavity; ma, enterior muscular
BCAT.
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A curious feature of all the specimens is the silicification of
the two pillars, this being the only part of the shell that has
undergone this -pseudomorphous change.

Piron=a persica, nov. sp.
Pr. 15, figs. 1-3.

Description.—The specimens are slender and soon acquire a
cylindrical shape with a diameter of 4 to 5 centimetres.

The upper valve, preserved, only in one specimen, is conical-
depressed, and covered with pustuliform protuberances. The state
of preservation is not sufficiently good to ascertain exactly the
shape of the pores though they seem to be linear; they are
surrounded by polygonal meshes.

Externally the lower valve is ornamented with very angular
ribs of greatly varying dimensions. Owing to this irregularity,
the grooves corresponding with the pillars and cardinal ridge cannot
be distinguished.

Internally, in addition to the pillars and cardinal ridge, there
are eight very pronounced inward .projections of the internal layer
of the shell-envelope. Even in the largest spccxmens, the spaces
betweon these projections are not subdivided as is usually the case
in adult individuals of other species of Pironea, but merely re-
produce, in an inverted manner, the shape of the intervening
prominences. It is only in the rather broad interspace next
the sccond pillar, and between the pillars and cardinal ridge, that
secondary inflections resembling those of other species of Pironaa,
are to some extent developed.

These internal projections do not in any way correspond with
the grooves on the outer surface of the shell, and the outer layer
does not adapt itself to the inflections of the inner one. The shell
is consequently thicker than is usual for Pironza. 'The disposition
is, in a way, the opposite of that observed in Batolites where
the inflections occur- in the outermost layers,. the inner outline
of the external envelope remaining unaffected. In the present
oase, the inflections affect the inner.layer of the envelope and not
the outer one, while in a normal Pironma, both layers are affected.
Nevertheless, the disposition is essentla.lly that of a Pironma, and
the absence of deep inflections in the outer layer, together with the
ahsence of secondary inflections in the inner one, suggests that
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we are dealing with a type more primitive than those previously
described.

The cardinal ridge is broad and well developed, termmatmg
in a blunt point. The first pillar is somewhat shorter than the
second ; both are supported on stout ridges. Owing to the sec-
tioned specimen having become irregularly stained during the
process of fossilisation, these features are not quite so clear as
might be desired on the photograph. The annexed outline draw-
ing, fig. 2, will help one to understand them more clearly :-—

Fig. 2.—Rection of Pironza persica.

(See PL 15, fig. 3.)
L, cardinal ridge ; S, first pillar ; E, second pillar.

The disposition of the posterior tooth and posterior muscular
apophysis cannot be clearly made out, the corresponding part of
the shell being partly destroyed in the sectioned specimen.

Comparison with other species—This species differs somewhat
from its congeners owing to the circumstance, already alluded to,
of the inflections affecting but one portion of outer layers of tle
shell, the disposition being somewhat the opposite of that observcd
in Batolites : while it is the outermost envelope alone that is in-
flected in Batolites, it is only the internal portion of the envelope
that is folded in Pironea persica. Moreover, P. persica is read.lly
distinguished from adult specimens of the European species P.
polystylus Pirona, owing to the almost complete absence of secondary
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inflections. There is another Asiatic species of Pirones, P.
gorrugata Woodw., the exact locality of which is not absolutely cer-
tain, but which ocours together with Hippurites vesiculosus, a
species closely related to H. gosaviensis (Douvilld, Etudes sur les
Rudistes, pp. 109, 228). This species appears somewhat related
to P. persica owing to the feeble development of the secondary
inflections, but, judging from a photograph taken by S. P. Wood-
ward and reproduced by Douvillé (Etudes sur les Rudistes, Pl
XXXI1I, fig. 14), the manner in which the folds are disposed in-
dicates that the corrugation must extenrd to the outer layers of the
envelope. Moreover, P. corrugata is distinguished by its obtuse car-
dinal ridge and the much smaller interval between the two pillars.
The pillars of P. persica present, in scction, » narrow neck resem-
bling that of an ordinary Hippurites, while there is no such
constriction in Pironma corrugata.

GEOLOGICAL AGE OF THE HIPPURITE-BEARING
BEDS OF SEISTAN.

The only species of hippurite authentically known from Persia
, is the Upper Senonian H. cornucopie
De  Morgan's previous pesr.;ce  discovered by de Morgan
discoveries of Persian . . .

in the Bakhtyari mountains. The asso-

hippurites. R . i .
ciation of a normal hippurite with a
Pironwa such as occurs in Seistan recalls the association of Hup-

Hippurites  discovered purites vesiculosus Woodward and H.
: 0 Loftuss  Woodw. in company with
R%ml“];:ﬂ::i..mes“mamy M pironea corrugata Woodw. observed by
. Loftus presumably at Hakim Khan in
the valley of the Upper Euphrates in Asia Minor. The Hakim
The Selstan hippurites Khan beds, like othe®s in Europe where
a similar assooiation has been observed,
-';‘:'3‘:,‘:“;3,};' uppersost are regarded as Upper Senonian. If
my identification of one of the Seistan
species with H. gosaviensis be oorrect, the age of the Seistan beds
is probably different, and more probably uppermost Turonian. This
supposition would satisfactorily account for the abmormally primi-
tive characters of Pironma persica.
. It should be noticed however that Pironza corrugata itself shows
somewhat primitive characters in the slight development of its
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sesondary inflections recalling the young stages of the more differ-
entiated Pironma ' polystylus Pirona. It is quite possible therefore
that the Hakim Khan beds belong to an older age than has hithef-
to been ascribed to them, and that they do not differ much in
age from the Upper Turonian hippuritic limestone of Seistan. One
of the Hakim Khan hippurites, H. vesiculosus, is very closely re-
lated to H. gosawiensis.

The horizon of the Seistan hippuritic limestone is one that has
never yet been- distinotly recognised in any part of India, neither
amongst the rocks of the Coastal System nor in the geosynclinal
areas.
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served. Fig. 2: fragment of a lower valve. Fig. 3: polished section of another
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Fig. 1a : cast of a Nerinea. Fig. 15: section of the same specimen., Fig. 2 .
Gen. indet.., spec. indet. Both specimens from Koh-i-Maku. (Natural size.)
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FUSULINIDE FROM AFGHANISTAN. By H. H. HAYDEN,
Superintendent, Geological Survey of India. (With
Plates 17 to 22.)

THE Indian province is strikingly poor in Pal®ozoic Foramini-
fera. The only specimens hitherto de-
Introduction and Strati- scribed are comprised in the meagre
graphy. collection embracing Fusulinide (Fusu-
bina and Fusulinelln), Lagenide and
Lituolidee from the Productus beds of the Salt Range! TRecently
Fusulina limestones have been found both in Burma2 and in Baluchis-
tan,3 but the fauna of these has not yet been critically examined.
From the Himalayan region not a single Palaozoic [oraminifer has
been recorded and the recent discovery, in the Bamian Province
of Afghanistan, of limestones extremely rich in members both of
the PFusulinide and of the Miliolidee thus acquires considerable
interest.

The Bamian limestones are well seen in the precipitous gorge
through which runs the road from the Shibar pass to Balula and
again in the ravine known as the “ dara-i-Khojagdr” at about 4
miles to the north-north-east of Taibut, the headquarters of the
Bamian district. These localities were visited in the course of
‘rapid traverses and the extremely complicated geological structure of
the surrounding country was only very imperfectly elucidated. The
foraminiferal limestones, however, are underlain by a scries of slate
and limestgne probably including members of both the Lower Car-
boniferous and Devonian systems. In the Shibar area there is a
great unconformity between the Upper Carboniferous and the next
overlying formation which is probably at least as young as Jurassic.
In the Khojagér ravine the upper limit of the beds was not seen
as it lies on a lofty range which could not be visited ; the northern
flanks 6f the same range are composed chiefly of voleanic rocks,
but the intervening area has not been explored and consequently
the mutual relationships of the two series are unknown.

The age of the foraminiferal limestones, however, is clearly
indicated not only by their Fusulinide, but also by associated

" 1 Pal. Indica, ser. XT11, Vol. I 983 (1887,
2 Rec., Geol. Surv. India, XXXV, 52 (1907).
3 Rec., Geol. Surv. India, XX XI, 165 (1904).
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brachiopods which include the characteristic Carboniferous species
Productus punctatus Martin.

Family: FUSULINIDZ Moeller.

Until recently there was apparently no question as to the nature
i ‘ of the shell of the members of this
th:azmu%w?:dew.he“ of group, which has been referred by most
British rhizopodists from Williamson
onwards to the Hyalina or Perforata, these terms being regarded as
synonymous.! Quite recently, however, Mr. G. H Girty, in his
description of the Fusuline of the Guadalupe formation of America®
cast doubts on the generally accepted theory as to the nature of
the so-called perforations and was disposed to refer to mineral
matier the dark lines hitherto regarded as representing perforations
through the shell-wall.
The state ol preservation of many of my Afghan specimens has
permitted me to examine their shell structure in some detail and
I have been led to the following gencral conclusions :—

(@) that the typical fusuline shell was undoubtedly perforate,
but

(b) that the material of which that shell was composed was
not hyaline (vitrcous) but porcellanous.

Before discussing the texture of the shell, it is necessary to
determine exactly what is meant by the term * porcellanous.”
It was, I believe, first applied to the Foraminifera by Williamson,
who refers to ‘“‘one group, to which the majority of the Milivle
belong ” in which ‘‘ the shell consists of an opaque, calcareous sub-
stance having a porcelainous aspect, and presenting when seen by
transmitted light, a rich amber or brown colour. Such varieties
are rarely if ever foraminated.”® Subsequently, in referring to por-
cellanous forms, Carpenter definitely stated that ““no structure of
any kind ” could “be detected in this kind of shell-substance, which
is apparently homogeneous throughout.”® Most rhizopodists seem

- 1J. J. Lister: ‘“ The Foraminifera’; in Proc. Roy. Inst. @t Britain, Vol.
XVIII, Part 1lIL, No. 101, p. 489 (1909).

2 U. 8. Prof. Paper, No. 58, p. 61 (1908); sce also Amer. Journ. Science, ser. IV,
Vol. XVII, 238 (1904).

3 W. C. Williamson: On the recent Foraminifera of Great Britain, p. xi;
Publications of the Ray Society (1858).

4 Introduction to the study of the Koraminifera, p. 44; Publications of the
Ray Society (1862).
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to have been content to accept this view without question.!
Biitschli,®> however, pointed out that it was not strictly correct and
defined the texture of Orbitolites and Alveolina as “ ein sehr fein-
faserig-korniges Wesen der Schalenmasse.”” None of the recent
literature on the Foraminifera, to which I have had access, throws
any further light on the ultimate structure of the shell-substance
of the Porcellanea and I have searched in vain for either a defini-
tion or illustrations of the so-called ‘ porcellanous ” material. It
has therefore secmed worth while to put my observations on record.

The typical transverse section of the shell of Fusulina is familiar
from the excellent figures given by Schellwien, Schwager and others,
and will be readily recognised in Plate 17, fig. 1, which is taken
from a photograph of an Afghan specimen.

Under the mxcroscope, by transmitted light, whenever the inti-
mate structure can be seen, the trans-

su%tsl;g,fl?ge of the shell- .00 section shows a series of light
and dark bands, one series of which

represents the shell and the other the perforations. Corresponding
to this transverse section there are two distinct types of horizontal
(tangential) section ; each consists of a net-work, but in one type
the net-work is dark and the intervening spaces more or less
colourless and transparent, whilst in the other the spaces are
darker than the mesh-work (see Plate 17, figs. 3 to 7). Either
of these horizontal sections will give a transverse (vertical)
section composed of alternating light and dark bands, but if we
are right in regarding the mnet-work as the shell and the inter-
vening spaces as perforations,® the light and dark bands in the
vertical section will represent respectively shell and perforatlons in
the one case and perforations and shell in the other. = Whether
the net-work representing the shell be relatively light or dark,
its structure, which can be clearly made out in thin sections,
is always the same and is typically “ cryptocrystalline”; under
high powers of the microscope the shell-substance resolves itself
into an extremely fine-grained mosaic of grains of a colourless,
anisotropic mineral which is soluble with effervescence in cold,

1 Challenger Reports : Zoology, Vol. IX, p. 50 (1884).
2 Dr. H. G. Bronn’s Klassen und Ordmmgm des Thier-Reichs, 1, 23 (1880-82).
8 For proof that these ere perforations see below, p. 233.
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dilute hydrochloric acid and is presumably calcite! In reflected
light this material has the white, chalky appearance usually
regarded as characteristic of the shells of the Porcellanea. This
has led me to examine closely the structure of certain im-
perforate shells which occur in the same beds as the Fusuline and
which I refer to the Miliolide (Miliolina); I have found this
to be identical. Lest I should have been misled by subsequent
alteration of the material of the shell, 1 have examined several
specimens of Alveqlina from the Laki beds of Sind,* of Miliolina
from the “miliolite” of Kathiawar and also a recent specimen of
Biloculina depressa var. murrhyna Schw. {rom the Arabian Sea near
the Laccadive Islands® The only difference between the recent
and the fossil forms is that, in transmitted light, the latter are
without the yellowish-brown colour characteristic of recent members
of the Porcellanea ;* but in all cases the material forming the shell
proved to be the same in other respects and to be a crypto-
crystalline mass, breaking up, under high powers of the microscope,
into a very fine mosaic of what I take to be calcite. 1t is clear,
therefore, that the shell of Fusulina was similar to that of Milio-
lina and was porcellanous.

According to the usually accepted ideas, therefore, the shell of
Fusulina should also be imperforate.® Girty appears inclined to
adopt this view. I have already pointed out that in tangential
sections of the shell, the cellular interstices in the net-work contain
either a colourless and translucent mineral or else what at first sight
appears to be a mass of brown ferruginous material remaining
opaque even in thin sections.

In the first case the mineral filling these cellular areas is typical
crystalline calcite, forming ‘a mosaic
which is very coarse in comparison
with that composing the shell-substance. The original chamberlets
of the specimen are also filled with a coarse calcite mosaic, parts

11 have not been able to satisfy myself beyond possibility of doubt that this
material i» calcite; both my colleague Mr. G. H. Tipper and I endeavoured to
prove it by means of Lemberg’s solution, but the results were not conclusive.

21 am indebted for these specimens to my ecolleagues, Messrs. "E. Vredenburg
and G. H. Tipper.

3 This specimen, for which I am indebted to the kindness of Dr. N. Annandale,
Superintendent of the Indian Museum, was one of a series of foraminifera which
had been named by Mr. F. Chapman.

4 This colouration -of the recent shells was referred by Carpenter (op. cit., p. 44)
to animal matter and one would naturally expeet it to be absent from fossil forms,

# Brady: op. cit., pp. 55,131, .

Perforations.
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of which are sometimes in optical continuity with the material
filling the cellular areas. As the chamberlets were originally oc-
cupied by sarcode, the crystalline calcite now taking its place must
be subsequent in origin to the shell-substance and consequently
the material which is in optical continuity with this calcite is
presumably also subsequent.

In most instances, especially in the case of Fusulina, the thick-
ness of the cell-walls is less than the diameter of the perforations ;
hence, in cases in which these perforations are filled with crystalline
calcite, the shell appears to consist of calcite traversed by a num-
ber of dark lines. The structure of the shell-wall as a whole is in
fact oxactly analogous to that of a honeycomb in which the wax
represents the cryptocrystalline shell-substance and the honey the
subsoquently deposited calcite. It is not unnatural, therefore, that
at first sight the calcite should be regarded as the true shell and
the dark lines as perforations. This was evidently the view adopt-
ed by the earlicr observers, including Carpenter,! and it seems to
have been accopted without question by paleontologists in general.

In the case in which the spaces in the cryptocrystalline mesh-
work contain material darker than the enclosing shell-substance,
the brown opaque material is in my specimens often confined to
the sides of the tubular perforations, the centre of which is filled
with colourless and translucent material, presumably calcite. This
is shown in Pl. 17, figs. 6 and 7, which represent a thin section of
a fragment of shell of Fusulina uralica Krotow. The brown material
is possibly a hydrated oxide of iron which has been deposited on
the sides of the perforations.

This section (figs. 6 and 7) is further interesting from the fact
that it has been cut not quite tangentially but slightly obliquely
to the . urface of the shell, as along the line ¢ ..... a (text-fig. 1);
it thus exposes a section of the roof as well as *
of the septum, and both of these are seen to
be composed of the same cryptocrystalline
(porcellanous) matorial, the roof differing from .
the septum merely in being perforated, whilst
the substance composing the meshwork of the
roof of any one chamber is perfectly continuous  Fig. 1. Section of
with that forming the imperforate septum of :’,‘”};‘;’,‘:}}n;"d septum
the same chamber.

1 0p. cit., p- 305, and Pl XII, fig. 26,
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At first sight, particularly with low powers of the microscope,
the shell of the Fusulinide appears to be a continuous band,
quite distinct from, and usually darker than, the material subse-
quently deposited in the empty chamberlets. The cause of this
deceptive appearance is the minutoness of the perforations, which is
such that in all ordinary sections the thickness of the rock slice
is greater than the diameter of any ono of the perforations. With

ecare, however, it is possible to grind down sections of the shell

of Fusulina until their thickness is not greater than the diameter
of the perforations, when the latter are found to correspond to
breaks in the cryptocrystalline material of the shell-wall and to
contain crystalline calcite similar to, and sometimes in optical con-
tinuity with, that filling the chamberlets.!

Both Mossrs. Girty” and Yabe® speak of a dark outer superficial
layer in the shell of Fusulina which
they regard as imperforate and which
Mr. Yabe is inclined to look upon as
exogenous and continuous with what he calls the * median lamella.”
I was at first disposed to accept this view, but I have found
that in very thin transverse sections of the shell the perforations
can often, though not invariably, be seen to run completely through
the wall. T dave examined a large number of sections, not only
of Fusulina, but also of Schwagerma and Neoschwagerina (including
« Doliolina > Schwager), and I have no doubt that the comparative
opacity of the supposed exogenous layer is to be attributed largely to
the fact, already illustrated by Schellwien,* that towards the outer
surface the perforations appear to dichotomise ; this would no doubt
result in an increase of their number but also in a considerable
decrease in their size ; hence a section which is thin enough to show
clearly that the inner part of the: wall is perforate may still be,
and usually is, too thick to enable ong to detect the presence of the
much more minute perforations in the outer part of the wall, since
each perforation, though possibly open to one side, is overlapped
by cell-walls on the other and thus appears dark. This will be

Supposed exogenous ounter
layer.

1 This latter condmon cannot often be observed, since the secondary calcite which
now fills the chamberlets and pores, consists of a very fine- grained mosaio of
variously oriented crystals, each of which is usually too small to give definite evi-
dence of its extension from a chamberlet into a perforation.

2 G. H. Girty: Amer. Jowrn. Sci., loc. cit.

8 Journ. C)ll. Sci. Imp. Univ. Tokyo. Vol. XXI, Art. 5, p. 7 (1906.07),

4 Palgoniographica, Vol. XLIV (1807), Pl XXII, figs. 3, &, 6,
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readily understood when it is realised that the average diameter of
one of the perforations on the inner surface of Neoschwagerina
craticulifera, for instance, is not more than 5u, whilst those in the
outermost layer are very much smaller (Pl 21, fig. 6).

Whether the apparent dichotomising of the perforations is due
to the addition, in parallel growth, of subordinate cellules in the
outermost layer, or to an actual branching of the walls of the per-
forations, I have been unable to decide owing to the extreme minute- ¢
ness of the structures. So far as we are concerned at present the
point is immaterial; in either case the effect is the same. The
reduction in size of the perforations is not accompanied by a propor-
tionate decrease in the thickness of their walls; consequently the
outermost layer contains a considerably larger’ amount of shell-
cubstance than the inner parts, and when, as is usually the case,
the perforations are filled with translucent calcite, appears darker
than the rest of the shell-wall and, except in very thin sections,
seems to be a continuous layer of dark imperforate material. Even
in sections which are thicker than the diameter of the perforations,
the perforate nature of the shell can be detected by using a high
power of the microscope and focussing first on the upper side of
the slide and then gradually on to deeper parts, when the continuous
appearance of the band will be seen to be due to everlapping of
shell over perforations. In my specimens these observations can
be made most satisfactorily in reflected light, under which the shell-
substance appears white and chalky and the perforations, which are
usually filled with calcite, become dark bands. I have also noticed
in several sections a thickening of the shell-walls of the perforations
both at the outer and the inner surface of the shell. This will of
course tend to reduce the size of the openings of the perforations
and to increase the amount of shell-substance in the outer, as well
as in the innermost layer. ‘

In some sections, in which the perforate character of the outermost
layer is quite evident, there are small portions of it in which it is impos-
sible to detect the presence of perforations. It is difficult to see what
purpose could have been served by perforations in the inner part of
the shell-wall if they were not to pass through the outer layer as well.
The most plausible explanation of their apparent occasional absence
from the outer wall seems to be that when the shell of each chamber
was nearing completion, the outer wall was, as we have already
geen, strengthened either by the addition of partifions to, and'*
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the consequent subdivision of, the perforations or by the bifurcation
and also by the thickening of their walls. In this way a certain
number of the perforations were either intentionally or accidentally
closed.

That the outer shell-layer is not a subsequent exogenous de-
posit formed on the floor of the chamber
is evident from the fact that it is con-
tinuous with Yabe’s ‘‘ median lamella,”
which is the outer surface of the septum. Schellwien (op.
cit., p. 239) was the first to establish the fact that the septum was
formed by the bending of the wall from a spiral to a radial direc-
tion, but in some cases he too appears to have taken the calcite-
filled perforations for the shell-substance and the dark cell-walls for
perforations.! Thus he speaks of a dark line of division between
the walls of adjacent chambers and suggests that it may possibly
be due to want of adhesion, that is to say that it represents a
space, between the two. This dark line, however, is clearly Yabe’s
“ median lamella ””; it is composed of shell-substance and appears to
be invariably imperforate. It extends downwards in a radial direc-
tion beyond the rest of the shell-wall and in most cases broadens
out considerably to form the base of the septum (PL 21, fig. 5).
This thickening of the imperforate material is exactly analogous
to that alrcady noticed on a very much smaller scale in the walls
of the perforations. A similar addition of imperforate material is
often observed on the sccondary septa in Neoschwagerina (see
below, p. 248). Yabe has already pointed out that the material thus
added is perfectly continuous with the rest of the shell and is not,
as Schellwien supposed (op. cit., p. 240, figs. 4 and 6), separated
from it by a hard line? It is in fact merely a local continuation
of the shell-growth added presumably to strengthen the shell,
hence its imperforate character.

Imperforate nature of
the septa.

1 His views are not olear. In tho figures givenon pp. 239 and 240, he shows
the septum as a transpatent tongue, which he deseribes as part of the shell-wall
and therefore presumably regards as ealeite; oonsequently the dark lines must
represent the perforations. On the other hand, on p. 241, he distinctly attributes
to the abscnce of pores the darker shade of the exogenous growth and on p. 242
he refers the olear spaces in his horizontal sections (Pl XXII, figs. 5 and 6) to

Tes.
po 2 At the same time as already noticed by Girty in the case of Fusulina elongata
Shumard (op. cit., p. 63), there is a distinet tendency in the Fusulinide for
adjacent whorls to split off from one another: this ocsasionally leads to & dark
Yine of division {when the[gap between any two whorls is very narrow.
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That the material is imperforate is clearly seen in sections in
which both the radial and spiral parts of the shell-wall have been
cut through approximately horizontally as in Pl 17, fig. 7 in which
the perforate wall can be secen to merge into the lower part of
the septum. Tn the more minutely perforate forms (Schwagerina
and Neoschwagerina) the outermost layer of the septum and its
extension below the level of the rest of the shell-wall are alse
imperforate.

1 am awarc that both Schellwien! and Yabe® have stated that in
some cases the septa are perforate; this is no doubt true for so
much of the upper part of the septum as is formed by the bending-
down or by the thickening of the perforated wall of the shell, but its
outer layer--Yabe’s “ median lamella >—as well as its broad basal
portion, is imperforate. It is difficult to see what useful purpose
would be served by perforations in the septal face; they would cer-
tainly impair its strength and, in view of the fact that it was
pierced by oral apertures (see Pl. 17, fig. 6), they would appear to
be superfluous.

If a vitreous shell is to be regarded as an essential characteris-

Systematic position of tic of the Nummulinide, then we must
Fusulina. remove the Fusulinine from that

family. This will accord with the
classification followed by Continental rhizopodists, but not with
that usually adopted in Britain. In that employed by Zittel® the
Fusulinidee are given the rank of a family and groupcd under the
sub-order Vitro-calcarea. This again is unsuitable, since the shell
of Fusulina has now been found to be porcellanous. The exact
taxonomic value of shell-texture and of shell-composition in the
Foraminifera has long been a matter of discussion among rhizopo-
dists* and no classificatior involving sub-orders based on these char-
acters is likely to meet with general acceptan®e. The method
adopted by Brady of subdividing the order directly into families
seems to be the only feasible arrangement at present, but, as al-
ready pointed out, the Fusulinine must be removed from the

1 0p. cit.,, Pl. XXII, fig. 4.

2 Journ. Coll. Sci., Imp. Univ. Tokyo, XXI, Art. 5, p. 2 (1906-07).

8 Text-book of Palmontology (translated by Eastman), 1900.

4 Sec among other p:flpers: Sollas, W. J., in Geological Magazine, Dec. II, Vol. IV,
105 (1877); Carter, H. J., in Ann. Mag. Nat. Hist., ser. iv, Vol XIX, 205 (1877);
Brady, H. B., in Challenger Reports, Zoology, Vol. IX, pp, 48-77 (1884); Neumayr,
M., in Sitzunasber. der kais. Akad. Wien, XCV, 156 (1887).
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family Nummulinide. It seems preferable to fo'low most Continent-
al rhizopodists in allowing them the status of a family, the Fusu-
linide. At present this family occupies an unique position in
comprising the only forms known to be both porcellanous and
perforate.

I do not propose to make any attempt to define the systematio
position of the Fusulinide, but I wish to draw attention to the
close relationship between the shell of Fusulina,—with its sub-
genera Schwagerina and Neoschwagerina,—and that of Alveolina ;
it is no longer merely one of identity of shape but also of com-
position and texture. In fact, the only difference now remaining
betweer the Fusulinide and the Alveolinine is the perforate charac-
ter of the former. For purposes of distinction this feature is no
doubt valuable, but I am inclined to think that its importance
from a phylogenetic point of view may have been overestimated.
The descriptions given below of species of the Fusulinide from
Afghanistan will show that there is a distinct tendercy tcwards
obliteration of the perforations in the more complicated, and there-
fore presumably the more highly developed, forms; thus in Fusu-
lina only the septa are imperforate, in Neoschwagerina the amount
of imperforate material is increased in the simpler forms, such as
N. craticulifera Schw., by additions to the auxiliary septa, whilst
in Neoschwagering (Sumatrma) anne Volz, the perforations appear
to be almost completely obsolete, and the shell almost entirely im-
perforate. From this type to the wholly imperforate Alveolina the
transition would seem perfectly simple.

Genus : Fusulina Fischer von Waldheim.

In the year 1877, V. von Moeller introduced the genus Schwa-
gering for more or less globular forms of Fusulina with simple,
straight, unfolded septa.! It was subsequently reduced to the
rank of a subgenus by Schellwien,”? who subdivided the genus Fusu-
lina into three subgenera, namely : —

Scheliwien's (@) Fusulina (sensu stricto) ;
classification,

1 Neues Jahrbuch fir Min., Qeol. und Pal.,, 1877, p. 143
2 Palesntographica. XLIV (1898), p. 238.



240 Records of the Geological Survey of India. [Vor. XXXVIII.

(b) Schwagerina : fusiform or spherical, with wavy
(“hin und her gebogene”) or straight
septa; “basal skeloton’ either entirely
absent or only imperfectly developed.
Type: Sch. princeps Ehrenberg ;

(¢) Moellerina : a Schwagerina with a clearly
developed ~ “basal skeleton.”  Type:
Moellerina lepida Schwager.

The name Moellerina was afterwards found to be preoccupied and
Schellwien renamed his new subgenus “ Doliolina.”

Recently Mr. H. Yabe split up Schellwien’s subgenus into two,
restricting the name Doliolina to forms
with only two kinds of septa, w2,
“ primary septa” and “ basal skeletons ” and introducing a new sub-
generic name * Neoschwagerina” for species having subordinate or
“guxiliary >’ septa intercalated between the primary ones. He thus
recognises three types of septa, namely, “ primary,” “ auxiliary ” and
“ transverse.””

The primary septa run from end to end of the shell, their trace
on the surface being the septal line;
the auxiliary septa are definod as
parallel to the primary, whilst the transverse septa are at right
angles to both the primary and auxiliary.

A reference to Pl 22, figs. 8 to 14, which ropresent longitudinal
and transverse sections of Neoschwagerina (Sumatrina) anne Volz,
will show that in this species there are at least two sets of transverse
septa, one of which is always more important than the other; in
order to differentiate betwoen these two another term must be in-
troduced. Since the primary septa extend from end to end of the
shell in the plane of the axis, I suggest for them and for all septa
parallel to them, the term meridional and proposé®’ to name Yabe’s
“ primary septa’ primary meridional and his “auxiliary septa
auxiliary meridional. Similarly the septa which lie at right angles
to the axis might be termed equatorial rather than transverse and
by extension of the term ‘ auxiliary ” to include also septa at right
angles to the axis, we have primary egquatorial and auziliary equato-

Yabe's classification.

Septa of the Fusulinidee.

1 See Kuttercr’s Durch Asien, 111, 129 (1903); also Schriften der Phys.-6kon.
Gesellschaft zu Konigsterg, XLIIL (1902), p. 67.

2 Journ. Geol Soc., Tokyo, X, No. 113 (1903), p. 6; Journ. Coll. Secience, Imp.
Yniv. Tokyo, XXI, Art. 5, p. 2 (1906-07).
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rial septa. This nomenclature is more elastic than that employed
by Yabe, since the auxiliary septa in either plane will be capable
of indefinito subdivision into ‘ secondary,” “ tertiary,” etc. Applying
this nomenclature to Yabe’s subdivision of von Moeller’s genus
Schwagerina, we have—

(1) Schwagerina : only primary meridional septa ;

(2) Doliolina : primary meridional and * basal skeleton” (see
p- 13);

(3) Neoschwagerina : primary and auxiliary meridional, also
equatorial septa.

Although Yabe has noticed the difference between what I pro-
pose to call the primary eoquatorial and the auxiliary equatorial
septa, he has not given it subgeneric value. If, however, we follow
out his principle of classification to its logical conclusion, we ought
to include in Neoschwagerina only forms with primary and auxiliary
meridional and primary equatorial septa and create a new subgenus
to receive his species Neoschwagerina globosa. We should also have
to retain as a subgenus Volz’s genus Sumatrina, which is defined as
embracing “ spindelformige Fusuliniden mit einem aus je 2-4 Lings-
und Querreifen bestehenden Dachskelet.”® The result of this
minute subdivision is to reduce the subgenus to the rank of a
species.

Before offering what appears to me to be a more rational clasei-
fication of tho genus Fusulina, it will be desirable to draw atten-
tion to the true form and nature of the so-called septa. I have
already shown (supra, p. 237) that the primary meridional septum
is composed partly of the perforated shell-wall and partly of imper-
forate material forming an outer layer to this part of the shell and
extending down to the floor. In the subgenera with straight septa
[Schwagerina (sensu lato) | the septal face is pierced near the base by
numerous oral apertures and the lower part of the septum thus becomes
a series of pillars. Towards their bases these pillars often splay out,
being widened by an exogenous growth of imperforate material,
which is occasionally more vigorous in certain directions than in
others and may form a series of ridges of quite appreciable height
extending along the floor of a chamber between corresponding pillars

1 “Zur Geologic von Sumatra” in Qeol. und Pal. Abhandlungen, X, ii, p. 98 (1904).
2 Verbeek restricts the term ‘septum ” to this outer layer; see Verbeek and
Fennema : Description geol. de Java et Madoura, 11, 1135 (1896).
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of successive septa; an example of this mode of growth is Schw.
(Doliolina) lepida Schwager. The septa may be compared to cur-
tains of parallel rows of stalactites hanging from the roof of a cave,
each stalactite extending down to join its corresponding stalagmite,
which may be a narrow column of approximately the same dia-
meter as the stalactite or may be wider and may even spread out
over the floor until it extends from curtain to curtain.!

This imperforate exogenous material, which I regard as merely
an extension of the basal part of the
primary meridional septum constitutes
the so-called “ basal skeleton (Basalskelet) ” of Schwagerina and it is
on account of the varying forms taken by’ this outgrowth that
Schellwien split up von Moellor’s genus Schwagerina into two; his
Doliolina, as represented by his type D. lepida Schwager, being
merely a form in which the exogenous outgrowth from the base
of the primary meridional septum is very counspicuous. This charac-
ter, which is clearly illustrated in the figures given by Schwager,?
is not in my opinion of subgeneric value, especially as it is gene-
rally admitted that there is a perfect gradation between Schw.
princeps Ehrenberg and Doliolina lepida Schw.* My specimens of
Afghan Schwagerine have even led me to doubt the validity of
Schwagerina verbecki Geinitz as a species distinct from 8. princeps
Ehr. (infra, p. 243). On Plate 18, figs. 2, 3, 4 and 6 represent sections of
specimens, which, so far as could be judged from external characters,
all belong to the same species. Kigs. 2 to 4 represent sections cut
approximately parallel to the axis, whereas that shown in fig. 6 ig
somewhat oblique* A feature which appears to be common to
all Schwagerine of this type is the frequent obliquity of the septa,
which tend to take a spiral rather than a radial direction with re-
gard to the central chamber (figs. 1, 5 and 6). Hen‘ce, according to
the degree of obliquity of any particular septum a thin section
parallel to the axis may include either the whole septal face or only
the upper, middle or lower part respectively (see Pl 18, figs. 2 to 4).
Furthermore, & section may pass through a chamber without cutting

The “basal skeleton.”

1 This eomparison is used merely for purposes of illustration. The septs are
not in any sense analogous to stalactites either in their nature or their mode of
origin.

2 Richthofen’s China, Vol. 1V. Pl XVIII, figs. 3. 6-11.

8 Schellwien, op. eit., p. 257.

¢ In dealing with such cxtremely minute specimens it is impossible to make
certain of cutting a section absolutely parallel to any particular dircetion.
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a septum at all. A section taken parallel to the axis through a..a
(Pl. 18, fig. 1) would miss almost every septum, whereas one through
b...b'would cut a septum in almost every whorl; consequently it
would be possible to obtain from a single specimen of 8. princeps
Ehr. either (a) a section from which the “ basal skeleton ”” was entirely
absent or (b) one in which traces of this were to be seen on every
whorl [cf. Sch. (Doliolina) verbeeki Geinitz], or (c) any intermediate
stage between these two extremes. The so-called “ basal skeleton ”
cannot therefore be used as a means of distinction between these
two species and is certainly not a feature of subgeneric value. For
this reason I propose to discard Schellwien’s subgenus Doliolina.

The forms comprised under the subgenus Schwagerina may be

defined as Fusuline with only primary

S cl;fglgggrl'liztr-l. meridional septa which are either straight

or are folded only at the ends. These

septa are of one type only, wviz., primary meridional; there is

frequently an outgrowth of exogenous material from the base of the

septa and this may extend complotely across the floor of the

chambers, either as a flat deposit or in the form of parallel ridges
at right angles to the primary meridional septa.

Yabe’s genus Neoschwagerina differs from Schwagerine in having
. at least one other set of septa, at
Definition of . . “ s

Neoschwagerina. ngyt angles to the primary meridional

series. For these I have proposed the

term primary equatorial. In addition to these Yabe mentions a

third set, viz. his ‘‘ auxiliary septa,” for which 1 have suggested

the term auziliary meridional; to these a fourth set, euxiliary
equatorial, may be added.

Each of thesc four types of septum is formed in the first in-

. stance by the downward growth of the
The “Dachskelet.” inner sid}.,e of the perfonﬁ;ed shell-wall
and may br enlarged, like the primary meridional septum, by exo-
genous additions of imperforate material. All the septa in fact
Selong to what German authors have called the * Dachskelet” in
contradistinction to the * Basalskelet.” 1T therefore propose to
include in the subgenus Neoschwagerina those forms which differ
from Schwagerina by the possession of equatorial, as well as meri-
dional, septa. At least one (primary) series of each is essential ;
and auxiliary septa of either kind may be present.
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In employing Yabe’s name Neoschwagerina for these forms I may
perhaps be acting not strictly in con-

nes‘?‘;“bg:;‘“ :f the formity with accepted rules of momen-

; ' clature, since he defines his subgenus

as one having three kinds of septa, thereby including auxiliary
meridional septa among its essential features. I have found among
my Afghan specimens one form in which both sets of primary septa
are well developed, but an auxiliary series is either undeveloped or
only quite rudimentary and if Yabe’s subgenus cannot be made
sufficiently elastic to include this form, it will be necessary either
to introduce a new term for the enlarged subgenus and discard
Yabe’s name, or else make a new subgenus out of this single
Afghan form. The latter alternative would involve the creation of a
large number of new subgenera each characterised by having one
more auxiliary septum than its predecessor; this would be mere
genus-mongering and not only superfluous but impracticable, since
in a single specimen the number of auxiliary septa of either type
is not constant and may vary from one in the innermost whorls to
as many as four in the outer. On the other hand, I should be
loth to discard Yabo’s apposite term Neoschwagerina, but should its
employment, in a sense slightly wider than that implied by its
original definition, be likely to lead to confusion, I would propose
the name Cancellina,! as a subgeneric term for species with equato-
rial, in addition to meridional, septa. In the term “septa” I in-
clude only those partitions which originate from the bending down
or the downward growth of the shell-wall; these may or may not
be enlarged by the addition of imperforate material, which may ex-
tend down to, and over, the floor, thus forming a * basal skeleton,”
which, however, is subsequent to, and an outgrowth from, the septa

and is not an independent feature. .

DESCRIPTION OF SPECIES.
Fusulina uralica Krotow.
Prate 17, figs. 6 and 7, Prate 19, figs. 1—12.

1898. F. uralica P. Krotow :— * Geologische Forschungen in
den Gebieten von Tscherdyn und Ssolikamsk : Mem. Com. Geol.
St. Petersburg, V1, (1888), p. 551, and P1 .II, figs. 2-6.

1 Cancells = lattice.
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Shell spindle-shaped, highly vaulted in the centre but thinning
rapidly towards the ends, which frequently terminate in sharp
points. The ornamentation consists of numerous longitudinal strie,
set closely together and representing the traces of the septa; in
larger specimens there are also several longitudinal ridges and fur-
rows, ocourring at irregular intervals. At either end of the shell
the ridges and striw converge and are twisted in a sense opposite
to that of the spiral of the shell. The ratio of length to breadth
increases with the size of the shell; in my Afghan specimens it
ranges from 1'75 to 2, as will be seen from the following measure-
ments of a number of specimens :-—

Length. Breadth. Ratio.
7 mm, . . . . . . . 4 mny, 1-76
T e e A 175
8 ., . . . . , . . . o, 1-78
9 , . . . . . . 43 2
1c 5 . 2
nm ., . . .o 8, 2
1, . . 5} . 2
12 6 2
13, 6% ,, 2
[ . . . . . . . T » 2

Measurements made on a longitudinal section of a specimen of
medium size, gave ratios (,,'fe';'f,';',',) of 1:75, 1:95 and 2 for the second,
third and tourth whorls of the shell, respectiv:ly.

Internal characters.—The internal characters of the species will be
readily seen from Pl. 19, figs. 7—12. The chief features are the slow
rate of evolution of the whorls and the large number of the septa.
The central chamber is approximately spherical, and ranges, in my
specimens, from 04 to 0:8 mm. in diameter. Measurements made
on a number of specimens showed the rate of evolution to be
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variable, but slow : these measurements, which are given below, indicate
the total breadth of the shell at successive stages of growth :—

L IL 1IL IV, V.

‘45 mm. . . . . ‘46 mm, *50 mm. ‘60 mm. ‘80 mm.
70 . . . .10, %, 95, 110 ,,
106 . . . .11, 13 160 ,, 1'%
165 ,, . . . .8, 200 ,, 236 260 ,,
225 . . . .| 260 27, 335, 32 ,,
305 . . . . 365 ,, 415 ,,
l3'!-),0| " . v . . 465 . 510

The largest number of whorls observed is eight. The septa are very
numerous, there being between 40 and 50 in the fourth whorl,
about 50 in the fifth and over 50 in the 6th; they are much folded
with the result that in transverse sections they either coalesce or
appear to be grouped in pairs. The aperture is not always clear
but appears to be about it of the length of the shell in the inner
whorls.

Locality—From the Iusulina limestone of Khojagr dara, at
about 4 miles north-north-east of Taibut (Bamnian).

Remarks.—There can, I think, be no doubt that my Afghan
specimens belong to Krotow’s species, F. uralica, with which they
agree exdctly in almost all their characters. The only points in
which they show any difference from that species are the size cf
the certral chamber and the number of septa. According to Kro-
tow, the central chamber of the species is smadl (about 02 nun.),
whereas in my specimens it ranges from 0'4 mm. to 0-8 mm.; the
average taken from eight specimens, is a little over 05 mm,; if,
however, the section {rom which the measurements were taken, were
cut at a little distance on either side of the centre, the apparent
width of the chamber might easily be reduced to 0-2 mm.; Krotow’s
figures are not very clear, but the only one (viz., fig. 5) which ap-
pears to show the central chamber is slightly oblique to the long
axis of the specimen and may have been cut at some little dis-
tance from the centre. It is possible that Krotow’s specimens may
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represent the microspheric and mine the megalospheric form of the
speoies. In certain cases of supposed dimorphism in Fusulina,
illustrated by Schellwien,! the difference in size of the central
chamber is even less than that between Krotow’s specimens
and mine, but it does not seem to me sufficiently marked to war-
rant the assumption of dimorphism. According to Krotow, the
number of septa in the sixth whorl is 40 and over; in my speci-
mens there is a larger number, but the difference is not great and
certamnly does not warrant the creation of a new species.

The nearcst allies of the Afghan specimens are F. multiseptata
Schellwiecn and F. complicata Schellwicn, both of which are very
similar in their internal characters to F. wralica Krot., but differ
widely from it in external shape.

Fusulina elongata Shumard.

Prate 17, figs. 3—5, PraTE 20, figs. 1—12.

1858-9. F. elongata Shumard. Trans. Acad. Sci. St. Louis, 1, 297,
383 (1860).

1908. F. clongata Girty. The Guadalupian Fauna: U. 8. Geol.
Survey Prof. Paper 58, p. 62.

Shumard’s scanty description of his species has been considerably
amplified by Girty, whose beautiful figures have enabled me to
recognise F. clongata as the most plentiful among my Afghan Fusu-
limide. As in the Guadalupe Mountains of Texas, so in Bamian,
whole masses of rock are composed almost exclusively of this
species.

Ir transmitted light under the microscope my sections are identi-
cal with those figured by Girty, and there is little to add to his
description beyond the fact that the size is cven greater than he
has stated, my largest specimen being almost three inches long.
Unfortunately this specimen occurs on the surface of a slab of lime-
stone from which a considerable part of the fossil has been weather-
ed away and although its very large size suggests that it may be
the microspheric form of the species, this cannot be verified since
the central chamber has disappeared (Pl 20, fig. 12).

1 Palaontographica, B 1. 56, Pl, X VI, figs. 5and 7.
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In Bamian F. elongate occurs at two horizons, one a little below
and the other a little above, the horizon of Productus punctatus
Martin. The forms from the lower horizon are as a rule larger and
have a greater number of whorls than those from the higher but
do not otherwise differ from them.

The appearance of the shell of his specimens led Girty to the
conclusion that it was not perforated. From his description I am
inclined to think that the dark rods to which he refers are the
actual shell and the intervening areas the perforations. Pl. 17,
figs. 3—5 show quite conclusively that the shell of the Afghan
specimens of F. clongata was perforate.

Neoschwagerina craticulifera Schwager.
PraTe 21, figs. 1—T.

1883. Schwagerina craticulifera Schwager. Richthofen’s China,
Bd. IV, p. 140.

1903. Neoschwagerina craticulifera Yabe. Journ. Geol. Soc. Tokyo,
Vol. X, No. 113.

A glance at Plate 21 will show that the Afghan specimens corre-
spond exactly with Schwager’s type of the species. There are three
sets of septs, a primary and secondary meridional and a primary
equatorial. The secondary meridional septa differ from the primary
in being formed merely by a downward thickening of the shell-
wall, the lower part of which becomes imperforate. The radial
strip of 1mperforate material'! which is characteristic of the primary
meridional septa, is not seen in either the auxiliary meridional or
in the equatorial septa.

Plate 21, figs. 5 and 6 represent transverse sections of part of
the shell of this species.

The central chamber of my specimens is very small (70 x to
90 ), corresponding in this respect with Schwager’s type of the
species. Recently, however, Ysbe hae published an illustration of
a transverse section of what is evidently N. craticulifera, but which
has an unusually large central chamber (473 p)%; this is clearly a
case of dimorphism, Schwager’s type and my Afghan specimens

1 Yabe's * median lamella.”
2 This figurc based on measurement of the published illustration.
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representing the microspheric form, whilst Yabe's specimen is megalo-
spheric.

Another interesting feature is illustrated in Pl 21, figures 2 and
7, in which the equatorial septa are seen to be pierced at either
side of the primary meridional septum by a passage running meri-
dionally along the shell. This is exactly analogous to the structure
of Alveolina referred to by Carpenter under the term *longitudinel
galleries ”” ;! fig. 8 represents a photograph of the transverse section
of Alveolina (Flosculina) pasticillata Schwager from Sind, and shows
these galleries.

Neoschwagerina primigena n. sp.
Prate 22, figs. 1—-7.

This is the simplest form of Neoschwagerina and is characterised
by a single set cach of meridional and equatorial septa.

I have not bcen able to extract any specimens from the hard
matrix in which they occur and the genersl shape and external ap-
pearance can only be deduced from sections, from which they
appear to have been similar to N. craticulifera Schw., from which
this species differs by the absence of well-marked auxiliary septa.
In some instances, however, I have observed transverse sections
with such septa, but they are quite rudimentary and are found only
in the outermost whorls.

In section this species also recalls Sch. lepida Schw., but differs
from it in having true equatorial septa, which are formed by the
downward growth of the perforate shell-wall and are quite different
to the raised ridges of imperforate material which in Sck. lepida
run out from the base of the primary meridional septa. On the
other hand, the transverse section might well pass for that of Sch.
lepida. The form, therefore, is intermediate between Sch. lepida
and N. craticulifera, diftering from the former in the presence of
equatorial septa and from the latter in the general absence of
auxiliary meridional septa.

The number of whorls is comparatively small, the usual number
being from six to nine. The central chamber is large, sometimes
as much as 300 in diameter; my specimens are possibly all meg-
alospheric.

10p, cit., p. 101,
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Neoschwagerina anna Volz.
Prarr 22, figs. 8—14.

1904. Sumatrina anne Volz. Zur Geologie von Sumatra: Geol.
und Pal. Abhandlungen, Bd. X, Heft 2 (1904).

1906-07. Neoschwagerina anne Yabe. Journ. Coll. Sci., Imp.
Univ. Tokyo, Vol. XXI, Art. 5, p. 3.

In the year 1904 Dr. W. Volz described under the name of
Sumatrina a new genus of Fusulinide represented by a single species,
S. anne, from Sumatra. [ have already (supra p. 241) given my
reasons for following Yabe who includes this species in his sub-
genus Neoschwagerina.

N. anne has been described in detail by Volz, who gives good
figures of characteristic soctions and I have little to add. One of
the chief points not hitherto referred to is the extreme tenuity of
the shell, which ranges in my specimens from 4, to 15u in thick-
ness. It is so thin that it is very difficult to recognise any struc-
ture in it, but in a few cases T have been able to ascertain beyond
a doubt that it was perlorated, although for the greater part it
appears to have been imperforate. The perforate material does not
usually extend appreciably below the level of the inner side of the
shell wall, the entire septum being always imperforate. The total
amount of perforate material is thus insignificant in comparison
with that of the imperforate.

The number of auxiliary septa, as stated by Volz, is variable.
In my specimens it ranges from one to five in a meridional, and
one to- three in an equatorial, direction. Where there are three
auxiliary equatorial septa, the middle one is usually larger than
those on either side. The meridional septa always appear to be
more numerous than the equatorial, the numier ranging from one
in the innermost whorls to as many as five in the outermost. I
have not noticed more than three auxiliary equatorial septa and
this only in the outer whorls; one and two are commonest.
but the number incrcases with the growth of the individual.

A characteristic feature of this species is the shape of the septa,
which are very narrow at their points of attachment to the wall
but rapidly broaden out below; the sections of the short auxiliary
septa look like a row of grapes each hanging by a thin stalk from
the roof of the chamber.
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Both Volz and Yabe speak of the large size of the central
chamber. Among my Afghan specimens there are forms both with
large and small chambers, the largest being 450 ¢« (Pl. 22, figs. 10 and
I1) and the smallest 150 p (Pl 22, fig. 8). These may perhaps
represent the megalospheric and microspheric forms respectively, but
as there are intermediate values also, 260 » and 300« among my
specimens, they may all be megalospheric.

DIMORPHISM IN THE FUSULINIDZ.

This phenomenon has been so generally recognised in Tertiary
and recent foraminifera that it is surprising that it should not yet
have been described in the case of the Fusulinide. Schellwien
had evidently noticed it, since, in his posthumous monograph on
Fusulina now in course of publication,! some of the figured speci-
mens are described as megalospheric and others as microspheric,
but no discussion of the subject has yet appeared. Dimorphism
has now been established for Neoschwagerina craticulifera Schw.
and it may also occur in N. anne Volz, and Fusulina elongata
Shum. [t is interesting to note that although in the case of the
Fusulinw proper the megalospheric form is apparently the commoner,
its occurrence has been recorded only once in the case of Neoschwa-
gerina craticulifera Schw. and not at all, so' far as I am aware, in
the subgenus Schwagerina.

SUMMARY.

1. The Fusulina limestone of Afghanistan contains F. wralica
Krotow and F. elongata Shumard in profusion. It also contains
Schwagerina princeps Ehrenberg, Sch. lepida Schw., Neoschwagerina
craticulifera Schw., and a new species N. primigena mihi,

2. A study of the shell-structure proves that the material of
which the shells of the Fusulinide was composed was not vitreous
but cryptocrystalline and was identical with that of the Porcellanea.
At the same time it was also perforate.

3. The so-called “ basal skeleton (Basalskelet)” of Schwagerina
is merely an exogenous growth of imperforate material extending
from the base of the septa across the floor of the chambers. It

1 Pal@ontographica, Band 55, 145 (1908).
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takes various forms, sometimes rising into definitely oriented ridges
(Sch. lepida Schwager); but these characters are not of subgenerio
importance. The form Sch. wverbeeki Geinitzis not, in my opinion,
a valid species, since its characteristic section can be obtained by
cutting a specimen of Sch. princeps Ehr. in certain definite direc-
tions. .
4. Von Moeller’s genus is divided into two subgenera, wiz.,
Schwagerina (sensu stricto), which is characterised by the presence of
only one set of septa (“ primary meridional ”) and Neoschwagerina,
which has at least two sets of septa, one being the * primary mer-
idional ”” and the other the “ primary equatorial ” which are at right
angles to the meridional. There may also be auxiliary meridional
and auxiliary equatorial septa, all of which constitute the “ Dachske-
let ” of German authors.

6. A new species of Neoschwagerina, N. primigena, is described ;
it is intermediate between Schwagerina lepida Schwager and Neoscn-
wagerina craticulifera Sch.

7. In the more complicated forms of Neoschwager'ma (N. anne
Volz) the proportion of imperforate material is very large as com-
pared with that of perforate and it is suggested that Alveolina
may possibly be the final stage in the progressive suppression of
perforations in the Fusulinide.

8. The fauna of the Afghan Fusulina limestone is a peculiarly
interesting one. In the first place it contains the very remarkable
species F. elongata Shumard, which, so far as I am aware, has
hitherto been recorded only from the southern end of the Guada-
lupe Mountains in Texas. On the other hand, it contains also
Fusuling uralica Krotow, a common species in the Tscherdyn and
Ssolikamsk area of the Urals in European Russia, whilst associated
with these forms, characteristic of such widely separated localities,
are others—Neoschwagerina anne Volz and N. oraticulifera Schwager
—typical of the intervening areas, Sumatra, China and Japan.
All these again are found in close association with beds containing
typical Carboniferous brachiopods, Productus punclatus Martin and
Reticularia lineata Mart. ; Productus punctatus is extremely common
and quite dominates the small fauna collected from the brachiopod-
bearing horizon in the Fusulina limestone of Bamian. This fauna
has not yet been completely worked out and it would be useless to
attempt to discuss its relationship to Carboniferous faunas in other
parts of the world, but the general characters of the brachiopods
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as well as the frequent occurrence of Fusulina uralica Krotow and
Schwagerina princeps Ehrenberg, seem to point to a correlation of
the Afghan Fusulina limestone with the Upper Carboniferous (Cora
and Schwagerina horizons) of the Urals; at the same time there are
affinities with the Guadalupian fauna of Texas and with the Upper
Carboniferous of Sumatra, Java, China and Japan.!

EXPLANATION OF PLATES.
Prate 17.

Fig. 1.—Transverse soction of Fusulina, showing the structuro of the

shell : the dark linos aro shell and the light intervening

spacos perforations . . . . . . . %502
Fig. 2.—Transverse soction of Fusubina, showing tho structuro of the

shell : the dark lines are shell and the light intervening

spaces perforations, Both this figure and fig. 1 show

tho apparent branching of the shell in tho outer layer . . xXT70
Figs. 3, +.—Tangontial soction of sholl of F. elongita Shum., showing

perforations. 'The sholl-substanco is dark and the per-

forations appear as whito dots . . . . . X40
Fig. 5.—Tho same as lower part of fig. 4 . . . . . X9
Fig. 6.—Approximately tangential section of shellof F. uralica Kro-

tow, showing the porforate sholl-wall (a) and imporforate

septa (b). Thoe dark spots represent the perforations.

From left to right tho shell-wall merges into, and is per-

fectly continuous with, the septum. On the right-hand

side of each septum is a dark line of division (c) along

which the wall of a new chamber abuts against the septum

of the preceding chamber. The figuro also shows oral

apertures () in the septal face . . . . .
Fig. 7.—Dart of the same enlarged to show that the perforations are

not in reality filled with dark material, but contain trans-

parent calcito (?), surrounded by a rim of dark ferruginous

material (p. 234) .. . . . . . . . X60

PraTe 18.

Fig. 1.—Transvorse section of Schwagerina princeps Ehr. A soction
taken at right angles to tho plane of the paper and along
the line a .... a would cut few if any septa, as in fig. 2,
. whereas a similar section along b . . ..b would cut a septum
in almost every whorl, as in fig. 3 . . . . . x50

x 33

1In his paper “On a Fusulina limestone with Helicoprion in Japan” (Journ.
- @Qeol. Soe. Toyko, Vol. X, No. 113, 1903) Yabe referred part of the Fusulina lime-
stone of Japan to the Permian systcm, but in his more recent paper (Journ. Coll.
8ci. Imp. U‘:;'u. Tokyo, Vol. XXI, Art. 5, 1906-07), he seems doubtful as to the
+ exact position of the limestono in the Upper I'ale)zoic scquence.

2 i. e., 50 dignieters. :
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Fig. 2.—Meridional section of Schwagerina princeps Ehr., with only
minute traces of a ‘¢ basal skeloton '’ in the outermost
whorls . . . . . . . . . x12

Fig. 3.—Similar section of the same species, but out so as to show
‘* basal skeleton ’’ in most of the whorls. This corre-
sponds to Sch. verbeeks Geinitz . . x 12

Fig. 4.—Section of Sch. princeps, taken at some dlstance from the
central chamber, but approximately parallol to the axis.
In the upper right-hand scgment are portions of two septa
in the plano of the section : on either side of these curtains
can be seen the exogenous outgrowths from the bases of
the septa (basal skeleton). In tho lower half of the figure
the section includes chiefly the central parts of thesepta . x 12

Fig. 5.—Transverso section of Sch. princeps cut at some distance
from the central chamber and showing exogenous
thickening of tho bases of tho septa . . x 12

Fig. 6.—Somewhat oblique section of Sch. princeps. The upper pa.rt
of the figure shows a pa.mllcl section of the lowor two-

thirds of a sepltum . . . %12
Fig. T.—Shell of Fusulina showing the dn.rk 1mperfomte mpt,a. running
between the perforate walls (uppermost part of the figure) . x 17
Prare 19.

Fusulina uralica Krotow,

Figs. 1—6.—Specimens of various sizes : all natural size : fig. 4 repre-
sents a typical specimen,

Fig. 7.—Longitudinal (meridional) scetion of a large specimen . . X 4
Fig. 8.—The same . . . . . . . . . %10
Fig. 9.—:Similar section of another specimen . . . . . x10
Figs. 10, 11 and 12.—Transverse (equatorial) sections of typical
specimens of various sizes . . . xlo

" Fig. 8 illustrates a specimen witha ]arge centml chn,mber

Prate 20.

Fusulina elongata Shumard.
Fig. 1.—Central part of a longitudinal (meridional) section of a medi-
um-sized specimen similar to those illustrated in fig. 10 . x12-
Figs. 2—5.—Transverse (cquatorial) sections of similar specimens ;
fig. 4 is cut at a little distance from the central chamber . X 12
Figs, 6, 7.—Traverse (equatorial) sections of small specimens simi-
lar to those illustrated in fig. 11 . . . . . x12.



Parr 3.]  Havoen: Fusulintde from Afghanistan. 266

Figs. 8, 9. —Longitudinal sections of similar specimens, showing the
small number of whorls . . B ]

Fig. 10.—Limestone with medium-sized specimens : natural size.

Fig. 11.—Limestone with small spocimens : natural size.
Tigs. 1 to 11 probably represent the megalospheric form.

Fig. 12.—Very large specimen (? microspheric form): natural size,

Prate 21.

Figs. 1 axd 3.—Typical longitudinal (meridional) scctions of Neosch-
wagerina craticulifera Schwager. Fig. 1 x 15, fig. 3 x 12.

Figs. 2 and 7.—Typical transvorse (equatorial) scctions of the same
species. Fig. 2 x 15, fig. 7 x 11.

Fig. 4.—Characteristic longitudinal section of N. craticulifera, cut at
some little distance from the central chamber. The dark
imperforate parts of the septu (shown by arrows) are seen
between the paler perforate shell-wall. The section corre-
sponds to one cut at right angles to the plane of the paper
and along the line a......a, s0 as just to touch the floor
of the chamber. The dark grating in the centre is formed
by the traces of the imperforate lower parts of the
meridional and equatorial septa and constitutes the so-
calied “ basal skeleton.” The cloudy material between
the bars of the grating is the outer pat of the perforate
shell-wall cut horizontally : the photograph is on too
small a seale to show the perforations, which, however,
can be clearly seen under the microscope . . . x20

Fig. 5.—Tiansverse section of part of the shell of N. craticulifera.
showing primary meridional septa (p) and auxiliary meri-
dional septa (a) both cut at right angler. e reprosents
part of a primary equatorial septum to which the plane
of the section is parallel. Yabe's * median lamella ™ iy
woll seen in each of the primary moridional septa . . %46

Fig. 6.—Part of a similar section enlarged to show the perforations :
the dark lines are shell and the intervening Iight,er streaks
represent the perforations . . x9%
Both figs. 5 and 6 show the dark outcr line (of supposea exo0-
genous material) which is due to branching of the walls
of the perforations, as well as the dark imperforate
material forming the base of the septa and spreading over
the floor to form the ‘‘ basal skeleton.’

Fig. 8.—Transverse section of Alveolina (Flosculina) pasticillata Schw
from Sind, showing sections of the longitudinal galleries.
Similar galleries are seen in N. craticulifera in figs. 7(¢) and
2 (in the lower left-hand segment) . . . . x12
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PraTe 22.

Figs. 1—4.-—Longitudinal section of Neoschwagerina primigena, nov.sp. X 17

Fig. 5—Transverse section of the same . . . . . . X20
Figs. 6 and 7. —Transverse section of the samo . . . . . x17
Figs. 8, 9 and 10.—Longitudinal sections of Neoschwagerina

Volz, showing the varying size of the central chamber . x10
Fig. 11.—Spceimen shown in fig. 10 enlarged. The upper left-hand

corner of the figure illustrates the peculianr grape-like sec-

tionof the septa . . . . . . . X200
Fig. 12.—Transverse section (not through the central chamber) of N.

anne, showing the large number (4 in the outer whorls) of

guxiliary meridional septa. 'The extreme tenuity of the

shell is also noticeable : it appears merely as a dark line

from which the scpta depend. Both this figure and the

next show the unusual thickness of the primary meri-

dional sepla. a foature very characteristic of the species . x23
Fig. 13.—Transverse (equatorial) scction through the central chamber

of another specimen of N. annce. . x 20
Pig. 14.—~Part of a very characteristic section of Ncosch\va.gcrma. llme-

stone, containing N. anne : it shows a transverso scction,

a longitudinal (meridional) section through the central

chamber, and an approximately longitudinal section

slightly oblique to tho axis and at some distance from

the central chamber . . . . . . . X12
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~1

MISCELLANEOUS NOTES.

0il at Jaba, Mianwali District, Punjab.

A mile and a hslf south of Jaba (Lat. 32° 52/, Long. 71° 43') is
a small gorge called Chhota Khatta and two-thirds of a mile further
is another such called Bara Khatta. The brooks from these twn
unite to form the stream passing by Jaba. Onb the right bank of
the former and on the left one of the latter, ¢.e., on the two
flanks of the eminence between the two gorges, less than ten feet
above the stream beds and in the upper 250 feet of the upper or
compact nummulitic limestone are to be found the oil-springs, seven
in the Chhota and three in the Bara Khatta. Opne of the latter is
altogether insignificant and the other two are only slightly less so.

At all the ten the oil issues drop by drop from little crevices
in the rock and is allowed to collect in sumps and from these to
overflow into the streams where it is stopped by miniature dams
It isthence ladled out from time to time and stored in a 150 gallon
tank, the monthly output being 50 gallons of a thick greenish-black
sulphurous-smelling oil.

Just a little west of the springs in the Chhota Khatta is a small
subsidiary synclinal, followed or the east by a nearly flat anticlinal
and this, in its turn, by a larger synclinal, about 450 feet from
the smaller one and pitching to the north-east by north. Even this
is nearly flat and narrow as the Siwalik rocks are to be seen dipping
away close by and the ground here is very much disturbed.

A syndicate who bored here for oil met at a depth of 117 feet
with only a powerful spring of fresh water which rose to a height
of five feet above the ground and drained dry bath the ‘‘Khattas,’
and great hopes cannot be entertained for a copious flow of oil.

[N. D. Daru.]
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E W, Vredenburg photo. G. 5. 1. Calentta,
HIPPURITES GOSAVIENSIS, Douville.
1, a, 6, c.—Anterior, posterior, and upper aspects of an almost complete lower vaive.
2. Polished surface of another lower valve.
Both specimens from Koh-i-Narahu.
( Natural size.)
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E. W, Vrcedenburg photo. G. S, /. Caleutta,
PIRONAA PERSICA, nov. sp.

1. Complete specimen with upper valve preserved.
2. Fragment of a lower valve,—3. Polished section of another specimen.
All three specimens from Koh-i-Narahu,
( Natural sise.)
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E. W. Vredenburg photo, . S /. Calentta,
1 ¢.—Cast of a Nerinea. 1¢. -Section of the same specimen.
2.--Gen. indet., spec. indet.
Both specimens from Koh-i-Maku.
(Natural size.)
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Part 8 (out of print).—Rocks of the Lower Godavari. * Atgarh Sandstones * near Cuttack.
Fossil floras in India. New or rare mammals from the Siwaliks, Arvali series in
North-eastern Rajputana. Borings for coal in India. Geology of India. .

Part 8 (out of print).—Tertiary zone and underlying rocks in North-west Punjab. Fossil
floras in India. Erratics 1n Potwar, Coal explorations in Darjiling district. Lime-
stones in neighboarhood of Barakar. Farms of blowing-machine used by smiths of
Upper Assam. Analyses of Raniganj coals. .

Part j.—Geology of Mahanadi basin and its vicinity. Diamouds, gold, and lead ores of
Sambalpur” district. ¢ Kryon Comp. Barrovensis,” McCoy, from Sripermatur group
near Madras, Fossil floras in India. The Blaini group and ‘Central Gneiss® in
Simla Himalayas. Tertiaries of North-West Punjab. Genera Choromeryx and
Rhagathorium.

Vou. XI, 1878.

Part 1.—Annual veport for 1877. Geology of Upper (odavari basin, between river
Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi.
Siwalik mammals. Paleontological relations of Gondwana system. * Krratics in
Punjab.’

Part 2.—1—Gsolngy of Sind (second nolice). Origin of Kumaun lakes. Trip over Milam
Pass, Kumaun. Mud volcances of Ramri and Choduba. Mineral resources of Ramri,
Cheduba and adjacent islands. . L

Part 3.—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore-
Kistna districts. Senarmontite from Sarawak. .

Part §.—Ceographical distribution of fossil organisms in India. Submerged forest on

Bowmbay Islund.
Vor. XII, 1879,

Part 1.—Annual roport {or 187 gy of Kashmir (third notice). Siwalik mammalia.
Siwalik birds. Tour throe - Mangrang and Spiti. Mud eruption in Ramri Island
(Arakan). Braumto, witl ' glonite, from Nagpur, Central Provinces. Palmontologi-
cal notes from Satpura * wgin,  Coal importations into India.

Part 2.—M\ohpani coal W, Nite with Psilomelane at Gosalpur, Jabalpur district.
Geologica), MAaissunce from us at Kushalgarh to Kurram at Thal on Afghan
frontior, s 800ngy of Upper Punjab.

rical fcatures of northern Madura, Pudukota State, and southern parts of

gand Trichinopoly districts included wilhin limits of sheet 80 of Indiun Atlas.

sous fossils from Trichinopoly district, collected in 1877-78.  Sphenophyllum and

Equizetacewr with reference to Indian form Trizygia Specivsa, Royle (Spheno-

phyllum Trizyeia, Ung.). Mysorin and Atacamite from Nellore district. Corundum
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda.

Part }.—* Attock Slates ' and their probable geological position. Marginal bone of unde-
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of
North Arcot district. Road section from Murrce to Abbottabad.

Vor. XIII, 1880.

Part_1.—Annual report for 1879. Geology of Upper_ Godavari basin in neighbourhood of
Sitoncha. Geolozy of Tadak and ncighbouring districts. Teoth of fossil fishes from
Ramri Island and Punjab. Fossil genera Négprerathia, Stbg., Noggerathiopsis, Fatm.,
and Rhiptoznmites, Schmalh., in palmozoic and socondary rocks of Furope, Asia, and
Australia. TFossil plants from Kuttywar, Shekh Budin, and Sirgujah. Volanic foci
of eruption in Konkan.

Part 3.—Geolugical notes. Palzontological notes on lower trias of Himalayss. Artesian
wells at Pondicherry, and possibility of finding sourres of water-supply at Madras.
Part 3.—~Kumaun lakes. Celt of palrevlithic type in Punjab. Palzontological notes from
Karharbari and South Rewa coal-fields. Correlation of Gondwana flors with other
floras. Arlesian wells at Pondicherry. Salt in Rajputana. Gas and mud eruptions

on Arakan coust on 12th March 1879 und in June 1843,

Part 4.—Plsistocene deposita of Northern Punjab, and evidence they afford of extreme
climate daring portion of that period. Useful minerals of Arvali region. Correlation
of Gondwana flora with that of Anstralia coal-bearing system. Reh or alkali soils
and saline well waters. Reh soils of Upper Indiz. Naini Tal landslip, 18th Septem-

ber 1880.
Vor. XIV, 1881,

Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbour-
ing districta. Siwalik carnivora. Siwalik group of Sub-Himalayan region, South
Rewah Gondwana basin. Ferruginous beds associated with baealtic rocks of north-
eastern Ulster, in relation to Indian laterite. Rajmahal plants, Travelled blocks of

the Punjab. Appendix to ‘ Palmontological notes on lower trias of Himalayas.’ -
malian fossils frgm Perim Island. ¢ yas.! Mam
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Part 2.—Nahan-Siwalik unconformity in North-Western Himalaya. Gondwana verte-
brates, Ossiferous beds of Hundes in Tibet. Mining records and mining record office
of Great Dritain; and Coal and Metalliferous Mines Act of 1872 (Engla.ns). Cobaltite
and danaite from Khetri mines, Rajputana; with remarks on Jaipurite (Syepoorite).
Zinc-ore (Smithsonite and Blende) with barytes in Karnul district, Madras. Mud
eruption in island of Cheduba.

Part 8.—Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North-West
Himalayas. Fish-palate from Siwaliks. Palaontological notes from Hazaribagh and
Loha.rdagﬁga. districts. TFossil carnivora from Siwalik hills.

Part j.—Unification of geological nomenclature and cartography. Geology of Arvali region,
contral and castern. Native antimony obtained at Pulo Obin, near Singapore. Tur-

ite from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras.
ction from Dalhousie to Pangi, vi4 Sach Pass. South Rewah Gondwana basin.
Bubmerged forest on Bombay Island.

Vor. XV, 1882.

Part 1 (out of print).—Aunnual report for 1881, Geology of North-West Kashmir and
hagan. Gondwana labyrinthodonts. Siwalik and Jamna mammals. Geolugy of
Dalhousie, North-West Himalaya. TPalm leaves from (tertiary) Murtce and Kasauli
beds in Tndia. Iridosmine from Noa-Dihing river, Upper A:sam, and Platinum from
Chutia Nagpur. On (1) copper mine near Yongri hill, Darjiling district; (2) arsenical
pyrites in same neighbourhood ; (3) koalin st Darjiling. Analyses of coal and fire-clay
from Makum eoal-ficld, Upper Assom.  Experiments on (oul of Pind Dadun Khan.
Salt-range, with referenca to production of gas, mad  April 20th, 1881. Proceedings

of International Congress of Boloana.

Part 2 (out of print).—Geology of Travaucore Sta. rkilli beds and reported asso-
ciated deposits at Quilon, in Travancore. Siwalik Narbada fossils. Coal-bearing
rocks of Upper Rer and Mand rivers in Western (| Nagpur. Pench river coal-
field in Chhindwara district, Central Provinces. * . " coal ot Engrein, British
gll:rma.. Sapphires in North-Western Himals wruption £ mud volcanoes in

cduba. -

Part 3.—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harn.  ‘ute between
Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. Ti 3 of Darang
and Mandi in North-Western Himalayas. Conmexion belween Hazara a 1 Kashmir
series. Umaria coal-field (South Rewah Clondwana hasin). Daranggiri -oal-field,
Garo Hills, Assam. Conl in Myannung division, Henzada district.

Part } (out of print).—Gold-fields of Mysore. Borings for coal at Beddadanol, Godavari
district, in 1874. Supposed occurrence of coal on Kistna.

Vor. XVI, 1883.

Part 1.—Annual report for 1882. Richthofenia, Kays (Anomia Lawrenciana, Koninck).
CGeology of Soath Travancore. Geology of Chamba. Basalts of Bombay.

Part 2.—-§ynopsia of fossil vertebrata of 1ndia. Bijori Labyrinthodont. Skuli of Hippo-
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in
north-eastorn part of Jabalpur district. Laterile and other manganese-ore occurring
at Gosulpore, Jabalpur district. Umaria coal-field.

Part 8.—Microscopic structure of some Dalhousie rocks, Tavas of Aden. Probable occur-
rence of Siwalik strata in China and Japan. Mastodon angustidens in India. Traverse
between Almora and Mussooree. Cretaceous coal-measures at Borgora, in Khasia Hills,
near Laour, in Sylhet.

Part j.—Palwontological notes from Daltinganj and Hutar coal fields in Chota Nagnur.
Altered basalts of Nalhousie region in North-Western Himalayas. Microscopic struc-
ture of some Sub-Himalayan rocks of tertiary age. Geolocy of Jaunsar and Lower
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar Hills.
Native lead from Maulmain and chromite from the Andaman Islands. Fiery eruption
from one of mud volanoes of Cheduba Island, Arakan. Irigation from wells in
North-Western Provinces and Oudh.

Vor. XVII, 1884.

Part 1.—Annual report for 1883. Smooth-water anchorages or mud-banks of Narrakal and
Alleppy on Travancore coast. Billa Surgam and other caves in Kurnool district.
Geology of Chuari and Sihunta pargan-s of Chamba. Lyttonia, Waagen, in Kuling
series of Kashmir.

Part 2.—Earthquake of 3lst December 188) Microscopic structure of some Himalayan
ranites and gneissose granifes. Choi coal exploration. Re-discovery of foesils in
iwalik beds. Mineral resources of the Andaman lslands in meighbourhood of Pord

Blair. Intertrappean beds in Deccan and Laramie group in W. -tern North America.
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Part 8 (out of print).—Microscopic structurs of some Arvali rocks. Section along Indus
from Peshgwar Valley to Salt-range. Sites for boring in Raigarb-Hingir coal-field
(first notice). _Lignite near Raipore, Central Provinces. Turquose mines of Nishapir,
Khoragsan. " Fiory eruption from Minbyin mud volcano of Cheduba lsland, Arakan.
Langrin coal-field, Sonth-Wostern Khasla Hills. Umaria coal-field. -

Part_j.—Geolcgy of part of Gangasulan pargana of British Garhwal. Slates and schists
imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Bulei.
man. Smooth-water anchorages of Travancore coast. Auriferous sands of the Buban.
siri river, Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam eraves.

Vou. XVIII, 1885.

Part 1.—~Annual report for 1884. Country between Singareni coal-field and Kistna river.
Geological sketch of country between Singareni coal-field and Hyderabad. Coal and
limestone in Doigrung river near Colaghat, Assam. Homotaxis, as illustrated from
Indian formations. fghan ficld notes.

Part 2.—Fossilifercus series in Lower Himalaya, Garhwal. Age of Mandhali series in
Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Fale. and Caut. MSS.
Geology of Chamba. Probability of obtaining water by meunus of artesian wells in
plains of Upper India. Artesian sources in plaius of Upper India. Geology of Aka
Hills. Alloged tondency of Arakan mud vulcanoes to burst into eruption most
frequen! uring rains. Analyses of rihosphabic nodules and rock from Mussooree.

Part 3.—Geology of Andaman Islands. 'Chird species of Merycopotamus. Percolation as
affected by curreni. Pirjhalla and Chandpur moteorites. Oil-wells and coal in
Thayetmyo district, Briti:®g Bu Antimony deposits in Maulmain distriet. Xash-
mir earthquake of 30th }* =4 Bengal earthquake of 14th July 1885.

Part j.—Gealogical work in; tisgarh division of Central Provinces, Bengal eartf.
guake of 14th July 19- ashmir earthquake of 30th May 1885. Excavations in

illa Surgam caves, =~ ‘\ Sabetmahet meteorite.

S 3
Vor. XIX, 1886.

Part 1.~ Jhual report for 1885. International Geological Congress of Berlin. Palwozoic
Fos in Olive group of Salt-range. Correlation of Indian and Australian coal-
beufing beds. Afghan and Porsian Field-notes. Section from Simla to Wangtu, snd
potrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part 8.—(eology of parts of Bellary and Anantupur districts. Geology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Hima-

layas. Mammalia of Karnul Caves. Pros})ects of finding coal in Western hajputaus,

0. i:r_e(gmup of Salt-range. Boulder-bods of Sult-range. (Gondwana Homotaxis.

Part 8.—Goological sketch of Vizagapatam district, Madras. Geology of Northern Jesal-
mer. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi copper-
ore in Balaghat district, C. P. .

Part. 4 {out of print).—-Pelrolenm in India. Petrolcum exploration at Khitan. Boring in
Chhattisgarh coal-fields. Field-notes from Afghunistan: No. 3, Twkistan. Fiery
eruption frem one of mud volcanoes of Cheduba Island, Arakan. Noammianthal
acrolite. Analysis of gold dust from Meza valley, Upper Burma.

L]
Vor. XX, 1887.

Part 7.—Annual report for 1886. Field-notes from Afghanistan : No. 4, from Turkistan
to India. Physical geology of West British Garhwal; with notes on a route traversad
through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garo Ilills. Indian jmage-
siones. Soundings recantly taken off Barren Island and Narcondam. Talchir boulder-
beds. Analysis of 1 hosphatic Nodules from Salt-range, Punjab.

Part 2.—Fossil vertebrata of India. Fchinoidea of cretaceous scries of Lower Narbada
Valley. Field-notes : No. 5-—to accompany geological sketech map of Afghanistan and
North-Tastern Khorassan. Microscopic structure of Rujmoahal and Deccan traps.
Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of
Salt-range in Punjab.

Part $.—Retirement of Mr. Medlicott. J. B. Mushketoff's Geology of Russian Turkistan
Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec-
tion I. Geology of Simla and Jutogh. * Lalitpur * meteorite,

Part_§.—Points in Himalaian geology. Crystalline and metamorphic rocks of Lower
Himalaya, Garhwal, and Kumaun, Section II. Iron industry of western portion of
Raipur. Notes on Upper Burma. Boring exploration in Chhattirgarh coal-fielda.
(Second notice), Pressure Metamorphism, with reference Lo foliation of Himalayan
Gnueisgose. Grevgle. Papers on Himalayan Geology and Microscopic Petrology.
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Vor. XXI, 1888.

Part l.—Aunncal repuat for 1887. Crystalline and metamorphic rocks of Lower Himnlnc{;.
Garhwal, und Kumaun, Section I1f. Birds’-nest of Elephant Island, Mergui Archi-
gelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble-

rom boulder bed (‘speckled sandstone’) of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo. .

Part 2.~—Awunrd of Wollaston (fold Medal, Geological Society of London, 1888. Dharwar
System 1n South India. Igneous rocks of Raipur and Balaghat, Central Provinces.
Sangar Marg and Mehowgale coal-fields, Kashmir.

Part 3.—Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous Glacial
Period.” Pre-tertiary sedimentary formations of Simla region of Lower Himalayas.
Part 4.—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock

sculplure. Nummubtes in Zanskar. Mica traps from Barakar and Raniganj.

Vor. XXII, 1889.

Part 1 (out of print).—Annual report for 1888. Dharwar System in South India. Wajra
Karur diamonds, and M. Chaper’s alleged discovery of diamonds in_ pegmatite.
Goneric position of so-called Plesiosaurus Indicus. ¥lexible sandstone or Itacolumite,
its nature, mode of occmrence in India, and cause of its flexibility. Siwalik and
Narbada Chelonia.

Part 2.—Indian Steatite. Distorted pebbles in Siwalik conglomerate. ‘Carboniferous
Glacial Period.” Oil-felds of 'Uwingoung and Beme, Burma. Gypsum of Nehal Nadi,
Kumaun. Materials for pottory in neighbourhood of ~ Jbalpur and Umaria.

Part _3.-—Coal outcrops in Sharigh Valley, Baluck. tan. ilobites in Neobolus beds of

Salt-range. (ieological notes. Cherra Poonjee ¢ 1, in Khasia Hills. Cobalti-
ferous Matt from Nopdl. President of Geological & N of London on International
Geological Congress of 1888. Tin-mining in Mergui ¢ ¢,

Part } (out of print).--Land-tortoises of Siwaliks. P “wamjnant from Siwaliks.
Assays from Smunbhar Salt-Take in Rajputana. caganiferous™ + and Manganese
Ores of Jabalpur. TPalagonite-bearing traps of Rijmahdl hills a. ‘acean.  Pin-

smelting in Malay Peninsula. Provisional Index of Local Distributio, . ' Linportant
%’[inm;\ls, Miscellaneons Minerals, Gem Stones and Quarry Stones in Inc ‘v{ Empire.
ari 1.

Von. XXIII, 1890.

Part 1.—Annual report for 1889, Lakadong coal-fields, Jaintia Hilla. Pectoral and pelvic
girdles and skull of Indian Dicynodonts. Vertebrate romains from Nagpur district
{with description of fish-skull). ~Crystalline and metamorphic rocks of Lower Hima-
layas, Garhwil and Kumaun, Soction 1V. Bivalves of Olive-group, Salt-range.
Mud banks of Travancore coasts. R .

Part 2 (out of print).—Petroleum explorations ju Harnaj district, Baluchistan. Sapphire
Mines of Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet
Gold field. Kield notes from Shan Hills (Upper Burmna). New species of Syring-
osphreridea.

Part .?p(out of print).—Geology and Economic Resources of Country adjoining Sind-Pishin
Railway hetween Sharigh and Spintangi, and of country between it and Khattan.
Journey through India in 1888 89, by Dr. Johannék Walther. Conal-fields of [airungao,
Maosandram, and Mao-belar-kar, in the Khasi Hills. Indian Steatite. Provisional
Index of Loecal Distribution of Important Miverals, Miscellancous Minerals, Gem
Stones, and Quarry Stones in Indian Empire.

Part 4 {out of print).—QGeological sketch of Naini 'Tal; with remarks on natural conditions
governing mountain slopes, TFogsil Indian Bird Bones. Darjiling Coal between Lisu
and Ramthi rivers. Basic Eruptive Rocke of Kadapah Area. Deep Boring at Luck-
now. Coal Seam or Dore Ravine, Hazarn.

Vor. XXIV, 1801.

Part 1.~—Annua) report for 1890. Geology of Salt-range of Punjab, with re-considered
theory of Origin and Age of Salt-Mart. Graphite in decomposed Gnoiss (Laterite) in:
Cavion. Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and
¢ Reh ’ from Aligarh in North-Western Provinces. Analysis of Ddlomite from Salt-
range, Punjab.

Part e.E-Oil nelnr Moghal Kot, in_Sherdni_country, Suleiman Hills. Mineral Qil from
Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northorn Shan Btates.
Renmorted Namstka Ruby-mine in Mainglon State. Tourmaline (Schorl) Mines in
Mainglén State. Sali-spring near Bawgyo, Thibaw State. "
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Part 3 (out oy grmt).——Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin
Duncan.  Pyroxenic varielies of Gneiss and Scapolite-bearing Rocks.

Part j.—Mammalian Bones fwom Mongolia. Darjuing Cosal Exploration. Cuology and
Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab.

Vou. XXV, 1892.

Fart 1.—Annual report or 1891. Geology of 'Thal Chotiéli and part of Marn country.
Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent.
Deposite of valley plains of Quetts, Pishin, and Dasht-i-Bedaolat; with appendices on
Chamans of Quetta; and Artesian water-supply of Quetta and Pishin. .

Part 2 (out of print).—Geology of Saféd Koh. Jhervia Coal-field.

Part 3.-—Locality of Indian Tscheffkinite. Geological Sketch of country unorth of Bhamo.
Econcmic resources of Amber and Jads mnines area in Upper Burma. Iron-ores and
Iron Industries of Salem District. Riebeckite in India. Coal on Great Tenasserim.
River, Lower Burma.

Part 4.—O0il Springs at Moghal Kot in Shirani Hills. Mincral Oil from Suleiman Hills.
New Amber-like Resin in Burma. Triassic Deposits of Salt-range.

Vor. XXVI, 1893.

Part 1.—Annual report for 1892, Central Mimalayas. Jadeits in Uppor Barma. Bur-
ixéigtia,ggew Fossil Resin from Upper Burma. Prospecting Gperations, Mergui District,
Part 2.—Earthquake in Balucjstan on 20th December 1892. Burmite, new amber-like
]f:{nssil resin from Upper B; a. Aglavial deposits and Subterranean water-supply of
angoon, Lt

Part 3.—Geology of Sherani: »" Carboniferous Foseils from Tenasserim. Boring at

handernagore. Granit {;v:)y and Mergui.

Part 4.—Geology of count-* en Chappar Rift and Harnai in Baluchistin. Cicology
of part of Te CUPTN, Tt special 1eference to Tendau-Kamapying Coal-field.
Mugneti;.r" - ‘;:uaming Manganesé"#nd Alumina. Hislopite.

P
; Von. XXVI1I, 1894,

Fart 1.~JAnnual report for 1883. Bhaganwala Coal-icld, Salt-range, Punjab. .

Part 2.—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna
T.andelip, Garhwal.

Part 3.—Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields.
Chipped (?) ¥lints in Upper Mincene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis. Sow. sp., in Tertinry Formaution of Indin and Burma.

Part j.—Geology of Wuntho in Upper Burma.  Fehinoids from Upper Cretuceous Syster
of Baluchistan. Highly Phosphatic Mica Peridotites intrusive in Lower Gondwana
Rocks of Bengal. Mica- Hypersthene- Hornblende-Peridotite in Bongal.

Vor. XXVIII, 1805,

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion
to Barren Island. WBibliography of Barren Islund and Narcondam from 1884 to 1804.

Part 2.—Cretaceous Rocks of Southern India and geagraphical conditions during later
cretaceous times. Experimental Boring for Petiolenm at Sukkur from October 1893
to March 1885. Tertiary system in Bucomn

Part $.—Jadeile and other rocks, from Tammaw in Upper Burma. Geology of Tochi
Valley. Lower Giondwanas in Argentina.

Part }.~—Igneons Rocks of Giridih (Kurhurbaree) Coal-field and their Contat Effecta.
Vindhyan system sonth of Sone and their relation to go-called Lower Vindbyans.
Lower Vindhyan area of Sone Valley. Tertiary system in Burma.

.

Voo. XXIX, 1896.

Part 1.—Annual roport for 1895. Acienlar inclusions in Indian Garnets. Origin and
Qrowth of Garnetr and of their Micropegmatitic intergrowths in Pyroxenic rocks.

Part 2.—Ultra basic rocks and derivod minerals of Chalk (Magnesite) hills, and other
localities near Salem, Madras, Corundnum loealities in Sulem and Coimbatove districts,
Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of “ Goudwanaland.”’ Notes.

Part 8.—Ianenus Rocks from the Tochi Valley., Notes.

Part j.—Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Kashmir) area of

Sone Valley, R7Ah. Notes. '
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Vor. XXX, 1807.

Part 1.—Annual report for 1896. Norite and associated “Basic Dykes and Lava-flows in
Southern India. Genus Vertobraria. On (ilossopteris and Vertebraria.

Part 8.—Cretaceous Deposits of Pondicherri, Notes.

Part $.—Flow structure in igneous dyke. Olivine-norite dykes at Coonoor. Excavations
for corundum near Palakod, Snlem District. Occurrence of coal at Palana in Bikanir.
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896.

Part_j.—Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc., from Lower

glii:::ne ﬁ&gz‘utma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on

Vor. XXXI, 1904.

Part 1 (out of print).—Prefatory Notice. Copper-ore near Komai, Darjeeling district.
Zewan beds in Vibi district, Kashmir. Coal deposits of Isa Khel, Mianwali district,
Punjab. Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district. Miscellaneous Notes. Assays.

Part 2 (out of print).—1t.-Genl. C. A, McMahon. Cyclobus Haydeni Diener. Auriferous
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
methods of Coke-making at East Indian Railway Collieries, with supplementary note
Ly Director, Geological Survey of Indin. Miscellaneous Notes.

Part 8 (out of print).—Upper Palwozoic formations of Kurasia. (laciation and History
of Sind Valley. Halorites in Trias of Baluchistan. Geology and Mineral Resources
of Mayurbhanj. Miscellaneous Notes. A

Fart § (out of print).-—Geology of Upper Asfsta_ A viferous Qccurrences of Assam.

ious occurrence of Scapolite from Madras Pre. 1, Miscellaneous Notes. Index.
N

Vor. XXXIL, 1005, %

Lart 1 (out of print).—Review of Mineral Produr . ot India at.’ +~ 1398—1903.

Part 2 {(out of print).—General report, April 1903 to December 1804. ‘wiogy of Pro-
vinces of Tsang and U in Tibet. Bauxite in India. Miscellancous 1.. * 1.

Part 8 (out of print).—Anthracolithic ¥avna from Subansiri Gorge, As. ‘m. Klephas
Antiquus (Namadicus) in Godavari Alluvium, Triassic Fauna ot Tropit) Limestone
of Byans. Amblygonite in Kashmir. Miscellaneous Notes. ~

Pert j.—Obituary notices of H. B. Medlicott and W. T. Blanford. Kangra Farthquake
of 4th April 1805. Index to Volume XXXII.

Vor. XXXIII, 1906.

Part 1 (out of print).—Mineral Production of India during 1904. Pleistocene Movement in
Indian Peninsula. Recent Chaunges in Course of Nam-tu WRiver, Northern Shan States.
Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Narnaul Dis.
trict (Patiala State). Miscellaneous Notes.

Part 3 (out of print).—Qeneral report for 1905. Lashio Coal-field, Northern Shan Statea
Namma, Mansang and Man-se-le Coalfields, Northern Shan States, Burma. Mis-
cellaneours Notes.

Part 8 (out of print).—Petrology and Manganose-ore DNeposits of Sausar Tabsil, Chhind-
wara district, Central Provinces. Geology of part of salley of Kanhan River in
Nagpur and Chhindwara districts, Central Provinces. Manganite from Sandur Hills.
Miscellaneous Notes.

Dart_} (out of print).-——Composition and Qualily of Indian Coals, Classification of the
Vindhyan System. Geology of State of Panna with reference to the Diamond
bearing Deposits. Index to Volume XXXIII.

Vor. XXXIV, 1906.

Part 1.—Fossils from Halorites Limestone of Bambn.nng Cliff, Kumaon. Upper-Triassic
Fauna from Pishin District, Baluchistan. Geology. of portion of Bhutan. Coal Occur-
rences in Foot-hjlls of Bhutan, Dandli Coal-field : Ooal outcrops in Kotli Tehsil of
Jammu State. Miscellaneous Notes.

Dart 2 (out of print).—Mineral Production of India during 1905, Nummulites Douvillei,
with remarks on Zonal Distribution of Indian Nummulites. Auriferous Tracts in
Southern India. Abandonment of Collieries at Warora, Central Provinces. Mis-
cellaneous Notes. .

Part 3.—BExplosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill.
Gibbsite with Manganese-ore from Talevadi, Belgaum district, and Gibbsite from
Bhekowli, Satara District. Classification of ;.l‘ertiary System{? Sind with reference
to Zonal distribution of Eocene Echinoides. .



Part 4 (out of print).—Jaipur and Nizira Cosl-fields, Upper Assam. Makum Coal-fields
between ‘lirap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan
district, Upper Burma. Asymmetry of Yenangyat-Bingu Anticline, Upper Burma.
Novthern part of (wegyo Anticline, Myingyan District, Upper Burma. Broynia
Multituberculata, from Narl of Baluchistan and Sind. Index to Volume XXXI1V.

Vor. XXXV, 1807,

Part 1 (out of print).—General veport for 1906, Orthophragmina and Lepidocyclina in
Nummulitic Series, Meteoric Shower of 22nd Qctober 1903 at Dokdchi and neighbour-
hood, Dacca District. .

Part 2—Indian Aerolites. Brive-wells at Bawgyo, Northern Shan States. Gold-bearing
Deposits of Loi Twang, Shan States. Physa Prineepii in Maestrichtian strata ot
Baluchistan. Miscellaneous Notes.

Part 8.—Preliminary survey of certain Glaciers in North-West Himalays., A.—Notos on
certain Glatiers in North-West Kashmir.

Part j.~Preliminary survey of certain Glaciers in North-West Himalaya. B.—Notes on
certain Glaciers in Lahaul. C.—Notes on certain Claciers in Kumaon. Index to
Volume XXXV,

Vor. XXXVI, 1607-08.

Part 1.—Petrological Study of Rocks from hill tracts, Vizagapatam district, Madras
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presi.
dency. Stratigraphical Positgn of Gangamopteris Beds of Kashmir. Volcanic out.
burst of Late Tertiuty.A%:"n So senwi, N. Shan States. New suidm from

Bugti Hills, Baluchistan. oniferons Plants from Kashmir.

Part 2.—Mineral Production . 3 during 1906. Ammonites of Bagh Beds. Mis.
cellaneous Notes.

Part 3.—Marine fossils in ~ wng oil-field, Upper Burma. Fresh-water shells of
genus Batissa in ¥ r..aar . id, Upper Burma. New Species of Dendrophyllia
from Upper ™" céne of Burma. ucture and age of Taungtha hills, Myingyan die-

trict, Upy  ourma. Fossils from Sedimentary rocks of Oman (Arabia?. Rubies in
Kachin % ,s, Upper Burma. Oretaceous Orbitoides of India. Two Calcutia Earth-
quakes -,71906. Miscellaneons Notes.

Part_}.—Teudn-Fucoids from Pab sandstones at Fort Munro, and from Vindhyan series.
Jadeite in Kachin Hills, Upper Burma. Wotchok-Yedwet Pegn outcrop. 1lagwe dis-
trict, Upper Burma. Group of Manganates, comprising Hollandite, Psilomelane and
Coronadite. Occurrenca of Wolfram in Nugpur district, Central Piovinees. Mise
cellaneous Notes. Index to Volume XXXVI.

Vor. XXXVII, 1903-09.

Port 1.—General Report for 1907.  Alincral Production of Tudia Jduring 1907. Occrenca
of striated boulders in Blaini formation of Simla. Miscellancons Notes,

Part 2. —Tertiary und Post-Tertiary Freshwater Deposits of Baluchistan and Sind.
Geology and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal
Hills for glass manufacture. Three new Manganese-bearing minerals :—Viedenburgite,
Sitaparite and Juddite. Laterites from Central Provinces. Miscellaneons Notes.

Part 3.-~3outhern part of Gwegyo Mills, including Payagyigon-Ngashandaung Oil-field,
Silver-lead mines of Bawdwin, Northern Shan Stules. Mud volesnoes of Arukan
Coast, Burma. .

Part j—Gypsaim Deposits in Hamirpnr district, United Provinees. (londwanas and
related marine sedimentary systom of Kashmir. Miscellaneous Notes. Index to
Volume XXXVII.

Vor. XXXVIII, 1809.

Part 1.—~General Report for 1908. Mineral Production of India during 1908.

Part 2.—Qccurrence of Ostrea latimarginata, 4 chavacteristic (faj speciex, in ¢ Yenang-
yaung Stage’ of Burma. China-clay and Fire clay deposits in Rajmahal Hills.
Occurrence of coal at Gilhwrria in Rajmahal Hills. Pegu Inlicv ai Ondwe. Magwe
District, Upper Burma. Ovigin of Salt Deposils of Rajputana,  Miscellancous Notea.

The price fixed for these publications is 1 rnpee (1s. 4d.) cach part, or 2 rupces (2. 8d.)
each volume of four parts.
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