


MEMOIRS THE GEOLOGICAL SURVEY 

111. 

IV. 

v. 

VI. 

VOL. VII. 

VOL. VIII. 

VOL. IX. 

VOL. X. 

VOL XI. 

VOL. xn. 

VOL. XIII. 

Pt. 1, 1866 (mt  of print) (price 1 Re.) : Coal and Iron of Ta1chir.-Talchir 
Coal-field.-Gold yielding deposits of Up er beam.-Gold from ShaA- 
ween. Pt. 2, 1868 (out of print) (price 2 i s . )  : Geological structure of a 
portion of Khasi Hills.-Geological structuro of Nilgiri Eilb (Madras). 
Pt. 3, 1869 (out of print) (price 2 Rs.) : Geological structure and physicnl 
features of districts of Bankura, Midnapore and Orism.-Laterito of 
0rissa.-Foesil fish-teeth of genus Ceratodus from Maledi, south of 
Nagyur. 

Yt. 1; 1869 (out of print) (price 2 Re.) : Vindhyan rocks, and their associates 
in Bundelkhand. Yt. 2, 1860 (out of print) (price 3 RE.) : 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, 1861 (out of print) (price 3 RE.) : Raniganj Coal-field.-Additional 
remarks on systems of rocks in Central Indis and Benga1.-Indian 
Mineral Statistics, I. Coal. Pt. 2, 1864 (out of print) (price 2 Rs.) : 
Sub-Himalayan Ranges between Ganges and Ravi. 

Pt. i, 1862 (out of print) (price 2 RB.) : Cretaceous Ilocks of Trichinopoly 
District, Madras. Yt. 2, 1864 (out of print) (price 2 8s.) : District of 
Trichinopoly, Salem, tttc. Yt.  3, 1866 (out of print) (price 1 Re.) : Coal 
of Assam, etc. 

Pt. 1, 1865 (out of print) (price 3 Rs.) : Sections acrose N.-W. Himalaya, 
from Sutlej to lndus-Gypsum of Spiti. Pt. 2, 1866 (out of print) (price 
1 Re.) : Geology of Bombay. Pt. 3, 1866 ( a t  of print) (price 1 &.) : 
Jheria Coal-field-Geological Observations on Western Tibet. 

Pt. I ,  1867 (otrt ofprit~t) (price 8 As.) : Neighbourhood of Nynyan, etc., in 
Sind.-Geology of portion of Cutch. Pt. 2, 1867, Rep. 1908 and 1921 
(price 2 Ra.) : Bokaro Coal-field.-Ramgarh Coal-field . Traps of Western 
and Central India. Pt. 3, 1869 (price 2 Ra. 8 As.) : Tapti and Nerbudda 
Valleys.-Frog-beds in Bombay.-Oxyglossus pztsillus. 

Pt. 1, 18G9 (price 3 Rs.) : Vindhyan series-Mineral Statistics; Coal.- 
Shillong plateau. Yt. 2, 1870 (out of print) (price 1 Re.): Karharberi 
Coal-field.-Dooghar Coai-field. Pt. 3, 1871 (out of print) (price 1 Re.) : 
Aden wator-supply.-1Chranpura Coal-fields. 

Pt. 1, 1872 (price 4 RLI.) : Icadapah and Karnul Formatione in Madras 
Presidency. Pt. 2, 1872 (out of print) (price 1 Re.) : Itkhuri Coal-field.- 
Daltonganj Coal-field.-Chope Coal-field. 

Pt. I ,  1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.) : 
Geology of Nagpur.-Geology of Sirban Hill.-Carboniferous Ammo. 
nites. 

Pt. 1, 1873 (price 3 Rs.) : Geology of Madras.-Satpura Coal-basin. Pt. 2, 
1873 (out of print) (price 2 Its.) : Geology of Pegu. 

Pt. 1, 1874 (price 2 Rs.) : Geology of Darjiling and Western Dooars. pt. 2, 
1875 (price 3 Rs.) : Salt-region of Kohat, Trans-Indus. 

Pt. 1, 1876 (price 3 RE.) : South Mahrhtta Country. Pt. 2, 1876 (price 
2 Rs.) : Coal-fielda of N&ga HiUs. 

Pt. I. 1877 (price 2 Rs. 8 As.) : Wardh:~ Valley Coal-field. Pt. 2, 1877 
(price 2 Re. 8 As.) : Geology of RBjmahLl Hills. 



XIV. 1878 (prics 6 Rn.) : Qealogy of &It-range in Panjab. 

XV. Pt. 1, 1878 (out o print) (price 2 Re. 8 Ae.) : Aumn e and Ifutcir Coal-fields d 
Coal-fiolde (Sirguja). 

ft (Palamow). t. 2, 1880 ( p r k  2 n9. 8 Be.):  amkola and Tatepanl 

XVI. Pt. 1, 1879, Rep. 1930 (price 3 Ite.) : Geology of Emtorn Cohet from Lat. 
15' to Maeulipatam. Pt. 2, 1880, Rop. 1930 (price 2 Re.): Mellore 
Portion of Carnetic. Pt. 3, 1880, Rop. 1930 (pice 2 Ro. 10 AB.) : k t a l  
Region of GodAvari District. 

XVII. Pt. 1, 1879 ( p r k  3 Its.) : Goology of Woetorn Sind. Pt. 2, 1880 ( p r b  
2 lie.) : Trene-Indus externion of Punjab mlt-range. 

XVIII. Pt. 1, 1881, Rep. 1933 (price 6 Re. 8 As.) : Southern Mgharktan. Pt. 2, 
1881, Rep. 1934 (price 3 Ra. 8 Ae.) : Knbhum and Singhbhum. Pt. 3, 
1881, Rep. 1930 (price 3 Re. 14 As.) : Pdnhita-Godhvari Valley. 

XIX. Pt. 1, 1882 (price 2 Rs.) : Cachar Earthquake of 1869. Pt. 2, 1882 ( a t  01 
print) (p i re  1 Re.) : Thormal Springs of India. Pt. 3, 1883 ( p h  1 b.) r 
Catalogue of Indian Earthquakee. Pt. 4,1083 ( a t  of pint)  (pk 1 Re.j : 
Geology of parts of Manipur and Naga Hills. 

XX. Pt. 1, 1883 (out of print) (price 2 Re. 8 As.) : G e o l m  of Madura and Tim- 
velly. PL. 2, 1883 (out of print) (price 2 Ra. 8 As.) : Geological notes on 
Hills in neighbourhood of Sind and Punjab Frontier between Quetta 
and Dera Ghazi Khan. 

XXI. Pt. 1, 1884 ( a t  of print) (price 2 Re.) : Geology of Lower Narbada Valley. 
Pt. 2, 1884, Rep. 1933 (price 2 Rs. 10 As.) : Geology of Kathiawar. 
Pt. 3, 1886, Rep. 1926 (price 6 Rs. 14 As.) : Coal-fielde of South Rewah. 
Pt. 4, 1885, Rep. 1933 (price 3 Re. 2 As.) : Volc~noea of Baren Island and 
Narcondam. 

XXII. 1883 (out of print) (price 6 Re.) : 'Geology of Eadu.uk, Chamba and Khagan. 

XXIII. 1891 (price 6 Rs.) : Geology of Central Himalayae. 

XXIV. Pt. 1, 1887 (price 1 Re. 8 As.) : Southern Coal-fields of Shtpura GondwBsa 
basin. Pt. 2, 1890 (out of print) (price 2 Re. 4 As.) : Geology of 
Sub-Himalaya. of Garhmal and Kumaon. Pt. 3, 1890 (out of print) 
(price 1 Re. 4 As.) : Geology of South Malabar, between Beypore and 
Ponanni Rivers. 

XXV. 1895 (out of print) (price 5 Rs.) : Geology of Bellary Dietrict, Madras 
Presidency. 

XXVI. 1886 (out af print) (price 5 Ka.) : Geology of Hazara. 

XXVII. Pt. 1, 1895 (out of print) (price 1 Re.) : Marine Foesib from Miocene of 
Upper Burma. Pt. 2, 1897 (out of print) (price 4 Ra.) : Petroleum in 
Burma and its technical exploitation. 

XXVIII. Pt. 1, 1898 (out of print) (price 2 Rs.) : Geological Structure of Cbitichru, 
region.-Allahbund in north-west of Rann of Kuchh.-Geology of parts 
of Dlyingyan, N a p e  and Pakoliku Districts, Burma.--Geology of Mikir 
Hille in Assam.-Geology of Tirah and Bazdr Valley. Pt. 2, 1000 (price 
3 Re.) : Charnockite Series, group of Arcbaan Hypemthenic Rooka in 
Peninsular Indirt. 

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

XXX. Pt. 1, 1900 (price 2 Rs.) : Afterellocks of Great Earthquake of 12th June 
1897. Yt,. 2, 1900 (price 1 Re.): Geology of neighbourhood of Salem, 
Madras Prosidoncy. Pt. 3, 1901 (price 1 Re.) : Siwmalai Seriee of 
Epsolite-Syenitee and Corundum Syenitos. Pt. 4, 1901 (price 1 Re.) : 
Geological Con~ess  of Pads. 

XXXI. Pt. 1, 1901 (out of print) (price 2 Re.) : Geology of SOU Valley in Rewah 
State and Parts of Jabslpur and Mirzapur. Pt. 2, 1901 (out of p i n t )  
(price 3 Rs.) : Baluchistan Desert rind part of E a r n  Persia. Pt. 3. 
1901 (price 1 Re.) : Puridotites, Serpentinea, etc., from Ladakh. 
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XXXII. Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiment8 in India. Pt. 2, 
1901 (price 2 Re.) : Rampur Coal-field. Pt. 3, 1902 (price 3 Re.): 
" Exotic Blocks " of Malla Johar in Bhot Mshala of Kumaon. Pt. 4, 
1904 (out of print) (price 3 RB.) : Jammu Coal-fields. 

XXXIII. Pt. 1, 1901 (price 8 Rs.) : Kolar Gold-field. Pt. 2, 1901 (price 2 Rs.) : Art. 
1 : Gold-fields of Waindd. Art. 2 : Auriferous Quartzite8 of Parhadim, 
Chota Nagpur. Art. 3 : Auriferous localities in North Coimbatore. 
Pt. 3, 1902 (price 1 Re.) : Geology of Ka.lahandi State, Central Provinces. 

Pt. 1, 1901 (price 1 Re.) : Peculiar form of altered Peridotite in Mysore 
State. Pt. 2, 1902 (mt of prin,t) (price 3 Re.) : Mica deposits of India. 
Pt. 3, 1903 (price 1 Re.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 
(m~t of print) (price 4 Rs.) : Geology of Persian Gulf and adjoining portione 
of Porsia and Arabia. 

Pt. 1, 1902 (out of print) (price 2 Rs.) : Geology of Western Rajputana. 
Pt. 2, 1903 (price 1 Re.) : Aftershocks of Great Earthquake of 12th June 
1897. Pt. 3, 1904, Rep. 1934 (price 1 Re. 14 As.) : Seismic phenomena in 
British India, and their connection with its Geology. Pt. 4, 1911 (price 
1 Re.) : Geology of Andaman Islands, with reference to Nicobars. 

XXXVI. Pt. 1, 1904 (out of print) (price 4 Rs.) : Geology of Spiti. Pt. 2, 1907 
(price 3 Rs.): Geology of Provinces of Tsang and U in Central Tibet. 
Pt. 3, 1912 (price 3 Bs.) : Trias of the Himalayas. 

XXXVIL 1909 (price of conzplete volztnie 6 Rs,) : Manganese Ore Deposits of 111dia : 
Pt. 1 (ozrt oj  print) (price 3 Its.), Introduction of Illinuralogy ; I't. 2 
(out of print) (price 3 Rs.), Geology ; Pt. 3 (out of print) (price 3 Rs.): 
Economics and Mining ; Yt. 4 (out of print) (price 5 Rs.), Description 
of Deposits. 

XXXVIII. 

XXXIX. 

1910 (ozct of print) (price 5 Rs.) : Kangra Earthquake of 4th April 1905. 

Pt. 1, 1911 (price 2 Rs.) : Geology of Northern Afghanistan. Pt. 2, 1913 
(ozlt of print) (price 3 Rs.) : Geology of Northern Shan States. 

XL. Pt. 1, 1912 (out of print) (price 5 Rs.): Oil-fields of Burma. Pt. 2, 1914 
(price 3 Rs.) : Petroleum Occurrences of Asaam and Bengal. Pt. 3, 
1920 (out of p int )  (price 5 RE.) : Petroleum in the Punjab and North- 
West Frontier Province. 

XLI. Pt. 1, 1913, Rap. 1922 (price 5 Re.) : Coal-fields of India. Pt. 2, 1914 
(price 3 Rs.) : Geology and Coal Resources of Koroa State, Central 
Provinces. 

XLII. 

XLIII. 

Pt. 1, 1914 (price 3 Rs.) : Burma Earthquakes of May 1912. Pt. 2, 1917 
(price 3 Rs.) : Tho structure of the Himalayas and the Gangetio Plain. 

Pt. 1, 1013 (out of print) (price 2 Rs.) : Indian Geological Terminology. 
Pt. 2, 1916 (price 1 Re.) : Catalogue of hletoorites in the collection of 
the Geological Survey of India, Calcutta. 

XLIV. 

XLV. 

Pt. 1, 1921 (price 5 Rs.) : Geology of Idar Stato. Pt. 2, 1023 (price 6 Rs. 
8 As.) : Geology and Ore Deposits of Tavoy. 

Pt. 1, 1917 (out of ~ r i x t )  (price 3 Ks.) : Geology of North Eastern Rajputana 
and Adjacont Districts. Pt. 2, 1022 (price 3 Rs.) : Gwalior and Vindhyan 
Systems in South-Eastern Rnjputana. 

XLVI. Pt. 1, 1920 (price 3 Rs.) : Srirnnnghl lzarthqualie of 8th July 1918. Pt. 2, 
1926 (price 2 Rs.) : The C11tc.h (Kachh) Earthquake of 16th June 1819 
with a revision of the Great Earthquake of the 12th June 1897. 

Pt. I ,  1920 (price 3 Rs.) : Mines and Mineral Resources of Yunnan. Pt. 2, 
1923 (price 4 Rs.) : The Alkaline Lakes and the Soda Industry of Sind. 

Pt. 1, 1922 (g~rice 5 Rs.) : Geological Notes on Mosopotamia with epecial 
rdl'e~wnces to Occurrences of Petroleum. Pt. 2, 1926 (price 3 RE. 12 As.): 
Gooiogy of Parts of the Persian Provinces of Fare, Kerman and Lariat*, 



XLIX. Pt. 1, 1923 (price 6 Re. 8 Ae.) : The Bauxite and Alpmi- LaWta &- 
renoee of India. Pt. 2, 1028 (price 7 Hn. 12 AII.) : The Pormsr QLedstion 
of the Eaet Lidar Valley, Kaahmir. 

L. Pt. 1, 1925 (price 6 Re. 6 Be.):  Deecriptione of Mollwce from the Post 
Eocene Tertiary Formation of North-Weetorn India: (kphalopodo, 
Opiethobranchiata, Giphonostomata. Pt. 2, 1928 (m 6 Rm. 10 Am.) : 
Deecriptione of Molluece from the Poet-Eocene Tertbry Fonnetion of 
North-Western India: Gmtropoda (in part) and Lamellibranchiate. 

LI. Pt. 1, 1926 (price 2 Re. 8 As.) : Indian Geological Terminology. Pt. 2, 
1928 (price 7 Re. 8 Aa.) : The Geology of Poonch Gtate (Kaahmir) and 
Adjacent Portiom of the Punjab. 

LII. Pt. 1, 1925 (price 7 Re. 8 As.) : On the Geological Structure of the &ran- 
pura Coal-fields, Bihar and Orha .  Pt. 2, 1929 (pr im 6 Re. 8 As.) : The 
Aluminoua Rufrtrctory Materials : Kyanite, Gillimanite and C o d a m  
in Northern India. 

LIII. 1928 (price 4 Rs.) : The Structun, and Correl&ion of the 8imb Roch. 
LN. 1929 (price 12 Re. 4 As.) : The Qeology of North Singhbhum inoluding 

P a d  of Ranchi and Manbhum Diatricta. 
LV. Pt. 1, 1930 (price 6 Rs. 2 As.) : Tho Geology of the Mergui District. Pt. 4, 

1933 (price 6 Re. 4 As.) : The Geology of the part of the Attock Diet& 
west of Longitude 72" 45' E. 

LVI. 1930 (price 8 Re. 12 Ae.) : The Jharia Coal-field. 

LVII. 1931 (price 9 Re. 4 Aa.) : The Natural Kistory of Indian Coal. 

LVIII. 1931 (price 6 Re.) : The Qondwana System and Related Formatiom. 

LIX. 1934 (price 8 Rs. 4 As.) : The Lower Gondwana Cod-fields of In&. 

LXI. 1932 (price 13 Rs. 6 As.) : The Geology m d  Coal haources of the Rsnigenj 
Coal-field. 

LXII. Pt. 1, 1933 (price 4 Re. 2 As.) : The Pyu Earthquake of December 3rd and 
4th, 1930. Pt. 2, 1933 (price 6 Re. 4 As.) : Vindhyan Sedimentation in 
the Son valley, Mirzapur Dietrict. 

LXIII. Pt. 1, 1933 (price 7 Re. 8 As.) : The Geology of Sirohi Stato, Rajputana. 
Pt. 2, 1934 (price 7 Re. 10 As.) : The Iron-Om Depoaita of Bihar and 
Oriesa. 

LXIV. Pt. 1, 1933 (price 3 Re. 14 AY.) : Bi~rytes in the Cedod Dietricta of the 
Madras Prwsidoncy : with notes on its occurroncee iu other yarta of 
India. Pt. 2, 1934 (price 3 lie. 8 As.) : Asbostos in the Coded Uistricta 
of the Madras Yresidorlcy : with notes on its occurrence in other parts of 
India. 

LXV. Pt. 1, 1934 (price 4 Re. 6 As.) : Tho Dubri Earthquake of 3rd July 1@3O. 
Pt. 2, 1934 (price 4 Rs. 12 As.) : The Geology of Contra1 Mewar. 

LXVI. Pt. 1, 1935 (price 6 13s. 8 As.) : The Katural Gas Resources of Burma. 
Pt. 2, 1936 (price 6 1Cs. 6 As.) : Cfiology of tho Northern Slopes of the 
Satpuras betwcen the Itlorand and Sher Rivers. 

LXVII. Pt. 1, 1934 (price 3 Rs.) : Tho Baluchiatan Earthquakes of Auguet 26Lh 
and 27tk, 1931. 

LXVIII. Pt. 1, 1936 (price 7 Its. 12 h.) : The Geology of South-emtern bfewar, 
Rajputana. Pt. 2, 1936 (price 4 Re. 12 As.) : The Tertiary Igneoue 
Rocke of the Pakoliku Dlstrict and the Salingyi Township of the Lowor 
Chindwin Dktrict, Burma, with special refere~loe to the Dotermination 
of the Fehpars by the Fedoroff Method. 

LXIX. Pt. 1, 1937 (price '3 Rs. 8 As.) : The Mineral Deposits of Eastern Einghbhum 
and Surrounding Areas. 

LXX. An Attempt a t  the Correlation of the Ancient Schietose Bormatiomg of 
Peninsular India : Part 1, 1936 (price 1 Re. 4 As.). Part 2, No. 1, 1836 
(price 2 Rs. 4 As.). 

71. 1937 (price 6 RR. 12 As.) : The Geology of Gangpu State, Eastern Statea. 
73. Pt. 1 ( In  the Press) : The Geology of Parts of Minbu, Mjringyan, Pakokku, 

and Lower Chhdwin Districts, Burma. Pt. 2 (in the Preee): The 
Geology of Parts of the Minbu and Thayetmyo Dietricte, Burma. 

a n t e n t s  and Index to Memoirs, Vols. I-LIT (1832) (price 6 Hs. 4 As.). 
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PA~,~EONTOLOCIA INDICA. 

(SBB. I, HI, V, VI, VIII).-CRETACEOUS FAUNA OF SOUTHERN INDIA, by 
F. BTOLICZKA, except VOL. I, PT. I, by H. F. BLANPORD. 

S ~ B .  I & ZII.-VOL. I. The Cephalopoda (1861-66), pp. 216, pls. 94 (6 double) (out of 
vrint). 

V.-VOL. 11.  he dastropoda (1867-68), pp. xiii, 600, ph. 28 (out of print). 
V1.-VOL. 111. The Yelecypoda (1870-71), pp. xxii, 637, pls. 60. 

VII1.-VoL. IV. Tho Brachiopoda, Ciliopoda, Echinodormata, Corals, etc. (1872- 
73), pp. v, 202, pls. 29. 

(SER. 11, XI, XI1.)-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by 0. 
P E I S T W T E L ,  except VOL. I, PT. 1, by T. OLDHAM and J. MORRIS. 

VOL. I, pp. xviii, 233, p l ~ .  72, 1863-70. Pt. 1 (out of print) : Itrijlnehil Group, RtijmahB1 
Hill. Pt. 2 : The same (conlir~ued). Pt. 3 : Plants from Golapilli. Pt. 
4 :  Outliers on the Madrae Coast. 

VOL. 11, pp, xli, 116, pla. 26, 1876-78. Yt. 1 : Jurassic Flora of Kach. Yt. 2 : Flora of the 
Jabalpur group. 

VOL. 111, pp. xi, 64$149, pls. 80 (9 double) (I-XXXISIA-XLVILA). 1879.81. Pt. 1 : 
The Flora of tho Talchir-Karharbari beds. Pt. 2 :  The Flora of the 
Damuda and Panchet Divisions. Pt. 3 : Tlbe same (concluded). 

VOL. IV, pp. xxvi, 25+66, pls. 35 (2 double) (I-XXI+IA-XIVA). Pt. 1 (1882) (out of print) : 
FossilFlora of the South Rewah Gondwane basin. Pt. 2 (1886) : Fossil 
Flora of some of the coal-fields in Western Bengal. 

(SEE. 1X.)-JURASSIC FAUNA OF KUTCH. 
VOL. I, (1873-76). The Cephalopoda, pp. i, 247, pls. 60 (6 double), by W. WAAQEN. 
VOL. 11, pt. 1 (1893). The Echinoidea of Kach, pp. 12, pls. 2, by J. W. GRE~ORY (out of print). 
VOL. 11, pt. 2 (1Q00). The Corals, pp. 196, I-IX, ph. 26, by J. W. GRE~ORY. 
VOL. 111, pt. 1 (1900). The Brachiopoda, pp. 87, pls. 16, by F. L. KITCHIN. 
VOL. 111, pt. 2 (1903). Lamellibranchiata : Genus Trigonia, pp. 122, pls. 10, by F. L. KITOHIN. 

(SER. 1V.)-INDIAN PRE-TERTIARY VERTEBRATA. 
VOL. I, pp. vi, 137, pls. 26. 1865-85. Pt. 1 (1865) : Tho Vertebrate Fossils from the Panchet 

rocks, by T. H. HUXLEY. 1%. 2 (1878) : The Vertebrate Fossils of the 
Hots-Blalori Group, by SIR p. DE M. GREY EQEI~TON, L. C. MIALL, 
and W. T. BLAHFORD, 1%. 3 (1879) : 1Ceptilia and Batrachia, by 
R. LYDEKKER. 1%. 4 (1885) (out vfpl . int)  : Tile Lubyrinthodo~lt from the 
Bijori group, by It. LYDEKKE~C. 1%. 5 (1885) (0111 of print) : The Reptilia 
and Amphibia of the Malori ant1 Denwa groups. by R. LYDEKKER. 

(SEB, X.)-INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by R. 
LYDEKKER, except VOL. I, PT. 1, by 1C. B. FOOTE. 

VOL. I, pp. rxx, 300, pls. 60. 1874-80. Pt. 1 : lthinoceros deccanensis. Pt. 2 : Molar teoth 
and other remains of Mammalia. Pt. 3 : Crania of Ruminants. Pt. 4 : 
Supplement to Pt. 3. Pt. 6 : Siwalik and Narbada Proboscidia. 

Vm, 11, pp. xv, 363, p1s. 46. 1881-84. Pt. 1 : Siwalik Rhinocerotidae. Pt. 2 : Supplement 
to Siwalilr and Narbada Proboscidia. Pt. 3: Siwalik and Narbada 
Equidae. Yt. 4 : Siwalik Camelopardalidee. Pt. 5 : Siwalik Selenodont 
Suina, etc. Pt. 6 : Siaalik and Narbada Carnivora. 
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VOL. III, pp. xrir, 264, p t .  36. 1884.86. Pt. 1 (out of print) : Additional Siralik Perb8od.o 
t y h  and Proboucidia. Pt. 2 (out of print) : Siwalik and Narbado 
Bunodont Suine. Yt. 3 (out of print): fiodonte aud new Ruminants 
from the Siwalib. Pt. 4 (out of print) : fjiwalik Uirdn. Yt. G (out of 
print) : Mastodon Teoth from Yorim Ieland. Pt. 6 (out o j  pi&) : 
Siwalik and Narbada Cholonia. Pt. 7 (out of prinl) : fjiwalilr Crocodilia, 
Lacertilia and Ophiditl. Pt. 8 (out of print) : Tortiary Pishoe. 

VOL. IV, pt. 1 (out of print), 1886, pp. 18, ple. 6. Siwalik Mammalia (supplement). 
VOL. IV, pt. 2 (out of print), 1886, p . 40 (19-68), ple. 6 (vii-xi). The Fauna of the Karnal 

caves (and ad X ondurn to  pt. 1). 
VOL. IV, pt. 2 (out of print), 1887, pp. 7 (69-66), ple. 2 (xii-xiii). Eocene Chelonia from the 

Salt-range. 

(SEB. VII, XfV.)-TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCEY SLADEN, acept PT. 1, by F .  
STOLICZKA. 

VOL. I, pp. 16+110+382+91=599, pls. 6+28+68+13= 101. 1871-86. Pt. 1 (out of print) : 
Tertiary Crabs from Sind and Kach. Pt. 1 (new 2) : Sind Poaail Corale 
and Alcyonaria ; by P. Marth Duncan. Pt. 3 : The Foeeil Echinoidee 
of Sind : Paa. I, The CardiCa beaumonti be& ; Paa. 2, The Ranikot 
Series in Western Sind : Pus. 3, The Khirthar Series ; Pacr. 4, The Neri 
(Oligocane) Series ; Pas. 5, The Gaj (Mioceno) Series : Faa. 6, The Makrhn 
(Pliooem) Seriee ; by Duncan and Sladen. 1%. 4 : The Foaail Echinoidea 
of Kwh and Kattywar ; by Duncan, Sladon and Blanford. 

(SEE. XII1.)--SALT-RANGE FOSSILS, by WILLLAM WUOEN,  Pa.D. 

Productus-Limoatone Group : Vol. I pt. 1 (1850). Pieces, Cephalopoda, pp. 72, pla. 6. 
,, ,, ,, ,, 2 (1880). Gastropods and supplomont to pt. 1, pp. 11 1 

(73-183), ph. 10 (1 double), (vii-xvi). 
,, s 9  ,, ,, 3 (1881). Polecypoda, pp. 144 (185-328), ple. 8 

(xvii-xxiv). 
#, s J  ,, ,, 4 (1882-85). Brachiopoda, pp. 442 (329-770), ple. 

62 (xxv-lxxxvi). 
S *  9 )  ,, ,, 6 (1885). Bryozoa-helidre-Echbodermata, pp. 64 

(771-834), ph. 10 (lxxxvii-xcvi). 
B* ,, ,, ,, 6 (1886). Ccelenterata, pp. 90 (835-924), pls. 20 

(xcvii-csvi). 
en st  ,, ,, 7 (1887). Ccelentorata, Protozoa, pp. 74 (928-998), 

ple. 12 (cxvii-cxxviii). 
Fossils from the Ceratite Formation: Vol. 11, pt. 1 (1895). l'iscoe-Ammonoidoa, pp. 324, 

ple. 40 (out of print). 
Geological Reaulte : Vol. IV, pt. 1 (1889), pp. 1-88, ph. 4 (out of print). 

J P  9 ,  ,, ,, 2 (1891), yp. 89-2.12, ph. 8 (out of print). 

(SER. XV.)-HLMALAYAN FOSSILS. 
Upper-triwic and liaesic faunao of tho exotic blocks of Blalla Johar in the Bhot Mahala of 

Kumaon : V.11. I, pt. 1 (1908), pp. 100, pla. 16 (1 double), by Dr. C. Dioner. 
Anthracolithic P~&le of Kaehmir and Spiti : Vol. I, pt. 2 (1899), pp. 96, p l ~ .  8, by Dr. C. Diener. 
The P~ocarboniferous  Fauna of Chitichun No. 1 : Vol. I,  pt. 3 (1897), p,'. 105, ple. 13, by 

Dr. C. Diener. 
The Permian Foseila o~'!.he Productus Shales of Kumaon and Garhwal : C'cl. I, yt. 4 (18Q7), 

pp. 64, pls. 5, by Dr. C. Diener. 
The Permian Fossils of the Central Himalayas : Vol. I, pt. 6 (1Q03), pp. 204, pls. 10, by Dr. C. 

Diener. 
Tho Cephalopoda of the Lower Trias : Vol. 11, pt. 1 (1897), pp. 182, pb. 23, by Dr. C. Diener. 
The Cephalopoda of the Muschelkalk : Vol. 11, pt. 2 (1895), pp. 118, pltl. 31, by Dr. C. Diener. 
Upper Triaseic Cephalopoda Fauna of the Himalaya : Vol. 111, pt. 1 (1899), pp. 157, ph. 22, by 

Dr. E. von Moisisovice. 
Trim Brachiopode, and Lamellibranchiata: Val. 111, pt. 2 (1809), pp. 76, pls. 12 (2 double), 

by Alexander Bittmr. 
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$he Fauna of the Spiti Shalea : Vol. IV. Cephalopoda : Fnso. 1 (1903), pp. 132, pla. 18 : h e .  
2 (1910), pp. 133-306, ple. 47 (2 double) ; Faec. 3 (1010), pp. 307-395, pls. 32 ; by Dr. V. 
Uhlig. Lamellibranchiata and Gastropoda: Faec. 4 (1913), pp. 397-456, pls. 7 ; by Dr. 
K. Holdhaue. Additional Notes on the Fauna of tho Spiti Shales : Fasc. 5 (1914), pp. 
467.611, pls. 4 ; by Miss Paula Steiger, Ph.D. 

The Fauna of the TropiBs-Limestono of Byane : Vol. V, Momoir No. 1 (1906), pp. 201, pls. 17 
(1 double), by Dr. C. Diener. 

The Fauna of the Himalayan Muschelkalk : Vol. V, Memoir No. 2 (1907), pp. 140, ple. 17 ( 2  
double), by Dr. C. Diener. 

Ladinic, Canic, and Noric fauna of Spiti : Vol. V, Memoir No. 3 (1908), pp. 157, pls. 24 (3 doub!e), 
by Dr. C. Diener. 

Lower Triassic Cephalopoda from Spiti. Malla Johar and Byam : Vol. VI, Memoir No. 1 (1909), 
pp. 186, pls. 31, by Drs. A. vou Kraft and C. Diener. 

The Fauna of the Traumatocrinus Limestone of Painkhanda : Vol. VI, Memoir No. 2 (1909). 
pp. 39, pls. 6, by Dr. C. 1)iener. 

Tho Cambrian Fossils of Spiti : Vol. VII, Momoir No. 1 (1910), pp. 70, pls. 6, by F. R. C. Reed. 
Ordovician and Silurian fossils from the Central Himalayas : Vol. VII, Memoir No. 2 (1912). 

pp. 168, pls. 20, by F. R. C. Reod. 

(SEE. XV1.)-BALUCHISTAN FOSSILS, by FRITZ NOETLING, Pn.D., F.G.S. 

The Fauna of the Kellawaya of Mazer Drik : Vol. I, pt. 1 (1895), pp. 22, pls. 13 (out of print.) 
The Fauna of the (Neocomian) Belemnite Beds : Vol. I ,  pt. 2 (1897), pp. 6, pls. 2 (out of print). 
The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Mari Hills : Vol. I ,  pt. 3 (1807): 

pp. 79, yls. 23 (out of print). 
The price fixed for these publications is four annas per single plate, with a minimum charga 

of Re. 1. 

(NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt-rango : Vol. I, Memoir 1 (1890), pp. 14, pl. 1, by K. 
Redlich. Price 1 Re. 

Notos on the Morphology of the Pelecypoda : Vol. I ,  RSemoir 2 (1899), pp. 68, pls. 4, by Dr. Fritz 
Noetling. Price 1 Re. 4 Ae. 

Fauna of tho Miocene Beds of Burma: Vol. I ,  RSemoir 3 (1901), pp. 378, ple. 25, by Dr. Fritz 
Noetling. Price 6 Re. 4: As. (out of pri.nl). 

Observatione sur quelques Plantes Fossiles des Lower Gondwenas : Vol. 11, Memoir 1 (19021, 
pp. 39, pls. 7, by R. Zoiller. Price 1 Re. 12 As. 

permo-Carboniferous PIants and Vertebrates from Kashmir: Vol. 11, Memoir No. 2 (19051, 
pp. 13, pls. 3, by A. C. Seward and Dr. A. Smith Woodward. Price 1 Re. 

The 1,ower Pal..eozoio Fossils of the Northern Shan Statos, Upper Burma : Vol. 11, Memoir 
No. 3 (1906), pp. 154, pls. 8, by F. R. C. Reed. Price 2 Rs. 

The Fauna of the Napeng Beds or the Rhsetic Beds of Upper Burma : Vol. 11, Momoh No. 4 
(1908), pp. 88, pls. 9, by Miss M. Healey. Price 2 Rs. 4 -4s. 

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

Tho Mollusca of the Ranikot Series : Vol. 111, Memoir No. 1 (1909), pp. xix, 83, pls. 8, by M, 
Cossmann and G. Pissarro. Introduction by E. W. Vredonburg. Prico 2 Rs. 

The Brachiopoda of tho Namyau Reds, Northorn Shan Statos, Burma. Vol. 111, Rlomoh No. 2 
(1917), pp. 264, pls. 21, by S. S. Buckman. Price 5 Rs. 4 As. 

On some Fish remains from tho Bods of Dongargaon, Central Provinces: Vol. 111, Memoir 
No. 3 (1908), pp. 6, pl. 1, by Dr. A. Smith Woodwnrd. Price 1 Re. 

Anthracolithic Fossils of the Shsn Statos : Val. 111, Memoir No. 4 (1911), pp. 74, pls. 7, by Dr. 
C. Diener. Price 1 Re. 12 As. (out of print). 

The Fossil Giraffids of India : Vol. IV, Memoir No. 1 (1911), pp. 29, pls. 5, by Dr. G. F. Pilgrim. 
Price 1 Re. 4 As. 

The Vertebrate Feuna of the Gaj Series in the Bugti Hills and the Punjab : Val. IV, Memoir 
No. 2 (1912), pp. 83, pls. 30 and map, by Dr. G. E. Pilgrim. Price 8 Re. 
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Lower Gondwana Planb from the Qolabgarh Pam, Kmhmir : Vol. IV, Memoir No. 3 (1012), 
pp. 10, ple. 3, by A. C. Seward. Prim 1 Ro. 

Meaozoic Phnte  from Afghaniatan and Afghan-Turkietan : Vol. IV, Memoir No. 4 (1012), 
pp. 67, pla. 7, by A. C. Eeward. PI-ice 1 Re. 12 As. 

Triaeaic Fauna of Kmhmir : Vol. V, Memoir No. 1 (1013), pp. 133, ple. 13, by Dr. C. Dienet. 
Price 3 Re. 4 AB. 

The Anthrecolithio Fau- of a s h m i r ,  Kanaur and Spiti : Vol. V, Memoir No. 2 (1915), pp. 135, 
ple. 11, by Dr. C. Dioner. Prim 2 Rs. 12 Bs. 

h crdtac8 etl'Eocbne du Tibet Central : Vol. V, Memoir No. 3 (1916). pp. 62, ple. 16, by Prof. 
Henri Douvill6. Prim 4 Ite. 

Supplementary Memoir on New Ordovician and Silurinn fossile from the Northern Shan S t a h :  
Vol. VI, Memoir No. 1 (1915), pp. 98, ple. 12, by F. )t. C. Ileed. Price 3 Rs. 

Devonian Foeaile Gom Chitral and the Pamirs : Vol. VI, Momoir NO. 2 (1922), pp. 136, ple. 16, 
by F. R. C. Reed. Price 4 Re. 

Ordovician and Silurian FossS from Yunnan : Vol. VI, Memoir NO. 3 (1017), pp. 39, ple. 8, by 
F. R. C. Reed. Price 2 Re. 

Upper Carboniferous Fossile from Chitral and the Pamirs : VO~. VI, Momoir No. 4 (1026), pp. 
134, ple. 10, by F. R. C. Reed. Price 9 Re. 13 An. 

Indian Gondwana Plants. A Revision : Vol. VII, Memoir NO. 1 (1920), pp. 41, ple. 7, by A. C. 
Seward and B. Sahni. Price 1 Re. 12 As. 

The Lamellibranchiah of the Eocene of Burma : Vol. VII, Memoir No. 2 (1923), pp. 24, PIS. 7, 
by Dr. G. de P. Cotter. Price 3 Re. 10 As. 

A Review of the Genus Gieortia with deacriptiom of aeveral species : Vol. VII, Memoir No. 3 
(1926), pp. 78, fi. 32, by E. Vredenburg. Price 10 Rs. 6 Ae. 

An incomplete skull of Dinotherium with notee on the Indian forms : Vol. VLT, Memoir No. 4 
(1924), pp. 13, pls. 3, by R. W. Palmer. Price 1 Re. 2 Be. 

Contributione to the Palaeontology of Aesam : Vol. VIII, Memoir No. 1 (1023), pp. 74, ple.4, by 
Erich 8pengler. Price 6 Rs. 

The Anthracotheirida: of the Dora Bugti deposits in Haluchistan : Vol. VIII, Memoir No. 2 
(1924), pp. 59, pls. 7, by C. Forster Cooper. Price 4 Re. 

The Perissodactyla of the Nocene of Burma : Vol. VIII, hlemoir KO. 3 (1926), pp. 28, ph. 2, 
by Dr. G. E. Pilgrim. Prim 1 Re. 9 As. 

The Fossil Suids in India : Vol. VIII, Memoir NO. 4 (1926), pp. 66, ple. 20, by Dr. G. E. Pilgrim. 
Price 11 Rs. 12 As. 

On the Blake Collection of Ammonites from Kachh: Vol. IX,  Memoir No. 1 (1924), 
pp. 29, by L. F. Spath. Price 12 As. 

Revision of the Jurassic Cephalopod Fauns of Kachh (Cutch) : Yol. TX, Memoir No. 2. P b  I 
(1927), pp. 71, pls. 1-7, price 4 Rs. 12 AS. : Part 11 (1928), pp. i3-161, pls. 8-19, price 7 Ra. 
14 As. : Part I11 (1928), pp. 163-278, pls. 20-47, price 16 Rs. 4 As. : Part IV (1931), pp. 
279-550, ple. 48-102, price 34 Rs. 12 As. : Part V (1931), pp. 651-G58, pls. 103.124, pri'3 
12 Ra. 14 As. : Part VI (1933), pp. i-vii, pp. 659-945, pls. 125-130, price 13 Re. 8 Aa. ; by 
L. D'. Spath. 

Pa]zozoic and Mesozoic Fossils from Yunnan : Vol. X, Memoir No. 1 (1927), pp. 291, pls. 20, 
by F. R. C. Reed. Price 20 Rs. 9 AB. 

Tho Molluscs of the Ranikot Series (togother with some species from the Cardita Beaumonti 
Beds) : Vol. X, llomoir No. 2 (1927). pp. 31, pls. 4, by M. Coesmann, and G. Pisamo, revised 
by the late Mr. E. Vredenburg, with an introduction and editorial not- by Dr. G .  de P. 
Cotter. Price 2 Re. 6 As. 

Lee Couches Cardita Beaumonti : Vol. X', llemoir No. 3. Les Couches ir Cardita Beaumonti 
dans le Bt5louchi~tan: Fasc. I (1928), pp. 26, $0. 4, price 2 Rs. 12 As. : Lee Couches a 
Cardits Beallmonti dans le Eind : Fasc. 11 (191Y), pp. 27-73, pls. 6-11, price 4 Rs. 8 As. ; 
by Prof. Henri Douvillk. 

A Supplement to the 3Iollusca of the Ranikot Series: Vol. X, Memoir No. 4 (1928), pp. 75, 
pls. 9, by the late E. 11'. Vredenburg, edited with notee by Dr. G. de P. Cotter. Price 
6 Rs. 12 Be. 

Revisions of hdinn  Fosfiil Plants : Val. XI. Coniferales (a. ImpKWfiion8 and Incrustations) : 
Part I (1928), pp. 1-49, pls. 1-6, price 3 Rs. 12 As. : Coniffrales (b. Petrifactiuns) : Part 11 
(1031), pp. 51-124, pls. 7-16, price 7 R,s. 6 As. : by Prof. B. Sahui. 

The Fauna of the Agglomerntic Slate Eerios of Kasbmir : Vol. XI1 (1928), p . 42, pla. 8, by 
$be late II. S. Bion, with an Introductory Chapter by C. S. ALiddlemLs. $nix 6 Its. 8 A). 
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The Artiodactyle of the Eocene of Burma : Vol. XIIT (1928), pp. 39, ple. 4, by Dr. (3. E. Pilgptm. 
Price 3 Re. 12 Ae. 

A Sivapithorus Palate and other Primate Fossils from India: Vol. XIV (1927), pp. 24, pl. 1, 
by Dr. G. E. Pilgrim. Price 1 Re. 8 As. 

The Fossil Fauna of the S~manr t  Range and some Neighbouring Areas : Vol. XV, An Xntro- 
ductory Note : Pnrt 1 (1930). pp. 15, pls. 1-4, price 1 Ro. 4 As.; by Lt.-Col. L. M. Davies, 
R...4., P.G.S. The Albian Echinoidea : Part  I1 (1030), pp. 17-23, pl. 4a, price 12 Ae. ; 
by Ethel D. Currie, B.Sc., PII.D., F.G.S. The Braohiopoda : Part 111 (1930), pp. 25-37, 
pls. 5-6, price 1 Re. 4 As. ; by Holon Maguerito Muir-Wood, M.Sc., F.G.S. Lower Albian 
Gastropods and Lamollibranchia : Part IV (1930), pp. 39-49, pl. 7, price 14 Aa. ; by L. R. 
Cox, M.A., F.G.S. The Lower Cretaceous Ammonoidea ; with Notea on Albian Cephalo- 
poda from Iiaznra : Part  V (1930), pp. 51-66, pls. 8-9, price 1 Re. 6 As. ; by L. F. Syath, 
D.Sc., P.G.S. The Palaocene Foraminifera : Part VI (1930), pp. 67-79, pl. 10, price 
14 As. ; by 1.t.-Pol. L. BI. Di~vies, R.A., F.G.S. The Lowor Eocone Corals: Pnrt VII 
(1930), pp. 61-128, pls. 11-16, price 3 Rs. 14 As. ; by J. W. Gregory, LL.D., D.Sc., F.R.S. 
The Mollusca of the Hangu Shales : Part  VIII  (1930), py. 129-222, pls. 17-22, price 4 Re. 
14As . ;  by 1,. R.  Cox, M.A., F.G.S. 

Upper Carboniferous Fossils from Tibet : Vol. XVI (1930), pp. 37, pls. 4, by F. R. C. Reed. 
Price 3 Rs. G As. 

New Fossils from the Productus Limestones of the Salt Range, with notes on other species: 
Vol. XVII (1931), pp. 56, 111s. 8, by F. R. C. Reed. Price 6 Rs. 6 As. 

Tho Fossil Carnivora of India : Vol. XVIII (1932), pp. 232, pls. 10, by Dr. G. E. Pilgrim. Frice 
13 Rs. 12 As. 

Upper Carboniforous Fossils from Afghanistan : Vol. XIX (1931). pp. 30, pls. 4, by F .  R. C. 
Roed. Price 3 Re. 10 As. 

New Fossils from the Agglomeratic Slute of Knshmir : Vol. XX, Memoir No. 1 (1932), 1 ) ~ .  70, 
pls. 12, by F, R. C. Reed. Price 8 Rs. 4 As. 

Eomoxylon rajmahalense, gen. et ~ p .  ~:ov., :L fossil angiospermous wood, devoid of vessels 
from the Rajmahal Rills, Beh:lr : Vol. XX, BIemoir No. 2 (1932), pp. 19, pls. 2, by Prof. 
B. Sahni. Prim 1 Re. 12 As. 

A petrified Willinmsoni;~ (W. semardiana, sp. nov.) from the Rajmahal Hills, Inaia: Vol. XX, 
Rlernoir No. 3 (1032), pp. 10, pls. 3, by Prof. B. Sahni. Price 2 Rs. 2 As. 

Tho Jurassic and Cretacunus Ammonites and Bolemnites of tho Attock District: Vol. XX. 
blomoir No. 4 (1934), pp. 3'3, P I E .  6, by 1,. E". S p ~ t h .  Price 4 R.Y. 

Tho Triassic, Jurassic and Cretaceous Gastropoda and Lamellibranchi~ of the Attock Dietrict, 
Pol. XX, Memoir KO. 5 (1935), pp. 27, pls. 2, by E. R. Cox. Price 1 Re. 14 Aa. 

The Rlesozoic Brachiopoda of the Attook District : Vol. XX, Memoir No. 6, (1937), pp. 34, 
pl. 1, by Helen M. Muir-Wood. Prioe 2 Re. 2 Aa. 

The Cretaceous Saurischia and Ornithiachia of the Central Provinces of Indis: Vd. XXI, 
Memoir No. 1 (1933), pp. 74, pls. 24, by Prof. Friedrich Baron von Huene and Dr. C. A. 
bfatley. Price 13 Re. 8 As. 

Cambrian and Ordovician Fossils from Kaehmir : Vol. XXI, Memoir No. 2 (1984), pp. 38, ple. 2, 
by F. R. C. Roed. Price 2 Rs. 8 As. 

The Lower Palaeozoio Faunas of the Southern Shan States : Vol. XXI, Memoir No. 3 (1Q36), 
pp. 130, pla. 7, by F. R. C. Reed. Price 7 Re. 10 As. 

Fossil Algs from the Uppormost Crotacoous beds (the Niniyur goup)  of the Trichinopoly 
District, S. Indis : Vol. XXI, Memoir No. 4 (1936), pp. 49, pls. 6, by Profs. L. Ram& 
Rao and Julius Pis. Price 4 Rs. 10 As. 

Echinoidea of tho Persian G d f :  Vol. XXII, Memoir No. 1 (1933), pp. 36, pls. 3, by E. L. G. 
Clegg. Price 2 Rs. 8 As. 

Fossil Mollusca from Southern Persia (Iran) and Bahrein Island : Vol. XXII, Memoir No. 2 
(1936), pp. 69, pls. 8 ;  by L. R. Cox. Price 5 Rs. 8 As. 

On Bajocian Ammonites and Bolomnites from Eastern Persia (Iran) : Vol. XXII, Memoir 
No. 3 (1936), pp. 21, pl. 1, by L. F. Spath. Pricc 1 Re. 2 As. 

Cambrian Trilobites from I r ~ i n  (Persia) : Vol. XXII, l\lcmoir No. 5 (1937), pp. 22, pls. 2, by 
Prof. W. R. King. Price 1 Re. 14 As. 

A Permo-Carboniferous Fauna from South-West Persia (Irari) : Vol. XXII, Memoir No. 6 
(1936), pp. 59, pls. 5, by J. A. Donglas. Price 4 Rs. 4 As. 

Some Fossils from the Eurydesrua and Conuhria Beds (Punjabian) of the Salt Range: Vol. 
XXIII ,  Memoir KO. 1 (1936), pp. 36, p l ~ .  6, by F. R .  C. Reed. Price 3 Rs. 14 As 

Eocene 13ccls of the Punjeb Snlt Range : Vol. XXIV, Me~ljoir No. 1 (1937), pp. 79, pls. 7, by 
Lt.-Col. L. M. Davies and E. S. l'infold. Price 6 Rs. 2 As. 

The Cephalopocla of tho Neocomian Belcmnite Beds of the Salt Range : Vol. XXV, Memoir 
No. 1 ( i n  the Press), by L. F. Spath. 

Index t o  the Gcnera and Species described in the Palreontologia Indica, up to  the year 1893. 
Prioe 1 Re. 
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This paper describes the observations ma.de on the snout of 
the Gangotri Glacier, which I visited when on leave in October, 1935. 
The Gangotri glacier is situated in Tehri Garhwal State, on the north 
side of the Main Himalayan Range, and is the source of the Bhagi- 
rathi branch of the Ganges river. This branch is considered to be 
more sacred than the Alaknanda, and Gaumukh, the name given 
to  the snout of the glacier, is visited annually by pilgrims and 
sadhus. 

An account of the excursion I made to the region, in the company 
of Dr. D. G. Maccionald, occurs in the Himalayan Jourwl, Val. 8, 
p. 96, for 1936. 
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The Gangotri glacier lies in Survey of India 4 '  miles to 1 indl 
map No. 53 N, at Lat. 30" 56' N. ; Long. 79" 04' E. The altitude 
of the snout is 12,770 feet. The scenery is very fine, the glacier 
1)eing dominated by the Satopanth group of ~ e a k s  (21,364 and 
22,520), and the isolated Shivling poak (21,466), which bears 2 

~ t rong  resemblance tlo the Matterhorn. 
T am indebted to the Director, Geodetic Branch, Survey of 

Tndia, for supplying an advance copy of a portion of Map 53 N, which 
is reproduced here as Plate 3. 

1. Route. 
The best route to the glacier is from Mussoorie, whence it can . . 

be reached in from 10 to i 2  days. The more direct mute is mn 

Deosari and the east shoulder of Nag Tibba (53 J/N.W.), but this 
involves somewhat severe changes in gradient and is scenically 
less attractive than the slightly more circuitous path through 
Dhirnaulti and Kana.ta1 (53 J1S.W.). After about October lst ,  
the last place a t  which rations for porters may be obtained is a t  
Harsil (53 I : 31" 02' : 78" 46'), though during the pilgrim season 
it is probable that supplies may be bought in the shops a.t Gangotri. 
After leaving Harsil i t  is necessary to use tents, and there is a good 
camping ground a t  Gaumulth, where small shrubs are available for 
fupl. 

2. Historical. 
The glacicr has been visited, presumably for centuries, by pil- 

grims. It was roughly surveyed by the Survey of India in the 
middle of the 19th century. Griesbach sketched the snout during 
th(h course of his geological travelmses in the region [Mem. Geol. Surz~. 
I d . ,  XXIlI,  p. 27, (1891)l. The Marco Pallis expedition of 1933 
wn:: the first to climb any peaks within the Gangotri basin [Himn- 
l~~yctn Jozcrnal, Vol. 6, p. 106, (1934)], although peaks and cols on 
the watershed between the Gangotrj and Arwa drainage systems hat1 
been climbed two years earlier, by the Kamet expedition of 1931 
[Himalayan Journal, Vol. 4, p. 35, (1932)l. Shipton and Tilmarl 
descended to Gaumukh from British Garhwal in 1934 [Geogr. Journ., 
85, p. 306, (1936)l. 

A re-survey of the region by the Survey of India was begun 
in 1936, and a party under Mr. J. C. Ross was on the glacier at! 
tllp time of my visit. Captain C. E. Wright, in charge of this 
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party, arrived a t  Gangotri a t  the end of October. I am greatly 
indebted to h im and to Mr. Ross for kindly checking the! plane 
t,a.,I)le sketch which T made (Plate 2). 

11.-MAPPING OF THE CJANaOTRl SNOUT. 

The snout was mapped by plane table on the 16th and 17th 
October, 1935. The scalc adopted was 1"=400 feet, (1 : 4,800), 
11ut the map has been reduced to a scale of 1"=800 feet (1 : 9,600) 
for the purpose of reproduction as Plate 2. A base line of 868 
feet was made along a grass-covered moraine ridge on the north- 
east side of the glacier, and cairns were erected a t  both ends ; cairns 
C and D of the map. They were marked with marine red paint 
C, 16.10.35, G. S. I .  and D, 16.10.35, G .  S. I. C lies a t  the north- 
west end of a slightly inclined portion of the moraine, while D is 
a t  the edge of a gully just below a buttress of granite. Subse- 
quently Captain Wright and Mr. Ross built two more cairns four 
feet t,o the south-east of each of the cairns which I put up. On 
these they inscribed the marks G.B.I. /C '35 and G.B.I./D '35. 
Another cairn, No. E, was built on the soutll-west side of the glacier 
a t  the top of a ridge of old lateral moraine. The south-west side 
of this moraine is grass-covered, but the north-east side, facing the 
glacier, is steep and without veget,at,ion. The cairn itself was not 
marked, b u t  a flat stone inlmediately adjacent to it was painted 
G.  8. I . ,  E .  27.10.35. Independentlv of plane table sighting, 
directions were taken to the centre of the snout from these cair~ls 
Ily prismatic conlpass. They are given in the table below. 

Cnirn nnmber. 
- 
C .  

D .  : 

E .  

1 Prismatic compam readings Cairn marks. 

C 
16.10.35 
G. S. I. 

D 
16.10.35 
G. S. I. 

G.  R .  I. 
E 

to snout. - 
168" 

190" 

- 
60" 

17.10.3.5 I 
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Cairn A lies outside the map, due east of cairn C, on the south- 
west side of the glacier and on a flat stone about 200 feet above 
Gaumukh camping ground. 

Cairn B is on the same side of the valley as C and D, and a short 
distance to the north-west of them. It is not shown on the map 
as it was impossible to locate during the survey which was carried 
out subsequent to its erection. The photograph, Plate 5, fig. 1, 
was taken from this cairn and is of interest in showing the sand 
flat left by the recent retreat of the glacier. 

1. Recent Retreat. 
One of the most striking features of the Gangotri glacier is the 

obvious retreat and shrinkage which i t  has undergone in very recent 
years. In front of the snout is a sandy flat about 2,400 feet 
(about 730 metres) in length, which must have been 
occupied by the glacier within the last century. This flat is shown 
in the map, Plate 2, and is clearly seen in Plate 5, fig. 1, and again, 
though very foreshortened, in Plate 4. The decrease in thickness 
of the glacier is about 200 feet near the snout, but becomes less 
higher up, although it must persist for some way, since freshly 
exposed moraine, still uncolonised by vegetation, continues beyond 
the first lateral valley descending from the north-east, (Plate 4). 

2. Secular Retreat. 
It is often very diiEcult to decide to what altitude Himalayan 

glaciers descended during the Pleistocene Ice Age, because the 
original glacial features have been so often obliterated or obscured 
by the products of later erosion. In  particular, talus fans tend to 
convert what were almost certainly a t  one time U-shaped valleys 
into a modified V-form (Plate 7, fig. 2). 

Smooth glaciated pavements of granite are found for about a 
mile below Gangotri temple on the left (south) side of the Bh'agirathi 
valley. They may occur as far down as Bhairongathi. It can be 
said definitely that the Gangotri glacial system once descended as 
far as Gangotri, down to an altitude which is now 10,000 feet, but 
which may have bcen lower during the ice age ou account of the 
isostatic uplift which has sincc occurred. 
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Beeides glaciated pavemente, there are old high level moraines 
to indicate the height in the valley to which the glacier once rose. 
A bank of old lateral moraine is seer1 in Plate 5, fig. 1, at a height 
of about 400 feet above the snout. Almost certainly the came 
moraine extends down the valley, being seen as a slight terrace in 
Plate 7, fig. 2, and lying a t  least 1,000 feet above the valley floor 
about midway between Gau~nukh and Gangotri. 

Between Gangotri and Jangla (53 I, 31" 03' : 78" 51') the ori- 
ginal valley, if formerly glacial, has been modified greatly by deep 
incision due to rejuvenation. 'At the foot of what may have been 
a U-shaped valley, there is a remarkable gorge with vertical walb 
which has been cut through the granite. 

The extensive river flat between Dharali (63 I, 31" 03' : 78" 47') 
Harsil and Jala (53 I ,  31" 02' : 78" 43') is due, I believe, to a catastro- 
phic landslide at  Sukhi (53 I ,  31" 00' : 78" 437, which must have 
blocked the valley and formed a lake. Erosion of a channel through 
the upper part of the landslide, and partial filling up of the valley 
with gravels and silts, have caused the lake to disappear. I do 
not think that the Sukhi barrier is a terminal moraine. It has 
more the appearance of a landslide which originated on the eastern 
slopes of Banderpunch. 

Below Sukhi, the Bhagirathi valley has the typical  feature^ of 
river erosion, with magnificent ovcrlapping spurs. 

Suinnlarising the evidence :-It can be stated with certainty that 
during the Pleistocene period the Gangotri glacier descended a t  least 
as far as just below Gangotri ; it may have descended as far as 
Jangla. There are no signs of glacial action below Sukhi. 

It may be remarked that the glaciers of the neighbouring Saras- 
wati-Arwa-Alaknanda system were found to have descended as far 
down as Badrinath, which, like Gangotri, is at  an altitude of about 
10,000 feet [Rec. Geol. Surv. I d . ,  LXVI, p. 331, (1933)l. 

IV.-NOTE BY MR, J. G. ROSS, SURVEY OF LNDIA. 

Mr. J. B. Auden's large scale survey of the snout of the Gaugotri 
Glacier was checked by me on the 30th Octobcr 1935. The suwcy 
appeared to be very accurate. 

Some eight months later, a t  Mr. Auden's request, the pnsi~on 
of the snout was rechecked by me ou a tracing of his survey. This 
was done on the 18th and 19th June 1936. 011 the first day plaue- 
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table observations were made a t  Mr. Auden's cairns C and D, 
on the right bank, and no change whatsoever in the position of the 
snout could be detected. On the second day cairn E was visited, 
on the left bank, with the same result ; further the thickness of the 
ice a t  the cave did not appear to  differ from that noticed by me 
il: October 1935. 

It is perharps significant that  the first observations were rliade u 
lllonth or SO aftcr the end of the monsoon and the latter a t  thc encl 
of the driest part of the year, otherwise weather conditions were 
similar, midday temperatures rising a few degrees above freezing 
point, sky generally overcast with light afternoon snowfalls. 

V.-EXPLANATION OF PLATES. 

PLATE 2.-Sketch map of the snout of the Gangotri glacier. Scale l"==XOU fect 
(1 : 9,600). 16th and 17th October 1935. Mapped by J .  E. Auden, 
and checked a t  the end of October by Capt. C. E. Wright, R.E., and 
Mr. J.  C. Ross, Survey of India. 

 LATE 3.--Mttp of the Gangotri area. Scale $"= 1 mile. 

~'LAI'E 4.-(4eneral view of lower part of the Gangotri glacier from a height of 14,000 
feet on slopes leading up to  the east side of the lateral Kedarnath 
valley (' Bhirgupanth Glacier ' of the modern map, Plate 3. )  from 
the Bhngirathi valley. Old high level morainc in the foreground. 
Shrunken snout of the Ciangotri glacier. Satopunth group of peaks. 

L'LATE 5, FIG. 1.-View of Gangotri snout and sand flat from cairn R. Direction 
of view south-east. 

FIG. 2.-View of Gangotri snout from cairn C in the direction 155". 
Satopanth massif on left ; Shivling on right. 

~'LP-TE 6.-View of Gangotri snout and Shivling from cairn D in the direction 
175". 

PLATE 7. FIG. 1.-View of Ganyotri snout horn cairn F1 in the direction 60". The 
t ip of the snout is hidden by moraine and lies to the left 
of the exposed cliff of ice. 

FIG. 2.-View down the Bhagirathi valley towards the north-west, 
from the left lateral moraine of the Gangntri glacier. Top 
of old high level moraine seen as a slight terrace just below 
the twin peaks on the left of the sky-line. Modification of 
U-shaped valley by t,alus fans, 
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Kecementat,ion above a penetra.ted group of oil sands . 

The Warden, Burma Oil Fields, who is an officer of the India11 
Civil Service, is advised on technical rnat'ters relating to drilling in 

competitive aren.s by t.wo Acl\;isorj7 Boards, at 
Introduction. 

Yenangyaung a,nd Chank respec.tively. The 
oil companies nominate members of their technic.al staffs to me,ml)er- 
ship of the Advisory Boards, on each of which the R,esidcnt Geologist, 
Burma Geological Department, Yena.ngyaung, is the Government re- 
presentative. The Yenangyaung and Chauk Advisory Boards norm- 
ally meet once a week to discuss, and advise upon, technical 
operations in the oil fields. Besides routine business the Boards 
are Gequently called upon to advise on problems which are of 
general interest to oil field operators, and the purpose of this paper 
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is to summarise briefly some of the more interesting general ques- 
tions which were discussed by the Yenangyaung and Chauk Advisory 
Boards during the year, in the hope that the record may be of some 
value to a wider circle of petroleum technologists than that directly 
connected with the Burma Oil Fields. The views expressed are 
not necessarily those of the compiler of this pa,per but include 
opinions expressed in discussions by members of the Board and, 
in some cases, statements made in written notes sl~bmitted by 
members of the technical staffs of the operating companies. Since 
the chief function of the Boards is to advise the Warden, Burma 
Oil Fields, on matters relating to the protection of the oil sands in 
areas where competitive drilling is being carried out, it naturally 
follows that casing policy is the main subject of discussion and the 
chief concern the making and testing of isolations. 

In Burma the normal cementation policy in rotary wells is to 
back-cement with sufficient cement to rise behind the Easing to 

Comparative efficacy cover all known oil or gas sands. As a result 
of protection by shoe of a case in which i t  was ascertained that the 
cementation surmounted 
by mud fluid and back- cement had not risen as high as had been 
cementation with ce- antici~ated. an interesting discussion arose as 

L u ment. to the comparative efficacy of protection by 
shoe cementation surmounted by- mud fluid outside the casing and 
by back-cementation with cement. It was contended that cement 
was preferable to mud because i t  reduced the likelihood of corrosion 
and supported the casing. It was also suggested that the prospects 
of the success of a shoe cementation were enhanced by using fairly 
large quantities of cement and that so long as the quantities of 
cement called for under the existing policy were not unmanageable, 
back-cementation afforded the safest form of protection. It was, 
however, agreed that special cases might arise in which i t  would 
be desirable to rely on the protection afforded by the mud fluid 
surmounting a shoe cementation. It was suggested that protection 
by mud should be restricted to wells which had not encountered 
heaving shales or high pressure oil, gas or water sands and which 
had been drilled without any abnormal loss of circulation, It 
was pointed out that in any event i t  was desirable that good mud 
should surmount the cement used in a back-cementation since 
this would ensure a meaaure of protection in cases where the cement 
had not risen as high as had been anticipated, or where productive 
sands were subsequently discovered a t  horizons above the top of 
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the cement mlumn. It waa suggested that i t  was unlikely that 
there would be excessive caving of the walls of a well in which the 
annular spaoe between the casing and the strata was filled with 
mud of good gelling qualities and it was tho~lght that even if part 
of the filter cake were removed from the face of a sand by caving, 
and there were any resultant movement of fluid into the strata 
the filter cake would be rapidly built up again by dehydration of 
the mud fluid. It was contended that good mud might even be 
preferable to cement on the ground that while a gelled mud remained 
impervious, cement might set in such a manner as to permit the 
passage of water through channels. 

The importance of the quality of the mud wm recognised, but 
it was suggested that special treatment of the mud fluid might not 
be necessary where the mud used or made during the course of 
drilling satisfied certain requirements. Should protection by mud 
be resorted to, it was suggested that before the casing was run the 
formations to be left behind the casing should be mudded by open 
circulation until the loss of mud fluid was reduced to a satisfactory 
minimum. The mud fluid pumped into the well ahead of the 
cement should be of relatively high stabihty and preferably of 
gel-forming or thixotropic type with a maximum gelling time of 
four days and a maximum water separation of 4 per cent. in 24 
hours when tested in a 250 C.C. measuring cylinder. If water 
were pumped into the well ahead of the cement, the volume should 
not be excessive ; a b i t i n g  volume of 10 barreb of water was 
suggested. After cementation the column of mud in the annular 
space outside the casing should be maintained to the surface for a 
period of a t  least 30 days, being replenished, if necessary, by mud 
of the approved quality. The whole of the operations should be 
subject to Advisory Board inspections. 

The decision of the Warden was that protection by back-cement- 
ation should remain the standard practice but that special cases 
would be separately considered on their merits if it appeared desir- 
able or necessary to rely on the protection afforded by a column of 
mud fluid above a shoe cementation. In  the course of the discus- 
sion i t  was pointed out that a disadvantage of the practice of afford- 
ing protection by mud would be that in such wells i t  would not be 
possible to perforate the casing if i t  were desired to take produotion 
from upper sands, 



During the year increasing use was made of the gun perforator 
in testing recementations, and in ascertaining, in cases of doubt, 

whether certain sands had been protected 
The effecting and against the possibility of damage b; water. ing of recementatlons. 

The procedure developed was to make a series 
of perforations above and below the sand in question. If water 
came into the well through the perforations suitable measures were 
taken to protect the sand by a recementation through rips or pcr- 
forations or by attempting to force additional cement round tahc 
shoe of the casing. The success, or otherwise, of the recementatioil 
was tested in the same manner. In  either case, if no water entered 
the well through the perforations, it was assumed that the necessary 
protection had been afforded, but the perforations were left ope11 
so that water would be detected if i t  broke in later. The desir- 
ability was emphasised of making such perforations before thc 
objective sand was penetrated ; in a flowing well it might not hc 
possible to detect the presence of water coming through the pct- 
forations, or to carry out the necessary repair operations without 
first plugging the well. 

In the course of discussions on the practice of carrying out 
recementations opinion was divided as to the desirability or othcr- 
wise of using special quick-setting cements, or ordinary cement 
treated with an accelerator, as opposed to ordinary untreated 
cement. It was, however, agreed that i t  was always desirable t o  
test a recementation as soon as i t  was safe to do so, and that, what- 
ever the nature of the cement used, it should be safe to test the 
recementation in three days, provided that the repair had only involved 
the use of a small quantity of cement. If, however, the quantity 
of cement used was large, so that the recementation was comparable 
to an original cementation, then i t  might be wiser to wait for the 
usual period before drilling out the cement in the casing. 

In  the Lanywa oil field it is found that down to certain depths 
the values obtained in dionic tests of well waters give a reliablc 

Determination, by 
index to the horizon from which the water is 

means of the Dionic coming. In general, down to these depths, 
tester* of the source there is a progressive increase in the dionic 
water entering a well. 

value of the waters. This fact is of great - 
value in determining the source of water entering a well. In  othcr 
arcas, however, cautrion is necessary in the making of deductions 
f rou such observations. In u case at Cllauli, for iilsLance, i t  is 



known that the water from a certain a n d  hae a much lower dionic 
value than water from a sand eomewhat higher in the suceaion. 
The need for caution ie further emphaeised by the result of an 
interesting experiment in which a thin grout of ordinary cemcnt 
was mixed and allowed to set a t  120°P. The specimen was then 
broken up and mixed with distilled water and left to Q e s t  for four 
days. At the end of that period it was found that the water 
contained calcium hydroxide and gave a diollic reading of 13,500. 
It is therefore possible, in Bome casee, that water giving a high 
dionic. reading may not necessarily have been derived from a deep 
source, but may simply have been in contact with cement. 

It is always s matter of dficulty to determine whether or not a 
back-cementation has achieved its object of filling the annular space 

outside the casing to a point above all the 
Deterrni~iatio~~ of the 

position of the top of the sands which it is desired to protect. Vibration 
cenlent column after tests are negative a t  best; , if vibration 18 back-cementation. 

obtained i t  is clear that there is no cement 
outside the casing a t  that point, but if vibration i~ not obtained 
it does not necessarily follow that the cement column has reached 
that point. There is therefore considerable interest in a techniquc 
devised by thc Schlumberger Company for detecting the top of thc 
cement column outside the casing by electrical measurement of the 
temperature gradient within the well. The heat developed by 
the chemical reactions involved in the setting of the cement results 
in a marked change hl the temperature gradient a t  the point in 
the well which corresponds to the top of the cement column outside 
the casing and this point can therefore be determined with ease 
and certainty. It may also be of interest to note here that the 
Schlumberger Company have also developed a technique for deter- 
lnining the position of leaks in casing by an electrical method which 
was successfully adopted in the case of a well discussed at a meeting 
of the Chauk Advisory Board. 

With the ever-increasing depths to which wells are drded the 
question of the ability of the casing to withstand the heavy pressures 

of external fluids becomes a factor of great - 
lsO1ation in deep importance in the determination of c a s w  poli- rotary wells. 

cies. In B h m a  the precautions taken to 
exclude water from the oil and gas sands are probably more stringent 
than in any other oil producing area. Thus, when an operator 
has celuellted a striug of casing he is n o r ~ y  required to clean 
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out, bail, and show a dry hole a t  the shoe. I n  the case of deep 
rotary wells this procedure may impose very scvere strcsses on the 
casing, which is normally surrounded by the heavy mud fluid sur- 
rnollnting the column of aement outside the casing. 

It was suggested that the severity of these stresses might justify 
the substitution of a test of the isolation by the observation of 
fluid levels, but it was pointed out that where no further string of 
casing was to be cemented in the well a time would come when 
in any event the fluid in the well would have to  be bailed down to 
the neighbourhood of the casing shoe to  enable production. to be 
talcen by pumping without having the back pressure of too high a 
fluid column on the producing sand. If the casing were unable to  
withstand the pressure of the external fluid column, i t  would be 
better that this fact should be ascertained before the objective 
sand had been penetrated. It was suggested that in the course of 
time there was likely to be caving of the wall of the hole with the 
result that there might be bridging of the annular space outside 
the casing. If this occurred i t  would have the effect of dividing 
the external fluid column into two or more columns and the maximum 
external fluid pressure on the casing woulcl be reduced to that  a t  
the base of the longest of these columns instead of the very much 
greater pressure exerted a t  the base of the original single column 
of mud fluid. It therefore followed that if the bailing of the hole 
might be postponed, the casing might not then be exposed to stresses 
anything like so severe as those to  be expected if the well were 
bailed dry shortly after the casing had been cemented. It was 
thought that the effect of this factor would be difficult to estimate 
and that i t  would be unwise to rely upon i t  otherwise than as a 
possible but uncertain additional safety factor. 

The magnitude of the stresses to which the casing is subjected 
depend, in the main, upon the height of the externaI cement column 
and the speciiic gravity of the mud fluid s~irmounting this column. 
I n  the ordinary way the height of the cement column depends upon 
the horizons of the oil and gas sands which it is designed to protect, 
but in deep wells i t  may be desirable to introduce extra quantities 
of cement for the purpose of reducing the length of the fluid column 
outside the casing, so that i t  is 'not subjected to external fluid pres- 
sures greater than the known collapsing strength of the particular 
string of oasing used in the well. Practical considerat,ions, however, 
limit the amount of oernent that can collveniently be used. 
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In determining the casing policies for deep welle i t  is customatp 
to  adopt a safety factor of 2 in computing the collapsing depth8 of 
strings of casing. Local experience, however, suggests that this 
safety factor may be unnecessarily large and i t  was agreed that i t  
would be considered safe to bail wells in which there was a safety 
factor of 1.5 in respect of the theorctical collapsing depth. In  
the case of composite strings made up of casing of different grades 
i t  might appear that the heaviest casing need only be provided in 
the neighbourhood of the top of the cement column, since the lower 
part of the string would not be subject to external fluid pressures 
after the cementation had been carried out. In  practice, however, 
allowance has to  be made for the possibility of a cementation failure, 
and i t  is therefore wise to  make up the whole af the lower part of 
the string with casing of high grade. 

It was therefore agreed that no alteration need be made in the 
existing procedure for testing isolations. An exception might be 
made in cases where another string of casing was to be inserted 
and cemented inside the string which was the subject of the test. 
I n  such cases, if circumstances dictated such a course, i t  might be 
permissible to substitute a test by observation of fluid levels for 
the normal isolation test made by bailing the well and showing 8 

dry hole a t  the casing shoe. 
Another discussion of general interest was on the desirability 

or otherwise of permitting, in rotary wells, the penetration of an 
Penetration of an ob- objective sand before casing had been cement- 

lective sand before ce- ed above it. The main objection to the pro- 
mentins casing it* posal was that i t  would not be possible to test 
the success of the isolation in the ordinary way, by bailing the well 
dry and showing a dry hole, before penetration of the objective 
sands was pernutted. A secondary objection was that damage 
might be clone to the objective sand by the nlud fluid. 

MTith respect to the main objection i t  was pointed out that the 
object of a back-cementation is two-fold : to protect sands outside 
the cemented casing a.bove its shoe, and to protect the objective 
sand from exposure to top water. It was contended that the 
showing of a dry hole before penetration of the objective sand 
merely proved that the cementation had been successful at least 
in the neighbonrhood of the casing shoe and therefore only demon- 
strated with certainty that  top water was being kept off the objective 
,sand. Without such a test there oould still be oertainty that no 
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damage was being done to the objective sand by top water so long 
as the well in question yielded no water other than that known 
to be coming from the objective sand. With respect to protection 
of the upper sands it was argued that the conclusion as to whether 
or not a back-cementation had been successful depended largely 
on mechanical and chemical data connected with the actual carrying 
out of the cementation, and that this type of evidence was available 
even when the objective sand had been penetrated before cemen- 
tation. Only actual perforation of the cemented casing could 
prove with certainty that the back-cementation had been successful. 
On the other hand, if the actual cementing operation had been 
carried out without mishap, if an adequate volume of cement had 
been displaced, and if good mud had been circulated ahead of the 
cement, there would be good reason for supposing that the upper 
sands were protected if it could be shown, as in the normal isolation 
test, that the celllentation had been successful a t  least in the neigh- 
bourhood of the casing shoe. With regard to the secondary objec- 
tion it was suggested that if proper attention were paid to mud 
supplies and avoidance of loss of circulation, there was little likeli- 
hood of causing damage by mud to a comparatively undrained 
objective sand. 

It was further argued that in certain circumstances there might 
i be strong reasons for desiring to penetrate the objective sand before 

casing was cemented above it. It might, for instance, be desirable 
to make a drill stem test of a sand before deciding to cement above 
it ; or, as was actually the case in certain areas, there might be 
great difficulty in maintaining succevsful isolations in certain shales 
which were liable to break down when exposed to drilling water 
when drilling the well into the objective sand with cable tools after 
a dry hole had been shown below the shoe of the cemented casing. 
On these grounds permission was given by the Warden, in certain 
cases, to penetrate the objective sand, by rotary drilling, before 
casing had been cemented above it. 

A problem closely related to the above was the extent, if any, 
to which i t  should be permissible to penetrate a number of sands, 

preparatory to group production, before cemen- 
Penetration of a group 

of sands by rotary, ting casing above the uppermost. This   rob- 
before cemeflting casing lem does not differ in its essentials from that 
above the uppermost. 

which has just been discussed but there is the 
added complication that if water is encountered, its source might 
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1)e ditlicult to determine. AR in all cases of group production, 
care would have to be exercised as to what sands might be included 
in n, group. It was suggested that it would be undesirable to group 
uands of widely differing pressures or to include uands which were 
likely to turn to water before others in the group ; with'respect to 
this latter consideration it was pointed out that if the uppermost 
sand turned to water, it could be cased off behind a liner, while 
the lowest sand could be plugged if it yielded an excessive quantity 
of water. It was agreed that all the water coming into a well 
should be produced and that in any event the total amount of water 
that might be produced from all sources should not exceed 40 
barreh a day. On the grounds of special local circumstances 
permission was given in certain cases to penetrate a group of sande 
by rotary before cementing casing above the uppermoet, but i t  
was thought undesirable t o  make the permission general. It was 
pointed out that extension of the practice of perforating cemented 
strings by the gun perforator might provide the most satiefactory 
solution of the problem. 

hising out of the last case there was a discussion as to the 
steps to be taken in the event of an unsuccessful cementation of the 

Recementation above casing above the uppermost of a group of 
r penetrated group of sands which had been penetrated before tho 
oil sands. cementation had been effected. It had bee11 
ordered originally that in such an event the hole should be plugged 
with cement, from the bottom to a point close below the casing 
shoe, before the recementation was undertaken. Subsequently it 
was decided that if the lower part of the hole was filled with mud 
of good quality, it would be sufficient to set a bridge and cement 
plug below the casing shoe. In either event it would be necessary 
to put the cement plug in place with considerable care for if too 
much cement were used it might come up into the casing and plug 
off the leak a t  the shoe so that it would not be possible to obtain 
circulation round the shoe and it would thus be impossible to carry 
out the recementation of the casing. It was further argued that 
if the mud in the lower part of the hole were re-conditioned, the 
bridge and plug might be omitted. An objection to this proposal 
was the difficulty of ascertaining, bv prior circulation of water, 
how much fluid could be got round the shoe. It was further 
suggested that, when high pressures were applied, fluid might be 
forced into the oil sands exposed below the shoe. On the other 
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hand it was argued that the prospects of a successful recementation 
depended largely on the possibility of obtaining adequate circulation 
and that the delay caused by the placing and settihg of a cement 
plug might diminish the prospects of success, inasmuch as caving 
might resilt in the filling of the channels through which i t  was hoped 
to obtain circulation. In the particular case under consideration 
i t  seemed unlikely that high pressures would have to be applied 
during the recementation and, since the other circuinstances were 
particularly favourable, permission was granted to  carry out the 
recementation without setting a bridge in the hole. 
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I.- INTRODUCTION. 
A belt, twelve miles wide, of well stratified volcanic ash, tuffs, 

agglomerates and basaltic lavas, with fossiliferous limestone inter- 
calations of Cretaceous age, has been mapped during the survey of 
northern Kashmir by the writer, extending from south of Astor 
(34" 57' : 74" 54'), through the head of the Burzil valley, to beyond 
the Deosai valley and thence proceeding towards Dras (34" 26' : 
75" 4') in Ladakh. The belt cuts across the Great Himalaya range 
and is in confornlity with the tectonic strike of the mountJains: showing 
a col~lplicnted series of folds and inversions, but no considerable 
n~etamor~hism of the various rock-const,ituents. The best pre- 
served fossils in the linlestones are OrbitoZi?za, belonging to two 
or three species, besides other fragmentary foraminifers, corals, some 
doubtful impressions of ammonite shells, echinoids and bivalves. 
The most interesting feature about this Cretaceous development in 
Kashrnir is the intimate association of marine sediments with pyro- 
clastic, volcanic, hypabvssal and plutonic rocks producing interest- 
ing suites. Dykes, sills and bosses of gabbro, pyroxenite, and 
serpentine have invaded perfectly stratified tuffs, ash-beds and 
trap-flows, while hornblende-granite has penetrated the whole series, 
the acid injections varying from thin veins to bosses several mlles 
across. Their intrusive relations towards the tuffs containing pockets 
of Orbitolina lirnestose definitely dates the granite as post-Cretaceous. 
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It is highly probable that outlier strips of the Eocene, containing 
the foraminifera Alveolina and Dictyoeonoides in a poor state of pre- 
servation, are involved in the foldings of the Cretaceous in the 
Burzil valley. These fossils have been identified in a thin band 
of limestone in Dra.s, overlying an identically constituted Cretaceous 
volcanic series. Dras is situated on the direct continuation of the 
strike of the Burzil Cretaceous, 32 miles south-east of Karobal pass 
(13,647 feet) (34" 39' : 75" 15'), where the outcrop is 10 miles broad. 

[[.-AREA A N D  LOCATION. 

The Cretaceous band commences near Chechri, 35 miles south 
of Astor, where i t  has a breadth of only about a mile. It proceeds 
due south-east along the main strike of the country, attaining 
between the Burzil pass (13,775) and the Karo ridge, forming the 
Tilel watershed, a width of 12 to 16 miles. Prom Minimarg i t  
trends further in the same direction, along the barren, highly weathered 
mountains between the Tilel and the Nagai branches of the upper 
Kishangaaga. These rocks constitute the bleak black country of 
deeply dissected anastomosing valleys through forestless, uninhabi- 
ted mountains. A number of glacial basins-the Gulam Sar group 
of lakes-lie in deeply scoured hollows a t  the foot of the gabbro moun- 
tains. The Cretaceous belt, here some ten miles broad, crosses 
the Botikul tributary of the Deosai river, immediately after i t  has 
traversed the Great Himalaya range. The geological survey of 
north Kashmir has proceedecl rip to this point only, but from the 
persistence in force of a11 the units of the series here there is no 
doubt that the belt extends without material change of facies to  
Dras, where, in 1919, Mr. C. S. Middlemiss collected Eocene fora- 
minifers and gastropods from n, limestone interbedded with the' top 
of the volcanic series. 

The central Himalayan watershed range, dividing off the Indus 
drainage from the Kashmir rivers, which is here coincident with the 
Great Himalaya range, has dwindled in altitude to barely 18,000 
feet maximum elevation and has, between the Zoji La and Burzil 
passes, a N. N. W. alignment that is discordant to  the main Hima- 
layan strike, which is N. W. by LV.-S. E. by E. ; thus the Cre- 
taceous outcrop runs more or less astride the central watershed 
range. 

111. -. PREVIOUS WORK. 
Except Lydeklrer no one had done any systematic field work 

in this area. I n  his Memoir, (Mcm. Geol. Surv. Ind., XXII,  1883) 



he has included the Astor-Burzil-Karobal belt of volcanics in hi8 
Panjal aystem (Silurian and ?Cambrian), though he has mapped 
patches of Suhathu series (Eocene) i'n Dms. Sir H. H. Hayden in 
1906 traversed this route on his way to A ~ t o r  and Gilgit and among 
his collection from ' E. side of Dorikoon (Burzil) pass ' there are 
foraminifera limestones. The fossils were identified as OrhIdina 
by H. DouvillC in 1926 [Rec. Gml. ~S' ILTV.  IYKZ., LVIII, p. 349, (1926)1. 
Mr. 0. 8. Middlemiss, P.R.S., during his Mineral Survey of K a s h d  
State in 1919, worked in the Dras area and mapped a broad band 
of volcanic rocks a t  Dras, containing a thin strip of Eocene roeha 
charged with foraminifers and gastropods ; the former were iden- 
tified by Mr. G. H. Tipper as Alveolirua and Canulites ( D i d y o w d s ) *  
Mr. Middlemiss' map of Dras is reproduced in Plate 8. 

1V.-LITHOLOGY AND ROCK FORMATIONS. 

A highly interesting assenlblage of rock-types is met with in t b i ~  
belt. The chief constituents of the series are some thousands of 
feet of purple and green, laminated, shaly ash-beds, with some ailice- 
ous bands, slates, coarse, gritty and siliceous tuffs, agglonleratic 
slates, conglomeratic agglomerates and subordinate flows of basic 
amygdaloidal lavas (augite-andesite or basalt). Lava-flows, unlike 
the Panjal Volcanic series, which in other respects, e.g., in the litho- 
logy of the various constituent members, bears a strong resemblance 
to the Cretaceous volcanic series, form a small part of the Cretaceous 
volcanics, the bulk of the series being composed of pyroclastic 
products. They are chloritised and epidotised to a marked extent, 
as in the case of the Panjal traps, but are distinguished from them 
by the presence of bright crimson chert or jasper as an alteration 
product. The ash-beds have a laminated, shaly appearance, being 
fine-grained and perfectly stratified and containing a t  intervals nests, 
lenses and interbedded layers of foraminifera1 or coral limestone, 
their size varying from a pocket a few feet across to evenly bedded 
layers more than a hundred feet thick. The agglonleratic dates 
and sandy serlirnent,ary beds cover a wide extent of the ground and 
are indistinguishable from similar meinbers of the Panjal Volcanic 
series. They also contain stray fossil fragments, carbonised impr- 
sions of leaves, etc. The matrix of the agglomeratic slate, as ha8 
been now proved in the case of the Panjal series, is chiefly composed 
of devitrfied glassy base with a fern crvstabne ,particles. 

c ?  
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Quite a. large part of the Burzil Cretaceous is composed of acid, 
basic and ultra-basic intrusives. Stocks, sills and bosses of coarse 
dolerite, epidiorite and pyroxenite are to be seen a t  irregular intcr- 
vals throughout the series from Chechri to  Botokul, and are reported 
to be present in equal force from Dras as well. The pyroxenitc 
has generally altered along an extensive system of joints and fissures, 
ipto serpentine, dark green in colour and of waxy lustre, which 
forms a very conspicuous rock body in this tract of country. Undcr 
the microscope the pyroxenite is found to be composed chiefly of 
amphiboles undergoing serpentinisation. Large plates of pleochroic 
hornblende show variable degrees of change to serpentine. Uraliti- 
sation is most common, only small remnants of the original augite 
being visible. The gabbro has large idiomorphic plates of diallage ; 
the plagioclase is fresh. In  the dolerite both labradorite and au- 
gite are fresh, with brilliant grass-green chlorite. The ophitic rela- 
tion of augite to labradorite is typically seen. Epidote is subor- 
dinate. In  some sections augite shows transformation to  horn- 
blende by uralitisation. a 

The largest masses of the basic plutonics are in the Gulam Sar 
area, where they build prominent, black, rugged mountain-peaks, 
14,000 to 15,OCO feet in elevation. The acid intrusives are confined to 
the north, the entire north-east margin of the volcanic belt being 
in intrusive contact with hornblende-granite, along a highly indented 
line, full of bays and tougues. Besides hornblende-granite,-a white 
or grey, fine-graincd felspathic granite, with only subordinate amount 
of hornblende-the commo~est members of the acid suite are vivid 
coloured felspar-porphyries7 pink, grey, or blue, occurring in the form 
of sills. Thesc sills are the hypabyssal offshoots of the granite 
body. Dykes and sills of granite proper become numerous as the 
main mass of granite is approached. The bulk of the rock is 
formed of white or grey orthoclase and microperthite, with some 
oli~oclase and acid plngioclases, Zandesine ; besides hornblende, the 
femic minerals are scarce, biotite being only occasionally present ; 
free quartz is conspicuous and sphene occurs as an accessory in 
visible grains. Epidote and apatite are generally present. The rock is 
110n-porphyritic, differing markedly in this respect from the biotite- 
granite (Central gneiss) of the Himalayas. It is urlfoliated and 
massive, except in rare cases wherc banding or foliation, in the 
direction of the prevalent N.W. S.E. strike, appears. The injectlion- 
contact with the ~olcsnic  rocks is laid bare a t  milestone (31% on the 
Gilgit road, where thc granite penetrates bedded traps ; at the 
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mouth of the Rathak stream, near Minimarg, where i t  is injected 
into tuffs and agglomeratic slates ; and a t  Kalapani (34" 52' : 
74" 54') where a large apophysis of the granite ie thruet into the 
centre of a syncline of trap-flows and ash-beds. The hornblende- 
granite is rarely free from an extensive system of basic intrusions 
of dolerite, now altered to a black epidiorite, a t  places almost a 
pure phanerocrystalline hornblendite, with abundance of newly form- 
ed pleochroic hornblende. These basic injections of the granite 
have a t  places fused with the surrounding rock, producing a hybrid 
or mixed rock, in other cases the two rocks have preserved their 
identity, the epidiorite veining the granite with sharp clean-cut 
edges. The volume of the epidiorite stocks and masses increaeea 
markedly north of the Burzil. 

A most interesting rock in this complex is the agglomeratic 
conglomerate occurring in rudely stratified beds and attaining nearly 
a thousand feet in thickness. The rock is composed of rounded 
as well as sub-angular pebbles a.nd boulders of six or seven varietia 
of rock, in size varying from a few inches to two feet in diameter, 
embedded in an abundant matrix either of lava, showing clear 
fluxion-lines, or of tuff or a sandy sediment with bedding-planes. The 
larger masses are sub-angular while the snlaller boulders show 
perfect rounding. The following rock-types are assembled in the 
agglomerate : felspar-porphyries of various colours ; trap (Creta- 
ceous) ; hornblende-granite ; jasper and chert ; quartzite ; slate ; 
limestone with fossil fragments. The pebbles are mostly the debris 
of contemporary formations, which must have been subjected to 
active sub-aerial delludatioil as well as to intensive volcanic explo- 
sions and plutonic eruptions. The most illustrative outcrop of this 
rock-forii~ation is exposed in the deeply scarred line of precipices 
on the south side of the Nagai valley to the east of Millimarg. 

An extraordinary type of explosive volcanic action is indicated 
by this agglomerate, which grades off, horizontally as well as verti- 
cally, either into agglomeratic slate or into well bedded, highly 
fluid lava-flows. This explosive volcanic action must have taken 
place a t  the end of the volcanic period, to account for the presence 
of derived pieces and pebbles of so many of .the units of the local 
Cretacews series. Outcrops of the conglomerate are local and 
fitful, swelling out and disappearing abruptly. 

The close petrographic resemblance of several members of the 
Burzil volcallics with the Panjal Volcanic series is deceptive and 
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led me to ascribe them a t  first to the latter series, in my previous 
papers, where this outcrop is briefly referred to [Rec. Geol. Surv. 
I d . ,  LXVI, p. 223, (1932) ; LXVIII, p. 155, (1934)l. It was the 
discovery of fossils in Borne of the enc,losed limestone pockets, towards 
the close of the field season in 1934, which revealed the much 
higher stratigraphic horiaou of the series and ultimately led to the 
dorrect identification of the age of the group. 

The following table summarises the geological section of the 
series laid bare in the gorge of the Burzil river between milestorles 
64 and 70 of the Srinagar-Gilgit road. The river here has excavated 
a deep gorge, more or less transversely across the structural strike 
of the folded belt of volcanic strata. 

Dip, mainly N. N. W. a t  high angles. 

Hornblende-granite. 
Intrusive contact. 

Shaly tuffs with stocks of coarse serpentinised pyroxenite. 
Indureted shaly slates with cherty trap. Some fossiliferous limestone lenses. 
Sills of fclspar- porphyry. 
Well-stratxed slaty tuffs, laminated ash-bed8 coiltailling lenses of grey lime- 

stone, crowded with Orbitolinu. 
Interbedded trap flows. 

Intrusive contact. 
Hornblende-granite (six miles wide boss). 

-Intrusive contact. 
Basaltic, amygdaloidal lava-flows, epidotic, with red jasper; many sills and 

apophyses of granite. 
Agglomeratic conglomerate, swelling to great thickness in the Nagai cliffs on 

the south bank, passing off into lava flows on the north-west. 
Agglomeratic alate, some thousands of feet thick, containing pebbles and 

fragments of foreign rocks, with santlstone and grit bands. 
Green and purple slaty ash with some aggloine~.atic bands and limestone layers, 

over 100 feet thick. 
Gritty and sandy tuffs and white and brown aggloinerntic quartzite. 
Purple and green, finely laminated ash-beds, with limestone lenses containing 

echinoid, cord and shell fragments. A few thin lava-flows and siliceous 
bands. 

Shaly and slaty be& with dolerite and gabbro silk, well bedded. Ultrabasic 
masses of black pyroxenite altered to serpentine. Small bosses of gabbro 
and pyroxenite scattered throughout the series. 

Unconfotmity. 
Balkhala series : phyllited, schkts and fincly crystalline limestones, generally 

black. 
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The disposition of the belt is in a basin-like depression, extending 
in a north-west and south-east direction, in the oldest crystalline 
sediments (Salkhala series) of the central ranges of the Himalaya. 
It has a clearly defined border on the south-west, where it abuts 
on the Sallchalas, overlying these with a profound but concealed 
uncoilforrnity. Basic instrusions are more prevalent on this border, 
being especially preponderant in tho mountains betwecn Pashwari' 
and the Karobal pass. The north-east border is defined along its 
whole length by a boss of hornblende-granite, six miles wide in the 
middle, which has detached from the main body of the outcrop a 
strip of shaly tuffs, with their limestone intercalations. This is 
about a mile in width ; other smaller detached masses occur as 
islands in the granite. The granite contact is a highly irregular 
indented line, the acid intrusive penetrating the basic pyroclastic 
products in numerous veins and apophyses. The gabbro and 
serpentine masses are found in close proximity to some limestone 

A very good example of the latter occurs a t  a height 
of about 600 feet above the actual saddle of the Burzil pass (13,775) 
on its east side. The best preserved fossils are found in the lime- 
stones from this locality and from some sporadic lenses embedded 
in the tuffs of the cliffs on either side of the small tarns a t  the head 
of the Baro Biats tributary of' the Deosai river. The limestone 
is usually an unaltered, white or grey coloured rock, crowded with 
discs of Orbitolinu, the characteristic Lower and Middle Cretaceous 
foraminifer, 10-15 mm. in diameter, together with some shell frag- 
ments. In the defile of the deep tributary branching off the river 
near Mapnun, as well as near Minimarg, the limestone is white, 
cream or pink coloured, partly crystalline, and not so fossiliferous, 
but a more detailed search will, doubtless, reveal some prolhc pockets 
of better preserved corals, echinoids, ammonites and gastropods. 
Orbitolina, the most abundant fossil, is represented by two or more 
species. 0. bulgurica was identifted by H. Douvill6 in 1926 from 
some specimens from this locality brought by the late Sir Henry 
Hayden in 1906, during a traverse to Gilgit. [Rec. Geol. Surv. Ind., 
LVIII, p. 349, (1926)l. The other species shows affinities to 0. 
discoidea and 0. concavo. The remaining fossils so far collected 
are too fragmentary for determination though it is probable that 
the genera Alveolina and Dictyoco,roi&s, denoting a higher strati- 
graphic level, occur among the top beds of the Burail volcanic series, 
as in Dras. It was during the last day of my camp in the Burzil 
villlcy that I chanced upon the Orbilolinu pookcts and the alnount 
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of detailed field work necessitated by the discovery could not be 
given to the area. Further search for fossils in the ridge (between 
the San Sangrila and the Burzil passes), capped by the granite 
peaks 15,393 and 15,360 and in the valley-slopes south of the Baro 
Biats stream is likely to yicld more material throwing light on tho 
stratigraphy and age of this bqoup. The following section is laid 
bare between milestorle 70 on thc road and the top of the precipice 
(14,500), across the prevalent dip : 

Dip, N. to N. N. E., moderate ; strike variable. 
Hornblende-granite. 

Intrueive contact. 
Black, slaty tuffs and ah-beds. 
Trap flows with sills of acid porphyry. 
Black, he-grained, shaly slates, imperfectly cleaved,--500 feet thick. 
Brown tuff, agglomeratic and sandy b d  with m m s  of ultra-basic rock and 

serpentine. 
Bedded trap, veined with red chert and epidote. 
Interbedded tuffs with limestone lemes-10-60 feet thick, crowded with fara- 

minifera. 
Indurated black siliceous slates, tuffs and Lim~tone. 
Bedded flows of green trap, amygdaloida1,-50-100 feet thick. 
Sills of porphyry and hornblende-granite. 

The section here is obscured by scree and river alluvium. 

Intrusive contact, 
Hornblende-granite with mames of black epidiorite.. 

The presence of the Eocene in small outliers, enclosed in the 
synclinal fold of the Cretaceous, is possible on hypothetical grounds 
and is inferred from the discovery by Mr. Middlemiss of limestones 
containing Eocene fossils, overlying the Cretaceous volcanic series 
of Dras (Kargil dist. Ladak) which is identical in all respects with 
the Burzil series. The Dras Eocene outcrops are situated 32 miles 
E. S. E. of the Karobal pass .and 50 miles south-east of the Burzil 
pass, along the continuation of the structural axis of the Cretaceous 
belt. The Dras fossils were examined and reported on by Mr. G. 
H. Tipper in 1921. He identified the foraminifers as Conulites 
(Dictyow~aoides) and Alveoli~uz. The gastropods were indetermin- 
able. 

The aboveifacts clearly prove that the acid, basic and ultra- 
basic plutonic rocks described here are of later age than the Creta- 
ceous and are possibly post-Eocene. The relative age of the 
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granite with respect to the gabbro suite is not yet certain, though 
i t  appears probable that the granite belongs to a latcr phase of 
injection. Instances of re-injection of the basic inaterial into 
granite, during a later eruptive period, a,re rather common. The 
wide distribution and great bulk of epidiorite masses in the granite 
show that they are inagmatically related to  the ultra-basics of this 
area and of Astor and Gilgit. 

The Burzil Cretaceous lies in a structural basin, a broad synclinal 
flexure. Between Chechri and Kalapani, the belt is a normal 
synclinal fold resting upon a basement of the Salkhalas. The 
synclinal crest is clearly seen a t  the head of the precipitous cliff 
overlooking the Kalapani valley-bed for some miles south-east of 
the Kalapani rest-house. Here a conspicuous geological feature is 
a tongue of white granite, an apophysis from the main body of 
granite, penetrating the black trappean rocks. I n  the wider part 
of the belt, east of the Kamri pass, inversion and isoclinal folding 
become more apparent, with a N .  N. E. regional dip. The granite, 
which occupies the greater part of the north half of the belt, is 
unaffected by structural disturbances and remains massive and un- 
foliated. A number of small sharply pitching brachyfolds are seen 
among the major isoclinal flexures of the series. 

The plane of contact with the Sallthalas a t  the south-west margin 
is an unconformity, well seen at; the head-waters of the numerous 
transverse defiles descending into the Tilel river. That the intru- 
sion of granite is subsecluent to the folding of the Cretaceous is 
evident from the fact that the granite takes no part in the tectonic 
deformation of the country. Where i t  shows any foliation planes, 
the latter are independent and do not share in the general N. N. E.'ly 
dip. 

A more intense type of tectonic disturbance than is seen in the 
Cretaceous is observed in the Triassic belt of the Tilel and Sind 
valleys which also lies among the Salkhalas, some miles to the 
south of the Cretaceous basin. The Triassic, especially the Upper 
Triassic, limestones and dolomites are thrown into complex plications 
and inversions such as are not seen in the newer series. Many 
of the cliff-sections in the Sind basin recall structures seen in the 
Bigh Calcareous Alps of the Bernese Oberland in Switzerlaud. 
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While t.he Salkhalas show the usual grade of dynamic or stresu 
~netamorphism in all the constituent units, the Cretaceous rocks of 
Burzil are remarkably free from the effects of severe pressure ineta- 
morphism. Many of the shaly beds have not developed any 
cleavage, and the slates, though they possess au oblique cleavage, 
are free from foliation or crystalline structure, or phyllitisation. 
The limestone lenses, even when occurring a t  the summit of the 
Great Himalaya range a t  a height of 15,000 feet, preserve their 
grain and fossil structures unaltered. At other situations the 
limestones have undergone recrystallisation to some extent partly 
effacing but not obliterating the fossil structure. Changes induced 
by the acid and basic magmas invading the tuffs, materials so 
susceptibIe to contact metamorphism, are also not of a pronoullced 
description. 

The ultra-basic eruptives are devoid of accessory metallic corn- 
pounds and ores in any marked quantities a t  the surface. Besidi-s 
the magnetite, chromite and ilmenite present in small grains and 
crystals, the serpentine a i d  pyroxenite masses do not commonly 
bear chronlite ores in large visible aggregates such as is so nlarkedly 
the case with the dunite intrusions of Dras. The gabbro area 
however needs prospecting for nat,ive element* and coinpounds of 
the platinum group. For this purpose the Gulam Saf area, lying 
between the Karobal p s s  and south-east of Pashwari, is recommen- 
ded for investigation by the washing and panning of the rivcr sands 
and other alluvial matter collected in the hollows around the drainage 
courses. 

PLATE 8.-Geologic~l Map of Cretaceous volcanic belt of Burnil and Drm, Kashmir 
Shte .  (Scale, 1 inch=4 miles). 

PLATE 9.-Head of the Burzil Valley. The scree conceals Eocene limestone inter- 
calations in volcanic tuffs. 

PLATE 10, RQ. 1.-Sills of dolerite and gabbro, Pashwari, Rurzil valley. 
f ia .  2.-Volcanic agglomeratic, conglolllerete near Blinirnarg, Nagai 

valley. 
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A chain of large inliers of an urifossiliferous dololrlitic limestone, 
hitherto designated, from a total lack of stratigraphical and palaeon- 
tological data, as the ' Great Limestone', but tacitly regarded as 
belonging to the Kioto limestone (Upper Trias to Liassic) of the 
Kumaon and Spiti Himalayas, occurs in the Tertiary zone of 
the Jammu hills. By reason of the association of some important 
coal seams and bauxite deposits of considerable economic import- 
ance, with the Numniulitic rock-group immediately overlying this 
limestone, it has attracted the attention of geologists since 1876. 
Recent field work in the area by the present writer in continuation 
of his Poonch survey, has brought to light evidence of a probable 
Upper Carboniferous or Permo-Carboniferous age of this limestone. 
I n  the lowest beds of one of the inliers, belonging to the base of the 
series, brought up by the upthrow of a large strilte fault, there 
ia observed distinct intierstratiligation of the limestone with the 



Agglomeratic Slates of the Panjal Volcanic aeries-a very char& 
eristic stratigraphic horizon of Kauhmir, which in adjacent arem, 
has yielded a well-preserved Productus fauna of Uralinn age, at  
~everal localities. 

11.-AREA A N D  LOCATION. 

The inliers occur as a series of hog-backed masses of dolornitised 
limestone of mountainous dimensions, the cores of denuded rsnticline8, in 
the system of flexures traversing the broad belt of the Murree sandstone 
series. They stretch in a north-west and south-east direction 
Purl (33" 35' : 73" 55') in Poonch to beyond Riasi (33" 0' : 75" 10') 
in Jammu, a distance of 70 miles, along the prevalent strike of 
Outer Himalayan ranges. The Murree belt here is 24 miles wide, 
composed wholly of barren ferruginous sandstones and shales. These 
limestone masses are the only instance (with the exception of the 
Tal series of the Kumaon Himalayas) of a pre-Tertiary marine 
formation occurring in the sub-Himalayan zone. The Riasi inlier 
is the largest of all the ' Great Limestone ' masses. It is surrounded 
on the north flank by a well-defined rim of Nummulitic strata 
carrying important deposits of anthracitic coal, iron-ore and bauxite, 
overlying the older limestone with a pronounced unconformity ; 
its south-west flank is dislocated by a steep fault. Structurally 
as well as in their lithological constitution all the inliers are remark- 
ably uniform. The discovery of the association of the ' Great 
Limestone ' with the Panjal Volcanic series, referred to above, 
was made on the south flank of a snlall inlier, the Devigarh inber, 
about seven and a, half miles in length, partly attached to the south- 
east extremity of the much larger Dandili inlier, these two outcrops 
being echelloned on one another and separated by a strip of Tertiaries. 
The pea]< of Ranjoti (6,303) is the highest point of the latter inlier 
and is four nliles due north of the Devigarh peak (5,132), which fall8 
away in a precipitous fault-scarp to the Murrees a t  its foot. The 
section ~ont~aining t'he intercalation is exposed near the village of 
Sumlar (33" 23' : 74" 3'), Kotli tehsil, Jamnlu Province, lying on 
the edge of the Murree belt. The accompanying map (Plate 11) 
gives the formations and their structural relations as seen 
in the ~ T V O  Kotli jnliers, which are typical of the rest, but which 
possess t,lle additional feature of association with a r ~ c k - ~ r o u ~  of 
known geological horizon, which thus bears indirect testimorly tr, 

the age of the ' Great Limestone ', 
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111.-PREVIOUS WORK. 

Reference to this rock-body is made in Medlicott's paper on the 
' Sub-Himalayan series in Jamu (Jammoo) Hills' (1876), where he 
tentatively refers this limestone to the unfossiliferous, or sparsely 
fossiliferous, Kioto limestone of Spiti, which occurs from Kumaon, 
through Spiti, to Kashmir and Hazara. The next reference is by 
C. M. P. Wright (1906), who in his report on the Dandili Coal-fleld 
and coal deposits of the Kotli tehsil, mentions this limestone without 
discussing its age. Mr. C. S. Middlemiss, F.R.S., since 1917 has 
done a great deal of work in the ' Great Limestone ' of Riasi district 
in connection with the various ore-veins, bauxite and coal deposits 
of that area. Though he has not definitely stated his views regarding 
the stratigraphic horizon of the rock in the various Economic Reports 
that he has published (Jammu, 1928-1930), he has often in discus- 
sions and in personal communications to me held the view that  the 
' Great Limestone ' is allied to  his ' Infra-Trias ' limestone of Hazara. 
In  my Memoir on the Geology of Poonch (1928), I have also expressed 
doubt regarding the Jurassic age of the ' Great Limestone ', though 
I have there suggested retaining this name till rnore specific reasons 
for finally changing i t  are obtained. 

The anticlinal cores building the long, jagged, broad-backed 
ridges of white-weathering, hard limestone form an abrupt feature 
in the comparatively soft red sandstones and shales of the Murrees. 
The north limbs of the anticlines are preserved intact, with the 
unconformably reposing Nu~nmulitics forming n uniform ribbon- 
like belt round their edge, while the south li~nbs are generally, 
though not always, disrupted by steep strike faults of large throw, 
which obliterate this half of the folds, completely or in pa,rt, bringing 
up the north-east dil~ping ' Great Limestone ' strata in contact 
with the Murrees, or with the severed edges of the Nummulitics of 
the opposite limb of the fold. Faulting is most prouonnce~l on this 
side in the middle portions of the anticlines, disappearing to~vards 
the pitching extrerrlities of the . folds. These south-faulted anti- 
clinal folds are common features of the tcctorlics of the Outer and 
Sub-Himalayas. The faults have a steep plane of inclination, 
tending to pass over into reversed fractures. They produce promi- 
nent fault-scarps of the older limestone overlooking the subdued 
ranges of the Tertiary foot-hills. The Devigarh fault-scarp is less 
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than half a mile north of the Main Boundary Fault of Kotli, thrusting 
the Murrees over the Upper Siwaliks. 

For the most part the crown and flanks of the limestone cores 
are bare of the Nummulitics, the next succceding series, only a few 
irregular patches of them being left as a skin over the older limestone 
in the warpings and corrugations of its surface. Important aggre- 
gates of bauxite and bauxitic clays, which together with coal-bearing 
shales constitute the base of the Nummulitic series, thus cover the 
gently inclined dip-slopes of the ' Great Limestone ' on the north 
limb in most of t.he inliers from Riasi to  Dandjli. The unconformity 
a t  the base of the Nummulitics is most conspicuous a t  some places 
and concealed a t  others. At Tahi in Poonch, gently dipping 
Eocene beds overlie the edges of 75" dipping ' Great Limestone ' 
beds. There is a pronounced pitch of the fold-axes a t  both the ends, 
due to the anticlines nosing down and disappearing abruptly under 
the Murrees. The system of folding is of the broad, open type of 
anticlines and synclines, without any considerable compression. 
There is no inversion of the folds (isoclinal structure), in the older 
series, though this phenomenon is curiously more apparent in the 
younger and less competent rocks of the Murree belt, among which 
these resistant fold-cores stand out prominently. There is' a good 
deal of subordinate folding and warping in the major anticlines of 
the limestones. 

It should be stated that the Ranjoti ridge, the highest mountain 
in the area, is mainly anticlinal while the Shishetar valley a t  its foot 
is a structural syncline ; these features prove that the tectonic defor- 
mation of this region is of very recent date and that the topography 
is yet very youthful and immature. The same relation between 
tectonics and topographic relief is observed in Devigarh. 

The limestone is a hard, dense, usually non-crystalline rock, 
locally dolonlitised and silicified to varying extents. Some beds 
approach true dolomite, assuming a yellow colour, greater density 
and resistance to acid, effervescing only in fine powder. It is blue- 
grey to cream-coloured or white, generally thin-bedded and exten- 
sively fissured and jointed in an irregular ma,nner. I ts  thiclcness is 
over 1,500 feet, but the base is nowhere exposed and the existence 
of minor folds and crumpling within the formation does not enable a 
true estimate of its thickness to  be made. There is present in the 



upper layers an intense degree of silicification, both of contcm- 
poraneous as well as of epigenetic nature, for besides the abundance 
of disseminated flint and chert concretions, there occur entire beds 
of slaty chert up to two feet in thickness, interspersed in the rock, 
bearing evidence of metasomatic replacement. At times the re- 
placing substance is crystalline silica. The top beds especially 
show this silicification to a marked extent, the lower beds being 
free from ,sccoizdary silica, generally speaking, and are compoaed of 
grey well-stratified limestone. There are no shaly or slaty partings 
in the rock from top to bottom. The only associate of the ' Great 
Limestone ' is a foreign rock, a largely silicified serpentinised dunite, 
occurring in dykes and stocks. At places this ultrabasic intrusive 
has altered to a green and orange earthy mass, cut up by silica- 
veins. 

The weathering of this limestone is peculiar, producing on 
exposed parts deeply grooved or ' chop-marked ' surfaces, the cuts 
being straight and' intersecting. This mode of weathering recalls 
exactly the weathering of the Infra-Trias limestone of Hazara. 

VI. -ECONOMIC MINERALS. 

Besides the coal, iron-ore and aluminium-ore deposits of the 
Nummulitic series which is closely associated with the older limestone 
in all its folds and warps, the ' Great Limestone ' itself constitutes 
a repository of some ore-bodies in the form of vein-filliugs and 
metasomatic replacements. The siliceous waters charged with 
metallic compounds, especially sulphides, have brought about a 
mineralisation of the rock in some area,s, notably in the vicinity of 
Riasi. Sulphide ores of copper, nickel, lead and zinc are spread 
over a fairly wide area, in fine disseminations and occasional con- 
centrations in lodes and veins, and need careful prospecting for 
their successful economic exploitation. The distribution of the 
high-grade alunzinium ore, which, according to Middlemiss, aggre- 
gates over ten million tons in the Riasi tehsil alone, but which 
continues without any notable change in composition or in its 
genetic relations, to some of the north-western inliers as well, is 
intimately connected with this limestone. This fact is but inade- 
quately shown by the outcrops of the Eocene in the accompanying 
map (Plate 11). The bauxite deposits occur a t  the base of the 
vummulitics asd form a skin, two to three feet thick, on the 

T) 
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wrinkled surface of the ' Great Limestone '. Detailed mapping of 
the inliers on a scale of six inches, or four inches, to  a mile is neces- 
sary before an accurate estimate of the total quantities of these 
ores in the inliers north-west of Riasi can be obtained. 

VII .--STRATIGRAPH Y A N D  AGE. 

The rock is almost wholly barren of fossils, the only approach 
to fossil structures being exhibited by some beds of crystalline 
limestone, lately found near the base of the series, containing some 
slender, rod-like bodies, about 10 mm. long, looking like foramini- 
feral discs (? Fusulina) seen edgewise. No organic structure is, 
however, visible under the microscope in the prevailing crystalline 
matrix of the rock. It is also free from any other associated sedi- 
mentary rock, thus affording no clue as to  its position in the geolo- 
gical column. Prom its lithology Medlicott assigned to i t  a Jur- 
assic age (Eioto series) on purely hypothetical grounds. A tentative 
suggestion of its affinity with the Infra-Trias limestone of the Sirban 
mountain, Hazara, based on strong lithological resemblance and 
mode of weathering, was advanced by Middlemiss and myself, but 
no evidence resting on fossils or stratigraphic relations of this rock 
was obtained till lately. The discovery, during the 1934 field- 
season, of a series of black, slaty tuffs, occurring a t  what is most 
probably the base of the formation, distinctly interbedded with 
the 'Great Limestone ', throws new light on the question of the age 
of this l!'mest,one. A srna'll outcrop of this black slaty tuff, 
about 200 feet thick, exhibiting this interesting intercalary 
junction, is exposed near the village of Sumlar, below the ruined fort 
of Devigarh, a t  the foot of the south-facing fault-scarp. This mass 
is evidently a disrupted portion of the upthrown north-east limb of 
the Devigarh anticline, while the south-west limb has all but dis- 
appeared under the Murrees, lcaving only a few shreds of the Num- 
mulitics. The fortunate occurrence of strata of ' Great Limestone ' 
in the body of this slate and of their interstratification with the 
higher beds of the slate are convincing evidence that the latter 
form part of the ' Great Limestone '. [See text-fig. I.] The Surnlar 
tuff is a dense, co~~lljnct, sooty black, slaty rock of higher specific 
gravity than argillaceous slate. It weathers to n light, ashy grey 
tint on the slirface. Uilrlcr the microscope i t  is composed of ykt 
mldevi trified isotropic, glass, wi t.h tiny crystals of felspar, qnartz 
and biotite ; its e s t o r ~ ~ a l  characters as well as mode of weathering 
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are similar to those of the black slaty members of the ~gglorneratic 
Slate series of so many parts of Kashmir and Hazara. These facts 
leave no doubt that these tuffs belong to the Agglomeratic Slate 
series of the Panjal Volcanic group of the Pir Panjal range and the 
rest of Kashmir and tend to  substantiate the correlation of the 
' Great Limestone ' with the ' Infra-Trias ' limestone, an exactly 
similar intercalary relation having been repeatedly observed by me 
in numerous sections in Kaghnn (Pascoe, 1930), Muzaffarabacl and 
Uri areas, (Wadia, 1934). 

Sections of this rock (23,825--23,828)l are wholly composed 
of volcanic glass, with fine dusty magnetite and some ? carbon ; 
the bleached surfaces are free from magnetite. I n  the majority of 
sections the field is wholly isotropic ; in 23,826 the glass is devitrified 
and replaced by a minutely crystalline base. Tiny crystals of 
felspars, quartz and biotite are scattered in the glassy base in 
23,827 and 23,828. Veins of calcite infiltrations are present. 

I n  the Rajaori Pir Panjal, about 20 miles north-east of Sumlar, 
interstratification of beds of an  unfossiliferous limestone, lithologically 
akin to  the Devigarh and Ranjoti limestone, was commonly observed 
among the volcanic ash-beds, agglomerates and slates, constituting 
the base of the Panjal Volcanic series, where the latter is overthrust 
on the Murrees. This phenomenon is vividly seen all along the 
south-west foot of the Pir Panjal betwcen Sangiot and Budil (36 
miles due east of Sumlar). It may be useful herc to  mention other 
examples of limestone inlcrcalations, some of then1 fossiliferous, 
in the Agglomeratic Slates and traps of adjoining areas: 
(1) A lenticular bed of fossiliferous limestone containing 
comminuted bracl~iopod shells occurs in the Panjal trap near Badnr 
(33" 21' : 74" 51') in the Rinsi Pir Panjal. (2) A dark grey crysta- 
line limestone with fossil traces is seen in the Agglomeratic Slate 
outcrop between Iiund Radhan ancl Budil. (3) At I<ul (33" 3'1' : 74" 
44') a band of cloloruitic limestone, about 200 feet thick, is inter- 
bedded with Agglomeratic Slates a t  their junction with the overlying 
Panjal trap. (4) At Parore (33" 22' : 74" 29') and ncar Dnraba 
(33" 35' : 74" 17') niassivcl unfc)~:silifcrous limestones occur in thc 
volcanic slates a i d  trap of the saine serics. 

The age of the Agglo~rleratic Slate serics, on the cvidence of its 
well-preserved fossil fauna (Rion 1928 ; Cotvper Rcecl 1932), 
obtained from several localities in R:lshmir, is provcd to he Upper 

These numbera refer to the serial number of micro-sections registered in the 
Geological Survey Laboratory. 



Carboniferous (Uralian) in the main. Bion and hliddlemiae have 
shown that its horizon may vary a t  different localities from the 
Moscovian, top of the Middle Carboniferous, for its lower beds, fo 
the Artinskian, Permo-Carboniferous, a t  the latest, for its top be&. 
The interstratification of such a well-marked geological stage with 
the ' Infra-Trias ' and ' Great Limestone ', therefore, must be re- 
garded as a fortunate circumstance helping to determine within 
precise limits their true stratigraphic position. 

The name ' Great Limestone ', now that the Upper Carboniferous 
or Permo-Carboniferous age of this rock is irlferable with reasonable 
approximation and its similarity with tlie better-known ' Infra- 
Trias ' limestone of Hazara (resting on a glacial boulder-bed and 
underlying the Trias) is evident, is no longer necessary or justified. 
I t ,  as well as the ' Infra-Trias ', may now more appropriately be 
named ' Sirban limestone ' from the typical locality near Abbottabad 
where this latter limestone outcrops in perfect development and 
where it was first studied by Wynne (1872) and Middlemiss (1896). 

One further circumstance which points to the lithological resem- 
blance with the Hazara limestone is the mode of silic5cation observed 
in these rocks. The extensive metasomatic silicification of the 
Infra-Trias limestone of Garhi Habibullah and Muzaffarabad into 
' quartzite ' and ' grit ' beds and into powdery silica collected into 
heaps of snow-white dust a t  the foot of the limestone cliffs was 
reported on by me in 1928 (Pascoe 1929). More or less similar 
phenomena have been observed at  several localities in the present area, 
a typical example being the spreads of dusty and powdery silica 
around the small hamlet of Karjai ; much unconsolidated silica 
of secondary formation also occurs on t,he top as well as the cliff-face 
of the Devigarh scarp. Whit'e, crystalline rnetasomatic quartzita 
is very conspicuous in the limestone beds north of Surnlar. 

VII1.-RELATION W I T H  T H E  REST OF T H E  HIMALAYA. 

The occurrence of marine limestones of Upper Palaeozoic age in 
the outer Himalaya, so far south of the main boundary of Himalayan 
geosynclinal formations and within the Tertiary zone, must be 
regarded as an exceptional circumstance ; the only other instance is 
the outcrop of the marine Tal series of thc Garhwal Outer Himalaya, 
which, however, is much younger and of Jurassic age. They must 
be the deposits left by tcmporary inroads of the Himalayan sea to 
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the south of the Gondwanaland coast-line, flooding portions of the 
foreland. The Riasi transgression must be of a very transient 
nature, for no Permian or Trias has been met with in the Sub- 
Himalayan zone south of the foot of the Pir Panjal. 

The Jammu limestone also shows close lithological similarity 
to the Krol limestone of the Simla Himalayas. The identity of the 
Krol series with the Infra-Trias series of Sirban has been suggested 
(Fermor, 1931) on grounds of a more or less exact parallelism of their 
stratigraphic succession, commencing with a basal boulder-bed of 
glacial origin. The former group overlies a basement of the Blaini 
boulder-bed, the homotaxis of which with the Tanakki conglomerate 
of ice-scratched pebbles at  the base of the Sirban limestone series 
and with the much better-known Talchir boulder-conglomerate of 
the Salt Range is now accepted by Indian geologists. The close 
analogy between these three occurrences of unfossihferous limestone 
-of Hazara, the Riasi-Dandili belt and the Krol area-therefore 
suggests a widespread transgression of the Himalayan Productus 
sea to the south of the main axis of the range. This took place 
during the epoch in which the Spiti and Kashrnir portion of the same 
sea was depositing the richly fossiliferous limestones of the Kuling 
and Zewan series in the north and the Productus limestone of the 
Salt Range in the south (in a distant southern arm of the same 
Himalayan sea, branching off from Hazara). The totally unfos- 
siliferous nature of the limestones in the former sites as contrasted 
with the organic richness of their probable homotaxial equivalents in 
the Himalayas and Salt Range, is one of the puzzles of Indian geo- 
logy. One explanation, perhaps, may be that the southern in- 
vasion produced a land-locked basin that did not offer favourable 
conditions for migration of animals from the main ocean. 

The Nummulitic sea of much later times, which has left its 
records in the Outer Himalayas from Kumaon to Punjab, Kohat 
and Sind, transgressed over a floor of the Permo-Carboniferous from 
Sirnla to Hazara. 
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X.-EXPLANATION OF PLATES. 

PLATE 11. Geological ma-p of the Dandili-Deviga,rh Inliem, Kotli district,, Jammu. 
(Scale, 1 inch=2 miles.) 

PLATE 12, FIO. 1.-Clif3 of ' Great Limestone,' Daadili, Kotli. 
Ra. 2.-' Grea,t Limestone ' clifTs-a fa,ult scarp-near Sumlar village, 

north of Kotli h. 
PLATE 13, Fra. 1.-Weathering of ' Great Limestone.' Outcrop near Kamroti 

village, Kotli. 
FIG. 2.-Minor fold in ' Great Limestone ' with a shell of the Nummulj- 

tics carrying bauxite, Kamroti village. (The smooth uppel 
eldace is formed of a bed of bauxite.) 
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ON A SHARK TOOTH FROM THE LOWER EOCENE. BY 
SUNDER LAL HORA, D.SC., F.R.S.E., F.N.  I . ,  Assistant 
Superintendent, Zoological Survey of India, Calcutta.* 

The shark tooth1 reported here was sent to me by Mr. E. R. Gee 
of the Geological Survey of India who obtained it in 1931, from just 
south of the Salt Department Rest House a t  Sar Kalan, 3 miles 
E.S.E. of Nurpur in the Salt Range, Jhelum District, Punjab. It 
was found in " the fla,ggy, foraminiferd, pinkish-grey (weathering 
yellow-brown) limestone, which is associated with variegated sand- 
stones below the Numrnulitic coal shale horizon." Mr. Gee has 
infiirmed me that, on stratigraphical grounds, the fossil should be 
referred to the Rallikot (Lower Eocene) age (Gee, 1935 ; Davies and 
Pinfold, 1937). 

,- 

a. 4b co 
Tcetl~ of thrce species of Lnlnnn Cuv. u. Lan~na c~ppendicultch Ag.; 6 .  L a l ~ t ~ ~ n  sp. 

from thc Salt Raugc, Punjab, x 1h ; c .  La,m~u obliyua Ag. 
Figures b. and c. are copies fro111 Zittel and all thc thrce tecth arc: cnlargccl to thc samo 

length for the purpose of comparison. 

The tooth (No. K391514a) is of a burnt amber colour ; i t  is very 
stout and consists of a large, conical cusp and of two well-defincd, 
fairly broad, somewhat obtuse, lateral denticles, one a t  each side of 
t,he base of the cusp. The root, which was embedded in the rock 
and has been exposed by using acid to dissolve the rock, is large, 
expanded laterally and only slightly bifurcate. The surface of the 
tooth is well polished and ornamented with small pits ; the central 

*PublisEecl with permission of tho Director, Zoological Survcy oE Iudia. 
1 Besicle~ onc complete tooth, lateral dcnticlcv or portions of lutcrul clerlticlev of sevcral 

other teeth wcre found embedded in rock No. K39/514. 



 pas^ 2.1 HOU : bn o shark Tooth front Lower Eocene. i76 

portion is somewhat raised so that the exposed surface (probably 
external) is somewhat convex. The lateral edges of the cusp are 
sharp and entire and the tip is pointed. The meaauremcnta of thc 
tooth are : 

Length of cuep . . 17mm. 
Width of bme of cuap . . 1Omm. 
Width of b m  including that  of denticlee . . 15mm. 

From the nature of the tooth it is clear that i t  should be referred 
to the family Lamnidael in which the teeth are pointed and are 
usually of a large size ; the lateral denticles may or may not be 
present. Of the genera of the Lamnidae, the teeth of the genus 
Lamna Cuvier possess a somewhat broader cusp ; the lateral denti- 
cles are also larger. The fossil tooth should, therefore, belong to 
this genus. According to Zittel (1932, page 77), Lamna is 

" very abundant in the Chalk, Tertiaries, and exieting seas. Teeth of L. 
appendiculata Ag. universally distributed in Upper Cretaceoue. L. oblipuu Ag. sp., 
large teeth from the Eocene. L. gafsana White. Eocene; Tunis." 

So far as I am aware Lamna (sensu strdo) has not hitherto been 
recorded from the Indian seas.2 The recent species, L. nasus, is, 
however, known " from the British Isles, the Mediterranean, the 
Western Atlantic, and from Japan " (Garman, 1913, p. 35). A 
species has recently been described from New Zealand (Phdlips, 
1935, p. 239). The discovery of a tooth of Lamna from the Salt 
Range is, therefore, of special intereat. 

The teeth of the present-day, widely distributed porbeagle shark 
-L. nasus-are provided " with broad two-rooted base and slender 
lanceolate cusp a t  the base of. each side of which in the larger speci- 
mens there is a sharp denticle." (Garman, 1913.) The fossil 
tooth described here seems to represent an intermediate type be- 
tween the more massive teeth of L. appendi& and L. obliqm 
and the alender teeth of L. nasus. 

1 Garmen in his monograph on " The Plagiostomia" (Mem. Mus. Cornp. Xool, 
Harvard Colloge, XXXVI, 1913) considers Lamna as a subgenus of Zsurus Rafineeque 

has, therefore, adopted the family name Isuridee. Lumna is, howcver, d.iatinguiahed 
from I s w u s  by the fact that the teoth of the former are provided with denticles on 
either side of the base iu  adult.^, while in Isurus tho teeth are without denticlea. 

2 Attention may here be directed to the teeth of Carchariae tricuspddatucr Day (= 
Ohntapsis talrrus Miill Pc Hede) which are " very large, awl-shaped, smooth except at 
the base, where thcre exists a small basal cusp on either side " (Day, Fish. India, p. 713, 

&XXV~,  fig. I, 1878). From Day's figures of the teeth it is clew that the fieh should 
be referred to the genus Odontap~i .~  Ag. The teeth of O d o d p s i s  are similar to tho80 of 
Lapnna, but are much more slender and the basal donticlea are very amall and sharp 
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In describing the Tertiary fishes of India, Lydekker (1886, 
p. 243) described two vertebrae under the family. Lamnidae but he 
was unable to assign them to any genus. He observed: 

" The vertebra of a shark represented in plate XXXVII, figs. 9, 9a, is one of 
two similar specimens in the Indi'an Museum from the Siwaliks of Perim Island. 
They agree very closely with the vertebr~ of Lamna cornubica, and not improbably 
belong either to Lamna or Carcharias." 

Both the fossil tooth described above and the vertebra figured 
by Lydeklter show that fishes similar to Lamnn nasus flourished in 
the Tertiary seas and estuaries of India. 

As regards the specific identity of the fossil tooth it is very 
difficult to come to any definite conclusion, as Weiler's (1931, 1932, 
1933) and Murray's (1930) recent papers, in which species of Lamnu 
are figured, are not available in Calcutta. I have, however, con- 
sulted White's (1931, 1934) papers and find that thc tooth under 
report does not agree with any of the species of which the teeth are 
figured by him. 
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ON FOSSIL FISH-REMAINS FROM THE KAREWAS OF KASHMIR. 
BY SUNDER LAL HORA, D.SC., F.R.S.E., F.N. I . ,  Assistant 
Superintendent, Zoological Survey of India, Calcutta. (With 
Plate 14.)* 

In 1932 and 1935, Dr. Hellmut de Terra, Leader of the Yale North 
India Expedition, collected a number of fossil fish-remains in the 
Kashmir valley which he sent to me for study and report. These 
remains, which are of a very fragmentary nature, are not in a good 
state of preservation. The earlier lot, which consisted of bits of 
spines and vertebrae, was almost indeterminable. The 1935 lot, 
however, comprised one greatly crushed skull (Specimen No. 
K40/247), impressions of the caudal region of two specimens and a 
counterpart of one of these, a piece pf skin with scales and two 
pharyngeal teeth. Prom the nature of the scales it has been possible 
to refer the entire material to the sub-family Schizothoracinae 
(Family : Cyprinidae) which, as is clear from Mr. Mukerji's (1936) 
report on the fishes collected by the Yale North India Expedition, 
forms, even a t  the present day, the most dominant element in the 
fish fauna of the valley. 

Most of the specimens reported upon were collected from Ningal 
Nullah, near Gulmarg, at an altitude of about 9,800 feet. Dr. dc 
Terra in his letter dated April, 7, 1937 informs me that 

" The specimens collected in Ningal Nullah, near Gulmarg, come from 
an exposure of Lower Karewa beds a t  an altitude of 0,800 fcet. The Lower 
Karewas, as was indicated in several publications of mine, should be refcrred to  
tho first Interglacial. At this particular locality the laminated Icarewa silts are 
tilted and unconformably overlain by Glacio-fluvial outwash deposits belonging 
to a retreat phase of the second Ningal glacier. These fish-bearing beds also yielded 
many fossil leaves representing a Pine-Oak-Willow flora. A petrologic analysis 
of the Lower Karewas has just been completed by Dr. Krynine of Yale Urlivcrsity, 
who states that  these beds were laid down in a lake, and that  part of the sedimenb 
tary material suggests derivation from windblown silt." 

* This article forins n continuation of the Biological Rc,ports NOS. XVII and XVIIl 
of tho " Scientific Rcsults of tllc Yalc North Intliit Expcdit,ion" ( i l I e r t~ .  Conn. rlcnd., 
X, pp. 299-359, 1936), and is published hero with the pcrmiusion of thc Director, 
Zoological Survey of In&. 



According to Mr. D. N. Wadia of the Geological Survey of India 
the matrix of the fossil fishes consists. of 

" A fine micaceous flandy clay euch as occurs in thick beds in tho Knrewas of 
Kashmir. It  may be a fluviatile or lacustrine deposit in still water; there ie n 
faint trace of lamination showing intermittent depoeition. " 

In the following account I propose to describe first the rec.ognis- 
able fragments and t h n  to refer to their affinities. The ecological 
association of t . 1 ~  fossil fish fauna is also diucussed and it i~ pointed 
out that the occurrence of these fossils a t  an altitude of 9,800 feet 
affords additional evidence in favour of recent orogenic uplift move- 
ments in the Himalayas. 

The whole of the material is deposited in the collection of the 
Geological Survey of India. 

11.-DESCRIPTION OP THE COLLECTION. 

Specivraen No. K40/241. A piece of skin immediately behind 
the head region and below the vertebral column preserved in lateral 
view. 

Locality.-Ningal Nullah, near Gulmarg. 
The bony elements are too fragmentary to be determined, but 

the skin is covered with small scales which slightly overlap 
one another (Plate XIV, fig. 1). All the scales show perfectly deve- 
loped circuli and complete radii in all fields (Plate XIV, fig. 2). Each 
scale is somewhat oval in outline, with a number of radii arranged 
all over the surface ; the apical radii, however, are much longer 
than others and are more widely spaced (Text-fig. la). The nucleus 
of the scales is basal and there are about 8-10 apical radii and an 
almost equal number of smaller lateral and basal radii. 

The scales of the type described above are characteristic of the 
Schizothoracinae, (Chu, 1935), but there arc slight differences in the 
case of different genera. The structure of the scales also varies 
according to the portion of the body fro111 which they are examined. 
The genera that are known from the Kashmir valley are 
Schizothorax Heckel, Oreivzus McClelland, Schizopygopsis Steindachner, 
Diptychus Steindachner and PtycAobarhs Steindachner. Of these 
S'chizopygopsis possesses a more or less naked body, but  the scales 
of other genera from above the pectoral fins were examined and 
i t  wasA found that the fossil scales described above show very 
close resemblance to those of Schizotlmmx (Text-fig. lb) and Oreinus 
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( T d f i g .  lo). The acales of a number of species of Schizotlo*m 
occurring in the Kashmir valley (Text-fig. 2) were examined, and 
it was found that the fossil scale8 are more closely allied to &hh . 

TEXT-ma. 1.-Fossil scales and scales of Schizothmaa: and O~einue from above pectoral 
fin for comparison. 

a. An incomplete fcssil scale with portions of two neighbouring ~cales to show the 
nature of lepidosis and the structure of the scale. x52 ; b. Scale of Scl~izothoraz 
eemin~8 Heckel, X 3R : c. Scale of Oreinue sjnuatus (Heckel). x 38. 



nrm@nr (Text-fig. 2a) than to any other sp i e s  of Bdimhraa: 
known from the Ka~hmir valley. 

TEXT-ma. 2.--8mlea of oertain Kaahmir epeciea of Bchizothomx. 
a. 8chizothora.z cuwijrons Heckel. X44 ; 6. 8chizdkwax mictopopn Heokel. x& ; 

c. tkhizothoraz planifmns Heckel. x 44 ; d. S~imthorax ZonOipinnis Heckel. 
x 44. 

&ecimera No. K40/242. Underterminable pieces of bone and 
two pharyngeal teeth with their crowns exposed (Plate XIV, fig. 3). 

Locality.-Ningal Nullah, near Gulmarg. 
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Tbe two pharyngeal teeth are preserved in different positions 
(Plate XIV, fig. 4). The grinding surface of one is fully exposed 
while that of the other is inclined obliquely. The outline of the 
fully exposed tooth corresponds with the outline of the crown of a 
pharyngeal tooth of Oreinus sinuatus (Heckel) from Knshmir but 
the grinding surface of the fossil tooth is more worn out and plain 
(Text-fig. 3). Grinding pharyngeal teeth of the type represented 
by the fossil teeth are characteristic of the Schizothoracine genera, 
such as Oreinus, Schizothorax, etc. (vide Chue, 1935). 

TEXT-PIG. 3.-Outline of the crown of a fossil pharyngeal tooth and that of Oreinu.8 
sinuattce (Heckel). 

a. Possil toth. x 22 ; 6 .  Tooth of Oreinus sinuatue (Heckcl). x 17. 

Specimens Nos. K40/243 and K40/244. Three pieces of clay 
containing bones and impressions of the caudal region of a fish of 
the same type (Plate XIV, fig. 5). 

Locality .-Ningal Nullah, near G ulmarg. 
The anal fin is short, consisting of 5 branched rays and 2 un- 

divided rays. The caudal fin is long and deeply forked. This 
region of the fossil fish agrees with the corresponding region of the 
Schizothoracine fishes, such as Oreinus (Plate XIV, fig. 6). The 
whole structure is of such a generalised nature that  by itself i t  is 
not capable of specific determination. 

Specirnen KO. K40/245. Sevcral loose, incomplete vertebrae 
of the opisthocoelus type. 

Loca,lity.-Several places in the Kashmir valley and Ladak. 
Both caudal and trunk vertebrae are represented in this lot. 

They do not possess any special features which could be utilised in 
their determination. However, they reseplblc very closely the 
yertebrac of the Schizothorpciuae. 



Similar vertebrae were collected by Dr. de Terra from ~everal 
localities. 

Specimen No. K40/246. An incomplete dorsal ~p inc  in two 
pieces (Text-fig. 4). 

TEXT-FIB. 4.-An incomplete, fossil, dorsal spine in two pieces, and a normal dorsal spine 
of 0 r e i n . w ~  sin?rat~rs (Heckel). 

a. Fossil spine. x 3 ; b .  spine of Oreinlts sinlrntua (Heckel). x 3. 

Locality.'-Unknown. 

The basal portion of the spine is provided with an articular 
surface, while the -dist,al portion is st,rongly denticulated along the 
inner border. The serrations are promment and widely spaced. 

1 Dr. dc? Terrs believes " that this and othcr lccalities referred to all come from the 
snnle Lower Karewa beds; mninly, the locality at Sombur on the right bank of the 
Jhelum, above Pamp~u ". 
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Of the genera of the Schieothoracinae found in Kashmir, the 
dorsal spine is feeble in Diptychus and Ptychobarbus, while it is, 
strong and serrated in Oreinus, Schizothorax and Schizopygopsis. 
The last named genus is devoid of scales, so on a priori grounds 
the fossil spine may be referrable either t o  Oreinus or to Schizo- 
thorax. 

The collection contains several other fragments of the nature 
of spines but i t  is very dficult to assign to them any definite 
systematic position. 

111.-AFFINITIES OF THE MATERIAL. 
From the foregoing account of the various fragments of fossil 

fishes, i t  is clear that they should be referred to the genus Oreinus 
or Schizothorax. It has already been indicated (Hora, 1936) that the 
two genera are very closely related and are capable of interbreeding. 
In fact, all gradations of form .between Schizothorax and Oreinus 
were found in a collection of recent fish from Chitral and it was con- 
cluded that the latter represents a fluviatile form of the former. 
In the collection of fish made by the Yale North India Expedition, 
Mukerji (1936) found a series of forms intermediate between Schizo- 
thorax and Oreinus and described two hybrid forms. At the present 
day both these genera are well represented in the lakes and larger 
streams of the Kashmir valley. It appears reasonable, therefore, 
to infer that the beds from which the fossil fish were obtained must 
have been laid down either a t  the bottom of a lake or a large sluggish 
river. This conclusion was also reached by Mr. D. N. Wadia from 
an examination of the matrix of the fossil fishes (vide supra, p. 179). 

Both Schizothorux and Oreinus are comparatively low altitude 
genera and their occurrence a t  a height of 9,800 feet in the fossil 
state needs some explanation. To form some idea of the altitudinal 
distribution of the various Kashlnir species of the Schizothoracinae, 
I give below a list of the present day fishes obtained by the Yale 
North India Expedition with the number of specimeus of each and 
the altitudes, in feet, a t  which they were obtained. 

1. Schizothorax Eabint~cs (McClell) . 1 specimen from 10,730 ft. 
2. Schizothorax longipinnis Heckel . . I specimen from 6,196 ft. 
3. flchizothornx esocinus Heclrel . . 10 specimens from 5,200 ft.  and 

2 specimons from 10,700 ft. 
4. Schizothorax plnnifrons Heckel . 9 specimens from 5,200 ft. 
6. Schizothorax rnicropogon Heckel . . 10  specimen^ from 5,200 ft. 
6. Schizothorax curvifrons Heckel . 5 specimens from 5,200 ft, 
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7. Oreinue sinwctus (Heckel) . . 6 speuimena from 6,200 ft. ; 
5 specimena from 8,700 ft. and 
3 specimens from 10,730 ft. 

8. Hybrids between Schizothoraz x Oreinwr . 11 specimens £rom 6,200 ft. 
9. Schizopygopsis sloliczkue h i n d .  . . 13 specimens from 10,730 to 

14,!2Q3 ft. 
10. Bptychus m & k s  Shind. . . 17 speoimem from 10,260 to 

16,216 ft. 
11. Ptychobarbw coniroalrie Steind. . 6 epecimem from 8,780 to 

13,621 ft. 

It is clear from the above that, ae a general rule, Schizothorax 
and Oreinus are inhabitants of comparatively low altitudes, whereas 
Schizopygopsis, Diptychus and Pt ychobarhs are only found a t  much 
higher altitudes. Oreinus, in particular, is a genus of the 
southern slopes of the Himalaya and is not found on the 
tableland of Central Asia. Though there are no definite observa- 
tions on the migrations of S&izothorax and &&nw to small 
torrential streams for breeding purposes, i t  seems probable that, 
like the trout, they may also ascend a t  timea into the smaller 
streams of the higher reaches. The time during which the Yale 
North India Expedition collected fishes from the higher altitudes 
coincided with the breeding seaaon of these fishes, uiz., June to 
September, and it is no wonder, therefore, that some specimens 
of Oreinus and Schizothorax were obtained by  the Expedition 
a t  comparatively higher altitudes. The sizes of the specimens 
also indicate that more or less mature fishes were collected from 
the higher regions. 

The fact that all the fossil fish remains obtained by Dr. de Terra 
are referrable to Sci7~izothorax or Oreinus leads one to infer that the 
beds in which they are now found may have been laid down a t  an 
altitude of about 5,000 feet or lower and that their present position 
on the slopes of the Pir Panjal is due to recent orogenic uplift 
movements in the Himalaya (Sahni 1 9 3 6 ~ ) .  This belief is further 
strengthened by the fact that the fossil scales probably belong 
to Schizothorax curvifrons Heckel, which, a t  the present day, is 
indigenous to the valley of Kashmir and has not been found at 
an elevation higher than that of the valley. In an article on the 
Karewas of Kashmir, Sahni (1936) has stated: 

" The fossil-bearing sediments near Gulmarg, like many other deposits of clay, 
sand and gravel on the NE slopes of the Pir Panjal, were no doubt laid down, as 
Dr. St'ewart suggests, in the bed of a lake. But that lake never existed at the high 
altitude where its bed is now seen. Strange though it may seem, this lake must have 

a ?  
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been Bituated several thousand feet lower, at the same level as the main valley of 
Kashmir. Since the time when the plants and animals, of which the fossil remains 
are now found at 11,000 feet or even higher, flourished in and around this lake, the 
sediments have been lifted out of their original horizontal position and have been 
upheaved through at least Jive thousand feet with the (gwlogica2ly speaking) recent up- 
heaval of the Pir Panjal Range." 

The studies on the fossil fishes of the Karewas of Kashmir fully 
bear out Sahni's contention and afford further evidence of compa- 
ratively recent orogenic uplift movements in the Himalayas. 

Fossil fishes collected by Dr. H. de Terra from the 2nd Inter- 
glacial clay in the Kashmir valley comprise a piece of skin with 
scales, pharyngeal teeth, qaudal portions of the skeleton, vertebrae 
and bits of dorsal spine. From the lepidosis and the structure of 
the scales, it has been possible to refer the entire material to the 
subfamily Schizothoracinae (Family : Cyprinidae). The detailed 
structure of the various parts shows that the fragments are referrable 
to  the genera Schizothorax Heckel or Oreinus McClelland. From 
the present day distribution of these genera it is concluded that the 
fossils may have been laid down a t  the bottom of a lake or a large, 
sluggish river situated at  an altitude of about 5,000 feet ; their 
present position in the Ningal Nullah above Gulmarg a t  an altitude 
of 9,800 feet, therefore, affords evidence of recent orogenic uplift 
movements in the Himalayas. 
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V1.-EXPLANATION OF PLATE 14. 

Fossil Fish-Remains from the Karewas of Kashmir. 
FIG. 1 .-A portion of the skin of specimen KO. K40/241, showing lopidoh. i< 1 I +  
$\a. 2.--Same ss above with the structure of scales Letter defined. x l l i .  
fia. 3.-Pharyngeal teeth (Specimen No. K40/242). ~ 6 ; .  
Ra.  4.-Pharyngeal teeth further magnified. x 16. 
Ra. 5.--Skeleton of caudal region of a. fossil fish (Specimen No. K40/243). X 1. 
Fig. 6.-4lreleton of caudal region of Oreinus einudw (Heckel) for cmp*  

with figure 6. xca +. 
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estuaries, and a t  certain seasons very large numbers of young forms 
swarm in these areas. Thc preponderance of the small Clupeid 
fishes in the material thus indicates the type of hahitst in which 
the Saline series may have been laid down. 

Order : ISOSPONDYLI. - 
Family : CLUPEIDAE. 

Subfamily : CLUPEINAE. 

Clupea geei, ep. nov. 

Specimen G. 8. I. Type No. 16359. Bones and impressions of a 
fish preserved in a slightly ventro-lateral view. (Plate XV, fig. 4 ; 
text-fig. 1.) 

TEXT-~~~. 1.-Clupea gee;, sp. nov. Outline drawing mado from an enlarged photcgra~h 
of epecimen G. S. I. Type No. 16359. x 9. 

Approximate mcasuremnh in millimetres. 

Total length including caudd . . 20.2 
Length of caudal . . 4.2 
Length of head . . 5.0 
Depth of body . . 4-6 
Langth of anout . . . 2.0 
Diameter of eye . . . 1.2 

In t h b  specimen the bones and impressions of the head and the 
trunk region are clearly marked while those of the caudal region are 
obscure. The mouth small and turned upwards. A small 
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portion of the head behind the mouth is obscure, while behind this 
region the maxillary and the supplemental bones are clearly indi- 
cated. These bones seem to extend below the middle or the hind 
border of the orbit. The eyes are lateral and are placed almost 
in the middle of the head. The neural spines and ribs are clearly 
~narlted in the anterior region. The dorsal fin commences in advance 
of the ventrals and its commencement is somewhat nearer to the 
tip of the snout than to the base of the caudal. It lies folded against 
the back and about 12 rays canbe  counted in it. The pectoral fin is 
considerably shorter than the head and contains about 12 rays. 
The ventral fins are well developed and each consists of eight rays. 
The anal fin is obscure ; its coinmencement is situated behind the 
ventrals and about 8 rays can be made out in it with considerable 
difficulty. The caudal fin is bifurcate and both the lobes are 
pointed ; it is shorter than the length of the head. The impression 
of the ventral edge of the body shows that the abdominal serrations 
commence before the base of the pectoral fin and are continued to 
the commencement of the anal fin. 

Specimen G .  S. I .  Type No. 16360.-Bones of head and of ant,erior 
part of body preserved in lateral view (Plate XV, fig. 6 ; text-fig. 2). 

TEXT-FIG. 2. Cbupea geei, sp. nov. Outline drawing made from en enlarged photograph 
of specimen G. S. I. Type No. 16360. x7+. 

The form of the head and mouth, the nature of the various bones 
and the position of the eye are similar to those described above for 
specimen G. S. I. Type No. 16359, except that this specimen is not 
preserved in ventro-lateral view. The area of the neural spines 
has been obscured by scratching, but the anterior ribs are very clear. 

Specimm G. 8. 1. Type No. 16361.-A complete specimen 
preserved in lateral view, with the head region very obscure and the 
extremities of the dorsal, anal, pectoral and ventral fins not properly 
preserved. (Plate XV, fig. 5 ; text-fig. 3.) 



Thie specimen is about 22 mm. in total length. The vertebral 
column, which is out of position in the anterior part, ie well- 
preserved ; the neural spinet3 and the ribs are clearly marked. Tho 

TEXT-nu. 3.-Clupea geei, ap. nov. Outline drawing made from en enlarged photograph 
of specimen G. 8. I. Type KO. 16361. X5. 

head region is greatly crushed and the structure of its various parts 
cannot be made out. 

Afinities : Clupea geei probably represents a young stage of some 
species, but the nature of the material does not permit a close study 
of its relationships. Moreover, the young stages of all the Indian 
Clupeidae are not known. In view of this and on account of differ- 
ences in proportions, number of fin rays, etc., between C .  geei and 
the already known species it has been considered advisable to recog- 
nise the Clupeid of the Saline series as a distinct species and 
to associate it with the name of Mr. E. R. Gee who discovered it. 
The fossil species appears to be similar to the young stages of Hiha 
ilisha (Ham.), the well known anadromous fish of India. For com- 
parison the figure of a young specimen of dish in a shghtly ventro- 
lateral view is given here (text-fig. 4). 

T~x~r-wro. 4.-Heed and trunk of a young specimen of H h  iliek (E.) in slyhcly 
ventro-lateral view. x 3). 
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According to Zittel, (Text-book of Palueontology, 11, 2nd Ed. 
p. 155, London : 1932) the species of Clupea are " Not certainly 
known below the Upper Eocene of Monte Bolca, near Verona." 
Fossils of the family Clupiedae are, howcver, known from the 
Cretaceous period. 

Family : DOROSOMZDAE. 

? Dorosoma sp. 
S;oecimen No. K40/527 and its counterpart specimen No. K25/528, 

!Pla.be XV, fig. 3). 
This is a snlall fish about 40 mm. in length, without the caudal, 

preserved in lateral view. The bones are obscured by the skin 
which is preserved with scales. The structure of the scales cannot 
be made out. Prom the nature of the snout, which is obtuse and 
secms to overhang the mouth, I cioubtf~~lly assign this specimen 
to the genus Dorosoma. The fins, with the exception of the proximal 
part of thc caudal fin, are not preserved. 

Species of Dorosma are mud-eating fishes of the coasts and 
estuaries ancl one species 1). manrninna (Ham.) is very common 
in the estuaries of the large rivers of India. 

Order : PERCOMORPHI. 
Specimen No. K281240.-An imperfect specimen, without the head 

region, preserved in lateral view. (Plate XV, fig. 1, text-fig. 5.) 

TEXT-FIB. 6.-Trunk and tail rcgion of a Percoid fish (spcrimen No. K281240). ~ 4 ; .  
Outline drawing made from an enlarged photograph of the speoimen. 



This is a small fish about 27 mm. in total length without the 
head. The body skeleton is well preserved ; the middle portion of 
the dorsal fin is, however, missing. 

The body is short and deep. The vertebral column i~ composed 
of about 24 vertebrae, of which 11 to 12 are caudal. The doraal 
fin extends almost along the entire length of the back ; only 4 to 5 
spines of its anterior spinous portion and about half-a-dozen soft rays 
of the posterior region are preserved. The anal fin is situated below 
the posterior part of the dorsal fin and is composed of 3 strong spines 
and a few soft rays. The caudal fin is rounded and contains ahout 
15 rays. The paired fins are not preserved ; there are, however, 
faint indications of their stumps. 

A$inities.-In its general facies and the nature of its dorm1 and 
anal fins the specimen seems to belong to the Perciformes. Thc 
presence of one continuous dorsal fin with the anterior portion com- 
posed of spines, three anal spines coutinuous with the rest of the 
anal fin a.nd the rounded caudal fin indicate that the fish may belong 
to the family Serranidae. Representatives of this family and other 
Perches are known from the Tertiary formations of Europe and 
America. 

Specimen No. K28/205 and its counterpart specimen No. K28/249 
Caudal region of a small fish preserved in lateral view. (Plate XV, 
fig. 2 ; text-fig. 6.) 

TEXT-ma. 6,-Caudal region of a Yercomorph fish (Specimen No. K281205). x3Q. 
Outline hawing medo fro111 an enlarged photograph of the apeoimen. 
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In this imperfect specimen only the posterior portion of the 
dorsal fin, containing about 12 soft rays, is preserved. The anal 
fin is short and contains 3 spines and about 5 soft rays. The first 
spine is short while the second is probably the longest. The anal 
fin is situated below the posterior part of the dorsal fin. The caudal 
fin is deeply forked, with the two lobes pointed ; it contains about 17 
rays besides a few small ones a t  the sides. 

A$nities.-From the very fragmentary nature of the specimen 
it is very d%cult to assign it to any family. The nature of the 
anal and the caudal fins suggests that the fish may belong to the 
genus Ambassis Cuv. and Val., several species of which are found 
in the seas, brackish and fresh waters of the Indo-Pacific Region. 
Like its allied genus Apogon Lackp., Ambassis is probably not older 
than the Tertiary period of the earth's history. 

eXPLANATION OF PLATE 15. 

E'ra. 1,-Trunk and tail region of a Percoid fish (Specimen No. K28/240). X 3. 
ha .  2.--Caudal region of a Percomorph fish (Specimen No. K28/205). X 3. 
FIG. 3.-A Clupeoid fish, probably belonging to the genus Dorosoma Rafinesquo, 

(Specimen No. K25/627). x 14. 
FIG. 4.--Clupea geei, sp. nov. (Specimen G. S. I. Type No. 16359). xG. 
FIG. 5.-4lupea geei, sp. nov. (Specimen G. S. I. Type No. 16361). X3. 
FIG. 6.-4lupea geei, sp. nov. (Specimen G. S. I. Type No. 16360). x3. 
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I .  - INTRODUCTION. 

The small fossil flora described in the following pages was col- 
lected over thirty years ago by the late Sir Henry Hayden (1904, 
pp. 44-47 ; see also ~ u r r a r d  and Hayden, 1908, p. 233) of the Geo- 
logical Survey of India. The plant-bearing beds were seen exposed 
near the village of Thabo (32" 5' : 78" 27') on the Spiti river, 
a large tributary of the upper Sutlej. Apart from provisional 
identifications by Zeiller (in Hayden, 1904, p. 47),l who compared 
the flora with species from the Culm of Europe and Australia, the 
fossils have received very little attention. The localities are in an 
unfrequented region of the interior Himalayas, and Hayden states 
that  the plant-beaxing beds on the bank of the river are frequently 
under water during sumnler floods. Our knowledge of the flora 
is thus still conkled to the few specimens collected by Hayden. 

Geographically this Himalayan outpost of the so-called RIm- 
copteris flora is important, because, so far as we know, no trace of 
i t  had previously been found between Europe on one side and 

1 Zeiller's labels are still attached to the specimens. His handwriting is easily 
rccognised. Zeiller in the provisional investigatior~s generally waa quite right and so 
was he in the iildicntion of the geological horizon. 
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Eastern Australia on the other. Stratigraphically, too, th.e fossils 
are of some considerable interest. Although the Po series as a 
whole is now generally regarded by geologists as Middle Carboni- 
ferous (Middlemiss, 1910, p. 233 ; Hayden, 1910, p. 261 ; Wadia, 
1926, pp. 86, 100, 347)l, the evidence of the plant-remains from the 
Thabo stage, representing the lower of the two fossiliferous horizons, 
clearly shows that a t  least this part of the series must be of Lower 
Carboniferous age. 

We wish to express our thanks to the Director of the Geological 
Survey of 'India for permission to describe the fossils and to discuss 
their stratigraphical bearings. 

I .  Fossil from the Fenestella. shales (?) 

RHACOPTERIS OVATA (McCoy) Walkom=R~. INBQUILATERA 

Peistmantel (non Gaeppert). 

(PI. 16, figs. 1, 2.) 

" Prom a bed with marine fossils (Fenestella-shales), $ mile 
NNE of Po, Spiti." This is one of the best preserved specimens 
in the collection and i t  is important, because it was found associated 
with marine organic remains which are referred to Orthoceras. 

It is said to come from the Fenestella shales. These shales are 
regarded by the Geological Survey of India as Middle Carboniferous, 
that means about Upper Namurian or Lower Westfalian in the sense 
of the Heerlen nomenclature, though Burrard and Hayden (1908, 
p. 232) had at  first classed them as Upper Carboniferous, that 
means about Stefanian. The specimen is quite clearly a real Rha- 
copteris of the same kind as the European ones of the Vis6 of different 
localities, e.g. Rothwaltersdorf in Lower Silesia. Unfortunately 
the pebble with the fossil was not picked up from the outcrop of 
the shales themselves, but was found as a rolled pebble. This is 
the only specimen attributed to the Penestella shales ; all the others 
containing that species come from the Lower Thaho stage of the Po 

1 One of ue (Sahni, 1922, 13. clviii; 1926, p. 238) had, rather uncritically, acceptetl 
for the wholo of the Po Series the correlation w ~ t h  the Middle Carboniferous based upon 
geological considerations advanced by Hayden and Middlemiss. 
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series. At any rate the pebble cannot have come from n deeper 
horizon than the Thabo stage. Hayden states that some of the 
beds are exposed near the water's edge on the bank of the Spiti 
River and i t  is possible that i t  has been rolled out of the Penestclla 
shales. It is also possible that it was derived from the Thabo stage 
exposed, too, a t  the river ; but fro111 the nature of the rock this is 
not very probable, the matrix of the Thabo specimens being different. 
If the fossil comes from the Fenestella shales they must be classified 
as Lower Carboniferous too, like the Thabo stage. But i t  must 
be borne in mind that the specimen is the only one assigned to the 
Fenestella shales with the marine fossils and some caution is neces- 
sary. To be on the safe side we will not pronounce an opinion 
about the age of the Fenestella shales. 

It is obvious that  the species of this pebble plant is the same as 
the Rhacopteris from the Thabo stage to be discussed below. 

2. Fossils from the Thabo stage. 
The preservation of the other fossils, coming with certainty from 

the Thabo stage, is not so good, mostly in consequence of the com- 
pression and high diagenesis of the slate. Notwithstanding this 
the form of the pinnules as well as the venation is in places clearly 
seen even with the lens. 

SPHENOPTERID~M ? FURCTLLATUM, Ludwig sp. 

(Pl. 18, figs. 1, 2.) 

The specimen determined already by Zeiller as such is rather 
clearly shown in Fig. 10 (x2). Besides Sph. furcillatum there 
is also a certain similarity with Sph. dissectrcrrt Goeppert sp., a well 
known and frequent representative of the Lower Carboniferous 
flora in Europe, especially of Silesia, Saxony, France, etc. We 
believe that the determination give11 already by Zeiller is as correct 
as possible since the slight division and differentiation of the pinnules 
is more in favour of the former species. The types of Ludwig and 
many specinlens of the other species are preserved in the Geological 
Survey of Prussia, Berlin, and have been conlpared carefully again 
for deternlination. Because of the incompleteness of the specinleq 
we give a mark of interrogation. 
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SPHENOPTER.IS sp. (RHODEA sp.). 

(Pl. lQ, fig. 3.) 

This is a specimen identified by Zeiller as Sp.4inopteridium cf. 
ri-qidum Ludwig sp. This determination is certainly not right. 
Sphenopteridium rigidum is closely allied or identical with Sph. 
schimperi Goeppert as emphasised, e.g.,  by Oberste-Brink (1914) 
and that is a quite different species. This specimen is reproduced 
in twice natural size and is only a fragment, the pinnules of which 
show a strong midrib and rather broad lamina in comparison with 
Sph. schimperi. It looks somewhat like a Palrnatopteris too, but 
because of its scarcity i t  is better to avoid a final determination. 
It is also of the so-called " Rhodea " type of certain finely lobed 
Sphenopteris. 

Sonle of the other plant-remains ('1 partly roots) are too poor 
for a real determination and we leave those aside, the rnore beccuse 
they are. of no value for stratigraphical purposes. 

RHACOPTERIS OVATA (McCoy) Walkom. 

(PI. I, figs. 3-4 ; P1. 17, figs. 1-4.) 

Otopteris ovata McCoy Ann. Mag. Nat. Hist., 20, 1847, p. 148, pl. 9, 
fig. 2. 

Rhacopteris cf. incequilatem 0. Peistmantel Palzeont ograpliiclz, 
Suppl. 3, 1876, 8. 74, Taf. 2, fig. 3, 3a ; Taf. 3 ; Taf. 4, fig. 
1, 2. 

Aneimites ovata Arbcr Quart. Journ. Geol. Soc. London. 58, p. 21, 
1902. Dun, Rec. Geol. Surv. N. S.  wale^, 8,  1905, p. 159, 
pl. 22, fig. 3 ; pl. 23. 

Rhacopteris ovata (McCoy) Walkom, Proc. Linn. Soc. N. S. Wales, 
59, 1934, p. 431. 

Archceopteris cf. archetypus Schmalhausen bei Gothan in Englcr 
Bot. Jahrb. 52, 3, 1915, S. 228. 

The most important and most frequent species is the above 
named. Because of the squeezing ancl high dingenesis of the 
matrix most of the specimens are badly preserved. Thc contm3t 
between the matrix and the plant-hardly any coal is prcserved- 
is not great; notwithstanding this some specinlens are better and 
it is from those that the photographs have been taken. 
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B(?foro entering upon the determination i t  should be emphasized 
that the Indian specimens and the Australian to be mentioned 
below are obviously the same species, so that the determination of 
the Australian forms embraces that of our Indian specimens. The 
determination of the species has been discussed by several authors. 
It is known that Feistmantel compared i t  with Rhacopteris inequi- 
latera Goepp., and many of the later authors did the same. But 
some authors (Arber, 1902 ; Dun, 1905) found i t  different from the 
European genus " Rhuwpteris " and taking the old specific name 
of McCoy they removed i t  from Rhacopteris, adopting instead the 
little used name Anei~nites Dawson. Gothan (1915, p. 228) had 
the idea that the Australian specimens represented a compound 
leaf and would bring i t  together with an Archceopteris cf. archetypus 
Schmalhausen (best figures in Nathorst, 1904, pl. I, 2-4 ; 11, 5). 
Gothan saw, in 1912, during a tour of some museums of Western 
Europe, samples of our Australian forms in the Botany School, 
Cambridge and noted in his daybook: " Rhacopteris in~qzrilatera 
Feistmantel-Australia no Rh. incequilatera." I n  1931 he saw 
some more specimens in the collection of the Manchester Museum 
and after all, seeing no trace of composition of bigger fronds, he 
believed that as in Rhacopteris the whole frond is composed of only 
a series of pinnules as in Cardiopteris ; in consequence the idea of 
the reference to  Archceoptcris must be given up, but that to " Am'- 
mites " too, the more so because this is a badly defined form-genus. 
If the determination as Archccopteris had been right the age of the 
Rl?czcopte,.is beds in Australia (Kuttung series) would be more pro- 
bably upper Devonia~i than Carboniferous. That is really not 
probable, since the other plants occurring together with our species 
are clearly not Devonian, e.g., the Rhacopteris cf. transitionis Stur 
(=Rhacopteris intermedia 0. Feistrnantel, 1876, Taf. 2, fig. 2 
and the similar specimens figured under different names by Austra- 
lian authors : e.g. ?Splbenopteridu?n cunentum Walkom, 1934, pl. 18, 
fig. 2 ; Rhacopteris rmeridimtalis=intermedia Dun. 1905, pl. 22, 
figs. 1, 2 and represented too in the Manchester collection). For 
the Rhacopteris of the old Lower Carboniferous form it is well 
known that they have nearly all pinnules of asymmetrical shape 
(" incequilatera " Goeypert, " A~~isopteris " Oberste-Brink). Though 
sometinles the Australian and the Indian specimens have tr 

somewhat asynmetrical forw, this as a rule is only slightly 
pronounced. 
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Among the species published from the Teilia Quarry (North 
Wales) by Walton is one named Rhacopteris circularis, which with 
its round circular pinnules is somewhat exceptional as a " Rhacop- 
teris " in the enlarged sense of Schimper. A certain asymmetry 
is seeE, but the circular form of the pinnules and their more or less 
typically radiating nerves diminish the inlpression of the " un- 
equalness " of the pinnules. Waltoil has given an indication (1926, 

p. 206, footnote) that the specimen of Peistmantel (1890, pl. 4, 
fig. 1) should be brought together with his Rhacopteris circularis. 
Then we must do the same with the abundant specimens of the 
so-called . Rhacopteris inmquilatern etc. from Australia. Indeed 
there is a good similarity between the two species, but we must 
say that the shape of the: Rhacopteris from Australia etc. is not so 
well rounded as of the Rhacopteris circularis, so that specific identity 
cannot be accepted, the lateral margins of the pinnules being much 
more straight. It is certainly better to  retain the old name 
Rhacopteris oztata of McCoy. On the other hand the occurrence of 
such forms as Rhacopteris circularis, which cannot be well separated 
from Rhacopteris as a whole, gives us the possibility of retaining the 
Australian and Indian Lower Carboniferous forms also in Rhacopteris. 

From the characters first spoken of here, i t  seenis rather clear 
that an identity with Rhacopte~is inaquilatera Goepp. cannot be 
proved1 because the species is a distinctly asymmetrical Rhacop- 
teris (" inequilatera "). That identity has been denied, e.g., also 
by Walkom (1934, pp. 431-432) ; certainly he was right in doing so. 

We must lepeat here wha.t has been noted by Gothan in Cam- 
bridge some 25 years ago (1912), that already then he rejected the 
idea of the identity of the two species. After all the species should 
be named : Rhacoptevis ovata (McCoy) Walkom. It is true that 
the correctness of our determination should be definitely proved by 
finding a fertile Rhacopte~is, which unfortunately is very rare and 
only till now found in two cases described by Stur and Walton, 
with the characteristic folbked apex with a lot of sporangia on it. 

It may be emphasized again that what is right for the Austra- 
lian specimens is surely the same for our Indian ones figured on 
plates I and I1 The Aust~alian specimens are better preserved 
and therefore we started with the determination of those. 

"If really the Australian Rhacopteris were the same species as Rhacop. dn~quilatern 
Goepp., this name must be rejected, because tho dato of McCoy's speciee is as old as 
1847. 
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111.-OEOL001CAL AGE OF THE PO SERIES. 

The Po Series (named after the village of Po in Spiti, 32" 3' : 
78" 23') comprises some 2,000 feet of  shale^ and quartzites form- 
ing the upper part of the Kanawar system (Hayden, 1904, p. 44; 
Burrard and Hayden, 1908, p. 233 ; Burrard and Heron, 1934, 
pp. 278, 302 ; Wadia, 1926, p. 100 ; Fox, 1931, p. 193). The 
series is divisible into two parts. The lower part consists mostly 
of dark-coloured shales which have been much altered by igneoue 
intrusions, but locally the shales are unaltered and have yielded 
fragmentary leaf impressions. It was from this plant-bearing 
horizon, known as the Thabo stage, that Hayden collected nearly 
all the fossils described above. 

The upper part of the series is called the Fenestella shales ; i t  
contains a rich marine fauna in which polyzoa and brachiopods 
preponderate. Among the marine animals a solitary specimc2 of 
Rhacoptel.is ovata (pl. I; figs. 1, 2) was also found, but as this ie 
contained in a. rolled pebble it is not possible to say whether it is of 
local origin or derived from the older (Thabo) horizon. 

If we leave this rolled pebble out of consideration a0 boing un- 
reliable for stratigraphical purposes, we are left with two clearlv 
marked fossiliferous horizons, a lower (Thabo stage) with phnfs, 
and an upper (Fenestella shales) with mariue animals. It is 
important to note that in discussing the age of the Po Series ae a 
whole geologists generally have paid no heed to the evidence of 
the plants which, as already stat,ed, Zeiller had compared with 
species from the Culm (Lower Carboniferous) of Australia and Ger- 
many. The main purpose of this article is to discuss this pnlaeo- 
bot.anica1 evidence, but before we come to that it may be useful 
to state briefly the position as regards the Fenestella shales, which 
overlie the plant-beds. 

(a) The age of the Fenestella shales. 
The Fenestella shales have been a t  different times classed as 

Lower, Middle and Upper Carboniferous. In 1908 Hayden (in 
Burrard and Hayden, p. 233) regarded them as Upper Carbonifer- 
ous but soon afterwards Middlemiss (1910, pp. 222-232) pointed 
out that tJhe Fenestella shales of Spiti showed an exact parallel 
with the Fewestella-bearing series in the Lidar valley in Kashmir, 
which on several grounds was correlated with the Middle Carbonifcr- 
ous of Europe. Hayden (1910) agreed with this view, which is the 

r 2  
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one now generally accepted (Wadia, 1926, p. 100 ; Burrard and 
Heron, 1534, y. 302 ; Fox, 1931, p. 193). It should be remenlber- 
ed, however, that according to Diener (1915) the fauna of the 
Fenestellil shales has a highly individual character, with many 
forms which are confined to these beds, so that they cannot a t  
present be referred to any known Carboniferous horizon (Wadia 
1926, p. 367). Pox (1931, p. 193) writes " The Pe?zestella series 
(shales) of the Lidar valley are found between the Syringothyris 
lirne~tone (Lower Carboniferous) and the Panjal Agglomeratic Slate 
and Panjal tra.ps. If the Agglomeratic Slate is the equivalent of 
the Salt Range glacial boulder bed, i t  is evident that the Thabo 
plant beds of the Po area are older than Middle Carboniferous and 
may be Culm in age ". 

(b) The age of the Thabo plant=beds. 
The most important species of t.he Thabo stage are Rhacopteris 

ocata (McCoy) and S~henopteridium cf. furcillatum. For a deter- 
mination of the age of the series it is of no importance whether the 
latter specimen belongs to Sph.  furcillatum or to Sph.  dissectum ; 
the significance as to the age, i.e. Lower Carboniferous, would be 
the same. The otllcr more frequent species, Rhacopteris ovata, 
points to the same opinion and the Rhacopteris cf. t m n s i t i ~ n i s  of 
the Australian deposits too. If found anywhere in the worlcl- 
America, Europe, Australia-no palaeobotanist would hesitate 
a moment in identifying these strata as Lower Carboniferous 
characterized by true and clear " Arch~opterids " in the sense of 
Gothan (Lehrbuch 1921) exposing the association Ca~diopteris- 
Rhacopteris-Sphenopte~itlizim. A younger age as well as an older 
one is to be excludcd from discussion. So, too, a Micldle Carboni- 
ferous age (Wcstfa1i:in-Upper Namurinn in the sense of Heerlen) 
cannot be accepted a t  all. Zeiller was quite right in his opinion on 
the agc. Unfortun:~tely the confidence of many geologists in fossil 
plants as indices of geological age is not great. Bnt plants are 

* worthy of considcrat,iori as well as the marine animals, though the 
horizons embraced by tllern may be bigger or more extended than 
in the case of marine fossils. So we may not bc enabled to give 
indications about thc inore exact age within the Lower Carbonifer- 
ous. In Europe t,lllcy would be assigned most probably to the 
Vise formation (upper part of the Lower Carboniferous). On the 
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other hand we see by our Indian fossils that in the Lowcr Carboni- 
ferous the character of the flora all over the earth was nearly the 
same and well recognisable, even if the species of the different regiom 
are not exactly the same. The recognition of the Lower Carboni- 
ferous age in our case is much easier than it was in the dehrmina- 
tion of the age of the Chinese Lower Carboniferous plants (Gothan 
and Sze, 1933). 

The fact that the Rhacopteris in Europe are not so frequent ae 
they are in Australia and in the Thabo shales-Rhacopteris in 
Europe being an additional and rarer genus than Cardiopteris and 
Sphenopteridiu~n-is certainly due to a local peculiarity of these 
Gondwana regions. The character of the flora as Lower Carboni- 
ferous is clearly proved in both regions. 

IV.-SUMMARY AND CONCLUSIONS. 

A small collection of fossil plants from the lower part (Thabo 
stage) of the Po Series in Spiti is described, and the bearings of the 
flora on the geological age of the beds are discussed. While a 
fuller knowledge of the flora is desirable, the evidence a t  present 
available points as distinctly as possible t o  a Lower Carboniferoue 
age for the Thabo beds. If the overlying Fe~.estella shales arc of 
Middle Carboniferous age, the Po Series should be regarded as 
covering t,he period from Lower to Middle Carboniferous. 
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V1.-EXPLANATION OF PLATES. 

The photographs are all from untouched negatives. The original specimens are 
preserved at the Geologial Survey of India, Calcutta. 

PLATE 16, Ras.  1, 2.--Rhawpteris ovata McCoy Walkom (=Rh. incequihtera 
Fstm. non Goepp.). From a bed with marine fossils 
(Fenestella shales), 3 mile N. N. E. of Po, Spiti. Fig. 
1, nat.. size ; Fig. 2 x 2. K3/294. (Page 196). 

Ras. 3, 4.-Rhacopteris ovata McCoy Walkom (=Rh. incequilatera 
Fstm. non Goepp.). Thabo stage, 14 miles S. W. of 
Thabo, Spiti. Fig. 3 nat. size ; Fig. 4 x 2. K3/293. 
(Page 198). 

PLATE 17, Fras. 1, 2.-Rhacqterds ovata McCoy Walkom (=Rh. incequilatera 
Fstm. non Goepp.). Locality and horizon as above. 
Fig. 1 nat. size ; Pig. 2 x 2. K3/293. (Page 198). 

FIGS. 3, 4.-Rhacopteris ovata McCoy Walkom (=Rh. incequilatem 
Fstm. non Goepp.). Locality and horizon as above. 
Fig. 3 nat. size ; Fig. 4 x 2. K3/293. (Page 198). 

PIlATE 18, FIGS. 1, 2.-Sphenopteridium ? furcillatum Ludwig sp. Locality and 
horizon as above. Fig. 1 nat. size ; Fig. 2 x 2. 
K/293. (Page 197). 

FIG. 3.-Sphenopteris sp. Locality and horizon as above. x 2. 
K3/293. (Page 198). 
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POLISHED AND THIN SECTION TECHNIQUE IN THE LABORATORY 
OF THE GEOLOGICAL SURVEY OF INDIA. BY J. A. DUNN, 
D.Sc., D.I.C., F.G.S., M.M.G.I., F.N.I., Petroloqirt, 
Geological Survey of India. (With Plates 19 ahd 20.) 

CONTENTS. 

I.-INTRODUCTION. 
All thin rock sections for G-eological Survey of Iridia officers 

were made by hand until recently. The four section-cutters, who 
each averaged four sections per day, acquired such skill that thcrc: 
was little incentive to rnodernise the method, especially as some of 
these men accornparlied officers of the Survey during the touring 
season and made sections in camp, thus permitting petrological 
work to be done on the spot. Lately there has been a large increasc 
in the number of sections required during those months of the year 
when officers are a t  headquarters, and, as this is also the period 
when section-cutters proceed on leave, it became increasingly 
dillicult to keep up with the demand for thin sections. Much timc 
had also been taken up recently in making polished sections. It 
was, therefore, decided to lnechanise the methods. 

Since the introduction in recent years of the study of ore minerals 
by reflected light, polished sections a t  the Geological Survey have 
been made on cloth laps. With the change in the method of making 
thin sections i t  was decided at  the same time to introduce the Gra.t,on- 
Vanderwilt method of polishing on lead laps. Machines for both 
thin and polished sections, as well as for other purposes, were all 
constructed as parts of the one scheme. 
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The apparatus has been designed in collaboration with Mr. A. 
Lacamp of the Mathematical Instrument Office of the Survey of 
India, where the machines were made. To Mr. Lacamp must be 
given the credit for the ultimate results which, after a few minor 
initial difficulties, have proved eminently satisfactory. 

Briefly, the section-cutting machinery is erected on two well 
braced steel frame ta.bles (Plate 19, fig. I), each 6 feet long and 2 feet 
6 inches wide. On one table, arranged from right to left, are : (a)  
polishing machine, (b) cloth lap, and (c) fine grinding disc for thin 
sections. On the other table, in line with and to  the left of the first, 
and again arranged from right to left, are : (a) coarse grinding disc, 
(b) emery wheels, and (c) sample grinder ; there is spacc on this table 
for other small appazatus. Further to the left is a rock-cutting 
rnachine, using an armature-steel disc mounted with diamond dust 
--this machine is a remodelled rock-cutting machine, using carbo- 
rundun1 powder, which had becn almost completely worn out but 
was given a fresh lease of life with new bearings, shafting, pulleys, 
etc. A 2fr H. P. motor, previously available, supplies the power, 
driving all the above machines from the one main shaft. The 
design of the bearing brackets for the main shaft, seen on Plate 
19, fig. 1, was necessitated by exigencies of space. 

Each disc is driven off a ~ounbersha~ft with loose and fked pulleys. 
The vertical spindles of the discs have ball-bearings below, with an 
adjustment for taking up wear ; the top conical bearings are of gun 
metal. To prevent ' grabbing ', the disc for fine grinding has 
concentric grooves cut in its surface eccentrically to the disc centre 
and spaced half an inch apart ;  this is unnecessary on the coarse 
disc. Both discs are 99" in diameter. The polishing machine will 
be described later. 

11.-THIN SECTION TECHNIQUE. 

For the most part thin sections are made in the laboratory 
according to the usual procedure. The rock fragment is ground 
on one side to a smooth surface, then fixed with Canada balsam 
to the glass slide. To inake handling casier during grinding, the 
slide is fixed with parafin wax to a small square of thick glass, and 
ground down first on the coarsc, then on the fine grinding disc. 
When necessary they are finished by hand on a glass plate. 
Covers are fixed with liquid balsam and the usual labels attached. 
The rate a t  which sections can be made by each section cutter is 
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now a t  least three times that of the old speed. In  addition the 
amount of carborundum used has shown a reduction. 

For delicate work, such as rocks which break up readily, the 
fragments are usually heated in balsam for some time, until the 
pores are filled, before grinding. Recently, ill special cases, bakelite 
resiuoid has been used. This material, labelled R-0014, mld by 
Messrs. Bakelite Limited, Tyseley, Birmingham 11, England, is of 
the consistency of thin treacle and is' further thinned by alcohol 
in the proportion of 1 : 1. Acetone or other similar solvents of 
the phenol formaldehyde (bakelite), may be used, hut I prefer alcohol. 
Nine specimens a t  a time are treated ; each fragment is placed in a 
emall cube-shaped tin with 14" sides and the bakelite-alcohol solu- 
tion poured over it. The fragment is soaked in the solution, if 
necessary under vacuum! for one hour (the vacuum must be applied 
slowly, otherwise the solution froths over), then placed in a constant 
temperature oven a t  70-80°C. for G-8 hours, until the consistency of 
the liquid is so thick that i t  drips very slowly. The ~pecimen is 
then taken out, laid on a tin plate a8nd returned to the oven a t  70-80°C. 
overnight (about 16 hours), when the bakelite acquires a hardness 
rather greater than that of hard ntbher and all the solvent has been 
driven off, hut polynlel~isation is still incomplete. The temperature 
is now raised to 100°C. for 8 hours ant1 the l~akelite becomes extremely 
hard. These times vary with the age of t,he bakelite-resinoid, as 
also does the ultimate hardness of the bakelite. The curing should 
never be hastened by too rapid heating, as bubbles may form and 
the bakelite becomes brittle, whilst the mineral particles are not 
held so strongly. If, after subsequeilt grinding of one side of the 
fragment, all the pore spaces are not quite filled, the process may 
be repeated. However, so long as the pore spaces are well lined 
with a wall of bakelite this is usually sufficient. I have made excel- 
lent sections of kaolin by this method, using, of course, kerosene as 
lubricant during grinding. Sections of kaolinised granites from 
Mawchi, Burma, which could not be made by the older methods, 
were quite succe~sfully made with bakelite. 

Sections of sands or powdered rock may also be made by means 
of bakelite, using the liquid variety known as bakelite-cement,. 
(2-5280, a thick treacly licluid. An old section-glass with matte 
surface is broken in half, the sand or rock powder poured on as a 
thin layer, then gently covered with bakelite. The heat treatment 
is the same as before, but the first stage, at 70°C., is rather shorter. 
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The resulting layer of sand and bakelite on glass is then rubbed 
down to a smooth surface and fixed in the usual way with balsam 
to the microscope slide. The piece of glass is now uppermost and 
is ground away ; the bakelite and sand is then reduced to the usual 
section thickness. The tendency is for the bakelite to shrink slightly 
and the strain set up a t  the surface between the grain and hakelite 
grips the grain tightly. Under the microscope this strain in the 
bakelite a t  the interface can be clearly noticed as a thin hirefringent 
film, whilst the rest of the bakelite is isotropic. The resulting section 
is equal to  any normal rock section, but one must become familiar 
with the colour of the baltelite. 

The above technique of the treatment of bakelite is similar to  
that used by Mr. Paul Bird of Columbia University, to whom I am 
indebted for demonstrating his method to me. I have also to  thank 
Mr. G. H. Tipper, Mineral Adviser to the High Commissioner for 
India, for obtaining much information on the application and pro- 
perties of bakelite. 

111.-POLISHED SECTION TECHNIQUE. 

The prepa.ration of polished sections is pcrfor~ilerl in two stages : 
(a) mounting the specimens in bakelite, (b) grinding and polishing. 

Mounting iqz bakelite. 
In  the past a fragment of the specinlen has becn chipped off 

and ground clown with carborund~im and water to a, suitablc size, 
about $"-I" diameter and 3" thick. As i t  is probable that coarse 
grinding with carborundnm causes considerable sub-surface shatter- 
ing, requiring long polishing to removc the shattered surface layer 
especially where hard minerals, like quartz, arc also present, 
the surface to be polished will, in future, as far as possible, be cut 
by means of the diamond disc. 

Sometimes specimens are very friable, a,nd fr;~gruents of tin 
ores in particular have to  be soaked in bakelite before any griuding 
is done. But even where the specimen is not friable, i t  is advisable 
in the majority of cases to  soak the specimen in bakelite after the 
fragment has been ground to the requircd size. The method of 
impregnation and curing is precisely sinlilar to that used for thin 
sections. 

After curing is complete the surplus bakclite on the surface to 
be polished is carefully removed down to the lncrest film, and is 
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finally removed with rewashed 200-minute carborundum using a zinc 
plate on which fine grooves, spaced a" apart, are cut. The specimen 
is then ready for mounting. 

The bnkelite used for mounting is bakelite moulding powder 
of which several 1 arietiee were tried, a brown variety ( x 20) proving 
the most satisfactory. Other plastic materials, such as the cellulom 
acetate powders Cellomold and Rhodoid, should serve, although 
rather softer than bakelite. Owing to  absorption of moisture by the 
fibre filling in the bakelite during the rains in India i t  is preferable 
to  mount the specimens immediately before polishing. Tho bakelite 
is pressed around the specimen in a mould, a section across which ia 
shown in fig. 1. 

-4 is a hard steel cylinder carefully machined with a slight funnel 
taper in the internal diameter at the top, i.e., the top is A" more in 
diameter than it. is 2" lower. There is also a taper a t  the bottom 
into which is fitted a steel plug, H,  which has been machined to give 
a perfect contact. The cylinder is next screwed into a heavy steel 
base, C. The t.emperature of the whole mould is then raised to 
160°C., checlting i t  carefully with a thermometer placed inside the 
mould. The specimen, D, is then quickly dropped in, a measured 
amount of balcelite powtler, E, poured over it, a shaped brass plug, 
F, placed on top (a slnall tapped hole in the top of this plug, into 
which a thin threaded rod loosely fits, permits quick and accurate 
insertion), and finally the plunger, G ,  inserted. The whole is quickly 
placed under a rock hrealier, in lieu of a press, and the plunger 
screwed clown to the utn~ost pressure that two men can apply-at 
least three tons. The cellulose acetate plastic powders require much 
loss pressure and a lower temperature. The whole operation, from 
the inonlent the 1)akelite is dropped in, taltes only a few seconds. 
The lnould is t-hen left for four minutes, the press opened, and the 
monld cooled in water. 

The use of the lorass plug li' prevents the bakelite from squeezing 
up along thc sides of the cylinder as brass has a higher co-efficient 
of expansion t,han ~tcel .  The one defect in the mould shown is 
that thc hase, C, sllo~rld be thicker ; R need not be so thick. A 
further improvemc~nt wolrld bc to mind the mould with nu electric 
heating elcmcnt so that thc heat would be retained whilst the prcs- 
sllre is Lcing applied. It would also be preferable to construct a 
special prcss of two steel plates coqnected by strong bolts and wit4 
a screw or hyclrnulic jack. 
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The resulting bakelite mount in which the specimen iR set iu a 
cylinder, shaped like a draught-piece, 1A" diameter and about f 
thick. On the reverse side of the specimen the greater part of the 
centre is concave and has a $" diameter cup in the centre ; the raised 
edge prevents the mount from rocking on the microecope stage later, 
and the concave surface gives a receRs for the painting of registered 
numbers. 

When small fragments of ore or fine concentrata are to be 
mounted, they are first placed in the bottom of a emall flat-bottomed 
shallow porcelain dish, say la" diameter and a" deep (the dieh is 
first greased), and bakelite cement, (3-5280, poured over them. The 
bakelite is cured in the usual way, as for rock sands, until it ie ex- 
tremely hard. The ' button ' of bakelite and ore powder is removed 
from the dish simply by chipping off the solidified meniscus, when 
the ' button' falls away a t  once. This is then ground down to the 
requisite size and mounted as for ordinary specimens in the mould 
as described above. 

A very few minerals are affected by the heat treatment necessary 
with the above method; In such cases a blank of plaster-of-paris 
may be prepared, slightly larger than the size of the specimen, and 
the mount made over it. The plaster is then dug out, the specimen 
inserted and held in place either by sealing wax, balsam, golaz, 
Spence metal (pyrites and sulphur) or some such low temperature 
alloy as Wood's metal (50 per cent. Bi, 25 per cent. Pb, 12.5 per 
cent. Sn and 12.5 per cent. Cd, with melting point 68°C.)-the latter 
material is used a t  Harvard University, but is susceptible to etch 
reagents. Recourse to this procedure is, fortunately, rarely neces- 
sary. 

After removing surplus hakelite and bevelling the edge slightly 
with sandpaper the specimen is ready for the polisliin,o machine. 

1V.-THE POLISHING MACHINE. 

Metallographers may be inclined to look upon this method of 
polishing as unnecessarily complicat,ed. But the material which 
the petrologist is treating is vastly different from the alloys, in which 
the individual constituents have a fairly homogeneous hardness. 
In  an ore specimen, extremely hard minerals may be in juxtaposi- 
tion to soft minerals ; the rates of polishing vary enormously, and, 
with cloth-polishing, relief between adjacent minerals may be 
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considerhhle that other minerals occurring along the interfaces may 
be completely obscured. Photographic difl?culties a t  high magni- 
fication become pronounced. The method now describer1 provides 
an almost perfect plane surface with a minimum of relief between 
hard and soft minerals. Manual attention is also reduced to a mini- 
mum during polishing. 

Polishing with water as a lubricant on plates and on cloth is of 
the rolling grain type, i.e., the polishing medium polishes by rolling 
along and abrading the surface. This results in soft minerals being 
gouged out more clnickly than hard. By using soft laps, such as 
lead, the abrasive becomes fixed in the metal and polishes by finely 
cutting the minerals, and i t  is not possible for soft minerals to  be 
worn away much below the adjacent hard minerals. 

The principle of the method was worked out by J. W. 
Vanderwiltl and used first in the Graton-Vanderwilt machine a t  
Harvard. During 1934-35 I had spent some time studying methods 
of polishing in Germany, Paris, the United States, ' ~anada ,  and 
P-ustralia. I conclilded that the Vanderwilt method was undoubt- 
edly the best method for polishing ore sections, and I examined 
machines of this type a t  Harvard, Toronto, the Mines Department 
Ore Dressing Laboratory a t  Ottawa, the Lake Shore Mine a t  Kirk- 
land Lake in Northern Ontario, and a t  Melbourne University. Most 
of these machines are expensive, but the Lake Shore apparatus 
imprcssecl me hy its simplicity, particularly if i t  could be nlacle more 
compact and rigid. On returning to Calcutta, and after discussion 
with Mr. Lacanzp, we evolved the machine shown in text. fig. 2 and in 
Plate 19, fig. 2. This consists of a lap, 13" diameter, revolving anti- 
clockwise a t  170 r.p.1-n. -Above it, on either side of the centre, and 
spaced 7" apart, are two revolving heads also rotating anti-clockwise, 
but a t  184 r.p.m. Through bushings close to the periphery of each 
of these heads Fasa three spindles which each press, with the aid 
of lead weights, on to s bakelite-mounted specimen resting on the 
lap, the lower ends of the spindles fitting into the cup in the back 
of the bakelite mount. I n  addition, each spindle passes through the 
centre of a bmss weight which is fittcd over the bakelite monnt-- 
thc reason for this latter weight will be discussed later. As we 
wcre unable to afford the cost of patterns for castings, the greater 
part of the frame was fabricated from steel pipes and T-joints. 

1 J. W. JTanderwilt, " Improvenicnts in the polishing of ores ", Econ. QeoE. 23, 29?' 
(1928). 
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If lap and heads both move anti-clockwise and at  the seme revolu- 
tions per nlinute, the linear apecd of any cutting particle with reeped 
to the mount surface, assuming that the latter did not rotate on ita 
spindle, would be the same over the wholo surface of the lap from 
centre to outer edge. On this view the lap wear would be even. h 
it happens, the revolving. lap exerts s turning moment on the 

n 
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3'10. 2.-Section through weighted apindle and mounted specimeu. 

specimeu mounts and rotates them anti-clockwise on their own 
axes, the spindles, hence the ultimate tendency is for the linear 
speed of any abrasive grain with respect to the mineral surface to 
be less a t  the outer edge of the lap than a t  the centre, and the lap 
will tend eventually to become dish-shaped. Allowance was made 
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for this tendency by making the r.p.m. of the revolving heads 
slightly greater than the r.p.rn. of the lap. 

It will be seen that there are a t  least three various movements : 
the lead lap moving anti-clockwise under the specim~n ; the specimen 
moved by the revolving head also anti-clockwise (i.e., in the same 
direction as the lap on the outer edge but a t  little more than half 
its linear speed, and in opposed directions towards the centre of the 
lap where the latter's linear speed is reduced to nil) ; and the rota- 
tion of the specimen itself around thc spindle as a result of the anti- 
clockwise moment imparted by the lap. Any pa~ticular polishing 
grain has, therefore, a very complicated and always varying direction 
of movement relative to any point on the surface of the specimen. 
Polishing by this method is by reduction of microscopic scratches 
of constantlp diminishing size and the above movements ensure that 
the scratches are ever varying in direction. 

When installed the driving motor was rated a t  600 r.p.m. 
but in actual fact its speed proved to be 720 r.p.m. The polishing 
machine was designed for rotation of the lap a t  200 r.p.m., hence 
its actual speed became 240 r.p.m. and that of the heads 260 r.p.m. 
This proved too fast, and there was an apparent tendency for the 
specimens to roll around on their edge, as the machine was not a t  
first designed with the lower brass weights into which the specimens 
and spindles are now fitted. The fact that the central driving 
spindle of each of the two revolving heads was not in perfect adjust- 
ment with respect to the lap but permitted a difference in height 
of about 6L4" between the revolving heads and the outer edge and 
centre of the lap, added to the tendency of the weights to lift. A 
smaller pulley on the counter shaft reduced the speed of the lap to  
170 r.p.m. and the heads to 184 r.p.m. ; in addition brass weights 
were fitted immediately over the specimens, still permitting the 
latter to revolve, however. This completely cured the trouble. 
Whereas originally the tendency had been for the specimens to  
polish from the outer edge inwazds, they now polish from the centre 
outwards (the surface from coarse grinding is rarelv perfectly flat)-a 
highly satisfactory result, indicating that the polished surface 
approaches a plane and not an obvious flat cone a5 before. This 
tendency to form a conical surface has been found in this method 
of polishing elsewhere and has been explained by the lap dishing as a 
result of slightly greater wear in the centre. Although dishing is 
iindoubtedly a contributary cause, the main explanation is more 
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probably that given above, i.e., with high speed and cen t ra l id  
weighting of the specimen mount the latter tend8 to roll around 
on its edge rather than maintain perfect flat contact with the lap, 
particularly if the adjustment between lap surface and revolving 
heads is not perfect. The lower brass weight distributes additional 
weight around the edge of the specimen. It is alao advisable after 
each change of lap during the three stages of polishing to inuert 
the same mount under the  same bras6 weight and spindle; each 
brass weight and spindle has its own idiosyncrasies which i t  is prefer- 
able to maintain throughout polishing. 

It is obvious that with these weighted heads six ~pecimens must 
be polished a t  a time in order to  elin~inate vibration ; if a lese 
number is required one head must be fully loaded with three speci- 
mens. 

The polishing process is divided into three stages, a different 
lap being used for each stage : (a) a cast iron lap using abrasive of 
average size 8-10 microns and maximum size 15 microns ; ( b )  a 
lead la3p using abrasive of not more than an average size of 
3-6 microns ; (c) a lead lap using abrasive of maximum size 1 micron. 
I n  each case the lubricant consists of one part nujol to three parts 
kerosene, the proportion advised by Vandermilt. I am doubtful 
whether the kerosene does any real work as a lubricant, as Vander- 
wilt believes, a t  any rate not in the tropics, for i t  evaporates within 
a few minutes of spreading i t  on the lap, leaving the nujol alone 
to do the work. I ts  value lies in thinning down the nujol, permit- 
ting the latter to spread with great rapidity on the lap surface, thus 
providing a remarkal)ly thin and even film to hold the polishing 
powder. The abrasives are sized in t.hc laboratory by a method 
to be described later, and are made up in tubes for use ready mixed 
with the lubricant. An amount which could be heaped on to  the 
little fingernail is applied by means of soft tissue paper (toilet paper 
is ideal) and is sufficient for a full day's polishing. 

Each lap is grooved concentrically to eliminate ' grabbing' . 
In the iron lap the grooves are wide, :6" deep, with round bottoms 
to facilitate cleaning, and are spaced 3" apart. The grooves in the 
lead laps were also spaced evenly a t  first,, but in spite of the higher 
r.p.in. of the heads to allow for the tendency to greater wear in the 
centre, slight dishing tJ001i place. To compensate this tendency 
the groove spacings were nmdc wider in the centre than a t  the edge. 
The following are the radii of the grooves, starting from the centre 

0 ? 
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31. 113~ 1 2 l n  2 9 n 22 art 3 11 315" hole which is 6' radius : B 9 , 3 9 , , , 3 2 , 33-a , 3 a 
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lap). A t  the cent,re of each lap there is a 14" diamcter hole q" deep 
and the specimens project slightly over the edge of this depression 
as well as over the outer edge of the lap, thus permitting complete 
and even wear over the whole lap. The laps have to be refaced 
a t  long intervals, whenever necessary, as the grooves become worn 
down. 

The first polish on the iron lap takes up to one hour. The type 
of polishing on this lap is partly due to  rolling grains and partly to  
cutting. The lap should retain a reflecting surface from a minute 
or so after starting, with a suggestion of greasiness, and should give 
a slight greasy smear on the fingers when touched. With each 
fresh group of specimens the grooves should be brushed with a stiff 
brush and every few days they should be completely cleaned out 
with soap and water. The correct amount of oil on the surface is 
rapidly judged by experience ; with too much oil the surface of 
the specimen becomes badly scratched. On the iron lap better 
results are obtained by using more oil than is used on the lead 
laps. 

Hard minerals, such as pyrite, attain quite a good polish on the 
iron lap ; softer minerals, such as galena, nay be covered with 
scratchea, whilst others, such as chalcopyrite and sphalerite, may be 
covered with minute pits giving a matte surface. It is useless pro- 
longing the time with the hope of increasing the polish on minerals 
like chalcopyrite, for the pits cannot be removed on the iron lap. 
It should be remembered that, on the iron lap, we are polishing 
partly by rolling grains, a mechanically different process fronl the 
polishing by fixed paills on the lead lap. By using a rather dry 
aurface hard n1iner::ls may be polishccl on this lap, but i t  should be 
remembered that harsh t,reatnlent will deeply pit and effect tllc sub- 
surface of brithle nlinerals lilic pyrrohotite and cl~ol~opyrit~e, pasti- 
sularly with the rise in tenilwratt~rc of ;L dry lap. It is safer t o  Iw 
content with a flat surface on the sppcinlcn, ant1 with r e m o ~ - ~ ~ l  of 
deep scratches and pitfi. 

I t  is n good idcn, in many cascs, to clean the lap a1lc1 lrsc a finer 
,zLr,zsivc, of say 6-8 mic.l-ons, ;~fttlr tllch ii r s t  :it;~g>(l. Altvrn:~ t ivtbly, 
I have found t l ~ a t  rul,billg for lcss t,ll:\ll ;I ~ ~ l i i ~ ~ i t ~ ~  0 1 1  :L zi11~: pl;~tc' 
with 8-10 micrm t~brasivo i111tl wiitcr 11i1s :al l  exc.oll(~nt chifc~t i r ~  
removing any remaining 4:on l.so scrattc.l\cs. 
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The specimen should now be carefully examined with s lena. 
If any minerals present show a, tcndency to comc away along cleav- 
ages or intergrain surfaces, the specimen surfacc should be covered 
with a thin film of bakelite resinoid solutiorl in alcohol. In  applying 
this solution, drop the liquid on one spot, then let it sprelrd over 
the surface, scrape off excess, then cure a ;  before. After curing, 
the specimen should be polished on the iron' lap for the briefest 
possitjle time just to reinove the Lakelite film ; i t  is very important 
that this polishing stage should not be unduly prolonged, otherwbe 
sub-surface shattering will go below the bakelite resinoid penetration 
and re-impregnation will be necessary. 

I n  one day of six hours thirty specinlcus havc bcen polished on 
the iron lap without making any particular effort to hasten thc 
work. 

The next stage is on the first lead lap, and the surface of t b  should 
be slightly less greasy than that of the iron lap, i.e., just sufficiently 
greasy to  leave a faint trace of oil on the 'ringers when touched. 
With too inuch oil the specimen surface becomes scratched, and relief 
between hard and soft minerals will appear ; with too little, the lap 
surface is roughened as a result of grabbing and the specimen surface 
may also be damaged. The best procedure I find is to first smear the 
thinnest possible film of lubricant over the lap surface with tllc 
fingers, then apply the abrasive paste with toilet paper, evenly. 
This avoids excess oil. The amount of abrasive m-wt be a nlinimun:, 
no more than can be piled on the little finger-nail. During the first 
hour until the correct film of nujol is acquired, one or two inspections 
are advisable, but after that a smear of oil with the finger once an 
hour is about sufficient. The grooves should be brushed out occa- 
sionally and the surface wiped once a day. About once a fortnight. 
the lap should be thoroughly cleaned with either soap and water or 
with fairly strong sodium hydroxide ; a quick wipe with very dilute 
nitric acid (one part strong nitric in ten parts of water) will help 
to keep the surface in condition and remove excess abrasive. Above 
all, perfect clea?diness iu essential. Atmospheric dust, particularly 
around grinding machinery, is coarser than the polishing powder 
used, and it is therefore imperative that the machine be covered. 
Once a coarser powder has been used on the lead lap it should be 
theoretically impracticable to use a finer abrasive without re-machining 
the surface of the lap, but I have found that a careful wipe 
with dilute nitric acid removes the coarse material sufbciently to 



220 Rmxds of the Geohyiml Survey of India. [ VOL. 72. 

give suitable results with the finer powder, providing that the 
difference in size is not considerable. 

Once the machine is started the lead lap can be left alone for 
two to three hours, apart from adding an occnsional smear of lubri- 
cant witah the finger. The opportunity may be taken a t  this time 
to examine the progress of polishing. Some specimens may be 
completed and others- may be added in their places, but usually 
six hours is necessary. The rate of polishing is, of course, that of 
the hardest mineral present ; any relief from the iron lap must be 
eliminated on the lead lap before polishing of the softer minerals 
can be commenced. Frequent starting and stopping of the lap 
should be avoided, because it is a t  such times that most of the 
scratches appear on the specimen. 

For many minerals the polishing is complete a t  this stage, but 
for easily scratched minerals, like galena, the final lead lap must 
be used with the finest possible abrasive of maximum grain size 
1 micron. Scratches arise usually from fine specks of mineral or 
bskelite breaking away. 

As abrasives I have used both emery and carborundum on the 
cast-iron and first lead lap with satisfaction. On the final lead lap 
I much prefer tin oxide whenever possible, as it polishes most 
minerals so readily, but I find that tin oxide is quite useless oil certain 
iron oxides as i t  pits them badly, even destroying any polish 
that they might previously have acquired. The reason for this is 
obscure ; i t  may be due to some combined chemical and percussive 
action under pressure. When i t  is noticed that a mineral is not 
steadily improving in polish another powder should be used. I n  
the case of the iron ores I find that either eniery or " Shamva metal- 
lographic powder" is suitable--the latter is somewhat coarse, but 
fortunately the hardness of the iron oxides does not necessitate the 
finest powders. 

Between each stage the specimen should be cleaned with cotton 
wool. Finally i t  should be cleaned with xylol, but should not be 
touched with the fingers. 

Certain minerals, such as pyrrhotite and sphalerite, are. very 
difficult to polish because, being brittle, pitting is severe in the 
early stages. Indeed, a satisfactory surface can rarely be obtained 
with pyrrhotite. With galena, i t  is often difficult to remove the 
final scratches, but a few seconds on a cloth lap will complete the 
polish without materially affecting the relief. 
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For storage the sections are placed in shallow drawcre (one inoh 
- 

deep) on the bottoms of which green baize is spread ; the polished 
surface is faced downwards to minimise tarnish and the rcgietered 
numbers are uppermost. The numbers are painted on the mounts - 
immediately after they are moulded. 

A few words as to dficulties. There were the ueual troubles 
attendant on first starting up new shafting, pulleys and belts, but 
all were eliminated in a week or so. The polishing machine pulleye 
and belts gave the most t.rouhle because of the great weight 
of the lap, but its idiosyncrasies were soon understood and corrected. 
After a few days the specimens acquired a spasm of ' grabbing' on 
the lead lap and throwing off, damaging the surface of the lap. One 
possible cause after another was eliminated until i t  was found that 
the revolving heads had moved out of adjustment. They were in 
as nearly perfect adjustment as possible when first started, and I 
have been unable to understand even now how the adjustment 
had altered ; the new adjustment required new holes to be drilled 
and tapped in the frame to takc new holdiug screws. This trouble 
also forced me to  examine minutely the action of the specimens, 
spindles and weights during rotatiou, leading to the discovery that 
the speciinrns tended to roll on their edgc. The addition of brass 
weights fitting over the hakelite inounts completely eliminated 
this. If desigiling another of these machines I would have the 
weighted spindles inclined a mii~ute fraction outwards a t  the lower 
end so that the weights would tend to bc forcetl down rather than 
up during rotation. Better still, the weights could be replaced by 
strong springs. 

A contribut,ory cause of lifting of the weights was that the recese 
in the back of the specimen niolmts, as first madc, was V-shaped, 
as in fig. 3(a) ; this shape pernlitted t,hc apindlc ends to ride up on 
tlls side of the recess. Rlount,s ~vit,ll a vert.icn.1 sided cup were later 
used as in fig. 3(b) ,  and mounts already nlade were drilled. I n  tbie 

3 ': I-- .- - 1 -- -- - - -:' 
16 

I I 

FIG. 3.--Section through mounta. 
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respect others may find i t  useful to  know that carbon tetrachloride 
is an excellent lubricant for drilling bake1ite.l 

A further improvement wrould be in the laps themselvc~s. As 
designed, each of these is cast on to an iron base or tnrntahle, which 
is screwed to the vertical spindle. It would be prefcrable, a,nd 
cheaper, to have the one turntable, on whicll can be laid different 
plates or laps-one of cast iron ancl two of lead-adjusted for 
ho r i~on ta l i t~  from below by three set-screws passing through thr; 
turnfable. 

V.-SIZING THE ABRASIVES. 

Apart froill as perfect a machine finish as yoasiblc on the laps, 
the most important itein is the usc of well sorted al~rasives. The 
best and finest of the usual commercial abrasives are badly sized ; 
for example, in 200 minute carborundum, the average size was 12-15 
microns, a considerable proportion extended dowrl to 1 micron, 
whilst a number of occasional grains were even as large as 60 microns. 
At any stage in polishing nlost grains below the averagc are doing 
no work, whilst larger grains are undoing a11 the polishing by deeply 
scratching the surface. It was quite inlpossible to use the com- 
mercial powders as sold. Magnesia can be used as bought, for the 
grain size is 075-1 micron, but this is only suitable for the filial stage 
for soft miwrals, and would require an iinpossible time for polishing 
hard minerals. The same may be said of Tonerde. 

An apparatus was fitted up exactly on the Lines of that used by 
J. W. V a n d e r ~ i l t , ~  see Plate 20, fig. 1 ; starting from the reservoir (1) on 
the left, the suspended abrasive passes through a continuous siphon 
consistiug of a series of sealed jars (3-7) increasing successively in 
diameter, so that the current of water is reduced from jar to  jar, 
and finally emerges into jar No. 8. The sludge which settles is 
successively finer in each jar. The inlet tube of each jar is taken 
to within a short distance of the bottom ; the outlet tube takes off 
from about one inch below the bottom of the cork. The water 
above the outlet should be clear in each jar, acting as a visible check 
on convection currents, for if these ase prcsent the water above the 
outlet becomes turbid, indicating the possibility that coarser grains 

'Shop sad Laboratory, Vol. 1 (5), p. 8, published by the Mico Instrument 
Go., Cambridge, bTassnchussetts, (1937). 

J. W. Vanderwilt, " A laboratory method for grading abrasives ", Rwn. Qeol., 24, 
Pp- 853-859, (1929). 
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are being carried over. Passing through the cork of each jar ie a 
third tube which just reaches the base of the cork and is closed at 
the top end by rubber tubing and a pinchcock ; these tuhes facilitate 
the withdrawal of air from thc jars when &st starting the siphon. 
Pinchcoclzs and T-pieces Are inscrted also in the tubing connecting 
the first thrce jars in order to start the siphon with the minimum 
difficulty. The tubing used is 7 mm. bore, except the last, which 
is 5 mm., to  give a better cotltrcl of the current. The current is con- 
trolled from thc end of this last tube and varies from 60 to 180 drops 
per minute depending on the specific gravity of the abrasive being 
sorted. I find that i t  is quicker to put all the powder available 
through first with a strong current, then collect the sludge in jars 
3-8 and put i t  througll with a slow c~zrrent. Any sludge in the wahr 
in jar 8 is allowed to sct,tle as inuch as possible and the water 
returilcd tJo the circuit ; tlle final rate of current is such as to give 
powdcr of 1 micro11 or less in jars 7 ant1 8 varying up to G ~nicrons 
in jar 3. At the end, tlle finest sludge has to be settled by adding 
1 C.C. of nitric acid to 1 litre of water. 

The water in thc reservoir is kept stirred by a small paddle drivcn 
by a length of fishing twine off a small pelton wheel connected to 
the tap. It could be lcft going all night with a laboratory attendant 
to come along every few hours to refill the reservoir. 

Tablc 1 gives details of the jars and of the size of emery particles 
which settle in them when the current is 100 drops per minute. 

Two points need attention : (a) there must be no sharp kinks or 
depressions in the rubber tubing connecting each jar, and (b) the 
corks must be sealed with p a r a 5  wax and held down with atring, 

. 
Jar. 4 

Diameter of jar . 4' 

Height between inlet and out- 4" 
let tubes. 

Height of inlet tube above 9" 1" 
bottom of jar. 

Size of emery settled 4-4p 
jar. 

6' / 7' 

7' 1 1(Y 

I I 1 
I 

0'' f I vl 
I i 

+3p i - 2 . 6 ~  1 +le5p 

I I 
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otherwise the head of water will force them off and the whole opera- 
tion be destroyed. Thoroughly clean jars a t  thc start are obviously 
essential. 

The proportion of abrasive to water was 60 grams to one litre 
of water, but with accumulatiou of coarse material in the reservoir 
this increases consiclerably. In rewashing the sludge from jars 
3-8, the consistency is kept rnore or less constant i:i the reservoir. 

This procedure rnay seem to be a troublesome method of 
obtaining well-sized abrasives, but i t  is the only inethod of accur- 
ately sorting such small particles. The usual forms of elutriator 
do not permit of sufficiently quiet settling to give well-graded powders 
of these minute climensions. Anyway, the excellent results in 
polishing fully justify the trouble taken and i t  shonld be remembered 
that a very little powder goes a long way in polishing. 

VI.-THE ORE MICROSCOPE ASSEMBLAGE. 

Plate 20, fig. 2, shows the ore microscope, arc lamp, cooling ccll and 
lenses as fitted up for use a t  the Geological Survey of India. This 
assemblage is more or less a permanent fixture on green baize, and 
when not in use is covered with a glass frame, permitting i t  to be 
brought into use in a few seconds. 

The microscope is a Reichert. Two of these ore microscopes 
were purchased some years ago ; I would m~ich prefer the Leitz 
MOP model. Two things are essential for this work, exoellcllt 
polarising and perfect definition a t  high magnification, properties 
which the Leitz model possesses in advance of any other rnake of 
ore microscope which I have handled. However, by removing 
parts. of the Keichcrt and using an arc lamp instead of the attached 
incandescent bulbs, the Reichert has proved quite satisfactory, a t  
least so far as polarisation effects arc concerned, but definition a t  
high magnificatiou leaves much to be clesirccl. 

Clear polarisation effects can only be obtained with intense 
illumination. For this reason I use an atrc laup, and with the analyser 
out reduce the light intensity with several screens. Naturally, 
mineral colours will vary with the screeus used, but as the screens 
are constant the eye ljecomes adjusted to their effects. 

The technique of ore examination is almost entircly optical. 
With care perhaps 70 per cent. of the ore mirlcrals can be identified 
by hardness, typo of surface, cleavage, colour, reflectivity, reflection 
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yleochroism, internal reflection, twinning, and bi-reflectence colours, 
or the pofl~ibilities are reduced to a minimum. When necessary, 
recourse is had to Short's series of etch test8 or to other special etch 
tests in the case of the oxidee. If there is still doubt, nlicrochemical 
tests, following Short, are done on t,he sulphides,l and on the acheme 
suggested by Watson for the oxidm2 The reagents are kept bandy 
and ready for use. Microchemical tests are often a trial of patience 
in the hot weather and rains in this country ; one is dealing with 
ciroys &" to 3" diameter, which dry within a few seconds in the 
hot weather, whilst the handling of minute quantitie~ of deliquescent 
salts in the rains is a. difficulty. 

For microchemical tests a ninute amount of mineral powder is 
excavated by means of a dental hammer drill. Originally a rotating 
dental drill was used, ' but a percussive type was obviously desirable 
for hard n-Linerals. I was about to have a magnetic vibrating needle 
made according to a,n excellent pattern designed by Mr. Spencer 
ISl'ann of Melbourne University, when Dr. Heron suggested adapting 
an ordinary dentist's mallet.. By fitting fine gramophone needles, 
this has proved eminently setisfactory. 

For stea.cliness, Dr. &I. Ha.ycock of Ottawa fits the rotating needle 
to  a stand over the nlicroscope stage and raises the mineral up to 
the needle, which has previously been brought int.0 focus. However, 
the ma.llet type call be held reinarkably steadily without any 
difficulty, but perhaps age will later change my opinion. 

VI1.-THE MICROSCOPE CAMERA. 

The la.rge horizolltal type of polarising metallographic camera 
was beyond.the means a t  our disposal. The cheaper forms of camera, 
which are attached to the microscope tube, are unsatisfactory, as 
slight change in focus is unavoida.ble when changing the screen for 
the pla.tes. A new design was submitted to the Mathematical Instru- 
ment Office, where i t  was made. The camera consists of a bed 
of 17-ply wood screwed to four legs each with adjustable pin-pointed 
feet which can be locked. The camera bellows is fixed to the 
centre of the bed and slides on a stout brass column to one side. 

111. N. Short, " Microscopic determination of the ore miuerals ", U. 8. Cfeol. Surv., 
Bull. 825, (1931). 

2 J. A. Watson, " Colour reactions in the uicrochcmicol determiuetion of minerale ", 
d l i t l ~ r .  Mag., XXIV, pp. 21-34, (1932). 
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Through the centre of the bed passes a removable brass nose-piece 
designed to give considerable lateral movement and yet permit 
no light to pass except that corning through the microscope. The 
laterally movable lower part of this nose-piece is rnacle to fit lightly 
but snugly over the microscopc tube and is linecl ~vi th felt. 

To take a photo the rlose-piece is pulled out fro!~l inside 
the camera, the latter is placed centrally over the microscope and 
tho nose-piece pushed in and down over the microscope titbe-aln 
operation taking a few seconds. The ground glass is slit1 011 and the 
usual operations gone through. 

The camera is remarkably stable; there is not the slightest 
vilxation so long as one keeps reasonably still, and tlw res111ts have 
beon eninently satisfactory. My only conlplai!~t is t.Jl;tt the 1). C. 
lighting available in Calcutta prevents the use, without consider- 
able trouble, of a more suitable form of irltrnse illrunination than 
the arc lamp, in which the wandering of tllc bright spot sonletin~es 
gives rise to a dark patch in one quadrant of the iielcl whilst an 
exposure is being made. 

For plates I prefer anti-halo chromo isolar wile11 available, other- 
wise isochrome, sold by Agfa,. Considerable use is made of colour 
screens, particularly of blue, orange and rcl. An intr:nse illumina- 
tion is used, keeping the exposure around 10 seconds for ordinary 
light and up to say 1 minute for crossed nicols or with deep 
colo~ir screens, because I find that the longcr the exposure the 
greater is the effect on the plate of any light reflected from internal 
parts of the microscope. 

V1II.-EXPLANATION OF PLATES. 

PLATE 19, FIG. 1.--Section machines assembled on tables. 

PIG. 2.-Polishing machine (celluloid cover raised), ont: wcightod spindlc 
and specimen removed and resting on tslrle. Cloth lap to 
left, with trough removed ; the cloth lap is used for lernoving 
tarnish and polishing rocb.  

Pum 20, FIG. 1.-Apparatus for grading abrasive powders. 

Fxa. 2.-Ore microscope and apparatus, with carneru in position. 
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I n  the retiirns of mineral production in the North-West Frontier 
Province, production of limestone has been recorded intermittently 

in past years from Ghundai Tarako (34" 13' : 
Previous produrnon '72' 25'): a hill forming part of the boundary 

recorded. 
. between the Svabi tahsil of the Mardan dis- 

trict and the Bulier tract, of Swat. The main peak of the ridge 
has an elevation of 1,673 feet above sea.-level. 

My various reports submitted to the Government of that Province 
concerning the niarble and limestone occurrences I visited in the 

Mullagori country of the Khyber Agency and 
Former paper. in t.he SivaFi tahsil of the Mardan district, 

h3ve bee11 sumniarised in my paper on " Marble of the North-West 
Froritier Province " (Coulson. 1936). This present paper is supple- 
n1ental.y t,o the former, bnt for pnrposes of comparison, frequent 
reference has b ~ e n  made to opillio~ls concerx~illg the quality of the 
Khyber ant1 8nrnbi marble cspreswd therein. To the best of' niv 
kuonrlcdge, there l ~ s  been no preciolls record of the Gliundai Tarako . 
ii~arble, apart fro111 the brief inc~~tion inade in lny previous paper 

(Coulson: 1936. p. 343). I visited the Gllundai 
Date of visi l .  Tarako in April, 1037. and this paper has beell 

delnvcrl in order to  include the annlj~ses of the varions samples I 
collcctctl, which have kindly been ~nntle for 111c ill the 1,ahoratorv 
of thc (:colopicrrl Survey of Indiir. 
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11.-GEOLOQICAL NOTES. 

The ridge of Ghundai Tarako is composed of altered grey lime- 
stones, probably Carboniferous in age, similar to the limestones 

responsible for the Shahidmena (34" 9' : '71" 
marble formed by 17') and Kambela Khwar (Khyber) and the 

metamorphism of grey 
Carboniferous limestone, Maneri (34" 8' : 72" 28') (Swabi) marble. AS 

before, the metamorphism has been caused by 
the intrusion of epidioritic and amphibolitic rocks and i t  is possible 
that the process has been aided by the intrusion of the Buner granite. 
What appear t,o be granitic veins may he seen in the south-east end 
of t.he ridge. This Buner granite, a biotite-granite with 74.30 per 

cent. of silica, crops out over a very large area 
Buner granite. in the Swabi tahsil of the Mardan district and 

the Buner tract of Swat to the north and north-east' of Ghundai 
Tarako, and i t  is possibly associated in origin with the soda-granite 
suite of Shahbazgarhi (34" 14' : 72" 10') and Patigate Sar (34" 9' : 
71" 227, which I have described elsewhere [Coulson, 1936, (I)]. I 
propose to discuss these acidic rocks and the muscovite-granite of 
Malakand (34" 34' : 71" 66') in a separate paper. The general strike 

Strike and dip. 
of the ~ h u n d a i  ~ a r a k o  varies from N.W.- 
S.E. to  N.N.W.-S.S.E. There is a definite 

cross-jointing. The dip is usually about 45" to the north-east or 
N.N.E., but i t  changes. Thus a t  the south-east end of the ridge, 
the dip is to the 8.S.E. 

The anlphibolitic and epidioritic dykes vary in size, but instead 
of anastomising as in the case of the Ma'neri marble, they usually 

have a strike transverse to that of the limd- 
Amphlbolitic rocks. 

stone, i .e . ,  E - 8 . .  Sometimes they are 
three or four feet across ; a t  others they have thicknesses up to 12-15 
feet or more. On the whole, one does not meet many basic rocks 
(certainly less than a t  Maneri) and this is one of the reasons why I 
think the Buner granite hams had a fair amount to do with the meta- 
morphism. I n  the case of the meta~norphism of the limestolles to  
the south-west of A~riankot (34" 16' : 72" 26'), a few miles N.N.E. 
of Ghundai Tarako, there has been infiltration of siliceous material 
from the granite with the formation of calc-schists. It will 
be remembered that I suggested (1936, p. 333) that as yet un- 
exposed masses of the biotite-aegirite-arfvedsonite-granite may have 
assisted in the metanlorphisnl of the limestone to marble at  Shahid- 
mena. 
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Analyses of other In Table  2, analyses of othcr marbllr and 
marble and dolomite. dolon~itc are given for compnrisoi~ :-- 

TABLE 2.-dnnlyses of marble ~ l i d  tblomide ~ T O W  the l ihyber ,  M ( ~ r d n n ,  
Jodhpur, I taly and the KurrawL. 

I. (491462) White saccharoidal marble, lower quarry, Shahitlmena, Mullagori country, 
Khyber Agency, North-West Frontier Province (Coulson, 1936, p. 335). 

11. (491845) White saccharoidal marble, 1) miles W.S.W. Lowaramma, Kambeln, 
Kbwar, Mullagori country, IChyher Agency, North-West Frontier 
Province (Coulson, 1936, 1,. 337). 

111. (491475) White marble, Mancri, Rmabi tahsil, Marclan diatric-t, Korth-West Frontier 
Province (Coulson, 1936, p. 342). 

IV. (421562) Marble, Makrana, Jodhpur State, Rajpntt~na (Heron, 1935, 1). 326). 
V. (--- ) Marble, Carmra, Italy (Her011, 1935, i6i.l). 

BI. (491456) White crystalline dolomite, Zeran Tangi, east of l'amrltirl:~r, Kurmm 
Agency, North-West ]+ontier Prnvintae (Coulson, 1936, 1,. 34.1). 

It will he noted fronl n stucly of t , h ~  fignrchs in t,hescl t,nl)lcs that  
t l ~ e  snulples of limestone, 111:~rhlc a,ntl tlolorni t o  fro111 Crllllncla i T a , ~ l < ~  

are of excellent clnalitv ; in no cnw docs their 
*I' sanlp'es Of silica rontcnt excrnl one pchr rent.  or tllcir lent quality. 

con~bined iron a n d  :r,luminn 0.75 per cent,. 

I1 

49/485 

Per cent. 

0.06 

0.18 

54.40 

0.88 

43.69 

. . 
- 

99-21 

I11 

49/476 

Per cent. 

0.04 

0.05 

55.86 

0.33 

42.58 

. . 
-- 

98.86 

- 
2.71 

Column number. 

Rock number. 

SiO, . 
Fez 0, +A12 0, 

CaO . 
Mg 

Loss on ignition 

P, 0, . 

TOTALS . 

I 

491462 

Per cent. 

0.02 

0.10 

54.60 

1.61 

43.86 

. . 

100.19 

IV 

42/562 

Per cent. 

0.46 

0.04 

56.08 

0.90 

43.28 

. . 

100.76 

-- 

2.73 Specific gravity 2-72 1 2.70 

' V 

. . 
- 
Per cent. 

trace 

0.11 

55.64 

0.41 

44.17 

trace 

100.33 

- 
. . 

VI 

49/456 

Per cent. 

2.04 

0.84 

30.77 

20.42 

43-86 

. . 

97.93 

2.90 
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According to the analyses in Table 1, two prep stanes from the 
southern end of the ridge are tlolomites in composition. Onlv one 

Presence of dolomite. 
of these (61/191), however. h A n  t,ho h h  specific 
gravit,y characterihc of that rock. Thou~ll  

0 

preen and yellow serpenti~lous marble with 7-34 per cent. of magnesia 
was recorded from Maneri, I noted none of this handsome colourd 
stone bordering the baeic dykes intrusive into the marble of Ghuntlai 

Quality of Ghundai 
Tarako. The grey limestone and the white 

Tarako marble equal to saccharoida1 anfl finely crystalline sample,! of 
that of Khyber an* ma.rblc from Ghundai Tarako are of quality 
Maneri marble. 

equal to the best a t  Shahidmena, in the - 

Kamhela Khmar, or at Maneri, and compare favourably with the 
Makrana marble of Jodhpur and the best Italian marble. 

1V.-QUARRYING NOTES AND RECOM!HENDATIONS. 

Abundant marble of good quality is available a t  Ghundai Tarako, 
hut care should be taken in the selection of sites for development. 

Thus rainwater contairing ferruginous salts 
from the decomposition of the basic dykes has lng. 
been responsible for a lot of iron-staining, 

which has penetrated a fair distance into the marble in places. There 
also seemed to be cubes of pyrite in some of the white marble. This 
mineral would, of ,course, have to be carefully avoided as marble 
containing i t  will stain by oxidation of the pyrite. The percentage 
of sulphur found in specimen 511194, however, amounted only to  0.02. 

The Ghundai Tarako marble has been worked in the past by 
local Khuttacks and taken by donkeys to neighbouring villages such 

as Nawe Kalai (34" 13' : 72' 207, Shekh Jana 
working of (34' 13' : 72' 21') Spinkani (34' 14' : 72" 22') 

marble. 
and Shewa (34" 15': 72" 31') to burn for 

lime. The cost of a pa&, a heap of pieces of stone of about four cubic 
yards (six feet long by sir  feet wide by three feet high), delivered 
in Shekh Jana', which operation apparently takes one man about 
four days to complete, was quoted as Rs. 7. To Nawe Kalai, but 
a mile further, the cost was stated to be Rs. 10, as the operation 
takes s i r  days. This indicates the primitiveness of the methods of 
extraction and transport so far used and i t  is obvious that the surface 
of the marble has only been scratched. 

1 Shckh Jana is only about 4 t  iniles west of Ghu~~dai  Tarako. 
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The cross-jointing might a t  times be inistaken for the dip. Thus 
near the main peak, the chief joints dip to the south-west. Hoaever, 

the foliation of such of the banding as the 
Cross- jointing. marble possesses strikes N.lV.-S.E. and dips 

into the hill, i.e., north-east. 
The main peak region seems to offer the best sites for quarrying. 

This area would have to be tested to see how far marble of good 
quality goes up the hill. I t  seems probable 

Best sites for that nearer the summit, t,he marble is not so ment near main peak. 
well recrystallised. The amount I saw of t,he 

Swat side of the iidge would seem to indicate that the beat marble 
runs on the south-west, or Mardan, side. 

According to the local workers, the largest-sized blocks of white 
marble that can be extracted would be about two to three feet in 

1enet.h. This is a disadvantage when the 
0 u 

Large blocks of white lllarble is 
marble not available. quarried for statuary purposes, 

though not so important for minor building 
purposes; but i t  is highly possible that as quarrying proceeds along 
the dip into the ridge and atmospheric agencies have had no oppor- 
tunity to accentuate the jointing, much larger blocks will be arail- 
a.ble. 

The ahundai Tarako is a mile to the east of the canal road along 
the Machai branch of the Upper Swat canal, where i t  is crossed by 

Transport facilities. 
the Wuch Khwar between the 230 and 235 
hundred-foot marks.' To the north-west, this 

unmetalled canal road joins the Mardan-Rustam metalled road a t  
Hamzakot, which is 17 miles from Mardan and 13 miles from the 
Wuch Khwar. To the S.S.E., the same canal road joins the Mardan- 
Swabi road a t  Gohati, which is 24 miles from Mardan, 5 miles from 
Swabi and 36 miles from the Wuch Khwar. Thus if the marble of 
Ghllndai Tarako were developed, 13 miles of unmetalled canal road 
wo~ild have to be metalled to enable the marble to be transported 
to Hamzakot and then by the 17 miles of metalled road to Mardan ; 
alternatively, 39 iniles of canal road would have to be metalled tto 
allow the marble to be brought to Gohati and thence by the 24 miles 
of metalled road to Mardan ; to both these must be added the making 
of one mile of metalled road from the Wuch Khwar to Ghundai 
Tarako. It would, however, be advisable to make a new road from 

1 There are no mileposts along this road, the length of the distributaries and canals 
being meaeured in multiples of one hundred feet. 
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Ghundai Tarako for just over three miles acrose the Wuch Khwar 
and then by the side of the Nawe Kalai Minor distributary canal 
to mile 20.6 on the Mardan-Swabi road ; this would bring the marble 
within 24 miles of Mardan as opposed to the 30 miles by Hamzakot 
and 274 miles by Gohati. 

, V.---SUMMARY AND CONCLUSIONS. 

The North-West Frontier Province is well supplied with excellent 
white statuary marble and has illimitable quantitiee of banded 

Advisable to develop marble suitable for build&& purposes. In  my 
alldepositsofmarblein previous paper (Coulson, 1936, p. 3M), 1 
the Khyber and Mardan* doubted whether any of the deposita a t  
Shahidmena, Kambela Khwar and Maneri would alone be able to 
keep up the regular supply of say 600 tons (9,000 cubic feet) of first 
class statuary marble as this would entail the monthly removal of 
about 40 by 28 by 10 feet of stone, allowing only 25 per cent. wastage. 
I considered 
" that for the best de~elopment of the marble induetry in the North-Wed Frontier 
Province, it is advisable to develop simultaneouely the Shahidmena, bmbela, 
Khwar and Maneri deposits. Also every ppoesible care should be taken to extract 
the less valuable, banded, relatively impure marbles at the same time aa the pure 
white marble, rhich at all times will command a market. By doing so, large qusn- 
tities of good quality, banded marble, suitable for tiles, facing and general building 
purposes, which othernise would be wasted, will be sold in addition to the datuta ry 
marble." 

These remarks still hold good, with the qualification that possibly 
the largest quant'ities of statuary marble will be found in the Ghundai 
Tarako. The special attention of the Govement  of the Frontier 
Province is invited to the analyses given in section I11 of this paper, 
which show the excellence of the marble available and also indicate 
the presence of dolon~it~e. 

Finally i t  must be remembered that careful selection of sites for 
development should be made, taking into consideration the type of 
stone required. It is reiterated that possibly the best sites will be 
found in the neighbourhood of the inain peak on the Mardan eide 
of the Ghurldai Tarako. 

I wish to thank the Deputy Commissioner of the Mardan district 
for his interest in my work in 11is district.. 
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I was accompanied by Salar Jung Khan, the Khan Sahib of 
Naranji, during my investigation of the Ghundai Tarako marble 
and the noighbouring hills to the N.N.E. 
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MISCELLANEOUS NOTE. 

Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India : January to March, 1937. 

Coal. 

Gold. 

-- 

Aeeam 

Baluchietan . 
Bellgal . 
Bihar . . 
Orissa . 
Central Provinces . 
Punjab . 

TOTAL . 

January. 

Tone. 

15,602 

701 

433,982 

1,021,518 

2,958 

144,277 

14,363 

1,633,391 

- 

* 

The Mysore Gold Mining Co., 
Ltd. 

The Champion Reef Gold Mines 
of India Ltd. 

The Ooregum Gold Mining Co. 
of India Ltd. 

Tlie Nundydroog Mines Ltd . 

TOTAL . 

February. 

Tom. 

16,600 

432 

625,254 

1,168,523 

4,996 

138,842 

11,875 

1,866,621 

March. 

Oze. 

8,214 

6,900 

4,301 

9,645 

28,060 

January. 

Oze. 

8,209 

5,902 

4,341 

9,664 

28,106 

Quarterly 
total for each 
Company. 

Oze. 

23,820 

17,130 

12,881 

28,016 

81,846 

March. 

Tone. 

20,007 

552 

662,811 

1,201,936 

3,668 

114,660 

18,644 

1,922,198 

February. 

02s. 

7,397 

6,328 

4,239 

8,716 

25,680 

Quarterly 
total for each 

Province. 

Tone. 

61,208 

1,686 

1,622,047 

3,391,977 

11,621 

397,799 

44,872 

6,421,110 
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Petroleum. 

+ These fignreu represent thc total amounts of gasolene derived from natural gas 
at the well-head. OF these amounts a portion is sold locally as ' petrol' and the re- 
mainder is mixed wit11 the crude petroleum and sent to the refinrries. The figures 
given in the two cohlmns, thorofore, together represent the total 'raw products ' obtained. 
These remarks apply to the similar totala quoted in previous Rccords. 

MGIPC - -M -V11I-4-11-11-1-38- --ROO. 

Total gasolene* 
from natural gas. 

Gollone. 

Nil. 

2,619,696 

131,055 

2,760,661 

- 

Assam . 
Burma . 
Punjab . 

TOTAL . 

Crude 
Petroleum. 

Gallons. 

16,434,174 

63,734,133 

965,880 

81,134,187 
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GEOLOGICAL SURVEY OR JNDIA, 

Records, Vol. 72, Pl. 5. 

G. S. I., Cdewtta. 

FIG. 2. VIEW OF GANGOTRI SNOUT FROM CAIRN 0, LOOKlNG TOWARDS lMO. 



J. 3. Audcn, Phfo. G. S. I., CuEnrfCa 

VIEW OF GANGOTRl SNQUT AND tIHIYLIN5 FROM OAlRP D, 
-- - - mwBQ-mARaAFP*-  - - - -  



GEOLOGJCAI; SUX VE Y OF I N ' i A .  

Records, Vol. 72, fl. 7. 

FIG. 1. VlEW OF GANGOTRI SNOUT FROM CAIRN E, LOOKING TOWARDS W. 

I. 
1. B. Aden, Photos. G. S. I., CdnJt8. 

FIG. 2. VlEW DOWN BHAGlRATHl VALLEY SHOWING HIGH LEVEL 
MORAINE AND TALUS FANS. 
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FIG. 1. SILLS OF DOLERITE. AND QABBRO, PASHWAII, BURLIL VA,LLEY. 

D. 1V; W d i 4  Phfos. G. S. I., Cd#rlt~r 

no. n. VOWRIG .AQQL~~R~~TIO'~D~DMQMEBE, NEAR MIMSMARQ, WAGAI r u m I  





FIG. 1. CLIFF OF 'GREAT LIMESTONE,' DANDILI, KOTLI. 

D. N. PYdia, Photos. G. S. I., Calcutta. 

FIG. 2. 'GREAT LIMESTONE' CLIFFS-A FAULT-SCARP-NEAR SUMLAR VILLAGE, 
NORTH OF KOTLI DUN. 
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FIG. 1. @EATHERING OF "GREAT LIMESTONE". OUTCROP NEAR KAMROTI VILLAGE, KOTLI. 

D. N. W d i a ,  Photos. G. S. I., Calcuf la. 

FIG. 2. MINOR FOLD IN "GREAT LIMESTONE" WITH A SHELL OF THE NUMMULlTlCS 
CARRYING BAUXITE, KAMROTI VILLAGE. 



GEOLOGICAL SUR Y2Z Y 0.F INDIA, 

6. ( X c a f ) .  

FOSSIL FISH REMAINS FROM THE KAREWAS OF KASHMIR. 



FOSSIL FISH REMb4NS FROM THE SALINE SER4450. 



0. 8. I., C 8 f ~  

FIGS. 1-4. RHACOPTERIS OVATA (MOODY) WALKOM. 



GEOZ0GICRt SUX' VE Y OP INDIA* 

Records, Vol. 75 PI. 17, 

S, N. Das, Photos. 

FIGS. 1-4. RHACOPTERIS OVATA (McCoy) WALKOM. 



GBOXOGICAL SUB YE Y OJi" INDIA, 

Recorh, Vol. 72, P1. 18. 

1lUM (P) FURGILLAT 

8. (X 2). 
0. S. I., CdnrHaz. 

'UM LUDWIG sp .  



Gd-OZOGICAS SUR YE Y OP INDJA. 

Records, Vol. 72, Pl. 19. 

FIG. 1. SECTION MACHINES ASSEMBLED ON TABLES. 

s. h? Dm, Photos. G. S. I., Calcutta. 

FIG. 2. POLISHING MACHINE (CELLULOID COVER RAISED), 
ONE WEIGHTED SPINDLE AND SPECIMEN REMOVED AND 

RESTING ON TABLE. CLOTH LAP TO LEFT, WITH 
TROUGH REMOVED; THE CLOTH LAP IS 

USED FOR POLISHING ROCK& 



GEOLOGICAL SUB VB Y OP INDIA 

FIG. 1. APPARATUS FOR GRADING ABRASIVE POWDERS. 

S. N. Dns, Photos. C. S. L., Calcutta. 

FIG. 2. ORE-MICROSCOPE AND APPARATUS, WITH CAMERA IN POSITION. 



RECORDS OF THE CEOLOGlCAL SURVEY OF INDIA. 

Part 1 ( w t  of prinl).-Annual report for 1807. Cod-mama of Tawe valley. Coal fn Q~MTM 
Hillm. Copper in Bundelkhund. Blehrites. 

Part  2 ( a t  of print).- Coal-seanle of ueighbourhood of Chsnds. Coal near Negpnr. Geolo(~ica1 
notes on Surat ucdlectorate. Cephaloyodous fauna of South 1ndia.n croteoeous & p i t a .  
Load in Raipur dhtriat. Coal in Eastern Hemiephere. Nehoritee. 

Part 3 (out of print).-Gaatropodous fauna of South Tndian cretaceous depmita. Notea on 
route from Poonir to Nagpur wid Ahmednuggur, Jelna, Loonar, Yeotmahal, lHaqeli a d  
Hingunghat. Agate-flake in Pliocene ( 9 )  deposits of Upper Godavary. R ~ d r y  of 
Vindhyan aeries in Rajputam. Meteorites. 

Part  I (out otpnpnJ).-Valley of Poorna river, Wmt Berar. Kuddapah e sd  Knrnool formationr. 
Ckologioal sketah of Shillong plateau. Gold in Singhbhum, eto. W e b  a t  Heca~eebagb. 
Meteorites. 

P w t  2 (out of print).-Annual report for 1808. Pangshura tecta and other species of Chelonie 
from newer tertiary deposite of YSerbudda valley. Metamorphic rocks of Bengal. 

Part 3 (out of print).--Geology of Kutch, Western India. Geology and physical geography of 
Nicobar  island^. 

Part  4 (out of print).-Beds containing silicified wood in Eastern Rome, British Barma. 
Mineralogical statistics of Kummn division. Cod-field near Cbndo. Lead in w p m  
district. Meteorites. 

Part 1 (out of print).-Annual report for 1869. Geology of neighbourhood of Madram. Alluviel 
deposits of Irrawadi, contrasted with tboae of Ganges. 

Part 2 (out of print).-Geology of Gwalior and vicinity. Slates a t  Chiteli, Kumaon. Lead 
vein neat Chioboli, Raipur dbtrict. Wardha river coal-fields, Berar and Central Provinoes. 
Coal a t  Karba in Bilaspur district. 

Part 3 (out of print).-Mohpani coal-ficld. Lead-ore a t  Slimanabad, Jabdpur district. Cod, 
east of Chhattisgarh Eetwcen Bilaspur and Ranchi. Petroleum in Burma. Petroleum 
1ocalit.y of Sudkal, near Futtijung, west of Rawalpindi. Argenti€erous gdcna and copper in 
Manbhum. Assays of iron ores. 

Part 4 (out ofprint).-Geology cf Mount Tilla, Punjab. Copper deposite oi Dalbhum and Singh- 
bhum: 1.-Copper mines of Siaghbhum: 2.--Coyper of Dalbhum and Singbbbum. 
Meteorites. 

VOL. IV, 1871. 

Part 1 (out of print).-Annual report for 1870. Alleged dimvery of coal near Gooty, and of 
indications of coal in Cuddapall district. Mineral statistics of Kumaon division. 

Part 2 (out ofprint).- Axial group in Weatcrn Prome. Geological struature of Southern Konkm. 
Supposed occurrence of native alltirnouy in the Straits Settlements. Ueposit in boilers 
of sham-engines at  Ranignnj. Plant-bearing sandidones of Godavari valley, on sout-hem 
extensions of Kamthi group to neighbourhood of Ellore and Rajmandri, and on pwiblo  
occurrence of cool in same direction. 

Part 3 (mt of print).-Boring6 for coal in Godavnri ra lkg  near Durnamden and Bbsdrachalam- 
Narbada coal-basin. Geology of Cent r~l  Provinces. Plant-bearing sandstones of Godevari 
valley. 

Par1 4 (out of print).--dmmonite fauna of Rutcb. Raipur aod Hengir (Ganppur) Coal-field. 
Sandstones in neigbbourllood of k t  barrier on Goda~ari ,  and in county botween God@v@:i 
apd Ellore. 



Pur l  1 (out ojprid).-Annual report for 1871. Relations of rocke near Murree (Mari), Pnnjab. 
Mineralogical notes on gneiss of South Mirzapur and adjoining country. Sandetonea in 
neighbourhood of first barrier on aodavari, and in count,ry between Godavari and Ellore. 

Part  2 (out of print).-Coasts of Baluchistan and Persia from Karachi to head of Persitln Gulf, 
and some of Gulf Islands. Parts of Kummummet and Hannmconda districta in Nizam's 
Dominions. Geology of Orissn. New coal-field in south-eastern Hydorabed (Deccan) 
territory. 

Part 3 (out of print).-Maskat and Ifas~andim on east of Arabia. Examplo of local jointing. 
Axial group of Western Ro~me. Geology of Bombay Presidenoy. 

Part  4 (out of pint).-Coal in northern region of Satpura basin. Evidence afforded by raised 
oyeter banks on coasts of Tndia, in estimatiya amount of elevation indicated thereby. 
Possible field of coal-measnres in Godavari district, Madras Presidency. Lameta or intra- 
trappean formation of Central India. Petroleum localities in Pegu. Supposed eozoonal 
limestone of Yellam Bile. 

VOL. VI, 1873. 

Part 1.-Annual report for 1872. Geology of North-West Provinces. 
Part 2 (out of print).-Bisrampur coal-field. Mineralogical notes on gneiss of south liirza,pur 

and adjoining country. 
Part 3 (out ofprint).-Celt in ossiferous doposits of Narbada valley (Pliocene of Falconer) : on age 

of deposits, and on assooiated shells. Barakars (ooal-measures) in Beddadanole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs of 
- 
Pegu. 

Part 4 (out of print).-Iron deposits of Chanda (Central Provinces). Barren Islands and Nar- 
kondam. Met.elliferous resources of British Burma. 

VOL. VIT, 1874. 

Part 1 (out of print).-Annual report for 1873. Hill ranges between Indus valley in Ladak and 
Shah-i-Dula on frontier of Yarkand ter~it~ory. Iron ores of Kumaon. Raw materials for 
iron-smelting in Raniganj field. Elastic sandstone, or so-called Itacolumyte. Geological 
notes on part of Northern Hazaribagh. 

Part 2 (out of print).-Geological notes on route traversed by Yarlrand Embassy from Shah-i- 
Dula to Yarkand and Kashgar. Jade in Karakash valley, Turkistan. Notes from Eastern 
IIimalaya. Petroleum in Assam. Coal in Garo Hills. Copper in Narbada valley. Potash- 
salt from East India.. Geology of neighbourhood of Mari hill statiou in Punjab. 

Part 3 (out of print).-Geologioal observations made on a visit to Chadderlrul, Thian Shan range. 
Former extension of glaciers within Kangrn district. Building and ornamental stones of 
Indie. Materials for iron manufacture in Raniganj coal-field. Manganese-ore in Wardha 
coal-field. 

Part 4 (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. Progrcss of geological investigation iu Godavari district, Madras Preei- 
dency . Subsidiary materials for artscial fuol. 

VOL. VIII, 1875. 

Part 1 (out of print).-Annual report for 1874. Tlle Altum-Artush oonsidered from geological 
point of view. Evidences of ' ground-ico ' in tropical India, during Talchir period. Trials 
of Raniglanj fire-bricks. 

Part 2 (0281 of print).-Gold-fields of south-cast Wynaad, Madrae Prcsidency. Geological notes 
on Wureean hills in Upper Punjab. Water-bearing strata of Surat district. Geology of 
Scindia's territorien. 

Part ,? ( w t  of print).-Shahpur coal-field, with notice of coal explorations in Nt~rbada regions. 
Coal rocently found near Ifoflong, Khasia Hills. 

Part 4 (oztt ojprint).-Geology of Nepal. Raigarh and I-Iingir coal-fields. 

VOL. IX, 187G. 

Part 1 (out ofprint).-Annual report for 1875. Gcology of Sind. 
Part 2 (out ofprint).-Rotiroment of Dr. Oldham. Age of some fossil floras of India. Cranium 

of Stogodou Ganesa, with 11otes on sub-genue and allied forms. Sub-Himalayan series in 
Jamu (Ja~urnoo) Hills. 



Part 8 (out of prinl).--~oaail B o w  in indie. beiloglea~ age i f  oertain group, com 
Gondwma eariea of India, and on evidence they afford of distinct mlogicel end 
terreetrial regiow in anoient epochs. Hclatioua of foseiliferoun strata a t  Maleri and fit., 
near Gironchs, C. P. Fossil mammellsn f e u t e  of Indie and Burma. 

Pmt 4 (-1 ofpriRt).-Poaail florati in India. Osb logy  of Merycopotsmae h i d i s .  Addend. 
and Corrigenda to paper on tertiary memmalia. Yleaiosaurue in India. Oeology of Yir 
Penjal and neighboaring dietrich. 

Purl 1 (out of print).-Annual report for 1876. Geological no& on Greet Indian h r t  between 
Bind and Rejputana. Cretaceoue genus Omphalia near Nameho lake, Tibet, about 75 
milee north of Lhaesa. Esthoira in Gondwana formation. Verbbrate from Indian Wfery 
and secondary rocke. New E m b y h e  from the upper fertiariee of Northern Punjab. 
Obaervetions on ander-ground tern reture. 

Past 2 (& of print).-hoke of the E w e r  Godevari. a Atgarh Sand. tom9 near CuttaDk 
Foesil floree iu India. New or rare manunals from the S i a a b .  Arevali aerie% in North- 
Eastern Rajputesa. Boringe for coal in India. Geology of India. 

Past 3 ( a t  o j  print).-Tertiary zone and underlying rocks in North- West P lrnjab. Foesil f lora  
in  India. Erratice in Potwar. Coal explorations in DarjiliPg clistrict. Limestom in 
neighbourhood of Baraltar. F o m  of blowing machine used by s m i t h  of Upper 1PeesrP. 
Analyses of Ranigenj coals. 

Part 4 (out of print).-Gedogy of Mahanadi basin and its vicinity. Diemonda, gold, and 
ores of Sambalpur dietriot. ' Eryon Comp. Barrovenais ', McCoy, from Sripermatur mup % uear Madraa. Fossil f lora in India. The Blaiui group and ' Clel~tral Gneiss ' in imh  
Himaleyak!. Tertiarica of North- Wtrst Punjab. Genera Charornery x and lihegatherium. 

VOL. XI, 1878. 

Part 1.-Annuel report for 1877. Geology of Upper Godavari basin, betweon river Wardhe 
and Godavari, near Sironcha. G-eology of Keshmir, Kishtwar, and Pangi. Siwalik W- 
mals. Pahntological relations of Gondwane sy&em. ' Prratica in Punjab.' 

Pnrt 2 (out of print).-Geology of Sind (s~cond notioe). Origin of Kumaon lakes. Trip over 
Milam Pass, Kumaun. Mud volcanoes of Remri and Cheduba. Minoral resources 01 
Ramri, Cheduba and adjacent islaads. 

Part 3 (out of print).-Gold industry in Wynaad. Upper Gondwana serics in Trichinopoly end 
Nellore-Kistna districts. Senarmontite from Sarowak. 

Port 4.-Geographical distribution of fossil organisms in India. Submerged fo ra t  on Bombay 
Island. 

VOL. XU, 18TQ. 

Part 1 (out of print).-Annual report for 1878. Geology of Kashmir (third notice). Siwalik 
mammalis. Siwalik bods. Tour through Hangrang and Spiti. Mud eruption 111 Itamri 
Island (Arakan). Braunite, with Rhodonito, from Nagpur, Central Yrovincea. I'alaeon- 
tological notes from Satpwa coal-basin. G a l  importations into India. 

Part 8 (out of pint).-Mohpani coal-field. Pyrolusite with Psilomelane at Cosalpur, Jebalpur 
district. Geological reconnaissance from ludue a t  Kushalgarh to Kwram a t  The1 on 
Afghan frontier. Geology of Upper Punjab. 

Part 3 (out of print).-Qcological features of northern Madura, Padukota State, and southern 
parts of Tanjoro and Trichinopoly districts included within limits of sheet 80 of Indian 
Atlas. Cretaceous fossils from Trichhopoly district, collected in 1877-78. Sphenopkyllum 
and other Equisetaces with reference to Indian form Trizygia speciosa, Ibyle (Spheno- 
phyllum trizygie, Ury.). nfysorin and Abcomite from Nellore district. Corundum 
from Khaei Hills. Joga neighbourhood and old mines on Ncrbudda. 

Part 4.-" Attock Slates " and their probable geological position. nlargind bone of undm- 
oribed tortoise, from Upper Siwaliks, near Nils, in Potwar, Punjab. Geology of North 
h o o t  district. Road seotion from Murree to Abbottsbad. 

VOL. XIII,  1880. 

Pwrt 1 (out of print).-Annual report for 1879. Geology of Uppor Godevari bamin in neighbour- 
hood of Sironcha. Geology of Ladak and neighhuring dietricts. Teeth of fossil &hoe 
from Ramri Island and Punjab. Fossil genera Noggerathia, Stbg., N6ggerethiopei0, 
Fatm., and Rhiptozamites, Gchmalh., in palaozoic and secondary rocks of E~lrope, Aaie 
and Australia. Fossil plante from Kattywar, Shekh Budiu, and Sicgnjah Voloanio 
fooi of eruption in IConkrm. 



p& L--GmlogioaJ notes. hi=ontological notes on lower trias of ~ i r n d n ~ a s .  k.tesiin wilts 
at Pondioherry, and possibility of hding sources of water-supply a t  Madras. 

Purt 3.-Kumaun lakes. Celt of palmolithio type in Punjab. Palso~~i,olo~ical  notes from 
Kerharbtlri and South Rewa coal-fields. Correlation of Condwana flora with other floree. 
Artesian wells a t  Pondicherry. Salt in Rajputana. Gas and mud eruptions on Arakan 
coest on 12th March 1879 and in June 1843. 

Part 4 (out of print).-Pleistocene deposits of Northern Punjab, and evidence they afFord of 
extreme olimato during portion of that period. Useful minerals of Arvali region. Correla- 
tion of Gondwana flora with that of Australian coal-bearing system. Rob or soils 
end saline well waters. Reh soils of Upper India. Naini Tal landslip, 18th September 
1880. - 

VOL. XIV, 1881. 

Part 1.-Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring 
districts. Siwalik oarnivora. Siwalik group of Sub-Himalayan region. South Rewah 
Qondwana basin. Ferniginous beds associated with basaltic rocks of North-Eastern Ulster, 
in  relation to Indian laterite. Rajmahal plants. Travelled blocks of the Punjab. Ap- 
psndix to ' Palaeontological notes on lower trias of Himalayas'. Mammalian fo~si ls  from 
Perim Island. 

Part  2 (out of print).-Nahan-Siwalik unconformity in North-M7estern Himalaya. Gondwana 
vertebrates. Ossiferom beds of Hundes in Tibet. Mining records and mining record 
office of Great Britain : and Coal and Metalliferous Mines Act of 1872 (England). Cobaltite 
and danatite from Khetri mines, Rajputana ; with remarks on Jaipurite (Syepoorite). 
Zinc-ore (Saithsonite and Blende) with barytes in Karnul district, Madras. Mud-eruption 
in island of Cheduba. 

Part 3 (out o print).-Artesian borhgs in India. Oligoclase granite a t  Wangtu on Sutlej, North- 
West d iaalayas. Fish-plate from Siwaliks. Palieontological notes from Hazaribagh 
and Lohardagga districts. Fossil carnivora from Siwalik hills. 

Part 4 (out of print).-Unification of geological nomenclature and cartography. Geology of 
Arvali region, central and eastern. Native antimony obtained a t  Pulo Obin, near Singe- 
pore: Turgite from Juggiapett, Kistnah district, and zinc carbonate from Kamul, Madras. 
Sectlon from Dalhousie to Pangi, v d  Sach Pass. South Rewah Gondwana basin. Sub- 
merged forest on Bombay Island. 

VOL. XV, 1882. 

Purl 1 (out ofprint).-Annual report for 1881. Geology of North-West Kashmir and Khagan. 
Gondwana Iabyrinthodonts (Siwalik and Jamna mammals). Geology of Dalhousie, North- 
West Himalaya. Palm leaves from (tertiary) Murree and Kasauli beds in India. Iridos- 
mine from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur. On (1) 
copper mine near Yongri hill, Dsrjiling district ; (2) arsenical pyrites in same neighbour- 
hood; (3) kaolin a t  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 29th, 1881. International Congress of Bolo,ona. 

Part 2 (out of print).-Geology of Travancore State. Warlrilli beds and reported associated 
deposits a t  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 Chind- 
ware district, Central Provinces. Boring for coal a t  Engsein, British Burma. Sapphires 
in North-Western Himalaya. Erllption of mud volcanoes in Chednba. 

Part  3 (out of print).-Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai route 
between Sibi and Quetta. Crystals of stilbite from Westcrn Ghats, Bombay. Traps of 
Derang and Mandi in North-Western Himalayas. Connexion betmcen Hazara and Kashmir 
series. Umaria coal-field (South Rewah Gondwana basin). Darapggiri ooal-field, aa ro  
Hills, Assam. Coal in Myanoung division, Henzada district. 

Purr 4 (out of print).-Gold-fie1 of Mysore. Borings for coal a t  Beddadanol, Godavari district, 
in 1874. Supposed occurrence of coal on Kistna. 

VOL. XVI, 1883. 

Part I . -mual  report for 1882, Richthofenia, Kays (Anomia Lawronoiana, Koninck), 
Geology of South Trtcvancore. Geology cf Chamba. Basalts of Bombay. 

Part 2 (out of prtnt).-Synopsis of fossil vertebrata of 'India. 13ijori Labyrinthodont Skull 
of Hippotherium antilopinum. Iron ores, and subsidiary materials for manufaoture of 
iron, in north-eastern part of Jabalpur district. Laterite and other manganese-ore oaourd 
.inu a t  Gosulpore, Jabelpur distriot. Umarie ooal-field. 



kar t  b (out of p i n t ) . - k s o o i i c  stmotore of .oms ~ a l h o w i e  mob. k r m  of A k  h- 
bable oocurrence of 6iwalik strata in China and Japan. Mwtodon nngwtideru la M e .  
Traverse between Almora and Muesoorree. Cretaceow coal-meaeuree a t  h m r a  in K b f l ,  
Hills, near Lmur in 6ylhet. 

Part 4 (out of print).-Palaeontological notes from Daltonganj and Hutar coal-delde in Chota 
Negpur. Altered basalts of Dalhomie region in North-Weatern Himalayaa. M i c r m p i o  
structure of some 6ub-Himalayan rocks of tertiary age. Geology of Jaunear and h w e r  
H.imaleyas. Traverse through Emtern Khaaia, Jaintia, and North Cechar Hills. Native 
lead from Maulmain and chr0mit.e from the Anbman  Islande. Fiery cru ion from one 

Provinces and Ondh. 
F of the mud volcanoes of Cheduba island, Arakan. Irrigation from wells in orth-W&rn 

VOL. XVII, 1884. 

Part 1 (out of print).-Annual report for 1883. Smooth-water anchorages or mud-banks of 
Narrakal and Alleppy on Travancore coast. Bills Surgam and other caves in Kurnool 
district. Geology of Chuari and Sihunta parganaa of Chamba. Lyttonia, Waagen, in 
Kuling scries of Kashmir. 

Part  2 (out of print).-Earthquake of 81st December 1881. Microscopic structure of some 
Himalayan granites and gneiesoee granites. Choi coal exploration. R e - d h r e r y  of 
fossils in Siwalik beds. Mineral resources of Anhman  Ielande in neighbourhood of Port 
Blair. Intertrappean beds in Deccan and Laramie group in Western North America. 

Part 3 (out of print).-Microscopic structure of some Arvali rocks. Section along Indue from 
Peshawar Valley to Salt-range. Sites for boring in Raigarh-Hingir coal-fiold (first notice). 
Lignite near Raipore, Central Provinces. Turquoise mines of NishhpOr, Khoraesan. Fiery 
eruption from Mynbyin mud volcano of Cheduba Island, Arakan. Langrin coal-field, South- 
Weet Khasia Hills. Umaria coal-field. 

Part 4 (out of print).-Geology of part of Gangasulan pargana of British Garhwal. Slatm and 
schists imbedded in gneiesoee granite of North-West Himalayaa. Geology of Takht-i- 
Suleiman. Smooth-water anchorages of Travancore coast. Auriferoue sends of tho 
Subansiri river, Pondicherry lignite, and phosphatic rocks a t  Musuri. Bille Surgam cavee. 

Part 1 (out of print).-Annual report for 1884. Country between Singareni coal-field and Kbtna 
river. Geological sketch of country between Singareni coal-field and Hyderabad. Coal 
and limestone in Doigrung river near Golaghat, Assam. Homotaxis, as illustrated from 
Indian formations. Afghan field notes. 

Part 2 (out of print).-Fossiliferow series in Lower Himalaya, Garhwal. Ago of Mandhali series 
in Lower Himalaya. Siwalik camel (Camelus Antiquus, nobie ex Falc. and Caut. MS.). 
Geology of Chamba. Probability of obtaining water by m e a ~ s  of artesian wells in plains 
of Upper India. Artesian sources in plains of Upper India. Geology of Aka Bills. Alleged 
tendency of Arakan mud volcanoes to burst into eruption most frequently during rains. 
Analyses of phosphatic nodules and rock from Muesoorce. 

Part 3 ( a t  of print).-Geology of Andaman Islands. Third species of Merycopotamne. Per- 
colation as affectcd by current. Pirthalla and Chandpur meteorites. Oil ureh and coal 
in Thayetmyo district, British Burma. Antimony deposits in Maulmain district. Kashmir 
earthquake of 30th May 1855. Bengal earthquake of 14th July 188.5. 

Part 4 (out of print).-Geological work in Chhattisgarh diviaion of Cent,ral Provinces. Bengal 
earthquake of 13th July 3885. Kashmir earthquake of 30th May 1886. Excavations 
in Billa Surgam caves. Nepaulite. Sabetmahet meteorite. 

VOL. XIX, 1886. 

Patt 1 (out of print).-Annual report for 1885. International Geological Congress of Ber&. 
Palreozoic Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal. 
bearing beds. Afghan and Persian Field notes. Section from fiimla to Wangtu, and 
petrologioal character of Ambhibolites nnd Quartz-Diorites of Sutlej valley. 

Part 2 (out of print).-Geology of parts of Bellary and Anantapur dietrich Geology of Upper 
Dehing baein in Singpho Hills. Microscopic characters of eruption rocks from (?entral 
Himalayas. Mammalia of Karnul Caves. Prospects of finding coal in Western lbjpntane. 
Ol@e group of 8a.lt-range. Boulder-be& of Salt-range. Gondwana Homotaxb. 

Part 3 (out of print).-Geological aketch of Vizagapatam district, Bfadraa. Geology of Northern 
Jeealmer. Microscopic structure of Malani roob  of h v a l i  region. Malanjkhandi copper- 
ore in Balaghat district, C. P. 



kt (A of ptinl).-kt&leum In India. Potrolcvm exploration a t  KMtnn. Boring ii 
Chhst t iaph  coal-fields. Field-note from Afghanistan : No. 3, Turkistan. Piory erup- 
tion from one of the mud voloanoes of Chcduba Island, Arakan. Nammiimbhbl aorolib. 
Analyeia of gold dust from Meza valley, Upper Burma. 

VOL. XX, 1887. 

pw) 1 (at of pint).-Annual report for 1586. Field-notes from Afghanistan : No. 4, from 
Turkiatan to India. Physioal geology of West British h r h w a l  ; with notoe on e rouh  
trevereed through Jaunsar-Bawar and Tiri-Gnrhwal. Goology of Garo Hills. Indian 
image-atones. Soundings recently taken off Barren Island and Naroondam. Talchir 
boulder-beds. Analysis of Phosphatio Nodules from Salt-rango, Punjab. 

Part 2 (out of @ti).-Fossil vertebreta of India. Echinoidea of cretaceous series of Lower 
Nmhda Valley. Field-notes : No. 5-to accompany geologioal sketch map of Afghanistan 
and North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps. 
Dolerite of Chor. Identity of Olive series in oast, with speckled sandstone in west, of 
Salt-range, in Punjab. 

Part 3.-Retirement of Mr. Medlicott. J. B. RlushketolT1s Geology of Russian 'lurkistan. 
Wstalline and motamorpluo rocks of Lower Himalaya, Garhwal, and Kumauu, Section 
I. Gology of Simla and Jutogh. ' Lalitpur ' meteorite. 

part 4 (out of print).-Points in Himalayan geology. Crystalline and metamorphic roclrs of 
I ~ w e r  Himalaya, Garhwal, and Kumnon, Sect~on 11. Iron industry of western portion 
of Raipur. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-field (Second 
notioe). Pressure Metamorphism, with rcfercnce to foliation of Himalayan Gneissose 
Granite. Papers on Himalayan Geology and Microscopio Petrology. 

VOL. XXI, 1888. 

Part 1.-Annual report for 1887. Crystalline and metamorphic rocks of Lower Himalaya, 
Garhwal, and Kumaun, Section 111. Birds'-nest of Elophant Island, Mcrgui Archipelago. 
Exploration of Jesalmer, with a viaw to  discovery of coal. Facetted pebblo from boulder- 
bed (' speckled sandstone ') of Mount Chel in Ga-lt-range, Punjab. Nodular stones obtained 
off Colmbo. 

Part 2 (out of print).-Award of Woolasten Gold Medal, Geological Society of London, 1888. 
Dharwsr System in South India. Igneous rocks of ltaipur and Balaghat, Central Provinces. 
Sangar Marg and Mehowgalo coal-fields, 'Kashnzir. 

IBart 3 (out of print).-Manganese Iron and Mangoneso Ores of Jabalpur. ' The Carboniferous 
Glacial Period.' Pre-tertiary sedimentary forma1;ions of Silnla region of Lower Himalayea. 

Putt 4 (out of print).-Indian fossil vertebrates. Geology of North-West Himalayas. Blows. 
sand rock sculpture. Nummulites in Zanskar. Mica traps from Barekar and Raniganj. 

VOL. XXII, 1889. 

Part 1 (out of print).-Annual report for 1888. Dharwar System in South India. Wajra ICarur 
diamonds, and M. Chapr 's  alleged discovery of dismonds in pegmatite. Generic position 
of so-called Plesiosaurus indicurr. Flexible sandstone or Itacolumite, its nature, mode of 
oocumnce in India, and cause of its flexibility. Siwalik and Narbada Chelonia. 

lJart 2 (out of print).-Jnclian Steatite. Distorted pebbles in Siwalik conglomerate. " Carboni. 
ferous Glacial Period." Notes on Dr. W. Waagen's " Carboniferous Glacial l'eriod ". Oil- 
fielda of Twingoung and Eeme, Burma. Gypsum of Xehal Nadi, ICumaun. Matorials 
for pottery in neighbourhood of Jabalpur and Umaria. 

!'art 3 (out of print),-Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolue 
beds of Salbrange. Geological notes. Cherra Poonjee coal-fields, in Ichasia Hills. Cobal. 
tiferous Matt from NepB1. President of Geological Society of London on International 
(Xeological Cougress of 1888. Tin-mining in Mergui district. 

Part 4 (out of print).-Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. Assays 
from Sembhar Salt-Lake in RBjputanB. Alanganifcrous iron and Manganese Ores of Jabal- 
pur. Palegonito-bearing traps of RLjmahhl hills and Dcccan. Tin-smelting in $lalag 
Peninsula. Provincial Index of Tlooal Distribution of Important Minerals, MkceUaneous 
Minerals, Gem Stones and Quarry Stones in Indian Elspire : Part  I. 



Part 1 (wt oJlpzint).-Annual re r t  for 1880. Lekadong cod-fields, Jsfntls Bllb. Pectoral 
and pelvlo girdles and sku1 P" of Indian Dic onodonto. Vertolmte remaim from Nagpar 
&.Mot (with description of fishskull). C!ryntalline and metsmorphia r o c b  of h w c r  
Himelayss, Oarhwbl and Kuma~ln, kkction 1V. Bivalvce of Olive-pup,  S a l ~ n n g e .  
Mud-banks of Travancoro coasb. 

Part (out of print).-Potrolcum exyloratione in Harnai dietrict, Belucbistan. 8apphko M b  
of Karshmir. brupposecl Matrix of Diamond a t  Wajra Karur, Madraa. hna Gold-&Id. 
Field-notes from S b n  Hilh (Upper Burma). New specice of Gyringosp ,um&?' 

Part 3 (out of print).-Geology and Economic Resourrea of Country adjoining Bind-pishin Rail- 
way betwccn Sharigh and Spintangi, and of 'country between i t  and Khattan. Journey 
through India in 1888.89, by Dr. Johnnos \I1althor. Coal-fielda of I ~ i r u n g m ,  Mawan- 
dram, and Mao-bc-lar-kar, in the Khaei Hills. Indian Stentito. Provincial Index of L o d  
Distribution of Important Minerals, Miscellancoua Minorah, Gem Bfones, and Q u r r y  Rtonem 
in Indian Empire. 

Part 4 (out of print).-Geological sketch of Naini Tal ; with remarlre on natprd conditionr 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal betwen Lisa and 
Ramthi rivers. Basic Eruptive Rocks of I<adapa.h Area. Deep Boring at Luoknow, 
Coal Seam of Dore Ravine, Hazara. 

VOL. XXIV, 1891. 
Part 1 (out of print).-Annual report for 1890. Geology of Salt-range of Pnnjob, with 

re-oonsidcred theory of Origin and Age of Salt-Marl. Grepkita in decompoeed One& 
(Labrite) in Ceylon. Glaciers of Kabru, Pandim, e h .  Salts of Sambhar I ~ k e  in Rsj- 
pntana, and ' Reh ' from Aligark in North-Weatern Provinoes. Analysia of Dolomite 
from Salt-range, Punjab. 

Purt 2 (out of print).-Oil near Moghel Kot, in Sharini country, Suleimnn Hib.  Minerel Oil 
from Suleiinan Hills. Geology of Lushai Hills. Coal-fields in Northern S b n  States. 
Reported Namsbke Ruby-Mine in Maingldn State. Tourmaline (Schorl) Mines in Maingun 
State. Salt-spring near 13amgy0, Thibaw Statc. 

Part  3 (out of print).-Boring in Daltonganj Cod-field, Pdamow. Death of Dr. P. Martin 
Duncan. Pyroxenic varietiea of Gneiss and Scapolite-bring Rooh. 

Part 4 (out of print).-Mammalian Bones from Mongolia. Darjiling Cosl Esplorefion. Geology 
and Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab. 

VOL. XXV, 1892. 

Part 1 (cntt of print).-Annual report for 1891. Geology of Thal Chotitili and part of Mari 
oountrp. Petrological Notes on Boulder-bed of Salt-range, Punjab. Bub-reoent end 
Recent Deposits of valley plains of Queth, Pishin, and Daaht-i-Bedalot ; with eppendicea 
on Chammans of Quetta ; and Artesian water-supply of Quetta and Pishin. 

Part 2 (out of print).--Geology of Sefkd K6h. Jherria Coal-field. 
Pwt 3 (out of print).-Locality of Indian Tscheffkinitc. Geological Sketoh of country north of 

Bhamo. Economic resources of Amber and Jade mines Rrea in Upper Burma. Iron-ores 
and Iron industries of Salem Distriot. Riebeckite in India. Coal on Great !lhmamrirn 
Rivcr, Lower Burma. 

Part 4 (out of print).-Oil Springs a t  Mogal Kot in Shirani Hille. Mineral Oil from Suleimen 
Hill@. New Ambar-like Resin in Burma. Triassic Deposite of Salt-range. 

VOL. XXVI, 1883. 

Part 1 (out of print).-Annual report for 1892. Central Himalayas. Jacleite in Upper Burma, 
Burmite, new Fossil Rosin from Upper Burma. Prospecting Operations, Mcrgui District, 
1891-92.. 

Part 2 (out of print).-Earthqnako in Baluchist~sn of 20th December 1892. Burmite, new amber- 
like fossils from Upper Burma. Alluvial deposits and Subterranean water-supply of 
Rangoon. 

Part 3 (out of print).-Geology of Sherani Hills. Carbonifem- Fossils from Tentweerim. 
Boring st Chandcrna.gore. Granite in Tavoy end Mergui. 

Part 4 (orct of print).-Geology of country betwwn Cheppnr Rift and H ~ r n a i  in Balachintan. 
a o l o g y  of part of Tenasserim Valley with slmcial reference to Tendau-Kamapying C q l .  
Geld. Magnetite oont,aiaiag Manganese and Alumina. Hislopita. 



Part 1 (aut of rid).-Annual report for 1893. Bheganwala Coal-field, Salt-range, Punjsb. 
Part 2 (out of print).-~ctroleam from Bnrma. Singareni Coal-field, Hyderabad (Dwoan). 

Qohne Landdip, Garhwal. 
Part 3 (out of print).-Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal- 

fields. CMpped (?) Flints in Upper Miocene of Burma. Velatee Schmideliana, Chemn., 
and Provelates gmndis, Sow. sp., in Tortiary Formation of India and Burxnn. 

Part 4 (out of print).-Geology of Wuntho in Upper Burma. Echinoids from Uppcr Cretaceoue 
System of Beluohistan. Highly Phosphatio Mica Periodotites illtrusive in Lower Gondwana 
R o o h  of Bengal. Mica-Hypersthene-Hornblende-Periodotite in Bengal. 

VOL. XXVIII, 1896. 

Part 1.-Annual report for 1894. C~.etaceous Formation of Pondicherry. Early allusion to 
Barren Island. Bibliography of Barren Island and Narcondam from 1884 to  1894. 

Part  2 (out of print).-Cretaceous Rocks of Southern India and geographical oonditions during 
later oretaceous times. Experimental Boring for Petroleum a t  Sukkur from October 1893 
to  Maroh 1895. Tertiary system in Burma. 

Part  3 (cut of pint).-Jadeita and other rooks, from Tammaw in Upper Burma. Geology of 
Tochi Valley. Lower Gondwanas in Argentina. 

Part  4 (out of print).-Igneous Rocks of Giridih (Kurhnrbaree) Coal-field and their Contact 
Effeots. Vindhyan system south of Sone and their relation to  so-called Lower Vindhyans. 
Lower Vindhyan area of Sone Valley. Tertiary system in Burma. 

Vot. XXIX, 1896. 

Part 1 (out of print).-Annual report for 1895. Acicular inclusions in Indian Garnets. Origin 
and Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic rocks. 

Part 2 (out of print).-Ultra-basic rocks and derived minerals 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 
" Gondw~na-land." Notes. 

Part  3.-Igneous Rocks from the Tochi Valley. Notes. 
Part 4 (out of pint).-Steatite mines, Minbu district, Burma. Lower Vindhyan (Sub-Kaimur) 

area of Sane Valley, Rewah. Notes. 

VOL. XXX, 1897. 

Part  I (out of print).-Annual report for 1896. Norite and associated Basio Dykes and Lava 
flows in Southern India. Genus Vertebraria. On Glossopteris and Vert.ebraria. 

Part 2.-Cretaceous Deposits of Pondicherri. Notes. 
Part 3 (out of print).-Flow st.ructure in igneous dyke. Olivine-norite dykes a t  Coonoor. Exca- 

vations for corundum near Palakod, Salem District. Occurrenca of coal a t  Palana in 
Bikaner. Geological specimens collected by Afghan-Baluch Boundary Commission of 1896. 

Part 4 (out of print).-Nemalite from Afghanistan. Quartz-barptes rock in Salem district, 
Madras Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc., from 
Lower Pliocene of Burma. Supposed cool a t  Jaintio, Baxa Duars. Percus~ion Figurce 
on micas. Notes. 

VOL. XXXI, 1904. 

Part 1 (out of print).-Prefatory Wotice. Copper-ore near Komai, Darjiling district. Zewan 
beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mirtnwali district, Punjnb. 
Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagap~tam District. Mis- 
cellaneous Notes. Assays. 

Part 2 (out of print).-IAt.-Genl. C. A. MacMahon. Cyclobus Haydeni Diener. Auriferous 
Occurrences of Chota Nagpur. Bengal. On the feasibility of introducing modern methods 
of Coke-making a t  East Indian Railway Collierie~, with supplementary note by Director, 
Geological Snrvey of India. Miscellaneous Notes. 

Part 3 (oltt of pint).-Upper Palxozoio formations of Eurasia. Glaciation and History of Sind 
Valley. Haloritea in Trias of Baluchistan. Geology and Bfineral Resources of Maynr- 
bhanj . Miscellaneous Notes. 

Part 4 (out of print).-Geoloqy of Upper Aesam. Auriferous Occurrences of Assan.. Curious 
qccurrence of Scapolite from Madras Presidency. Miscell~.neous Notes. Index, 



Part I.-Reviow of Blinaral Produotion of Indie during 1898-1W8. 
Part 2 (out e f  print).-Generd report, April 1903 k, I~eaomber 1904. kbgg 01 Pro* 

of Tnang and t) in Tilet,  Bauxite iu In&. Mirsochmus NO-. 
I'nrt 3 (out o pr in t ) . -h t~a ,~ol i th io  Fauna from Subarrsiri Go e, h m .  Elqbru Anthum i (Narnadoue) in Chbvar i  Alluvium. T r k s i o  Fauua of ropiteu-Limertaac, d By- 

Amblygonite in K ~ h m i r .  Mimmllaueous Yotea. 
9 

Part  4.-Obituary notices of H. B: bledlicott and W. T. U L n f o d  k g r b  Ph' thr lwb af 
4th April 1006. Index to Volume XXXI1. 

VOL. XXXIII, 1906. 

Part 1 ( O U ~  of print).-Minerel Produ~tion of India during 1964. Yleiatooene Movement 
Indian Peninsula. Iteoent Change61 in Courso of Nam-tu River, Northern 6baa f4hhfm. 
Natural Bridge in Gokfeik Gor e. Geology and Mineral Hseourw of Narnaul DLfrid 
(Patiah state). M ismIhneou~ $tea. 

Purt 2 (out o j  pint).-General report for 1W5. h h i o  Coal-field, Northern Shan 
Namma, M ansang end Man-ee-le Coal-fielde, Northern Shan Btstes, Burma. Bfbdamu0. 
Notes. 

Part 3 (out of print).-Petrology and Maaganese-clre Deposits of EIL-r TaM1, Chhindwr- 
district, Central Provinces. Geology of part of valley of Ka&n River in= 
Chhindwara dhtricts, Central Provinces. Manganite from Gandur Hi&. WUI 
Notea. 

Part 4 (out o j  pint).-Composition and Quality of Indian Coalo. CLeseific8tion of the Vindbyrn 
System. Geology of State of Parme with referenoe to tho Diamond-bring 
Index to  Volume XXXIII. 

VOL. XXXIV, 1906. 

Part 1 ( a t  of print).-Fossils from Helorites Limwtone of b m k n a g  Ciiff, Kumru~n. Upper 
Triassic Feuna from Fiahin District, Baluchistam. Geology of portion of Bhutan. Cod 
Occurrences in Foot-hills of Bhutan. Dandli Coal-Bold: Coal outcrop in Kotli Tahail 
of Jammu State. Miscellanaous Notes. 

Part 2 (out of print).-Kneral production of India during 1906. Douvihi, with 
remarks on Zonal Distribution of Indian Nummulifee. Auriferous Tracts in Southern 
India. Abandonment of Collieriee a t  Warora, Central Provinces. Bliecelbneoas Notea. 

Part 3 (out of print).-Explosion Craters in Lower Chindwin Dietrict, Burma. Lava  of P B V L ~ ~  
Hill. Gibbsite with Manganese-ore from Talevadi, Belgaum dhtrict, and GibbeiCe from 
Bhekowli, Satare Ih t r ic t .  Clnssification of Tertiary System in Bind with reference to 
Zonal Distribution of Eoceue Echinoidea. 

Part 4 (out of print).-Jaipur and N a z k  Coal-fields, Upper Assam. Makum Coal-fielda between 
Tirap and Namdang Stroarns. Kobat Anticlule, near Seikhin, Myingyan dietrich Upper 
Burma. Asymmetry of Yenangyat-Singu Anticliile, U ~ F  Bur-. h'ortbern p t  of 
Gwegyo Anticline, Myingyan District, Upper Burma. Breynie M~ltit~uberculsh, from 
Nari of Baluchistan and Sind. Index to Volume XXXIV. 

Part 1 (out of print).-General report for 1908. Orthophragmina and Lepidocyclins in Nummn- 
litic Series. Meteoric Shower of 22nd October 1903 a t  Dokaohi and neighbourhood, D m  
district. 

Part 2 (out of print).-Indian Aerolites. Brine-wells a t  Bawgyo, Northern 6han States. Gold- 
bearing Deposits of Loi Twang, Shan States. P h p a  Prinrsepii in Maestrichtian strata of 
Baluohistan. Miscellaneous Notes. 

Purt 3.-Preliminary survey of certain Glaciers in North-Wc,st Himaleyye. A.-Xotes on certain 
Glaciers in North-West Kashmir. 

I'urt 4.-Preliminary survey of certain Glaciers in North-West Himalaya. B.-Noh on certain 
Glaciers in Lehaul. C.-Notes on cerbain Glaciers in Kumaon. Index to Volume XXXV. 

Part 1 (out of print).-Petrological Study of ltocks from hill tracts, Vizwaptem district, Medras 
Presidency. Nepheline Syenites from hill trmts, Vizagaptam district, .Madrm Presidencg. 
Stratigaphical Position of Gangamopteris Beds of Kashmir. Volcanlc outburet of Lato 
Tertiary Age in South Hsenwi, N. Shan States. New a u i b  from BugtiHille, hlnchhtan. 
?errno-Carboniferous Planta from Kaahmir. 



'art 2 (mt of pi&).-Mineral Produation of Indie, during 1806. Ammoniha of Bagh Bode. 
Mimellaneoue Xotes. 

Bart 3 ( ~ t  of print).-Marine fossils in Yenangyaung oil-field, Upper Burma. Freshwater 
shells of genus Batissa in  Yenangyaung oil-field, Upper Burma. New Species of Dendro- 
phyllia from Upper BIioccne of Burma. Structure and age of Taungtha hills, Myingyan 
district, Upper 13urma. Fossils from Sedimentary rocks of Oman (Arabia). Rubies in 
Kaohi~, bills, Upper Burma. Cretaceous OrLitoides of India. Two Calcutta Earthquakes 
of 1906. Miscellaneous Notes. 

'art 4 (out of p7in~).-P~eudo-Fucoid~ from Y R ~  salldstones a t  Fort Munro, and from Vindhyan 
aeries. Jndeite in Kachin Hills, Upper Burnla. Wetchok-Yedwet Pegu outcrop, Magwe 
district, Upper Bwma. Group Manganateu, comprising Hollandite, Psilomelane and 
Coronadite. Occurrence of Woltram in Nagpur district, Central Provinces. Miacell~~leolis 
Notes. Indox to Volume XXXVI. 

VOL. XXXVII, 1908-09. 

'art 1 (out of print).-General report for 1907. Mineral Production of India during 1907. 
Occurrence of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 

'art 2 (out of print).-Tertiary and 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 :-Vredenburgite, Sita- 
parite nnd Juddite. Laterites from Central Provinces. Miscellaneous Notes. 

'art 3 (out of print).-Southern part of Gwegyo Hills, including Payaggigon-Ngnshanda~ing 
Oil-field. Silver-lead mines of Bawdwin, Northern Shan States. Mud volcanoes of Arakaa 
Coaet, Burma. 

'art 4.-Gypsum Deposits in Hamirpur district, United Provinces. Gondwanas ancl related 
marine sedimentary system of Kashmir. Miscellaneous Note@. Indcx to Volume 
XXXVII. 

VOL. XXXVIII, 1909-10. 
'atl 1.-General report for 1908. Mineral Production of India during 1908. 
?art 2 (out of print).-Ostrea latimarginata in " Yenangyaung stage " of Burma. China-clay 

and Fire-clay deposits in Rajmahnl Hills. Coal a t  Githurria in Rajmahal hil!e. Pegu 
Inlier a t  Ondwc, Magwe district, Upper Burma. Salt Dcposits of Rajputana. Miscelltt- 
neous Notes. 

Dart 3.-Geology of Sarawan, Jhalawan, Mekran ancl the State of Laa Bela. Hippurite-bcaring 
Limestone in Seistan and Geol~gy of adjoining region. Fusulinids from Afghanistan. 
Miscellaneous Notes. 

Vott 4.-Geology and Prospects of Oil in Western Prome and ICama, Lower Burma (including 
Nameyan, Padau~g ,  Taungbogyi and Ziaing). Recorrclation of Pegu system in Burma 
with notes on Horizon of Oil-bearing Strata (including Geology of Paduukpin, Banbyin 
rind Aukmanein). Fossil Fish Teeth from Pegu system, Burma. Northern part of 
J'enangyat Oil-field. Iron Ores of Chanda, Central Provinces. Geology of Aden Hinter- 
lalid. Petrological Notes on rocks new Aden. Upper Jurassic Fossils near Aden. M ~ M -  
cellanooue Notes. Index to Volumc XXXVIII. 

lT~~J. XXXIX, 1910. 

Jui~quennirtl Reviow of Mineral Production of India during 1904 to 1908 (out of print). 

VOI,. XL, 1910. 

Part 1.-Pre-Carboniferous Lifc-Provinces. Lalres of Salt Range in the Punjab. Preliminary 
survey of certain Glaciers in Himalaya. D.-Notes on certain Glaciers in Sikkim. New 
Mammalian Genera and Species from Tertiaries of India. 

Part 2 (out of print).-General Report for 1909. Mineral Productmion of India during 1909. 
part 3.-Revimd Classification of Tertiary Freshwater Dcposits ol Tndia. Revision of Silurian- 

T r i ~ s  Sequence in Kashmir. Fenestella-bearing beds in Kashmir. 
Part 4 (out of print).-Alum Shale and Alum Manufacture, Kalabagh, Mianwali district, Punjnb. 

coal-fields in North-Eastern Astlam. Sedimentary Deposition of Oil. Miscellaneous Notes. 
Index to Volume XL. 

VOL. xLr,  JDH-12. 

Pat$ 1.-Agc arrd cont~inual,ion in Depth of Maugancsc-ores of Na,gpur-Balaghst Arcrt., Central 
Provinces. hlangsncse-ore deposits of C4al1gpur State, Bellgal, nlld Distribution of Gondite 
Ssrios in India. Baluchistan Earthquake of 21st Oatobcr 1900. Identity of Ostrea Pro- 
mensis, Noc.tling, from Yegu Systeln of Burma and Ostrca Digitalina, Eichwnld, f r ~ r n  
Miocene of EUCO~C.  Mr. T. 1:. Blyth. Miscellaneous Not@. 
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hart 2.-&wal Report for 1910. l)eroni.n Pouil. fmrn Chitrrl, Yemi., 
EIimahyaa. Seotione in Pir Panjal hangs and Bind Valley b h m i r .  

Part 8.-Mineral Produotion of India during 1910. Gamamkita snd other minerals Sn Xollorc 
Dietriot, Madraa Preeidenoy. Coal in Namukuk Valley, Upper Besrun. Miecsllaaotmr 
N o h .  

Part 4.-Pegu-Eocene Sucoosleion in Minbu Uietrict neer Ngllpo. Geology of Hun& IJbtrib, 
Burme. Geology of Lonar Lake, with note on Loner Soda De . Intcmtionel  G@- r t  logical Congreae oi Gtookholrn. Mieoellaneoue Notes. Indox to olnme XU. 

Part 1.-Survival of Miocene Oyeter in &cent &%a. Silurian l 'oeds from Kaehmir. Blbdib 
from Salt Range. Gold-bearing Deposits of M o q  hag, Hsiprtw Gtab, Northorn Bhan 
States, Burma. Steatite Deposits, Idar State. Mieuellaneoun Noto. 

Parl 2.--General Report for 1011. Dicotyledonow Leavee from Coal Measuree of Amam. 
Poting Glacier, Kumaon, Himalaya, Junc 1911. Miszellaneous Notes. 

Purt 3.-Mineral Production of India during 1911. Kodurits Suriee. 
Part 4.-Qeological Eeconnakancse through Ilohong Valley, beiug Goological ~ a u l t a  oI Abor 

Expedition, lQ11-12. Trevorso across the Nnga H& of heam.  Indian Aerolitse. IKis- 
celleseous Notea. 

Parl 1 (mt  o j p r i n t ) . 4 n e r a l  Report for 1012. Garuet as a Geological Barometer. Wolframita 
in Tavoy District, Lowcr Burma. hliscellaneou~ Notes. 

Purt 2 (out ofprint).-Mineral Production uf India during 1012. hlat iomhip of tho H ~ m d a y a  
to tho Indo-Gangetic Plain and the Indian PuninsuL. Hambergite from Kashmir. 

Part  3.-Contributions to the geology of tfhe Province of Y i i m ~ n  in Western China : I.- 
Bhamo-Tbng-Yiieh Area. L[.-Petrology of Volcauic Rocks of TBng-Yiieh District. The 
Kirna Hills. Banswal Aerolite. 

Part 4.-Gold-bearing Alluvium of Chindwiu LCiver and Tributarics. Correlation of Siwdik 
with Riammel Horizons of Europe. Contributions to  the Gcology of the Yrovinoe of 
Yiinnnn in Western China : 111.-Stratigraphy of Ordovician a d  Siluriam Boris of Weemn 
Yiinnan, with Provisional Palso~ltologioal l)ohrminations. Notes on " Camaroorinos 
ksiaticus " from Burma. 

l'url 1 (out of print).-G~leral Report for 1913. Carbon~~cous Aerolite from Rajputana. Nr~m- 
mulites ay Zone l~ossils, with dcycription of sorue J3urmcsc specics. 

Part 2.-Contributions to tho Geology of the P r o v i n , ~  ot Yuman in \Vestern China : 1V.- 
Country arourid Yiinnan Fu. D y k ~  of white Trap from Yonch Valley Coal-ti:ld, 
Chhindwara District, Central Provinces. Xineral concussions dur~ng 1913. 

Part 3.-Coal-seams near Yaw River, Pakoklcu Lhiatrict, Upper Uurma. Ths Monazi~o Sdnla 
of Travancorc. Lower Croteccous Peuna from HimsLynn Gieurn~l S~ndstone together 
with descriptbn of a few fossils from Uhikkim saries. lndi~rotos s ~ l r n o n t ~ c u j  Yllgrim. 
E'uture Beheading of Son and Rer Rivers by Hmdo. 

Part 4.-Salt Deposits of Cia-Indus Salt Itange. Tecth referable to Lower Siwalik C d o n t  
gonus ' Dissopsalis' P~lgrirn. Glaciers of Dhauli and Lisar Valloys, Knmaon, Himalaya, 
September 1912. Miscellaneous Notes. 

VOL. XLV, 1915. 

Part 1.-New Siwitlik Primates. 1lr.bohiopdde of Xs-nyau Bed* of Burma. Miwolleneaurr 
Note. 

Part 2.-Choral Report for 1911. Note on Sivslurus aud Pi~ramzchsrodus. 
Part 3.-Mineral Production of India during 1914. Three New Indian 3lateorites. 1Zut1ip. 

puram, Shupiyan and Kamsagar. Dentition oE Tragulid Genus (Dorcabune). hamatitc 
Crystals of Corundiform Habit from Kajlidongri, Central India. 

Part 4.-Geology of country near Ngahlaingd\rin. Geology of Chitral, Gilgit anu Pam~re, 

VOL. XLVI, 1915. 

Quinquenniel Review of Minerel Produotion of India for 1909 to 101 3 (out 01 pria t)@ 



VOL, XLMI, 1916. 
Pi t t  i . 4 n e r a l  Report for 1816. Eooene Mammals from Burma. Misaellaneoua Notes. 
Part 2.-The Deooan Tray Flows of Linga, Chhindwara District, Centrd Provinces. Iron 

Ore Deposits of TwinngB, Northern Shan States. 
fuvt 3.-Obituary : R. C. Burton. Mineral Production of India during 1915. Romingos- 

trea, en  emtern group of Upper Cretaceous and Eocene Ostreidae, with de~criptione of two 
new speoiea. 

Pard 4.--Contributions to  the Geology of the Province of Yiinnan in Western Chine: 5.- 
Geology of parts of the Salween and Mekong Valleys. A fossil wood from Burme. Tho 
Vhuni and Ekh ILhme Aerolites. 

VOL. XLVIII, 1917. 
Part  1.-General Report for 1916. A revised olassilication of the Gondwana System. 
Part 2.-Mineral Production of India during 1916. Mammal collections from Basal Beda of 

Siweliks. 
Part 3.-Crystallography and Nomenclature of IIollandite. Geology and Ore Deposits of 

Bawdwin Mines. btbcellaneous Notes. 
Part 4.-Biana-Lalaot Hills in Eastern Rajputana. Origin of the Laterite of Seoni, Central 

Provinces. 
VOL. XLIX, 1918-19. 

Part  1.-General Report for 1917. Cassiterite Deposits of Tavoy. Les Echinides des " Bagh 
Be&." 

Par t  2.-Mineral Produotion of India during 1917. Support of Mountains of Central Asia. 
Pa r t  3.-Struoture and Stratigraphy in North-West Punjab. Aquamarine Mines of Daso, 

Beltistan. Srimangal Earthquake of July Sth, 1928. 
Part 4.-Possible Occurrence of Petroloum in Jammu Province: Preliminary Note on the 

Nm-Budhan Dome, of Kotli Tehsil in the Punch Valley. Submerged Worests a t  Bombay. 
Infra-Trappeane and Silicified Lava from Hyderobad, S. Indis. 

VOL. L, 1919. 
Part 1.-General Report for 1918. Potash Salts of Punjab Salt ltange and Kohat. Origin 

end History of Rook-salt Deposits of Punjab and Kohat. 
Part  2.-Tungsten and Tin in Burma. Inclination of Thrust-plane between Siwalik and Murree 

zone near Kotli, Jammu. Two New Fossil Localities in Qaro Hills. Sanni Sulphur Mine. 
Misoellaneous Xotes. 

Part 3 (out o print).-Mineral Productioll of Inclia during 1918. Gastropods Fauna of Old d Lake-be 8 in Upper Burmrt. Galona Deposits of North-Eastern Potao. 
Part 4 (out of print).-Pitchblende, RTonnzite and othor minerah from Pichhli, Garye district, 

Bihar and Orissa. Natural Gas in Biti~minous Salt from lCohat. Mineral Resources 
uf Central Provinces. Miscellaneous Notes. 

VOL. LI, 1920-21. 
Part 1.-General Report for 1910. Pseudo-crystals of .Graphite from Travanooro. Mineral 

relatad to  Xenotime from Manbhu~n District, Billor and Orissa Province. Coal Seams 
of Foot-Hi& of tho Arakan Yoma, betweon Letpan Taw in Pakokku and Ngap6 in Minbu, 
Upper Burma. Observations on " Physa Prinscpii," Sowerby and on a Clionid Sponge 
thet burrowed in its shell. 

Part 2.-Classification of fossil Cyprzidae. Sulphur ncar the confluenco of tho Greater Zab 
with the Tigris, Mesopotamia. hliscollaneous Notes. 

Part 3.-Mineral Production of India during 1919. Results of a Revision of Dr. Noetling's 
Seoond Manograph on the Tertiary Fauna of Burma. Marine Fossils colleoted by Mr. 
Piofold in the Qaro Hills. 

Part 4.-Illustrated oomparative Diagnoses of Fossil Terebrida from Burma. Indian Fossil 
Vivipara. New fossil Unionid from the Intcrtrappean beds of Peninsular India. Unionidae 
from the Miooene of Burma. 

Vor,. LII, 1921. 
Quinquennial Review of Mineral Production of Indis for 1014-1918. 

Vor,. LIII, 1921. 
Part 2.-General Report for 1920. Antimolly deposit of Thabyu, Amhorflt clistriot. Antimony 

deposits of Southera Bharl Statcs. Goology and hlinerttl Ltosources of Ertatern Persia. 
I\liscelIaneous N o h .  

Part 2.-Comparative Diagnosos of Pleurotornids from Turtiary Furtnation of Burma. Corn- 
parotive Diagnoses of Conicla, and Caucellariidtre from Tertiary of Burma. Stratigraphy, 
Foosils and Geological Rolatin~>shigfi of Lamctn Bcdu of Jubbulpore. RocXa near Lameta 
Ghat (Jubbulpore District). 

Part 3 (out of print).-Obituary : Predericlr Richlnorid Mallet. Mineral Production of India 
during 1920. Mineral Resources of Bihar and Orism. 

Purl 4.-Stratigraphy oi the SIngu-Yenangyat Area. Analysis of Si~lgu lhuna. Sulphur 
Deposits of Southeru Pemicb. A Zone-Fossil from Burma: Ampullintb (Megatylotus) 
Birmenioa . 
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VOL. LW, 1922. 
&t 1.-General Report for 1921. Contributions to tho Geology of the Provinm of ~finarn 

in WmCern China : V1.-Traverses betwoen Tali Fu and Yunnan Fu. h b g y  of Taklri 
Zam Valley; and Kaniguram-Makin Area, Waziristan. Geology of Thayetmyo and noigh- 
bourhood, including Padaukbin. Bitumen in Bomba Island. 

Part 2.-Mineral Production of India during 1981. Iron 6 rm of Binghbhum and Orisea. G o -  
logical Results of hlount Everest Reconnaissance Expedition. Northern Fahnsion of 
Wolfram-bearing Zone in Burma. Miscellaneous Note. 

Part 3.-Obituary : Rupert William Palmer. Indian Tertiary Gastropoda. 1V.-Olivih, 
Harpidse, Marginellidae, Volutidae and Mitridae, with compartrtivo diagoom of new epcim. 
Structure of Cuticle in Glossopteris ayustifolia Brongn. Revision of some Fossil Bhm- 
morph Barnacles from India and the East Indian Arohupelago. Contributions to the Ceo- 
logy of the Province of Yiinnan iu Weetern China : 7.-Reconnaissance Surveys between 
Shunning Fu, Chingtung Ting and Tali Pu. 8.-Traverse down Yeng-tm-chiang Valley 
from Chin-chaing-kai to Hui-li-Chou. Boulder Bed8 beneath Utatur State, Trichinopoly 
District. Miscellaneous Notes. 

Part 4.-Geology of Western Jaipur. Geological Traversw from Assam to Myitkyina, through 
Hukong Valley ; Myitkyina tr, Northern Putao ; and Mpitkyina to Chinese Frontier. Oli- 
gocene Echinoidea colleoted by Rao Bahadur S. Sethu Rama Rau in Burma. Mineral 
Resources of Kolhapur State. Kunghka and Manmaklang Iron Ore Deposits, Northern 
Shan States, Burma. 

VOL. LV, 1923-24. 
Part 1.-General Report for 1922. Indian Tertiary Gastropoda, KO. 5, Fusidm, TurbineUidae, 

Chrysodomidae, Strepturih,  Buccinib, Nassids, Columbellidaa, with short diaposca of 
new epeoies. Geological Interpretation of some Itecent Geodetic Investigations (being a 
aecond Appndix to the Memoir on tho structure of the Himalnyaa and of tllo Gangetic 
Plain as elucidated by Geodetic Ob~ervationa in India). 

Part 2 . 4 b i t u a r y  : Ernest (Watson) Vredenburg. Fossil JioUuace from Oil-Measurea of Dawm 
Hills, Tenesserim. Armoured Dinosaur from Larnett~. Reds of Jubbulpm. Fossil forms 
of Placuna. Phylogeny of some Turbiuellidz. Reccnt Falls of Aerolites in 111dia. Geology 
of part of Khasi and Jaintia Hills, Assam. 

Part 3.-Nincral Production of India during 1922. Liguitic Coal-fielde in Karewa formation 
of Kashmir Valley. Basic and Ultra-Basic Members of tho Charnockite Series in the Central 
Provinces. China Clay of Karalgi, Khonayur, Belgaum District. 

Part 4.-Obituary : Henry Hubert Hayden. Oil Shales of Eastern Amherst, Burma, with a 
Sketch of Geology of Neighbourhood. Provisional list of Palseozoic and Mesozoic FossiIe 
collected by Dr. Coggin B r o m  in Yiinnan. Fall of three BIeteoric Irons in ftajputana 
on 20th May 1921. niiscellanwus Note. 

VOL. LVI, 1924-25. 
Part 1.-General Report for 1923. Mineral Depovita of Runua. 
Part 2.-Mineral Production of India during 1923. Soda rocks of Rajputana. 
Part 3.-Gyrolite and Okenite from Bombay. Freshwater Fish from oil-measures of Dawne 

Hills. Fossil Anlpullariid from Poonoh, Kaahmir. Calcareous Alga belonging to Triplo- 
porelles (Dasgcladaces) from Tertiary of India. Froth FloBation of Indian Code. Sub- 
marine Mud E ~ p t i o n s  off Arakan Cos t ,  Burma. Cretaceous Foaails from Afghcnista-n 
and Khorasan. 

Part 4.-Merua Meteorite. Stegodon Ganeea in Outer Siwaliks of Jammu. Land and F m h -  
water Fossil Molluscs from Karew~s of Kashmir. Burmeso Lignites from Namme, h h i o  
and Pauk. Maurypur Salt Works. 

VOL. LVII, 1826. 
QninquennIal &,view of Mineral Production of India for 1919-1923. Price 6 Rs. 10 de. 

VOL. LVIII, 1926-26. 
Pad 1.-General Report for 1924. Fossil Tree in Panchet Seriw of Lower Gondwanas near 

Aeansol, with Ptlla?ontological Description. 
Pad 2.-Obituary : Francis William Walker. Possibilities of finding concealed coal-field a t  a 

workable depth in Bombay Presidency. Basaltic Lavas penetrated by deep boring for 
coal a t  Bhusawal, Bombay Presidency. 

Part &-Mineral Production of India during 1954. Enstatite-Augite Series of Pyroxenes. 
Constitution of the Glauconito nnd Coladonita. Palngonih-bearing Dolerite from Nagpur. 

Pad 4.-Foesils C d t a c b  (10 119fghanistan. Fossiles du Kashmir ut des Pamira. Additions 
and Corrections to Vredonburg's Clmificatiou of tho Cyprreidz. Petrology of Rocke from 
Girnar ttnd Oshsm Hills, Rathinwnr, India. 

VOL. LIX, 1926. 
Pnrt 1.-General Report for 1925. Foraminifera of parts of Western India. 
Pas 2.-sampling Oprations in Penrh V d e y  Coal-field. Composition of some Indian Garueta. 

Geology of h ~ d a m a n  and Nicobar lelands, with special reference to Middle Andaman Ieland. 
Occurrence of Ckyytohalite. Remark8 on Carter's Genus Connlitee. 
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part &-Mineral Production of India during 1925. ~ e t a m o r ~ h i o  koclis and intrusive Granite 
of Chhota Udepur State. Indian Species of Conoclypeus. 

part 4.-LOIV-Phosphorus Coking Coal in Giridih Coal-Field. Distribution of Gault in India. 
Age of 80-called Danian Fauna from Tibet. Bauxite on Korkpat Hill, Kt~lahandi State, 
Bihar and Ori8ss. 

VOL. LX, 1927-28. 
Pad 1.-General Report for 1926. Six Rocent Indian Aerolitos. 
Part 2.-Gas Eruption on Ramri Island, off Aracan Coast of Burma, in July, 1926. Oil Indi- 

cations a t  h i g h  Rottd ncar Karachi. Lower Canine of Tetraconodon. Geology of 
Bundi State, Rajputana. 

Part 8.-Mineral Prodl~ction of India during 1926. Geological Traverse in Yunaslin Valley. 
Ambala Boring of 1926-27. Indian Uniollidaa. 

Part 4.-Relationship betwoen Spocitic Gravity and Ash Conter~ts of Coals of Korea and Bokaro : 
Coals as  Colloid Systoms. Contact of Basslt with coal-seam in the Islo of Sliye, Scotland : 
Comparison with Lndian examples. Baraltar-Ironstone Boundary noar Bogunia, Rsnigmj 
Coal-Fiold. R,aniganj-Panchet Boundary near Asansol, Raniganj Coal-Field. Permo- 
Carboniferous Marhie Fauna from Umaricb Coal-field. Geology of Umaria Coal-field, Rewah 
State, Central India, Composition and Nomenclature of Chlorophzite and l'alagonite, 
and on Chloropheeite Series. Miscellancouu Notes. 

VOL. LXI, 1928-29. 
Part 1.-General Report for 1927. Actionodon risinensis in Lower Gondwanas of Vihi district, 

Kashmir. Miscellaneous Note : Further Note on Nomenclature of Hollandite. 
Part 2.-Contribution to Geology of Punjab Salt Range. Iron Ore Deposits of Northelll S h u  

States. Lower Canine of Indian Speoies of Conohyus. Miscellaneous Note : Leucopy- 
rite from Kodarma. 

Part 3.-Mineral Production of India during 1927. Note on Colring Tests with Gondwal~n 
Coals. Zinc-Spinel from Soutllern India. New Indian Afoteorite : Lua Fall. Miscella- 
neous Note : Lollingite from Hazaribagh District. 

Part 4.-Erratics of the Punjab. Cretaceous Dinosaurs of Trichillopoly District, and ltocks 
associated with them. Orbitolinze from Tibet. Joys Mair Dome Fold, near Chalrwal, 
Jhelum District, Punjab. Occurrence of Allophane a t  Tikalr, Assam. Miscollansous 
Note : Australian Species of Genus Qisortia. 

VOL. LXII, 1929-30. 
Part 1.-General Report for 1928. Miscellaneous Note : New Chromite Localities. 
IJart 2.-Obituary : Sivtirau Sethu Rama Rau. Specific Gravity and Proximate Composition of 

Indian Vitr;tins. New Devonian Fossils from Burma. R,zngoori Earthquulres of Septem- 
ber ttnd Decembor 1927. Epicontre of North-West Himalayan Earthquake of' 1st February 
1929. Miscellaneous Notes : Illdial1 Boryl, Atacamite in Bihar and Pyromorphite in 
Bhagalpur district, Bihar. 

Part 3.-Mineral Production of India during 1928. Granophyric Trachite from Salsette Island, 
Bombay. Coal Resources of Jhuria Co:dfield. Coal lost by Fires arid Collapses in Indian 
Coal Mines. 

Part 4.-Age of Aravalli Rango. Lake's Rulo for Angle of Overthrust, i ia applied to Himalay~s. 
Permo-Carboniferous Succession in W a r c h ~  Valloy, Wo~tern Salt Range, Punjab. Naoki 
(Hyderobad) Meteorio Shower of 29th Soptcrnbor 19118. &liscellaneous Notoa: l3oring 
for water at Dnryapur end Fossil Eggs a t  Yenangyaung. 

VOL. LXIII,  1930. 
Part I.-General Report for 1929. Upper Triassic Fossils from Burmo-Siamese 1i'rontior.- 

Thaungyin Trias and Description of Corals. Upper Triassic Fossils from Burmo-Siamese 
Frontier.-Brachiopoda and Lamellibranchia, from Tliaungyin Rivor. Upper Triassic 
Fossils from Burmo-Siamese Frontier.-Fossils from Kamawkala Limestono. Upper 
Triassic Foasile from Burmo-Siamese Frontier.-New Dauycladacea, Holo.~porella siczn~enszs 
nov. gen., ~iov.  sp., with Description of Alliod Gonus Aciclilella Pia. Cretaceous Cephalo- 
pods in ' Red Bcds ' of Kalaw, Southern Shan States, Burma. 

Part 2.-Mothods of -4nalysis of Coal used a t  Government Tost House, Aliporo, Calcutta, with 
an Editorial Introduction. New fossil localities within Panchet sories of Rar~iganj Coal- 
field. Species of Cyllene from Pegu Beds of Burmn. Two new species of Unio. Glnciem 
of Karakoram and Ncighbourhootl. Miucellnneous Noto: Dome near RIari in Attock 
District. 

Part 3.-Mineral Production of India during 192:). On the Specific Gravity and Proximate 
Composition of some Indian Durains. 

p& 4. -Aspects of Modern Oil Field Practico. Undescribod fresh~vater i\lolluscs from various 
parts of India and Burma. Second note or1 North-West IIimrtlityan Earthquake of 1st 
February, 1929. Miscellaneous Not08 : Tremolite from near Jasidih, Uihar, Sapphirine in 
Vhegapataln District and Titaniferous Augite from Chandrawati, Sirohi State, Rajputann. 



Vob. LXIV, 1930. 
Quinquennial Roview of M i n e d  Production of India for 1024-1928. Prim 9 Re. 6 As. 

VOL. LXV, 1031-32. 
Part 1.-General Report for 1030. Additionnl Rote on Snmolia Metemito. Zonin and 

Difference in Composition of Twinned Plrgioslasc Fel~pnru in cortain rooL. from Birohi 
St4ate, Rajputnna. Albite-.4la C Twinning of I'lngioclnoo E'elspol~6 in curtain acidic rocks 
from Birohi State, Rajputana. Juraeeic Foseils from Northern 8 h ~ n  &tabs .  

Part 2.-4yntaxie of North-West Himalayas : I ts  Rocke, Tectonics and Orogeny. Preliminary 
Note on Pogu Earthquake of May 6th, 1030. Detarmim\tion from World &wr& of 
Zero-time and Epicontre, cf Yegu EnrthquaLc. of bfny 5th' 1930. Long Diatanco Wave 
Speed8 of Pcgu 15arthqualie of May 5th' 1930. Roclis buaring Kyanib and SillimRnite 
in I3handara District, U. P. Stratigraphy of Upper Itanikot Se.rics (Lowor Eocane) of sind, 
India. MiaceUanoous Note : Puchsite Vaso from Blohenjo Dare (8ind). 

Part 3.-Mineral Production of Tudia during 193dJ. Geoiogy and Lead-oro D e p i t e  of Manm, 
Federated Shan Stabs. Weathsring of Vindhyxn Suildinp: Rt<ono. Muduri ia  from 
Ordovician of Burma. Miscellaneous Notos : Supplementary note on " Rovieioua of 
Ir~dian Fossil Plants, Psrt  II Co~liferalos (1). I'otrifactiona), 1931 " and Eruption of Mud 
Volcallo ofl Araken Coast. 

Part 4.-Reaction Minerals in Garnet-Corclierite-Gneirte from Mogoli. Vindl~yens of weatern 
Rajputana. Granitic Intrusious in Ranchi and Singlibhum Dietrich. Mkwlltlneoua 
Notes : Cho?~des in Icrol Limestone ; Greon J'lir::~ from Hhandara District ; and Olivine- 
Basalt and Tuffs in Malani Seriea a t  Jodhpur. 

VOL. LXVI, 1932-33. 
Part 1.--General Report for 1931. Rudista! from Eastern Pewin. 
Part 2.-Lower Palaeoeoic F o e ~ i h  from the Southern Shan Staka. Goolyy of Nanga Parbat 

(Mt. Diamir) and adjoining portions of Chilas, Gilgit Tjist~ict, Kashmir. Fossil Plante from 
Pareora Stage, Rewe. S a a  Earthquake of August 6tb, 1929. Overlap in the Kr'gape Area, 
Minbu District. nLisccllaneous Note : Ammonite from Kamri Ielantl. 

Part 3.-Mineral Production of India during 1931. Microscopic Study of eomo Indian Coals. 
Specific Gravity and Porosity of Indian Building Stonen. I n d h  Seismological Records 
of Chief Shocks in N.-%. Frontier R,ogion of Burma dwing 1929 and 1930. Glncjor in 
Arwa Valley, Garhwal. 

Part 4.-Stratigraphic signscance ol Pusulinids of Lower l'roductus Limostcne of S d t  R.age. 
Dadoxybn Znleeskyi, a now Spccios of Cordaitean troes from Lower Gondnnnns of Indk. 
Fossil Po1~tn1ocula.r Fruit from Pondic:herry. Kalara (Calwt~) ' Wtll ' in Kurrlool District. 
Talc-Serpentine-Chlorite Roclis of Sout,llorn Ivfowiir and Dungnrpur. Age of certain 
Himalayan Granites. TaMes of Protluction, Imports, Exports and Comnmption of 
Ifinerala and Metals in India. 

VOL. I,XVII, 1933-34. 
Part 1.-General Report for 1932. Anthracolitllic Faunss of Southrrii Sllan Etates. 
Part 2.-Geological Reconnaissance ill Southern S h ~ n  Statcs. Ueolugy cf the cou~ltry Letween 

Kalaw and Taunggyi Soutllern Shan States. 
part 3.-Minors1 Production of' 11rdi.z duri~ig 1932. Geologic.al Notcs on Travtrrjr.t5 in Tibct 

made by Sir Henry Hagden in 1922. Origin of Streaky Gneissea of Nugpur District. 
Pnrt 4.-Goology of the Krol liolt. (:rue11 Conglomerates of Dharwar Age from Chota h'agyur 

and Jubbulpore. 
VOL. LXVI 11, 1934-35. 

Pad 1.-General Report for 1933. O b i t u q :  Mahnri Vinayak Rao, Khanpur llekorio 
Showor. Cambrian Sequence of Pulljab Salt Range. 

Psrt 2.-Cambrian-Trhcu Sequence of North U'esteni Kashrnir (Pa.rta of Muzsflarabad and 
Baramula Di6t.rict.s). Preliminary account of Earthqualio of 15th January, 1934, in Bihar 
and Nepal. Obituary : Pramatha Nnth Bosa. ?i,liscellanec?us Notos : Barytes in b1;inbh- 
District, Bihar ; Soda Doposit and Manufacture of Caustic Soda and Crude Soap a t  Paran- 
tij, Ahmedabad District ; Potash content of Reshta, Sambhar Salt Lakc, Rajput6na ; 
Aunogeo from Cuddapah District ; and Quarterly Statistics of Production of Coal, Gold 
a11d Potrol~um in India : January to  Blarch, 1034. 

Pad 3.-Mineral Productiou of India during 1933. Manganese-Lime Series of Garriets. che- 
mical Composition of Deccan Trap Flows of Linga, Chhindwara District., Central Pro- 
vinces. Miscellaneous Note : Quarterly StaListics of Production of Coal, Gold and Petro- 
leum in India ; April to June, 1034. 

Part 4.-Soils of India. Lateritisation of Khondalite. Snout of Binfo Glacjor in Baltistnn. 
Turonian Ammonite (Dan,nitss Daviesi) from ltaluri Idand, Burma. Ifkcellaneous Note8 : 
Qnarterly Stnt,ist,ics o i  IJroduutiou of Coal, Goid aud Petroleum 111 India : July to Septem- 
ber, 193.1 ; Tertiary R o c b  near Puri : and Cretnceous and Eocolle Volcanic 1ioc$s of t.he 
Great Himalaya Range in North Iiaahmir. 
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VOL LXIX, 1936-36. 
Part 1.--General Report for 1934. Primitive Fossils, possibly Atrematoue and Neotromatoub 

Rrachiopoda, from the Vindhyans of India. hliscellaneoue Nohe : Quarterly Statistics 
of Production of Coal, Gold and Petroleum in I n d h  : October t o  Docember, 1934, and 
Additional Note on Nornel~claturo of Hollandite. 

Pad 2.-Traverses in Himalaya. Jabalpur Plants from Srttpura Gondwana Basin. Rhizo- 
mopeds Cothan and Sze and Diclyopteridiuwa Foistmantel. Sphaerosiderito, containing 
a New Ssipecies of Dadoxylo~~ (D. pap.bclie?zse), from Lowor Gondwana Coal Measures of 
India. Earthquakes recorded by tho Pendnlum Seismograph s t  Shillong (Assam) from 
1903 to 1031. Preliminary Geological Report on Baluchistan (Quetta) Earthquake of 
May 31st, 1935. Bliscellaneous Notes : Quarterly Statistics of Production of Coal, Gold 
and Petroleum in Inclia : January to March, 1935 and Gypsum in Upper Vindhyans of 
Raj putana. 

Part 3.-Minerai Production of India during 1934. India's Coal Resources. (Being a 
note on the reserves available in India of good quality coal including coking coal.) 
Results of Low-Temperature Carbonisation of some Lower Gondwana Indian Coals. 
Attrition tests 011 Stones used as Road-Metal in India. Obituary : James Malcolm Nac- 
laren. Miscellaneous Note : Quarterly Statistics of Production of Coal, Gold, and Petro- 
leum in Indin : April to  June, 1935. 

Part 4.--Buclianan's Laterlte of Malaber and Kanara. Solubility of Quartz. Natural Gas a t  
aogha, Kathiawar. Patwar Meteoric Shower of the 29th July, 1035. Femwka 
minima : A Bevised Classitioation of Organic Remains from Vindhyans of India. Om 

- minerals from Bawdwin, Shan Statee. Miscellaneous Note : Quarterly Statistics of 
Production of Coal, Gold and Petroleum in India : July to  Septomber, 1935. 

VOL. LXX, 1936. 
Quinquennial Review of Mineral Production of India for 1929-1933. Prioe 0 Rs. 4 As. 

VOL. 71, 1936-37. 
Part 1.-General Report for 1935. Dyke Rocks of ICeonjhar State, Bihar and Orissa. lliscel- 

laneous Note: Quarterly Statistics of Production of Coal, Gold and Petroleu~n i e  
India : October to December., 1935. 

Part 2.-Perpeti Meteorio Shower of 14th &lay, 1936. Tirupati and Bahjoi Meteorites. Ostrcn 
(Cmssost~en) gajensis from near Bsripada, Mayurbhanj State. Matonidium and Weichselie 
in India. Cretaceous Cephalopods from Red Beds of Kalaw and Age of Red Beds. Con- 
tributions to  the Geology of the Province of Yiinnan in Western China : 9.-Brachiopod 
Beds of Liu-wun and related formations in S h ~ n  States and Indo-China. Geological Age 
of Namyau, Liu-wun and Napeng Beds and of certain other formations in Indo-China. 
Miscellaneous Note : Quarterly Statistics of Production of Coal, Gold and Petroleum in 
Indk : January to March, 1936. 

Part 3.-Mineral Production of India during 1935. Mlirble of the North-West Frontier Pro- 
vince. Miscellaneous Note : Quarterly StatLtics of Production of Coal, Cold and Petro- 
leum in India : April to  June, 1936. 

Part &-Obituary : Richard Dixon Oldham. Geology of Second Defile of Trrawaddy River. 
Orbitolinu-bearing rocks in Burma : with description of Orbilolina birmanica, sp. nov. 
Rocks in vicinity of Ityaul<se, Burma. Mesozoic coniferous wood (Mesentbrioxylon 
shanajcse, sp. nov.) from Southern Shan Statee of Burma. Foraminifera from Intm- 
trappcan Beds near Rrtjahmuncby. Holosporella af. H. Sinmensis Pirc, from Rajah 
mundry Limestones. hlnleri beds of Hyderabad Gtate (Deocan) and Tiki Beds of South 
Rewa,. Structure of Hininlaya iu Garhwal. RIiscellaneous Notes : Coal! Shale in 
Deccan Trap in Indore, Centrttl Indin. Octahedral Pyrite Crystals from J<olint 
District, North-West Frontier Province. Quarterly Statistics of Production of Coal, 
Gold and Petroleum in India : July to  Septcinber, 1936. 

VOL. 72, 1937. 
Purl 1.-General Report for 1936. Note 011 'uoalitc'. Fre*hwatrr and Lanrl Fossil Mollnscs 

from near Ghorbancl, Afghanistan. Pro\.isional statist~cs of some of the more im- 
portant Indit~n Jlinernlsfor 1936. bf~scrllancous Notc : Qunrtel.ly Statistics of Pro- 
duction of Coal, Gold and Petroloum in India : October t o  Docember, 1936. 

Contents and Indos to Records, Vole. I-LXV (1936). Price 6 Ra. 12 As. 

The price fixed for thuso publications is I rupoe each part, or 2 rupeoe each volume of four parts, 
tho price of oach part beginninlr with Vol. LTV is Re. 2-12-0, or each volt~mo of four 
parts Re. 11 all(\ the price of each part beginning with Vol. 72 is Its. 3, or eacll 
volume of four parts Rs. 12. 



MISCELLANEOUS PUBLICATIONS. 
A hlenual of the Geology of In&. 4 Vola. With map, 1879-1887- 

Vol. 1. Peninaubr Area. (By H. B. Medlioott and W. T. Bhnford. Prim 
Vol. 2. Extra Peninsular Area. j 8 rupees (out of print). 
Vo1.3. Economic Geology. By V. Ball. Price 6 rupeee (mt of print}. 
Vo1.4. Mineralogy. By F. R. Mallet. Price 2 rupees (out of print). 

A Manual of the Geology of India, 2nd edition. By R. D. Oldham (1893). Price 8 mp- 
(out of print). 

A Manual of Geology of India, Economic Geology by the lnte Prof. V. Ball, 2nd edition, revbed 
in parts- 
Part I.--Corundum. By T. H. Holland (1898). Prim 1 rupee (out of print). 

An introduction of the Chemical and Phyaical etudy of Indian Minerah. By T. H. HoUand 
(1896). Price 8 annae (out of print). 

Popular guides to the Geological collection in the Indian Mueeum, C a l c u t G  
No. 1. Tertiary vertebrate animals. By R. Lydekker (1879). Price 2 a n n u  (out of pint ) .  
No. 2. Minerals. By F. R. Mallet (1879). Price 2 rtnnaa (out ojptinl). 
No. 3. Meteorites. By F. Fedden (1880). Prim 2 annas. 
No. 4. Palmontological collectione. By 0. Peietmantel (1881). Price 2 a n m .  
No. 6. Economic mineral products. By I?. R. Mallet (1883). Price 2 annas (out o pint), 

A deecriptive catalogue of the collection of minerals in the Geological Museum. By F. . M&et 
(1883). Price 1 rupee 8 annae. 

L 
Catalogue of the remains of Siwalik Vertebrata contained in the Geological Department of the 

Indian Mueeum. By R. Lydeklier, Pt. I. Mammalia (1886). Yrice 1 rupee. P a t  11. 
Aves, Reptilia, and Pisces (1886). Yrice 4 annaa. 

Catalogue of the remains of Pleistocene and Yre-Historic Vertebrata contained in the GeoloMl 
Department of the Lndian Mumum. By R. Lydekker (1886). Price 4 annas. 

Bibliography of Lndian Geology. By R. D. Oldham (1888). Price 1 r u p  8 annaa. 
Bibliography of Indian Geology. By T. H. D. LaTouche- 

Part I-A. Bibliography (1917). Price 4 rupees. 
Part I-B. Index of minerala of Economic Value (1918). Price 4 rupees. 
Part 11. Index of Localities (1921). Price one rupee. 
Part 111. Index of Subjects (1923). Price 4 rupees. 
Part IV. Palsontological lndex (1026). Price 7 rupees. 

Report on the geological structure and stability of the hll dopes around Naini Tal. By T. 8. 
Holland (1897). Price 3 rupees. 

Geological map of India, 1893. Scale I"= 96 mila. Price 1 m p  (out of print). 
Geological map of India,, in 8 shoets, 1931. Scale 1" = 32 miles. Price 16 rupeee per eet, 

in India, post free, or Ite. 1 to RE. 6 per sheet, dependiug on the amount of' work on the 
sheet. l'rico 18 rupws or 27 shillings per set, post free, outside India. 

Geological map of Tavoy dietrict, Burma, 1910. Scale 1"=4 miles. Price 6 rupees. 
Geological map of Bihar a.nd Orisissa, 1922. Scale 1"= 16 miles. Price 5 rupees. 
Geological map of Jharia Coal-field, in 8 sheets, 1929. Scale 4"=1 mile. Price 4 rupees per 

aheet, or 25 rupees per set of 8 sheets and 3 plates of bore-hole records. 
Geological map of lianiganj Coal-field, in 21 sheets, 1930. Scale 4"=1 mile. Price 4 rapem 

per sheet, or 66 rupees per set of 21 sheets and 3 plates of bore-hole recorb. 
Generd Report for the period from 1st January 1897 to 1st April 1898. Price 1 rupee (out of 

print). 
General Report for the year 1898-1899. Price 1 rupee (out of print). 
General Report for the year 1899-1900. Price 1 rupee. 
General Report for the year 1900-1901. Price 1 rupee. 
General Report for the year 1901-1902. Price 1 rupee. 
aeneral Report for the year 1902-1903. Price 1 rupee. 
Sketch of lhneral Reeourcee of India. By T. H. Holland (1908). Price 1 rupee ( a t  ofpr i  J). 
Contents and Index to Records, Vols. I-LXV (1936). Prioe 6 rupees 12 annaa. 
contents and Index to Memoirs, Vols. I-LIV (1932). Price 6 rupees 4 annaa. 
Index to the Genera and Specie8 described in the Phontologia Indica, up to bhe year 1891, 

Yrice 1 rupee. 
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