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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot. I. Royal 8vo, pp. 309, 1859 (out of print). Pt. 1, 1856 (price I Re.) t Preliminary

notice on the Coal and Iron of Talchir.—On the geological structure and

re'aiions of the Talchir Coal-field.— Gold-yielding deposits of Upper Assam.—

On •pecimens of gold and gold dust from Shue-gween. Pt. 3, 1858 (price

3 Rs.): On the geological structure of a portion of the Khasi Hills.—On

the geological structure of the Nilghiri Hills (Madras). Pt. 3, 1859 (price

3 Rs.) : On the geological structure and physical features of the districts of

Bankura, Midnapore, and Orissa.—On the laterite of Orissa.— On some fossil

fish-teeth of the genus Ceratodus, from Maledi, south of Nagpur.

Vot. 11. Royal 8vo, pp. 341, 1859 (out of print): Pt. I, i860 (prict 2 Rs.) : On the

Vindhyan rocks, and their associates in Bundelkand. Pt. 2, i860 (price 3 Rs.)

—On the geological structure of the central portion of the Nerbudda District.

—On the tertiary and alluvial deposits of the central portion of the Ner

budda Valley.—On the geological relations and probable geological age of

the several systems of rocks in Central India and Bengal.

Vol. Ill Royal 8vo, pp. 438. Pt. 1, 1863 (price 3 Rs.) (tut 0/ print) : On the geological

structure and relations of the Raniganj Coal-field.— Additional remarks on

the geological relations and probable geological age of the several systems

of rocks in Central India and Bengal.— Indian Mineral Statistics, I. Coal.

Pt. 2, 1864 (frice a Rs.) (out 0/ print) : On the Sub- H imalayan Ranges

between the Ganges and Ravi.

Vot. IV. Royal 8vo, pp. 450. Pt. I, 1863 (price a Rs.) : Report on the Cretaceous

Rocks of Trichinopoly District, Madras. Pt. a, 1S64 (price a Rs.) (out tf

print) : On the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3;

1865 (price I Re.) : On the Coal of Assam, ice.
Vot. V. Roval 8vo, pp. 354. Pt. I, 1865 (price 3 Rs.) (out of print) •■ Sections across.

N.-W. Himalaya, from Sutlej to Indus.—On the Gypsum of Spiti. Pt. a,

1866 (price 1 Re.) : On the Geology of Bombay. Pt. 3, 1866 (price I Re.)

(out cf print): On the Jheria Coal-field.— Geological Observations on West-

ern Tibet.

Vot. VI. Royal 8vo, pp. 395. Pt. I, 1867 (price 8 As.): On the neighbourhood of

Lynyan, &c, in Sind.— Geology of a portion of Cutch. Pt. a, 1867 (price

2 Rs.) (out of print): Bokaro Coal-field.— Ramgarh Coal-field.—Traps of

Western and Central India. Pt. 3, 1869 (price a Rs. 8 As.) : Tapti and Ner

budda Valleys.—Frog-beds in Bombay.— Oxyglossua pusillus.

Vot. VII. Royal 8vo, pp. 342. Pt. I, 1869 (price 3 Rs.) : Vindhyan series.—Mineral

Statistics. — Coal.— Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharbari

Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (price I Re.) : Aden water-

supply.— KSranpura Coal-fields.

Vot. VIII. Roval 8vo, pp. 353. Pt. 1, 1872 (price 4 Rs.) : On the Kadapah and Karnul

. formatioi s in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkhuri

Coal-field — Daltonganj Coal-field.— Chope Coal-field.

Vot. IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2,

1872 (price 1 Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carboo-

iferous Ammonites, pp. 65.

Vol. X. Royal 8vo, pp. 359. Pt. 1 (price 3 Rs.) : Geology of Madras.— Satpura Coal-

basin. Pt. 2, 1874 (price 3 Rs.) : Geology of Pegu.

Vol. XI. Roval 8vo, pp. 338. Pt. 1, 1874 (price a Rs.) : Geology of Darjiling and

Western Duars. Pt. 2, 1876 (prices ' Salt-region of Kohat, Trans-Indus.

Vol. XII. Royal Svo, pp. 363. Pt. I, 1877 (price 3 Rs.) : South Mahratta Country,

ft. 2. 1876 (price 2 Rs.): Coal-fields of the Naga Hills.
Vol. XIII Royal 8vo, pp. 248. Pt. i, 1877 (price 2 Rs. 8 As.) •• Wardha Valley Coal

field. Pt. 2, 1877 (price 2 Rs. 8 As.) 1 Geology of the Rajmahal Hills.

Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Vol. XV. Royal 8vo, pp. 192. Pt. 1, 1878 (price a Rs. 8 As.) : Geology of the Aurungs

and Hut.ir Coal-fields I Palamow). ft. 2, lbSo (price 2 Rs. '8 As.) : Ramkola

acd Tatapani Coal-fields (Sirguja).

VOL. XVI. Royal 8vo, pp. 364. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern

Coast from Lat. 15° to Masulipatam. Pt. 3, 1880 {price I Re. 8 As.) : The

Nell ore Portion of the Carnatic. Pt 3, 1&80 (price a Rs.): Coastal Region of

ihe Godavari District.
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Vol XVII. Royal 8vo, pp. 305. Pt. », 1879 (price 3 Rs.): Geology of Western Sind. Pt. 1.

1880 (price a Rs.) ■, Trans-Indus extension of the Punjab Salt-range.

VoL XVIII. Royal 8vo, pp.300. Pt. I, iSSt {price 2 Rs.) : Southern Afghanistan. Pt. 2,

1881 Uric* 1 Re. 8 As.) (out of print) ■. Minbhum and Singhbhum. Pt. 3,

1881 (price a Rs.): Pranhita-Godavari Valley.

Vol. XIX. Royal 8vo, pp. 342. Pt. 1, 188a (price a Rs.): The Cachar Earthquake of 1869.

Pt. a, 188a (price I Re.): Thermal Springs of India. Pt. 3, 1883 (price

1 Re): A catalogue of Indian Earthquakes. Pt. 4, 1883 (price 1 Re.):

Geology of parts of M.-mv.ir and the Naga Hills.

. Royal 8vo, pp. 240. Pt. I, 1883 (price a Rs. 8 As.): Geology of Madura and

Tinnevelly. Pt. 2, 18S.1 (price a Rs. 8 As.) (nut of print): Geological notes

on the Hills in the ne.'uh'.inurhood of the Sind and Punjab Frontier between

Quetta and Dr han.

Vol ip, 4&6 (out of print). Pt. 1,1884 (price aRs): Geology of the

Lower N?.roada Vail. 1884 (price 1 Re.) : Geology of Kathiawar.

Pt. 3, iSSs (price 2 Rs.) (out of print) : Coal-field of South Rewah. Pt. 4,

1885 (price I Re.) : Barren Island.

Vox. XX11. Royal 8vo, pp.344. 1883 (price 5 Rs.)-. The Geology of Kashmir. Chamba,

and Khagan.

[III. Royal 8vo, pp. 33a, 1891 (price 5 Rs.) : Geology of the Central Himalayas.

XXIV Royal 8vo, Pt. I, 1887 (price 1 Re. 8 As.) (out of print) : The Southern Coal

fields of the SAtpura Gondwana basin. Pt. a, 1890 (price a Rs. 4 As.):

Physical Geology of the Sub-Himalaya of Garhwal and Kumaun. Pt. 3,

1890 (price t Re. 4 As.) : Geology of South Malabar, between the Beypore

and Ponnani Rivers.

Vol XXV. Royal 8vo, 1896 (price 5 Rs.) : Geology of the Bellary District, Madras Presi

dency.

'<XVi. Royal 8vo, 1896 (price 5 Rs.) : Geology of Hazara.

II. Royal 8vo, Pt. 1, 1895 (Price t Re.): Marine Fossils from the Miocene of

Upper Burma. Pt. a, 1897 (price 4 Rs.) : The occurrence of Petroleum in

Burma and its technical exploitation.

Vol. X XV 111. Royal 8vo, Pt. I, 1898 (price a Rs.) : Notes on the Geological Structure of the

Chitichun region. A note on the Allahbund in the north-west of the Rann of

Kuchh. Geology of parts of the Myingyan, Magwe and Pakokku Districts,

Burma. The Geology of the Mikir Hills in Assam. On the Geology of

Tirah and the Bazar valley. Pt. 2, 1900 (price 3 Rs.) : The Charnockites

Series, a group of Archaean Hypersthenic Rocks in Peninsular India.

Vol XXIX. Roral Svo, iQoo(jiM'rf5 Rs.) : Report on the Great Earthquake of iath June 1897.

Vol. XXX. Royal 8vo, Pt. 1, 1900 (price a Rs.) : Aftershocks of the Great Earthquake of

iath June 1897. Pt. 2, 1900 (price 1 Re.) i Geology of the neighbourhood of

Salem, Madras Presidency, ivith special reference to Leschenault de la Tcur's

observations. Pt. 3, 1901 (price 1 Re.) : Sivamalai Series of Elaeolite-Syenites.

Pt. 4, 1901 (price 1 Re.) : Report of the Geological Congress of Paris.

Vol. XXXI. Royal 8vo, Pt. 1, 1901 (price 2 Rs.) : Geology of the Son Valley in the Rew*h

State and of parts of the Adjoining Districts of Jabalpur and Mirzapur. Pt. a,

1901 (price 3 Rs.) •. A Geological Sketch of the Baluchistan Desert and part

of Eastern Persia. Pt. 3, 1901 (price I Re.) : Petrological notes on some Peri*

dotites, Serpentines, etc., from Ladakh.

Vol XXXII. Royal 8vo, Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India.

Pt. a, 1901 (price 3 Rs.): Report on the Rampur Coal-field. Pt. 3, 190a

(price 3 Rs.) : Notes on the "Exotic Blocks" of Malla Johar in the Bhot

Mahals of Kumaon. Pt. 4 (price 3 Rs.) : Report on the Jammu Coal-fields.

Vol. XXXIII. Royal 8vo, Pt. I, 1901 (price 8 Rs.) : The Kolar Gold-field, being a descrip

tion of Quartz-Mining and Gold-Recovery as practised in India. Pt. 2, 1901

(price 2 Rs.). Art. I: The Gold-fields of Wainad. Art. 2; Report on the

Auriferous Quartzites of Parhadiah, Chota Nagpur. Art. 3: Some Auriferous

localities in North Coimbatore. Pt. 3, 1902 (price I Re.) : The Geology

of the Kalahandi State, Central Provinces.

VOL. XXXIV. Royal 8vo, Pt. 1, 1901 (price I Re.) : On a peculiar form of altered Peridotite

in Mysore State. Pt. 2, 1902 (price 3 Rs.) : The Mica deposits of India.

Pt 3, 1903 (price t Re.): A Note on the Sandhills of Clifton near Karachi.

Vol. XXXV. Royal 8vo, Pt. 1, 190a (price a Rs.) : Geology of Western Rajputana. Pt. 9,

1903 (price 1 Re.) : Aftershocks of the Great Earthquake of iath June 1897,

Pt. 3, 1904 (price 1 Re.) : The seismic phenomena in British India and their

connection with its Geology.

Vol. XXXVI. Royal 8»o, Pt. 1, 1904 (price 4 Rs.): Geology of Spili.



 

PAL/EONTOLOGIA INDICA.

(Srr. i, 111, V, V, V1II.1—CRETACEOUS FAUNA OF SOUTHERN INDIA,

F. STOLICZKA, except Vol. I, Pt I, by H. F. BLANFORD.

Sir. I & ill.—Vol. I. The Cephalopoda (1861-65), pp. 916, pis. 94 (6 double),

V.—Vol. II. The Gastropoda (1867-68). pp. xiii, 500, pis. aS. .

VI.— Vol. HI. The Pelecypoda (1870-71), pp. xxii, 537. pis. so.

VIII.— Vol. IV. The Brachiopoda. Citiopoda, Echinodermata, Corals, etc. (1872-73).

pp. v, 20a, pis. 20.

(Srr. II, XI XIIO-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by

O. FE1STMANTEL, except Vol. I. Pt. i, by T. OLDHAM and J. MORRIS.

Vol. I. pp. xviii, 233 pis. 72. 1863-79. Pt. 1 ; Rajmahal Group. Rajmahal Hills Pt. 2- The

(""""""O- PL 3; Plants from Golapilli. Pt. 4; Outliers on the

Madras Coast

Vol. II, pp. xli 115 pls. 26. 1876-78. Pt. 1 , Jurassic Flora of Kach. Pt. 2 ; Flora of

the Jabalpur Group.

Vol. Ill, pi xi, 64+ 149.pl,. 80 (gdouble) (I -XXXI + IA-XLVIIA). 1879-81. Pt. 11 The

Flora of the Talcbir-Karharbari beds. Pt. 2; The Flora of the Damoda and

v Panchet Divisions. Pt. 3; The lame (concluded).

Vol. IV, pjr. xx_n, 25 + 66, pi,. 35 (a double) (I-XXV + IA-XIVA). Pt. 1 (1882); Fossil

«* : • ¥}°r? 01 ,he South Rewah Gondwana basin. Pt. 2 (1886) ; Fossil Flora of some

of the coal-fields in Western Bengal.

' I (Srr. IX.)-JURASSIC FAUNA OF KACH.

Vol. I (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (6 double).

Vol. II, pt. 1 (1893). The Echinoidea of Kach, by j. \V. Grkgoxy, pp. 12, pis. a.

Vol. II, pt. 2 (1900). The Corals, by ]. W. Grrgorv, pp. 196, I—IX, pis. 26.

Vol. Ill, pt. 1 (1900). The Brachiopoda by F. L. KitcHin, pp. 87, pis. 1—15.

Vol. II', pt. 2, No. 1 (1903). Lameliioranchiata : Genus Trigonia, by F. L. Kitchin, pp. 122,

pis. 1— 10.

(Sbr. 1V.)-1ND1AN PRE-TERTIARY VERTEBRATA.

Vol, I, pp. vi, 137, p!s. 26. 1865-85. Pt. 1 (1865); The Vertebrate Fossils from the Panchet

rocks, by T. H. Huxlby. Pt. 2 (1878); The Vertebrate Fossils of the Kota-

Maleri Group, by Sir P. or M. Ghry Eorrton and L. C. Miall and

Blanford. Pt. 3 (1879); Reptilia and Batrachia, by R. Lydkkkbr. Pt. 4

(1885); The Labyrinthodont from the Bijori group; by R. Lyokkkrr

Pt. 5 (1885); The Reptilia and Amphibia of the Maleri and Denwa groups

by R. Lyorkkrr.

(Sbr X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, br

R. LYDEKKRR, except Vol. I, Pt. i. by R. B. FOOTE.

Vol. I, pp. xxx, 300, pi,. 50. 1874-80. Pt. 1 ; Rhinoceros deccanensis. Pt. 2 ; Molar teeth

and other remains of Mammalia. Pt. 3; Crania of Ruminants. Pt. 4 ; Sup.

plement to Pt, 3. Pt. 5 : Siwalilc and Narbada Proboscidia.

Vol II, pp. xv, 363, pit. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotidx. Pt. 2; Supplement to

Siwalilc and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada Equidx

Pt. 4 : Siwalik Camelopardalidx. Pt. 5 ; Siwalik Selenodont Suina, etc., Pt 6 ;

Siwalik and Narbada Carnivora-

Vot. Ill, pp. xxiv, 264, pis. 38. 1884-86. Pt. 1 : Additional Siwalik Perissodactyla and Pro

boscidia. Pt 2 ; Siwalik and Narbada Bunodont Suina. Pt 3 : Rodents

and new Ruminants from the Siwalik*. Pt 4 ; Siwalik Birds. Pt. 5 ; Mas-

todon Teeth frcni Perim Island. Pt. 6 ; Siwalik and Narbada Chelonia. Pt 7 ;

Siwalik Crocodllia. Licertilia and Ophidia. Pt 8 ; Tertiary Fishea.

Vol. IV, pt. 1, 1886. Siwaiik Mammalia (Supplement ■), pp. 18, pis. 6.

Vol. IV, pt. 2, 18S6. The Fauna ol :he Karnul caves: (and addendum to pt. 1) ; pp. 40 (19

-SW, pis. 5(vii-xi).

Vol. IV, pt. 3, 1887. Eocene Chelonia from the Salt-range; pp. 7 (59—65), pis. a(xii--xiii).
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„ „ H „ a (1880). Gastropoda and supplement to pt. I, pp. Ill

(73-,83), pis. 10 (1 double), (vii-xvi).

i, „ „ ,. 3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xvii-

xxiv).

n n „ „ 4(1889-85). Brachiopoda, pp. 442 (329-770), pis. 63

(xxv-lxxxvi).
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(xcvii-cxvi).
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pis. 13 (cxvii-cxxviii).

Fossils from the Ceratite Formation : Vol. II, pt. 1(1895). Pisces—Ammonoidea, pp. 324, pis. 40.

Geological Results: Vol. IV, pt. t (1889), pp. 1—88, pis. 4.

' '„ a „ ,, s (1891). pp. 89—242, pis. S.

(Sbr. XV.)—HIMALAYAN FOSSILS.

Anthracolithic Fossils of Kashmir and Spiti : Vol. I, pt. 2 (i8gg), by Dr. C. Diener, pp. 96, pis. 8.
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pU. 1—10.
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The Cephalopoda of the Muschelkallc : Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 118, pis. 31.

Upper Triassic Cephalopoda Faunie of the Himalayas : Vol. Ill, pt. 1 (1899), by Dr. Von Moj-

sisovics, pp. 158, pis. 22.

Trias Brachiopoda and Lamellibranchiata : Vol. Ill, pt. 2 (1900), by Alexander Bittner, pp. 76,
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The Fauna of the Tropites-Limestone of Byans-. Vol. V, pt. I (in the Press) by Dr. C. Diener.

(Sbr. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETL1NG, Ph.D., F.G.S.

The Fauna of the Kellawavs of Mazar Drik : Vol. I, pt. I (1895), pp. 22, pis. 13.

The Fauna of the (Neocomtan) Belemnite Beds : Vol. I, pt. 2 (1897), pp. 6, pis. 2.

The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Mari Hills: Vol. I, pt. 3 (1897),

pp. 79, pis. 23.

(NEW SERIES.)

The Cambrian Fauna of the Eastern Salt-range : Vol. I, pt. 1 (1809), K. Redlich, pp. 14, pi. 1.

Notes on the Morphology of the Pelecypoda : Vol. I, pt. 2 (1899), Friti Noetling, pp. 58, pis. 4.
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The price fixed for these publications is four annas (6 pence) per single plate, with a minimum

charge of Re. 1.
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RECORDS OF THE GEOLOGICAL SURVEY OF I
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I INTRODUCTION.

JN addition to the Quinquennial Reviews of Mineral Production,

of which the first issue formed Part 1 of the last volume of

these Records, the Government of India have ordered the publica

tion of a brief statement each year of the quantity and value of each

pf the important minerals raised in India. This statement will
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replace that issued hitherto in pamphlet form by the Director-General

of Statistics.

The system of tabulating the returns agrees with that adopted for

the Review of Mineral Production : the minerals are divided into—

(I) those for which approximately trustworthy returns are available,

and (II) those for which the figures are obviously incomplete. As

improvements are being gradually made in the system of collecting

statistics, the first group is increased at the expense of the second,

until the residue of uncertain estimates will become an unimportant

fraction of the total. Two more minerals—chromite and diamonds—

are added this year to the list forming Group I, though the values for

both are still small.

Total Value of Production.

The summary of total values forming table I shows that the

output of the minerals of Group I during 1904 exceeded in value that for

1903 by £347,236, an increase of nearly 7 per cent., which is slightly

below the average rate of advance recorded for the previous five

years.1

1 Cf. Review of Mineral Production, Rec. G. S. I., XXXII, 1905, p. 3.
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Table i.— Total Value of Mineralsfor which Returns of Produc

tion are available for the years 1903 and 11)04,

1903. 1904.

£ £

Gold
'>3°3>'44 2,366,079

Coal (a) .
1,299,716 1,398,826

Petroleum (a) . ,
3S4>36S 473.971

Salt (a) .
336,147 437.530

Saltpetre (6)
290,1 96 266,349

Manganese-ore (5)
>5',53o 129,632

Mica (A) .
86,296 97.932

Rubies . ,
88,819 90,612

Jadestone (b)
55435 50,726

Graphite (a)
16,970 16,726

Iron-ore (a) . ,
14,963 12,617

Tin-ore (a) .
9,153 8.353

Chromite (a) 327 4.137

Diamonds
*,579 2,636

Magnesite (a) .
550 876

Amber .
414 838

TOTAL 5,010,604 5,357,840

(a) Spot prices. (A) Export values.

B 2
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As explained in the Review for 1898—1903, these values are not

strictly comparable to those returned for other

Deficiencies in the 1 • tl • . r
Table of Total Values. countries. 1 he instance of manganese-ore was

quoted before as an illustration of the low value

of an ore in this country where metallurgical industries are in such a

rudimentary condition. The mineral chromite, now being regularly

mined in Baluchistan, offers a new instance of the loss incurred by the

export of raw metalliferous ores. The value returned for chromite is

23J. per ton, whereas its price at an American or European port would

be about £3- 15s.

In another way the table understates the actual value of minerals

produced in India by the omission of products for which no returns, or

obviously imperfect ones, are obtainable. Some of these are very

serious items, and amount in the case of those for which partial returns

have been obtained to £110,981. These are referred to in the notes

with regard to the minerals of Group II (infra, p. 19, et sea.). The

table, however, fairly expresses the progress which has been made, for

where greater precision has been introduced in the returns for 1904

care has been taken to revise those for 1903 in the same way : both

years are thus reduced to the same standard for comparison, and

though table No. 1 does not show the total for either year, the two

columns may be safely accepted as forming a true measure of the

progress made in the interval.

Besides the increase in production there has been a more marked

development of interest in the mineral industries

shown by an increase of 50 per cent, in the pro

specting and mining licenses and leases taken up (vide infra, table

26).
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II MINERALS OF GROUP I.

Chromite.

Coal.

Diamonds.

Gold.

Graphite.

Iron-ore.

Jadeite.

Magnesite.

Manganese-ore.

Mica.

Petroleum.

Rubies.

Salt.

Saltpetre.

Tin.

Chromite.

THE exploitation of the chromite deposits in Baluchistan, which

were discovered by Mr. E. Vredenburg of the Geological

Survey in 1901, did not commence until 1903, when 284 tons were

produced. During the past year work extended in both prospecting

and mining, the quantity of ore raised amounting to 3,596 tons valued

at £4>i37> or 23*. a ton.

Of the total, 3,466 tons were obtained from the Khanozai deposits

in the Quetta-Pishin district, and 130 tons from Hindubagh in the

Zhob district. The ore is raised entirely for export to Europe ; but

the spread of the chrome-tanning industry now being organized in

Madras should create a local demand for large quantities of chromic

acid.

Coal.

The production of coal has again exceeded previous records,

having amounted to 8,216,706 tons in 1904, against 7,438,386 tons in

1903, an increase of io-5 per cent. To this increase of the total

both the Tertiary and the Gondwana coalfields have contributed, as

shown in table 2.

Table 2.— Origin of Indian Coal raised in 1903 and 1904.

—

1903. 1904.

Statute Tons. Metric Tens. Statute Tons. Metric Tons.

From Gondwana Coalfields .

From Tertiary CoalfieldsJ

7,076,376

362,010

7,189,933

367,818

7,808,027

408,679

7,933,325

TOTAL 7,438,386 7,557,75' 8,216,706
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TABLE ^.— Provincial production of Coal for 1904 compared

with that for 1903.

Provinces.

1903. 1904.

yuantity. Value. Qnantity. Value.

Statute Tons. £ Statute Tons. £

Assam . ■ 239,328 75,79'
266,765 84,59'

Baluchistan . . . • 46,909 30,19: 49,867 27,308

Bengal a 6,361,212 95',8o3 7,863,680 1,015,147

Burma • 9.3°6 2,482 1,105 '94

Central India! . . • 193.277 49,775
185,774 47,060

Central Provinces . * 159.154 48,019 139,027 43,664

Hyderabad . • 362.733 117,888 419446 I5<>,345

Kashmir . . . • 999 ••• 270 ■ ai

Punjab . . • 43.704 '8,837 45,594 22,144

Rajputana (Bikaner) ,• 21,764 4,930 45,078 8,272

TOTAL 7,438,386 1,299,716 8,216,706 1^98,826

The coal production reported for the Kashmir State refers to

prospecting operations only, carried on in the Jammu hills.1 Of the

remaining provincial areas an increase of production is recorded for

all except Burma, Central India and the Central Provinces. The

decline in the output of coal in Burma is due to the closing in Febru

ary 1904 of the Letkopin mines in the Shwebo district. The produc

tion reported for Central India, though less than that for 1903, is in

reality an increase on the previous average, the greater production in

1903 being due to exceptional activity at the time when the Singareni

mines were feeling the effects of the serious accident in 1903, and

were unable, consequently, to meet the usual demands of the Great

Indian Peninsula Railway. As explained in the Review of Mineral

' Cf, R. R. Simpson, Mem. Ceol. Surv. hid., Vol. XXXII, Part 4, 1904.
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Production (Vol. XXXII, /. 33), works in the Warora colliery are

being restricted in favour of developments at Bellarpur, whilst the

other colliery in the Central Provinces, Mohpani, shows a decreased

output in consequence of the changes about to be introduced on the

transfer of the property from the Nerbudda Coal and Iron Company to

the Great Indian Peninsula Railway.

Table 4.— Output of Gondwana Coalfields during 1903 and 1904.

1903- 1904.

Coalfields.
Per cent, of

Indian

Total.

Per cent of

Indian

Total.

Bengal—

Statute Tons. Statute Tons.

Daltonganj . ■ • 33,557
■45 50,517

•61

Giridih . ■ 1 766,871 103t 773,128 9-41

Jherria ■ > ■ ',493,729 3352 2,889,504 35-17

Rajmahal . • ■ 335 ■■■ 274

Raniganj . • - 3,066,720 4V22 3,350,257 4077

Central India—

Umaria • ■ • '93>277 2-60 185,774 2-26

Central Provinces—

Bellarpur ■ ... ... 90 • ••

Mohpani . • ■ 3',443
26,618

Warora • • ■ 127,623 172 112,319 >"37

Hyderabad—

Singareni • • 362,733 4S9 419,546 5"

TOTAL of Gondwana Coal • 7.076.288(a) 95'>3 7,808,027 95-02

(a) Includes &8 tors raised duiirg prospecting operations in the Peach Valley, Central

Provinces.
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TABLE 5.—Production of Tertiary Coal in rgoj and 1904.

Coalfields.

1903. 1904.

Statute Tons

Per cent, of

Indian Statute Tons.

Per cent, of

Indian

Total.

Assam—

Total.

Maktim . . , '59,328
3-^3

266,265

)

Smaller fields . ... ... 500

f 325

Baluchistan —

Khost . . . 36,444
'49

38,574
•47

Sor Range, Mach, etc. 10465 '•4 11,293
■14

Burma—

Shwebo . . . 9,306
■12 1,105

)

Kashmir— > '02

Ladda • . . .
999 'or 270 )

Punjab—

Salt Range mines . 43,704
■59

45,258
)

Attock district ... 336
t '55

Rajputana—

Bikaner.... 21,764 ■20
45,078

'55

TOTAL of Tertiary Coal
362,010 4S7 408,679 4-98

The exports of Indian coal, though still small compared with the

Exports. production and internal consumption, exceeded

previous records in 1904, the amount being

602,810 tons, compared with 441,948 tons in 1903 (table 6).
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Table 6.—Exports of Indian Coal during igoj and 1904.

Exported to 1903. 1904.

Tons. Tons.

Aden .... ... 31,310 31,620

Africa, East . . 21,263

Ceylon .... 252,012 360,697

Straits Settlements . 111,520 144,545

Sumatra .... • • io,g93 32,810

Other countries . . . 4,66S n.875

TOTAL 441,048 602,810

The Indian coal consumed on the railways in the country in 1904

Consumption of Coal on amounted to 2,447,341 tons, against 2,203,889

the Railways. tons in 1903. The railways thus took 2g-8

per cent, of the production, against an average of 297 per cent, for

the preceding six years.1 At the same time the consumption of

foreign coal was reduced slightly from 17,696 tons in 1903 to 17,432

tons in 1904.

The average daily attendance at Indian coal mines in 1904

Labour amounted to 92,740, and the average output

per person employed was 88 6 tons, as

compared with 84 tons in 1903. Details of accidents and their conse

quences at mines worked under the Mines Act of 190 1 will be found

in the Report of the Chief Inspector of Mines.

Diamonds.

Diamond-mining persists, without signs of increased develop

ment, in the Vindhyan belt, stretching through the Central Indian States

1 Review of Min. Production. Rec. G. S. I., XXXII, page 21.
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of Panna, Charkhari, Ajaigarh and Bijawar. Returns for these four

States for 1903 and 1904 show the following totals :—

Year. Quantity. Value.

Carats. £

21074 2,579

286-48 2,636

These figures practically represent the total output for India,

although prospecting operations are in progress elsewhere.

Gold.

In addition to the continued success of the mines on the Kolar

gold-field, increasing returns are being shown for the Hutti Mine in

the Lingsugur district of the Nizam's Dominions. Developments are

proceeding in the Dharwar area with encouraging results, whilst con

siderable interest has been developed in gold-dredging in Burma on

account of the good results reported for the Irrawaddi river in the

Myitkyina district. Concessions for dredging have been granted also

in the Chindwin river, and for alluvial mining in the Northern Shan

States. The figures given in table 7 show that Mysore and Hyderabad

are the only areas so far showing returns of serious -value.

TABLE 7.— Quantity and Value of Cold produced in India

during 1903 and 1904.

1903. 1904.

Provinces. 1

Quantity. Value. Quantity. Value.

Ounces. £ Ounces. £

Burma .... 1,095 3,988 216 8io{a)

Hyderabad .... 3,809 '4,505 10,559 40,624

Mysore .... 598,709 *,283,999 607.578 2,323,'83

Punjab .... 150 562 370 1,379

United Provinces . 24 90 23 83

TOTAL 603,787 618,746 2,3M,°79

(a) Estimated at £3 15s. pec ounce.
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The growth of the Hutti Mine since its start in 1903 is indicated

by the monthly returns for production shown in table 8.

TABLE 8. — Monthly production of Bar Gold at the Hutti

{Nizam's) Mines for 1903 and igo<f.

Months. 1904.

January .

February .

S No production.

6528

6518

March . • '077 72o-o

April . • 3°*4 5i8s

May 34 r 7 797*4

June 3S8-6 8062

July . • • ■ 4<T9 8070

August . 43*'4 904'4

September 4423 1.140-3

October 444-2 1,207-6

November 45T7 1,2220

December 473'S 1,1306

TOTAL 3,809-4 10,55*6

Value of Gold :—

'903 £ 14,505.

1904 £ 40,624.

Gold-washing in the rivers is practised in many parts of India by a

limited number of people contented with a small

income. In the Manbhum district as many as

230 people were reported to be engaged in gold-washing in 1904, and

for Singhbhum the reports show a total of 413 gold-washers. In the

United Provinces the industry is reported to employ about 100 workers

in the Nagina tahsil of Bijnor district, and smaller numbers are

Native Gold-washing.



1 2 Records of the Geological Survey of India. [Vol. XXXIII.

returned for Garhwal and Naini Tdl. Gold-washing flourishes, too, in

some of the Punjab rivers, especially in the Indus.

Reports from Baltistin show that the washing of ancient gravel

deposits has been carried on on quite an extensive scale, actual min

ing operations having been undertaken to excavate the gold-bearing

bands in the old river terr aces in the Dras valley.

Graphite.

The production of crude graphite in Travancore during 1904

amounted to 3,256 tons, against 3,394 tons in 1903. The most

active prospecting operations undertaken outside Travancore have been

carried en in the Bhadrachalam taluk of the" Godavari district. The

work has not, however, progressed beyond the prospecting stage.

The total value of graphite produced in 1904 is estimated at the pit-

mouth at £16,726.

Irori'ore.

The iron-ore raised in Bengal mainly for the Barakar Iron and

Steel Works amounted to 88 per cent, of the reported total for India.

The returns for the other areas are estimated with varying degrees of

accuracy according to the number of native furnaces at work, but

the possible error, being limited to the smaller fraction of 12 per cent,

does not seriously affect the total. The limit of error is also reduced

by the fact that in the Central Provinces, where the native iron-

smelting industry persists with signs of vigour, the most elaborate care

is taken to determine the state of the industry in each district and

Zemindari.

The value reported for Bengal works out to an average of Rs. 2-4

(3J.) per ton, but for the rest of India, the ore being of higher quality

and raised at places often distant from the railways as well as the ports,

a higher average value is reported. For the Central Provinces the

average value is Rs. 4-7 per ton, and for Madras Rs. 3-8. The error

will not be great if we adopt Rs. 4 as the average value for all the

iron-ore raised outside Bengal. The full returns for 1904 thus show a

total quantity of 71,608 tons of ore, valued at £12,617.

In the Central Provinces, 441 small direct-process furnaces were

at work, 154 of these being in the Sambalpur district, and 98 in

Jubbulpore. Prospecting operations in the Raipur district near

Dhullee, 38 miles south of the Bengal Nagpur main line, have proved
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the existence of an enormous body of hematite in which the per

centage of iron, determined from the average of a number of boring

cores as well as surface samples, is just 68.

Rich ore-bodies have also been determined in the Mayurbhanj

State, Orissa, and, as the result of the work conducted by Messrs.

C. P. Perin and C. M. Weld on behalf of Messrs. J. N. Tata & Sons,

it has been decided to erect iron and steel works at Sini on the

Bengal-Nagpur Railway with the intention of using the Mayurbhanj

ore in conjunction with fuel from the Jherria coal field.

Jadeite.

•

Jadeite-mining is confined to an unadministered part of the Myit-

kyina district in Burma, and the returns for production are obviously

understated, the reported quantity being only about two-thirds of that

exported. The jadestone exported through Rangoon in 1904

amounted to 2,869 cwts,, valued at £43,946, against 2,192 cwts.

valued at £50,582 in 1903. Besides that sent out by sea considerable

quantities of jadeite are carried overland from Upper Burma into

China. During 1904 the quantity sent overland into China amounted

to 909 cwts., valued at £6,780.

The returns for jadestone exported during 1903 and 1904 were as

follows :—

Route.

1903. 1904.

Weight. Value. Weight Value.

Cwts.

2,192

446

Cwts. £

43,946

6,780

Through Rangoon 2,869

909

TOTAL 2,638 55,435 3,778 50,726

Magnesite.

The only locality being worked for magnesite is that of the Chalk

hills near Salem. The production reported for 1904 was 1,315 tons,
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valued at £876, or at the rate of Rio (13J. 4d.) a ton, which is about

half the value of the mineral at an European or American port.

Manganese-ore.

The rapid rise in the production of manganese-ore that marked

all previous years received a distinct check last year, the production

for 1904 being only 150,297 tons, compared with 171,806 tons in 1903

(table 9). This interruption in the previously continuous rise in out

put is mainly due to the low market prices which prevailed during the

past and the previous year. There was a corresponding drop in the

exports from 176,611 tons in 1903 to 154,830 tons in 1904.

TABLE 9.—Production of Manganese-ore for 1903 and 1904.

1903. 1904.

—

Statute

tons.

Metric

tons.

Statute

tons.

Metric

tons.

Central India—

Jhabua State. 6,800 6,909 11,564 ",749

Central Provinces—

Balaghat district . 7.893 8,024 10,323 10,489

Bhandara „ . . . ... • •* 8,558 8,695

Nagpur 93.656 95>>59 66,153 67,214

Madras—

Vizagapatdm district . 63.452 64,470 53.699 54>56o

TOTAL 171,806 174,562 150,297 '52>707

Mica.

The returns for mica exported, given in table 10. show that, com

pared with 1903-04, there was a decrease in weight, but a very distinct
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increase in value in 1904-05. The increase is due entirely to greater

activity in the Nellore district, where the mining rules have been more

strictly enforced during the past year.

Table 10.—Exports of Indian Mica for the years 1903-04 and

1904-05.

Feom

1903-04. 1904-05.

Value

per

cwt.

Value

per

cwt.

Weight. Value. Weight. Value.

Cwt. £ £ Cwt. £ £

Bengal 18,001 67,801 111 13.167 59.187 4-50

Bombay . 217 374 1-72 74 132 1-78

Madras 3.330 18,121 544 6.334

19.575

38.613

97.932

610

Total 21,548 86,296 405 5O0

Of the two chief competitors in mica-production, the United States

in 1904 turned out 5,967 cwts. of sheet mica, valued at £21,892,

and scrap mica to the extent of 1,096 short tons, valued at £2,171.

In the same year the foreign mica imported into the States was valued

at £52,743. The preliminary figures obtained by the Geological

Survey of Canada show a mica-production for the Dominion in 1904,

valued at £30,434. The value of the mica produced in India is thus

much greater than that of the United States and Canada combined.

Petroleum.

There has been very little change in the oil-wells* of the Punjab,

whilst those of Assam show only a slight increase in production,

compared with the remarkable development of the three principal

Burma oil-fields. Table 1 1 shows the provincial returns for the last

two years.
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Table ii.—Production of Petroleum for 1903 and 1904.

Province. 1903. 1904.

Gallons-

2,528,785

8s,328,49i

1.793

Gallons.

2,585.920

115,903,804

1,658
Punjab

TOTAL, Gallons 87,859,069 118,491,382

Total, Metric Tons 352,848 475,869

The increase in Burma represents 35-8 per cent, of the output in

1903, the greatest proportionate development having been in the

new Singu field on the left bank of the Irrawaddi.

Table 12.—Production of the Burma Oil-fields for 1903 and 1904.

Oil-field and District. 1903. 1904.

Gallons.

52,968

71,962

56,920,662

Gallons.

47.082

89,827

73.428,960

23,677,450

18,660,485

Kyaukphyu

Yenangyaung, Magwe .

S,6'7,38i

22,665,518
Yenangyat, Pak6kku .

TOTAL, Gallons 85,328,491 115,903,804

Total, Metric Tons 342,685 465,475

The rapid increase in production has naturally displaced some

of the imported foreign oil, of which only 70,590,858 gallons were

introduced, against 76,361,579 gallons in 1903. The reduct.on has
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been entirely on Russian oil, for there has been at the same time a

marked increase in the importation of oils from the Dutch East Indies

(table 13).

Table 13.—Imports of Foreign Kerosene during 1903 and 1904.

— 1903. 1904.

Gallons. Gallons.

6S>434,324 4*.256,738

7,588,569 7,628,275

1,078,719 6,93J>291

8,985.538

974,98i 3,566,619

Other countries • • ■•
4A79 1,222,397

TOTAL 76,361,579 70,590,858

At the same time there has been a considerable increase in the

exports of petroleum from 747,834 gallons in 1903 to 3,787,677

gallons in 1904.

Ruby.

The output of rubies, including small quantities of sapphire and

spinel, reported by the Ruby Mines Company, Burma, for the year

ending February 28th, 1905, amounted to 265,901 carats, valued at

£90,612, against 227,313 carats, valued at £88,819 in the correspond

ing period ending February 29th, 1904. Considerable quantities of

rubies are obtained also by native miners, working under license from

the Company, but accurate returns are not available.

Salt.

There was a great increase during 1904 in the production of salt,

and an increase also in the imports, the two together responding to

the increased demand following the reduction of the salt tax. Table

14 shows the provincial contributions to the total production,

C
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Table 14.—Provincial Production of Salt during 1903 and 1904.

— 1903. 1904.

Statute Tons. Statute Tons.

71,656 66,007

63 88

267,619 430.409

25,9*1 20,53a

Gwaljor State .
4*9 374

244,9'3 356.834

Northern India 270,068 282,421

13,817 13.540

•
TOTAL, Statute Tons 894,556 1,170,205

Total, Metric Tons _ 908,911 1,188,900

. A portion of the salt returned for Northern India is obtained by

mining rock-salt in the Punjab and North-West Frontier Province.

This is shown in table 15.

Table 15.—Production of Pock-Saltfor 1903 and 1904.

■ \ ' —
1903. 1904.

Statute Tons.

90,736

'SJ98

4,554

Statute Tons.

'07,403

16,664

Salt Range, Punjab

4.507

TOTAL, Statute Tons 110388 128,574

Total, Metric Tons 112,670 I30,635



PART i.] HOLLAND: Mineral Production, 1904. 19

The salt imported in 1904 amounted to 471,096 tons, against

408,941 tons in 1903 and an average of 433,754 tons for the previous

six years.

Saltpetre.

The refined saltpetre produced in Northern India during the

financial year 1904-05 amounted to 315,558 cwis., against 198,551 cwts.

in 1903-04. The provincial production was as follows:—

—
1903-1904. 190405.

Cuts. Cwts.

Punjab and North-West Frontier Province .
... 61,306

*•• 89.550

Behar
• •• 164,702

TOTAL 398,551 315.558

In these provinces there were 399 registered refineries at work in

1904-05, 281 of them being in Behar.

The saltpetre exported during 1904 amounted to 390,970 cwts.

against 412,593 cwts. in 1903.

Tin.

Tin-washing on a comparatively small scale continues in South

Burma and in the Karenni, but concessions have been taken in the

former area with the intention of washing the stanniferous gravel on a

large scale. The output reported for 1904 was smaller than for 1903,

the total for Tavoy and Mergui districts being 1,388 cwts., valued at

£8,242, and that for the Bawlake State, Karenni, being returned as

26 cwts., valued on the spot at £1 1 1.

C 2
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HI—MINERALS OF GROUP II.

THE following notes refer to minerals reserved to Group II on

account of the imperfect returns received regarding their

production.

The Punjab Government reports the production in the Mianwdli

Alum. district of 129 tons of alum, valued at £700.

The amber raised in the Myitkyina district of Burma in 1904 is

Amber estimated to amount to 86 cwts., valued at £838.

This amount has been included in the table of

values on page 2, but it is probable that it does not represent the

total production.

A small quantity of asbestos was raised in the Ajmer-Merwara

Asbestos district, amounting to about a ton of small value,

and obtained during prospecting operations.

The borax produced in the Puga valley of Ladakh, Kashmir, is

Bcrax. returned as 810 cwts., valued at £168.

The production of building stone has been determined with

Buildin stone elaborate care by the Burma Government, but for

the other provinces only partial returns are avail

able. These partial returns amount in value to £53, 153, exclusive of clay

used for bricks and tiles, limestone used in various ways, including the

flux used in the Barikar iron-works, gypsum, marble and slate. The

principal item of interest included under this head is the well-known

Vindhyan sandstone quarried at Chunar and Mirzapur, of which

76,484 tons, valued at £6,987, were quarried in 1904.

There is a regular, but small, industry in the production of

Multan-i-mitti, a form of fullers' earth occurring

Ctay* in the States of Bikaner and Jaisalmer. The

amount raised in 1904 is returned as 534 tons. A small quantity cf

similar material and of common pottery clay is raised also in the

Central Provinces and in the Bengal coal fields.

The gypsum raised at Mangalore in the Jodhpur State is reported

Oypsam. to amount;to 3,875 tons, valued at £129.
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The principal varieties of limestone produced are the Nummulitic

Limestone limestone of the Khasi and Jaintia hills in Assam,

the Vindhyan limestone of Sutna in Rewah and

Katni in the Jubbulpore district. For the Khasi and Jaintia hills the total

is returned as 123,108 tons, valued at £9,496. The returns for various

districts in Burma show a production of 67,461 tons, valued at

£",852-

Amongst the returns for marble the most important is that for the

Marble well-known quarries at Makrana in Rajputana,

where .the output for 1904 amounted to 1,034

tons, valued at £1,102. This value refers to the marble in the rough

state at the quarries. The pure white Makrana marble which is

largely used for ornamental purposes in Northern India brings an

average price of Rs. 2-8 fas. 4d.) per cubic foot in dressed blocks in

addition to the State royalty of Rs. 1-6 [is. lod.) per cubic foot. For

the year from the 1st April 1904 to 31st March 1905 the marble

placed on the railway at Makrana station amounted to 34,746 maunds.

or about 1 6,000 cubic feet.

The only definite return for the ochres raised is that of yellow

Ochre ochre obtained in the Panna State, which is

reported for 1904 to be 625 tons, valued at £292.

Slate is raised along the belt of metamorphic rocks in various parts

of the outer Himalayas, but the returns are

incomplete. Those received, added to the pro

duction in the Aravalli belt of Rajputana, that of the Punjab and of

the Kharakpur hills of Bengal, amount to an estimated value £4,628.
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IV PROVINCIAL NOTES.

THE principal minerals of value produced in Assam are the coal

and oil occurring together in the Tertiary forma

tions in the Lakhimpur district. The returns for

1904 show an increase In the output of both minerals (see tables 5

and 11). Another mineral of importance in the Province is the

Nummulitic limestone formation on the southern slopes of the Khasi

and Jaintia hills, where limestone is quarried both for local use and for

transport by river-steamers to the cement and lime works near Calcutta.

The limestone quarried in this area during 1904 amounted to 123,108

tons, against 88,675 tons m ^OS-

Table 16.—Prospecting and Mining Licenses granted in Assam

during the years 1903 and 1904.

District,

1903. vm.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses.

Cachar .

Do. .

... ... ... I 1,280 Coal and petro

leum.

Petroleum.4 284,800

Lakhimpur ... ... 1 ... Gold.

TOTAL 0 ... ... 6 ...

Mining Leases.

Khasi and

Jaintia hills.

1 1,277 Coal ... ...

■

Lakhimpur 1

2

2,560 Do. . ...

TOTAL ... 0 ...
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Baluchistan.

In Baluchistan the most prominent mineral products are the Tertiary

coal deposits, which are being worked at Khost

in the Sibi district, and at various small collieries

on the Sor Range.

The chromite deposits associated with serpentines in the Zhob and

Quetta-Pishin districts were discovered only in 1901, and exploitation

did not commence till late in 1903; but last year, 1904, the deposits

near Khdnozai produced 3,466 tons. Nothing is being done to develop

the petroleum of the Province, and the numerous "shows" do not

necessarily imply the existence of valuable supplies.

Table 17.—Mining Leases granted in Baluchistan during

1903 and 1904.

District.

1903. 1904. >

No. Area. Mineral. No. Area. Mineral.

Acres. Acres.

660

160

Quetta-Pishin .

Zhob

1 Chromite.

Do.6

TOTAL 0 ... 7 ... • •• IM

Coal is by a long way the most important mineral produced in

Bengal Bengal, the output for 1904, 7,063,680 tons, being

85*96 per cent, of the Indian total, valued at the

pit-mouth at a little over one million sterling. The Behar districts of

Bengal also produce by far the largest fraction of Indian saltpetre, the

production of refined material for the last financial year being 164,702

cwt. The mines of Hazaribagh, Gaya and Monghyr still retain the

lead amongst mica mines, sharing with those of Nellore over 99 per cent,

of the Indian total output. The value of mica produced last year in

Bengal considerably exceeded that of the combined production of the

United States and Canada. The Barikar Iron and Steel Works, being

the only one of the kind in India manufacturing iron on European lines,

raises most of its ore locally, and consequently the Bengal returns for

iron-ore represent 88 per cent, of the Indian total. Plans are in
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progress now for the development of the rich and large deposits

recently discovered in the Mayurbhanj State of Orissa. The only

other mineral of considerable value for which we have accurate returns

is the slate being quarried in the Monghyr district.

Table 18.— Prospecting and Mining Licenses granted in Bengal

during the years 1903 and 1904.

District.

1903. 1904.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses.

Gangur State .

Gaya . .

Singbhum .

TOTAL

1 64,000 All minerals, ex

cept coal.

1 15

14,080

Mica.

Manganese-ore.2

1 ...  3 ...

Mining Leases.

Gaya . . ... ... 1 1.557 Mica.

Manbhum , 1 2,165 Coal.

Santal Parganas. 2 35 Coal
3 3 Do.

TOTAL 2  5

Bombay.

Bombay is about the most backward of the Provinces in the matter

of minerals. Salt produced by the evaporation

of sea-water on the coast, an undetermined

quantity of building material, quarried mainly from the great spreads

of Deccan basalt, and a small quantity of agates and other forms of

chalcedonic silica in Cambay practically complete the list for the

Province, although prospecting operations for manganese-ore in Belgaum

and the opening up of the ancient gold workings in the Dharwar

district are reported to give promising results.
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TABLE 19.—Prospecting and Mining Licenses granted in Bombay

during 1903 and 1904.

District.

1903. 1904.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting License

Gold

s.

8Dharwar

Satara

6

1

3.622 3.720 Gold.

Manganese-ore . 1 Manganese,

copper, ochre,

quicksilver.

TOTAL 7 ... 9 ...

Mining Leases.

Dharwar ... 2 2.073 Gold.

' TOTAL 0 ... 2 ...

-

Activity with regard to minerals is more pronounced in this

Province, at present, than in any other, as many

as 27 prospecting licenses having been granted

during 1904. The rapid expansion of the petroleum industry in the

districts of Magwe, Myingydn and Pakflkku has been accompanied by

prospecting in other areas where the geological conditions appear to

be favourable for the storage of oil, or where signs have been reported.

Ruby-mining is now practically confined to the Mog6k area under the

control of the Company. Jadeite and amber are raised in some

quantity in unadministered parts of the Myitkyina district, but the

industries are not under any regular control. Concessions have been

granted for the development on a larger scale of the alluvial tin

deposits of Mergui and Tavoy. Dredging for gold in the larger river-

valleys is attracting special interest in Burma at present on account of

encouraging reports which have been circulated with regard to the

results obtained by prospecting dredgers in the higher reaches of the
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Irrawaddi. The gold reported from this source in 1904 amounted

to 21430 ounces.

The failure of coal-mining in the Shwebo district has been followed

by prospecting operations in the Lower Chindwin district, where

Tertiary coal is known to occur. An exhaustive examination of the

coalfields in the Northern Shan States has been undertaken by the

Geological Survey, and the results will shortly be published.

TABLE 20.—Prospecting and Mining Licenses granted in Burma

during the years 1903 and 1904.

District.

No.

1903. 1904.

Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses.

Akyab 1 183 Coal ...

Chindwin, Lower

Katha

1 '.344

1,920

Copper, gold

and other

minerals.

2 1,920 Gold 2 Gold.

Magwe1 4 7,680 Petroleum ... ... •

Mandalay , 1 3,200 Rubies, silrer, (

mica, copper, (

graphite.

1 237

160

Iron-ore.

1 Silver and other

metalliferous

Mergui

Do.

1 207

6,400

Coal, iron, gold, I 640

12,800

minerals.

Tin and other

1

tin.

Galena 2

minerals.

Galena.

Myingyan 6 1 6,944 Petroleum 2 7.040 Petroleum.

Pakdkku . 5 '3,44° Do. . 4 5.120 Do.

Pegu 1 ... Gold ...

Prome 3 8,556 Petroleum 1 2,560 Petroleum.

Ruby Mines 1 ... Gold ...

Shan States,

Northern.

2 6,400
All minerals . -■

2
S.760

2,240

Various minerals.

Gold.1

Shwebo 1 205 Gold, silrer,

rubies.

1 1,802 .Coal.

Carried orer 29
»9 ...
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Table 20.—Prospecting and Mining Licenses granted in Burma

during the years 1903 and 1904—contd.

1903. 1904.

District.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses—contd.

Brought forward 29 ... ...

Tavoy

Thayetmyo

1 654

7.944

Gold, silver,

copper, tin, pre

cious stones.

3 227,744 Gold, silver, tin,

etc.

2 Petroleum . |

3

1

20,538

100

Petroleum.

Coal.

Yamethinr ... ... 1 3,200 Tin and bismuth.

TOTAL 32 ...

Mining Leases.

27 ... ...

Akyab 1 1,167 Petroleum

Kathi 1 160 Gold

Myingyan . 1 1,280 Petroleum

Ruby Mines ... ... 1 320 Graphite.

Thayetmyo 1 1,280 Petroleum

•

TOTAL 4 ... ... 1 ...

In the Central Provinces the chief minerals raised are coal,

manganese-ore and limestone : but active

Central Provinces. , ,

prospecting operations have been going on in

connection with the deposits of bauxite referred to in the preceding

volume of the Records (XXXII, 175—184), on some copper lodes in

the Jubbulpore district, and on the remarkably rich iron-ore deposits

near Dhullee in the Raipur district.

The low prices for manganese-ore which prevailed last year in

European and American markets resulted in the restriction of output

for the best grades. The only two coal mines at work are Warora and

Mohpani, and the reduced output of both is explained on p. 6.
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Table 21.—Prospecting and Mining Licenses granted in the Central

Provinces during J903 and 1904.

District.

1903. 1904.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses.

Balaghat . 1 4,824 Manganese-ore . 1 134 • Manganese-ore.

Bhandara . 4 81,270 Ditto

Bilaspur . ... ... 1 3,216 Limestone.

Chanda .

Chhindwara

1 27,648 Coal 1

4

131,200

39,969

8,817

Iron-ore.

Coal.

3 Manganese -ore.

Hoshangabdd ... ... 1 263 Lead, silver and

Jubbulpore 2 664 Lead, silver,

copper, barytes,

zinc, bismuth

nickel, cobalt,

antimony,

limestone

copper.

1

1

4,824

3,777

"All minerals.

Iron and manga

nese.

Coal.

Ditto 1 500 Iron -ore .

1 1,023

Nagpur 6 19,862 Manganese-ore .
5 509 Manganese-ore.

Raipui ... 1 129,920 Iron-ore.

Sambalpur ... 1

1
9,753

3,334

Coal.

TOTAL . 15 21

Limestone.

Mining Leases.

Chhindwara ... ... 1 54 Manganese-ore.

Nagpur ... ... 1 ISO Ditto.

Raipur 1 206 Iron-ore.

TOTAL 0 ... 3
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Mica-mining in the Nellore district continues to be the most

flourishing amongst the mineral industries in

Madras. Considerable progress has, however,

been made in developing the magnesite veins traversing the peridotite

masses near Salem, and active prospecting has been carried on for

graphite in the Godavari district and for gold in the Dharwar bands

which occur in north Coimbatore. A small amount of work is done

every year on some of the numerous corundum deposits known in the

Presidency, but no signs of serious development have been shown

so far. Graphite-mining in the Travancore State has developed to

an important degree, the output for 1904 being valued at the mines at

£16,324.

TablB 22.—Prospecting and Mining Licenses granted in the

Madras during 1903 and 1904.

District.

1903. 1904.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Prospecting Licenses.

Bellary . ... ... 1 1,920 Gold.

Chingleput • 6,839 All minerals 1 II All minerals.

Coimbatore 320 Gold 1 800 Gold and copper.

Kistna 1 i,34S Copper.
3 2,290 Gold.

Kurnool 11,589

1,526

Do.

Diamonds.

Malabar . 1 578 Quicksilver.

Nellore . 302 Mica 8 392 Mica.

Nilgiris . 1 29 Gold 1 29 Gold.

Salem 7 Do.

21 Corundum and

precious stones.

TOTAL 13 • •• 15



3<* Records of the Geological Survey of India, [Vol. XXXIII.

TABLE 22.—Prospecting and Mining Licenses granted in the

Madras during 1903 and 1904—contd.

District,

1903. 1904.

No.
Area.

Acres.
Mineral. No.

Area.

Acres.
Mineral.

Mining Leases.

Gold and copper.Coimbatore

Nellore .

160

13 897 Mica.

TOTAL ' U

PanJab.

Besides the regular mining for coal and salt in the Salt Ran^e

and the quarrying of slate in the Kdngra

district, active prospecting operations for

alluvial gold have been commenced in the Indus valley in the Attock

district, and attempts are being made to open up the stibnite lodes

near the Shigri glacier in Lahaul.

Table 23.—Prospecting and Mining Licenses granted in the

Punjab during the years 1903 and 1904.

District.

■9°3-

No.
Area.

Acres.
Mineral.

1904,

No.
Area.

Acres.
Mineral.

Jhelum

TOTAL

Prospecting Licenses.

... ... 7 »?
Coal.

0 ... 7 ...

Kangra

TOTAL

Mining Lease.

320 Stibnite and

Galena.
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The principal mineral industry in the United Provinces is the

quarrying of the well-known Vindhyan sand
United Provinces. \ \ f. ... 1 i»-

stone in the Mirzapur district. In the Hima

layan districts slate is quarried in the zone of rocks which stretch

along the southern face of the range through Simla and Kingra,

Gold-washing on a small scale is carried on in the Bijnor, Garhwal

and Naini Tal districts. Prospecting operations have been conducted

on some of the well-known copper-ore deposits in Garhwal and Almora.

TABLE 24.—Prospecting and Mining Licenses granted in the

United Provinces during 1903 and 1904.

DlSTttlCT.

1903. 1904,

No.
Area.

Acres.
Mineral. No.

Area.
Mineral.

Prospecting Licenses.

Acres.

Almora ... ... 2 3,075 Copper.

Garhwal . 3 9,084 Copper ••• IIIIM

TOTAL . 3 ... 2 ...

Mining Lease.

Almora ... ... 1 40

TOTAL 0 ... 1

Copper.

The British district of Ajmer-Merwira in Rajputana lies in the

Ralputana. Aravalli belt of schists and associated intrusive

Ajmer-Merwara. rocks. Besides the quarrying of building

stone and marble, of which several varieties are known in this area,

prospecting operations have been conducted for mica and asbestos,

but work has not so far passed beyond this stage.
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Table 35.—Prospecting Licenses granted in Ajmer-Merwira

during the year 1903 and 1904.

District.

1903.

No.
Area.

Acres.
Mineral.

1904.

No.
Area.

Acres.

Mineral.

Prospecting Licenses.

Ajmer . • ... ... ... 1 10 Asbestos.

Merwara . . 1 "°S Copper, asbestos

and mica , 1 16 Mica.

... 3 232 Mica . , ... ... ...

TOTAL 4 ... ... 2 ... ...

The total number of mineral concessions granted during 1904 was

Number of Mineral eon- thus I5Ii oi which 26 were exploring licenses,

cessions granted. g2 prospecting licenses and 33 mining leases.

This represents a substantial increase on all other years, the previous

record being 105 in 1902, including 16 exploring licenses. The

numbers for the last ten years are shown in table 26,

Table 26.—Number of Licenses issuedfor the ten years 1895—1904.

Year.

i895

1896

1897

1898

1899

1900

1901

1902

Mining and

Prospecting

licenses.

59

80

52

85

47

61

89

89

84

"5

Exploring

licenses.

I

I

4

1

«3

11

TOTAL.

60

81

56

86

60

72

io*

1903

1904

'5

16

16

26

105

100

151
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Pleistocene Movement as indicated by Irregular-

ities of Gradient of the Narbada and Other

Rivers in the Indian Peninsula. By E. Vredenburg,

A.R.C.S., Deputy Superintendent, Geological Survey

of India. (With Plates 1—4.)

' I ''HE geographical peculiarities and complicated geological struc-

1 ture of the Narbada river have long attracted the notice of the

scientific world. The remarkable mammalian fossils occurring in the

strata underlying the alluvial plain that extends from Jabalpur to Handia

have, from the time of their first discovery, evoked a great amount of

interest which was still further increased when it became known, as

the result of some boring experiments, that this formation, although

belonging to a very late geological period, occupies a rock-basin of

considerable depth.

Amongst the geologists who have paid special attention to this

matter may be mentioned J. G. Medlicott, W. Theobald, H. B.

Medlicott and Dr. W. T. Blanford.

The literature of the Narbada region is very extensive. The

following is a history of the question dealt with in the present paper

so far as I have been able to make out from references met with in

previous publications of the Geological Survey of India.

In i860, Mr. J. G. Medlicott drew attention to the low gradient of

the river as it traverses the alluvial plain, as compared with its much

steeper fall both above and below (Memoirs, Vol. II, page 118). In

the same volume Mr. Theobald gave a detailed description of the

bone-bearing beds and of their fossil remains (pages 279— 298). The

distinctness of the newer alluvium and its unconformity to the older

bone-bearing beds was clearly recognised. The latter are regarded as

of lacustrine origin.

In 1868, the Narbada formation is mentioned by Dr. Oldham in

connection with an agate- flake discovered by Mr. A. B. Wynne in the

alluvial deposits of the Goddvari (Records, Vol. I, pages 65-69). In

this paper the ossiferous strata of the Goddvari are considered to be

contemporaneous with those of the Narbada, and Dr. Oldham adopts
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Falconer's provisional reference of both deposits to the pliocene

period.

The next important mention is, in 1869, by Dr. Blanford {Memoirs,

Vol. VI, pages 184-189, 227-234,246,276, 284-285). In addition to

the alluvial formations of the Narbada, those of the T2pti and Puma

are also dealt with. Dr. Blanford confirms most of the statements

previously made by J. G. Medlicott and Theobald, though differing

from the latter in ascribing to the gravels and clays a purely fluviatile

and not a lacustrine origin.

In 1873, Mr. H. B. Medlicott refers again to the question of the

ossiferous deposits in connection with the discovery, by Mr. Hackett,

of a prehistoric implement apparently occurring in the same deposits

that contain the extinct mammalian fossils {Records, Vol. VI, pages

49-54). The great depth of the ancient alluvium had not then been

recognised, and its total thickness was estimated at not much more

than what is seen above the present level of the river-bed, implying

only a small amount of physical change since the strata were first

accumulated. The importance of the unconformity between the newer

alluvium and the older fossiliferous beds originally recognised by

Mn Theobald is minimised, and, considered in conjunction with the

presence of human remains, is taken to indicate an age not older than

newest pleistocene, in opposition to the view expressed by Falconer

and supported by Dr. Oldham as to the pliocene age of the beds.

It may be mentioned that no other instance has been recorded of

the occurrence of human remains in the older Narbada formation, and

that, in this case, as in the previous one of the agate-flake found in the

alluvium of the God&vari, there must remain some doubt, until further

confirmation, as to whether the stone implements were really derived

from the older beds and not from the unconformably overlying newer

alluvium from which they may have slipped to a lower level during the

process of denudation and become apparently incorporated with the

older formation.

The ancient alluvium is also incidentally mentioned, in 1873, by

Mr. H. B. Medlicott in connection with the survey of the Sitpura coal

field {Memoirs, Vol. X, page 184). Mr. Medlicott recommended

sinking borings in order to test the possible northward extension of

the Mohpani coal-seams beneath the Narbada alluvium. The localities

selected for the borings were at Gadarwlra and Sukakheri, respectively

to and 4 miles from the edge of the alluvial plain. The second of
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these two borings was carried to a depth of 491 feet without reaching

the underlying rock, in spite of its close proximity to the edge of the

alluvial basin. This totally unexpected result altered some of the

views held until then regarding the nature of the older alluvium of the

Narbada plain. The great depth of the ossiferous formation indicates

physical changes far more important than had originally been suspected,

indicating, for the formation, an age far exceeding the very modern

date which had been assigned to it.

The question under its new aspect was again treated, in 1875, by

Mr. H. B. Medlicott in a review of the coal exploration in the Narbada

region {Records, Vol. VIII, pages 65—67).

The first edition of the Manual of the Geology of India, by H. B.

Medlicott and W. T. Blanford (1879), contains a full summary of the

information available up to the date of its publication (pages 382—

387 ; 2nd edition, pages 395-400).

Meanwhile the collections of fossil vertebrates from the Narbada

series had been considerably added to. They were described with

great detail by Lydekker in the Palxontologia Indica. The question

of age is incidentally referred to, and the conclusion arrived at by

Lydekker .is intermediate between the two extreme views previously

held : the formation is regarded as lower pleistocene, an attribution

which all subsequent evidence, direct or indirect, has contributed to

strengthen.

Of particular interest, in this connection, are the researches of

Pohlig which have definitely confirmed the previously suggested

conclusion that one of the principal Narbada fossils, Elephas nama*

dicus, is one of the numerous varieties of the widespread Elephas

antiquus, one of the most characteristic fossils in the newest pliocene

and early pleistocene of Europe, thus establishing an important link

between the pleistocene fauna of Europe and that of India. The

question is fully dealt with by Mr. G. E. Pilgrim, in describing a

gigantic elephant skull which he obtained in the Godavari {Records,

Vol. XXXII, pages 199-218).

The accumulation of ossiferous gravels and clays, and the crust

deformations that must be supposed to have taken place in order to

account for their position within a deep rock-basin, are but the last

chapter in a very complicated history. The existence of the rock-

basin presupposes the excavation of a river-valley anterior to the age

of the ossiferous beds which subsequently filled it. Not only has the

P 2
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warping which caused this accumulation considerably disturbed the

equilibrium of the Narbada and other rivers, as will be sliown in the

sequel to these remarks, but the question is still further complicated

by denudation of the Deccan Trap, both previous and subsequent to

the deposition of the ossiferous beds.

The removal of the comparatively easily-weathering Deccan Trap,

by exposing the remnants of pre-trappean land-surfaces whose configu

ration is no longer adapted to the present system of drainage, has

given rise to irregularities of a very complex character. Mr. H. B.

Medlicott was the first to draw attention to this complex aspect of the

question.1 In the General Report for 1902- 1903, some geographical

peculiarities of this kind exhibited in the Dhar Forest region are

briefly referred to as resulting from this want of adaptation between the

present drainage system and the previously delineated topography

(page 21).

Leaving aside this more complex and obscure part of the question,

it may be observed that the changes in the relative altitude of various

parts of the Peninsula, that were the immediate cause of the deposi

tion of the pleistocene alluvial beds, have very distinctly affected the

configuration of several of the river-systems of the Peninsula.

The accompanying diagrams (Plates 2 and 3) may appear to be of

some interest, as they clearly illustrate the great irregularity in the rate

of fall of some of the Indian peninsular rivers, and the evident connec

tion that exists between these variations of gradient and the presence

of the ossiferous formation. In these profiles, the horizontal distances

are measured along the actual river-beds, taking into account their

more important windings. The vertical co-ordinates show the corre

sponding altitudes on an exaggerated scale. In the diagram of the

Narbada, the shaded portion represents the depth of the ossiferous

formation so far as indicated by the Sukakheri boring which, although

nearly 500 feet deep, did not reach the underlying rock. In the case

of the Tapti, its tributary the Puma, and the Godavari, the diagrams

show the same increase of gradient where the rivers emerge from the

plains occupied by the outcrop of ancient ossiferous strata. In none

of these, however, has the depth of the rock-basin been tested by

boring.

The extreme divergence of these profiles from the regular curve

1 Rfc, Geol. Surv, Ind., Vol. VIII, page 67,
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normally assumed by a river-course after long-continued denudation

scarcely needs any comment. In the case of the Narbada, the profile

from Handia to Broach, leaving minor irregularities out of account, is

almost a straight line, resembling far more an inclined plane than

the usual curved profile of most river-courses with their gradually

decreasing fall. From Handii to the sea, a distance, measured

along the stream-bed, of a little over 300 miles, the fall is about

900 feet. For the 300 miles above Handia the total difference

of level is scarcely more than half the above amount. The nearly

rectilinear course of the river from Handia to the sea is another

remarkable feature which cannot help striking one on inspection of

a map. Together with the deep and narrow gorge through which the

river flows for the greater part of this section, the absence of regular

and pronounced windings is quite in harmony with the relatively

recent age of the changes that have affected the river-system. It is

not yet possible to lay down with certainty all the details of the

previous history of the Narbada, but the facts, so far as they are already

known, fully bear witness to an extensive deformation of the Penin-ula

in late geological times. As in all cases where the evolution of a

river-system is still unfinished, and sufficient time has not yet elapsed

to allow the work of erosion to smooth down the obstacles caused by

the different degree of resistance to denudation of the various rocks

which the river meets in its course, the geological divisions are very

clearly marked by various physical features. One of the best known

is the waterfall at Dhari, where the river passes from the outcrop of a

thick band of Vindhyan shales (probably identical with the Jhiri shales

of Vindhyan nomenclature), on to the underlying sandstone dipping

upstream and, thereby, forming a rock-barrier. Rapids and waterfalls

exist at many other points, though their connection with the geological

structure has not always been so clearly elucidated as in the case of

the Dhiri fall (Plate 4).

The curves are no less remarkable in the case of the Tapti, its

tributary the Puma,1 and the Godavari, and although, in the case of

1 On the map illustrating Dr. Blanford's geological description of the Narbada

and Tapti valleys, in Volume VI of the Memoirs, the alluvial plains of Berar

and Khandesh are shown joined together by a narrow neck of alluvial deposits

which has been reproduced in the maps illustrating both editions of the Manual of

the Geology of India. It is doubtful whether any ancient alluvium exists in this

position : the lower portion of the course of the Purna, where this connection was
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the latter river, I have not been able to obtain any accurate levels for

the portion of its course traversing the Nizam's Dominions, the co

ordinates obtained from the altitudes recorded from Nasik to Paitan

give so shallow a curve that there must be a very marked steepening

of gradient between the latter locality and the sea. Whether the

ancient alluvium in the plain of the Upper Goddvari occupies a rock-

basin similar to those underlying the Narbada, Puma and T£pti

areas has never been verified, as this region has scarcely been

explored geologically. Most of the observations made on the ancient

deposits refer to the neighbourhood of Nasik and Paitan, both of

which are so near the border of the alluvial area that the frequent

outcrops of underlying rock observed at those localities do not affect

the possibility of the existence of a deep basin towards the centre of

the alluvial plain. The enormous depth of the ancient alluvium of

the Narbada was never suspected before it was revealed by the

Sukakheri boring. In any case, the peculiarities of the profile of the

Godavari, in the portion of its course occupied by the ancient ossifer

ous beds, are so similar to those observed in the diagrams of the other

rivers that a similar explanation must be sought to account for them.

According to the most generally accepted explanation, a general

tilting of the Peninsula, by means of which its western side was

uplifted more than its eastern portion, would account for the forma

tion of the rock-basins.1 Though this explanation might account

partly for some of the features observed in the alluvial plains of the

Narbada, Tdpti and Purna, all of which are westward-flowing rivers,

it will not satisfy the case of the eastward-flowing Godavari, for,

whether or not the alluvial formation of that river is situated in a

supposed to exist, had not been closely examined, and it was subsequently noticed

that the Purna flows on rock in the interval between the two plains. A footnote

to that effect was inserted in the Manual (ist edition, page 383 ; 2nd ed., p. 3961.

In this note the difference of altitude between the lower end of the plain of Berar

and the upper extremity of that of Khandesh is given as probably not more than

100 feet. Though the difference of level is not great, it occurs within a horizontal

distance sufficiently short to cause a very distinct steepening of gradient, as i»

clearly indicated by the altitudes recorded on the topographical map. The declivity

is perhaps not sufficient to cause the formation of any rapids or waterfalls and has

not, therefore, attracted any attention, but the increase of fall is sufficient to causs

a very decided break in the regularity of the curve.

1 Manual of the Geology of India, ist edition, pages 377 and 384 ; 2nd edition,

page 397.
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rock-basin, its^widespread occurrence over a flat area in which the

fall of the river is very slight, sufficiently indicates a retardation in its

flow similar in kind, if not in amount, to that which has affected the

westward-flowing rivers. An explanation must, therefore, be sought

that will account for the retardation of the rivers flowing eastward as

well as for those that flow in the opposite direction. It is evident

that a uniform tilting that would raise the western edge of the

Peninsula in such a manner as to retard the flow of the Narbada,

Purna, and Tapti would accelerate that of the Godivari. An extensive,

though shallow, warping of the surface along certain definite lines

and varying locally in direction and intensity would provide a more

satisfactory explanation. On this hypothesis, it is very interesting

to notice that the formation of a single shallow anticlinal ridge

running west of the western termination of the Narbada and Purna

plains with a strike slightly east of north would suffice to account

for the accumulation of the ancient alluvium in three of these plains—

those of the Narbada, of Berar, and of the upper Godivari. A

parallel ridge would account for the formation of the plain of

Khandesh (see the map, Plate 1). Such a similarity of origin

for three at least of the most remarkable plains accounts very satis

factorily for the remarkable uniformity of the fossil fauna contained

in the ancient strata occupying them, and its evident relation to one

definite geological age, which we cannot be far wrong in regarding as

lower pleistocene. It has already been mentioned that this was the

opinion advocated in the Palseontologia Indica by Mr. Lydekker, who

classed together all the synchronous ancient deposits in the valleys of

the peninsular rivers under the name of " Narbadas," uniting them

into one series newer in age than the " Siwaliks."

It should be noticed that if the accumulation of the old alluvium

is to be explained, not by a uniform tilting of the Peninsula, but

by a warping resulting in the formation of definite shallow ridges,

the symmetrical situation, with respect to one of the supposed

ridges, of the alluvial areas along rivers flowing in opposite directions,

indicates that the main directions of drainage of the Peninsula had

already been outlined when this warping began to take place. It

does not necessarily follow that the present river-systems conform

exactly to those of the pleistocene. It is quite possible, for instance,

1 1st edition, page 385 ; 2nd edition, page 39S.
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as suggested in the Manual of the Geology of India,1 that the

Narbada and Tapti did not then exist as independent river-systems

as at the present day : the present lower Tapti may represent the

original lower Narbada, the unity of the primitive river-system having

been broken up as a result of crust deformations. It is true that the

data available are still insufficient to decipher every stage of the

past history of these rivers. At any rate, it is difficult to think

that the lower Narbada from Handia to the sea can be otherwise

than of very recent age. As already mentioned, its almost perfect

straightness on a map is no less singular than the almost rectilinear

profile of its gradient throughout that same part of its course. It

is almost certain that the portion of the Narbada situated above

Handia has been tapped by a river, whose head-waters have been

gradually receding further from the sea, until they encroached upon

the drainage area of the original Narbada. The diversion of the

lower Narbada from its former course may thus be regarded as a

case of capture of one stream by another, such as is known to have

taken place in so many river-systems. No doubt the changes of level

that disturbed the equilibrium of the rivers have caused, or at least

accelerated, this diversion, but, to account for it, there is no necessity

to assume, as has been done in the 2nd edition of the Manual (page

400), that the diversion represents the overflow of a lake formed by the

actual ponding back of the drainage. It is not impossible that tempo

rary shallow lakes may have been formed, though, as pointed out by

Dr. Blanford, there is no evidence that any of the Narbada deposits are

lacustrine. At all events, both the formation of the rock-basin and

the diversion of the river may be accounted for without supposing that

any lake ever existed. The portion of the Narbada extending up

stream from the " Marble Rocks " near Jabalpur to its source at

Amarkantak probably corresponds with the original course of the

river. Below the point where it enters the alluvial plain, near Jabal

pur, the present river can only correspond in its main direction with

its former course, for the ancient bed lies buried beneath the alluvium

filling the rock-basin. Mention is made, in the Manual, of the exten

sion of the alluvium to the south-west towards Harda, as probably

indicating the position of the former course through which the Narbada

joined the present valley of the lower Tapti.1 Since the exhaustion

1 1st edition, page 385 ; 2nd edition, page 398.



PART i.] VrEDE^BURG: Pleistocene movements in India. 4t

of the forces that caused the warping of the surface, the gradual

lowering of the rock-barrier at the points where the Narbada and the

other rivers emerge from their rock-basins, allows the old alluvial

formations to become re-denuded at a gradually increasing rate. In

many parts of the Narbada plain the present upper surface of the

older alluvium is situated at a hundred feet above the actual river-level.

It is probable that, at the upper extremity of the Narbada plain, the

ancient alluvium extended, at one time, higher than the level of the

Dhuan-dhara, a small waterfall situated just above the " Marble

Rocks." The famous gorge of the Marble Rocks is perhaps not the

original bed of the Narbada, but may represent the situation of a

portion of a subsequent bed established, for a time, upon a portion

of the alluvial formation now denuded away. When the river, in this

part of its course, eroded its new bed deep enough to reach the

underlying rock, it probably did not meet again with its former

channel, and the present gorge has been excavated through what

may have been a low ridge before the pleistocene beds had been

deposited. The waterfall at Dhuan-dhara appears to indicate that the

level of the river at the head of the alluvial area has now been lowered

sufficiently to commence causing a distinct increase in the erosive

power of the water in the upper portion of the river-course.

The same set of causes, to which may be attributed the formation

of the broad alluvial plains of the Narbada, Tapti, Puma and Godavari,

will account also for smaller alluvial plains along the valleys of the

Kistna and some of its tributaries. They have been mapped and

described in the geological account of the South Mahratta country 1

by Mr. Foote, who discovered in one of them the fossil remains of

a remarkable extinct species, Rhinoceros deccanensis Foote.* The

topography of the Kistna and its tributaries is not contoured with

sufficient detail in the maps at my disposal, to allow the construction

of approximate profiles. Were this possible, they would probably

reveal some irregularities of the same kind as those exhibited by

some of the other rivers.

In other instances, owing either to a lesser intensity of the warp

ing, or to a different situation of the river-bed relatively to the direction

of disturbance, the physical changes, though sufficient to give rise to

1 Mem. Vol. XII, pages 237, etc.

2 For a description of this fossil, see Palceontologia Indica, Ser. X, Vol. I,

part I.
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some discontinuous patches of fossiliferous alluvium, have left no

permanent impress upon the profile of the rivers. Such is the case

with the Pemganga, whose profile does not appreciably differ from that

assumed under normal conditions of erosion, although patches of

pleistocene alluvium are disseminated in various parts of its valley and

in the valleys of some of its tributaries. At the same time the profile

of the Mahanandi river, from whose valley no pleistocene gravels or

clays have been ever recorded, differs, nevertheless, to some extent,

from the normal curve of denudation. Whether the slight steepening

of gradient that takes place at some distance from the sea, as

expressed in the diagrammatic profile by a bulge above Sambalpur,

is due to the same warping that caused the deposition of the ancient

alluvium in other valleys, or whether, as in the case of the African

rivers, it is a general feature amongst the Indian peninsular rivers,

indicating a general rise of the peninsular platform relatively to the sea-

level, and independent, perhaps, from the more complicated warping

that has caused the formation of the rock-basins, is a question for the

investigation of which sufficient data do not seem available. At any

rate, all these changes agree in showing that a very extensive, though

moderate, disturbance has affected the Peninsula at a late period

previous to recent times. It will be asked, perhaps, how it is that no

indication of this warping should have been noticed in the nearly

horizontal Deccan Trap formation ? But it must be remembered that,

while its effects may seem very evident on the diagrammatic profiles of

the river-courses, with their enormously exaggerated vertical scale, the

amplitude of the oscillations relatively to the large areas affected is so

small that it would, no doubt, require a minutely detailed survey to detect

any consequent tilting of the volcanic beds. The Deccan Trap area is,

from a geological point of view, almost a blank. Where the beds are

very distinctly tilted, as in the Rajpipla hills, or in some parts of Kach

and Kathiawar, the disturbance is probably related to the Himalayan

period of orogenic movements, and therefore anterior to the post-

Himalayan period of the " Narbada " series.

Side by side with the profiles of the Indian rivers, I have placed

that of the Rhine,1 whose exceptional features are also largely due to

crust movements that took place in the pleistocene period. The

1 This diagram is taken from one of the figures in Lapparent's " I>econs de

Geographic Physique." It has been adapted to the same horizontal and vertical

scales as the profiles of the Indian rivers. • 1
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plain occupied by pleistocene alluvium that extends for many miles

above Mainz, and the steeper portion of the river-course commencing

below that town, correspond, respectively, with the portions of the

Narbada situated above and below Handia. The formation of the

lake of Constance is also a result of tectonic influences, but, in this

case, the formation and preservation of the rock-basin have been greatly

assisted by the protecting covering of ice during the glacial period,

so that it is not so strictly comparable with the rock-basins of the

Indian valleys as the alluvial depression of Mainz.

The origin of many features of northern topography has been

ascribed to similar causes acting at that same period : for instance,

the Swiss lakes, and those of North America, though it is, to a large

extent, the glacial conditions which, by retarding or arresting the

erosive power of the rivers, allowed the formation of rock-basins. It

has been suggested that this warping of the surface, in northern lati

tudes, during the great ice age, is a direct result of the presence of

ice. It is interesting, therefore, to find that in peninsular India, where

glaciation, at that time, is out of the question, similar effects have taken

place at a period which, as indicated by the fossil fauna, corresponds

with that during which the crust-movements took place in Europe

and in America. This simultaneous occurrence of earth-movements

strengthens the idea that the ice had little more influence than to pre

serve the effects of this deformation. The pleistocene period seems,

therefore, to have witnessed a warping of the earth's crust which,

though not to be compared, in its effects, with the gigantic orogenic

efforts of the Tertiary era, appears, nevertheless, to have been remark

ably widespread. In India, the conditions for a detailed study of this

interesting question should be particularly favourable, for the case

here is not complicated by the presence of the glacial moraines and

boulder-drift, which, in northern latitudes, have had frequently as

great an influence as the crust-movements in altering the drainage

system. In consideration of the synchronism that has been recognised

between the great orogenic movements of the Alps and Himalayas,

the idea that the pleistocene disturbance in India was partly simulta

neous with that which affected so large a portion of the northern

hemisphere is a view that commends itself, though it cannot be insisted

on without further evidence. The regions intervening between the

better known areas of Europe and India have not yet been sufficiently

studied to institute a precise correlation Post-pliocene movements
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seem evident in Baluchistan and in Persia, and may account partly

for the present isolation of most of the drainage of those countries,

but the data are insufficient to determine either the importance,

or exact age of those movements. One would also like to know how

these ancient peninsular fluviatile deposits are related in age to the

" karewas " of Kashmir and the deposits of the " duns," and to those

of the plains of Tibet. But here, too, information is insufficient to lead to

any definite conclusions, and one can only draw attention to the

interest of these questions. In the peninsular area itself there are, in

the neighbourhood of the sea-coasts, many deposits of late geological

date, whose exact correlation cannot be settled, as they are either

unfossiliferous, or else contain nothing but molluscan remains, whose

value for determining their exact age is far less precise than that of

the rich mammalian fauna of the Narbada series.

The supposed existence of a fault along the foot of the Western

Ghats is again a question that invites attention in this connection.

Supposing the abrupt linear escarpment that limits the Peninsula to

the west to be really a fault of relatively modern date, one would like

to know whether it stands in any relation to the crust-movements

that caused the accumulation of the Narbada series, whether it accom

panied or preceded the warping, and whether it is really part of the

same set of phenomena. This is also one of the Indian geological

problems that still await further elucidation.

There exists very little information regarding another question of

great importance and interest, that is, the relative age of the older

parts of the Ganges alluvium compared with that of the Narbada

series. It is quite conceivable that the same disturbances that affec

ted the peninsular rivers should also have influenced some part of

the Ganges and Jumna area. But while, on the one hand, since the

close of the period of disturbance, the peninsular rivers have all

become eroding streams, on the other hand, deposition has remained

continuous in the Ganges valley, and the difficulty of distinguishing

older from newer alluvium is thereby considerably increased. Bones

of extinct mammalia were found, about 1 830, in the banks of the Jumna.1

Vertebrate fossils have again been discovered quite lately at Allaha

bad, while sinking wells for the foundations of a new viaduct across

the Ganges. The fossils, which were described by Mr. Pilgrim in a

1 Manual of the Geology of India, 1st edition, page 402 ; and edition, page 436.
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recent number of these Records (Vol. XXXI, pages 176-177), occur

at some depth below the present river-level, and it is conceivable that

sedimentation may have gone on uninterruptedly since they were

entombed. But. in the case of the Jumna, the fossils occur above the

present river-level, and although, in our present imperfect state of

knowledge concerning the history of the Ganges system, this cannot

be regarded as an absolute proof of disturbance, yet it strongly sug

gests it. These two finds are the only ones as yet recorded from

the Gangetic alluvium, of which the specimens have been identified,

and these fossils are too few to form a complete idea of the fauna.

Some of them are identical with forms occurring in the peninsular

alluvial beds, but several of the commonest extinct mammalia of

the Narbada series are absent, while it also happens that a species,

such as Bos namadicus, F. and C, common to the deposits of the

peninsular rivers and to those of the Gangetic plain, exhibits, when

found in the latter, varietal modifications that seem to suggest a newer

age. The authors of the Manual were of opinion that the Gangetic

fauna is somewhat newer than the Narbada one. In the case of the

peninsular rivers, the accumulation of the ancient fossiliferous beds

could only have taken place at the particular period when the warping

occurred, with the consequence that, wherever present, these gravels

belong to one age ; but in the case of the Ganges alluvium, as deposi

tion has been continuous, the formation may contain, at various

depths, strata both older and newer than the Narbada series. Thus,

if there has been, within the Gangetic area, any warping that could

raise portions of the older alluvium sufficiently to cause their re-appear

ance at various localities, it does not follow that the different outcrops

are all of one age. It is possible that, in the Gangetic area, the

supposed crust-movements, of which we only possess somewhat

obscure evidence, are of post-Narbada age, and that their amplitude

has never been sufficient to raise to the present surface any strata syn

chronous with the Narbada series. This would account for the some

what newer age that has generally been ascribed to the Gangetic

fossils. Still, it is not yet possible to pronounce very definitely on

this subject, which must be added to the list of the many unsettled

questions referring to the last chapters of the past geological history

of India.
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On Recent Changes in the Course of the Nam-tu

River, Northern Shan States. By T. D.

LaTouChe, B.A., F.G.S., Superintendent, Geological

Survey of India. (With Plate

THE accompanying map, taken from a portion of sheet 332 of the

Upper Burma Topographical Survey, shows a portion of the

course of the Nam-tu (Myitnge of the Burmese) and Nam-ma rivers in

the neighbourhood of Hsipaw (Thibaw), the capital of one of the North

ern Shan States. A glance at this map will show that about six miles

above Hsipaw, the Nam-tu, which is the larger river of the two, enters

the Nam-ma at right angles, as if it were a mere tributary of the latter.

As we cross the railway bridge at the junction of the two rivers, on

the journey from Hsipaw to Lashio, and catch a glimpse of the com

paratively narrow valley, down which the Nam-tu flows, and, moreover,

when we note the slight change, if any, in the dimensions of the valley

of the combined rivers below the junction, and that of the Nam-ma

above it, it is difficult to realise that the former is the main river, and

we naturally endeavour to seek some cause for this peculiar feature.

This feeling of there being something anomalous in the course of the

Nam-tu is intensified when we find that the river, between Tati ferry

and the junction with the Nam-ma, cuts directly across the strike of the

rocks, which are here sandstones of Mesozoic age, running in highly

inclined beds from north-east to south-west.

Looking north-eastwards from Hsipaw towards Tati, where the

Nam-tu debouches from a deep gorge cut through hard rocks of

Palaeozoic age, and enters the softer Mesozoic sandstones, we see a

broad open valley, now watered by several insignificant streams, almost

dry during the hot season, and closed at its upper end, between three

and four miles from Hsipaw, by a low range of hills. If w'e cross these

hills by the road leading from Hsipaw to the Tati ferry, we find that

the surface of them is a broad, nearly level plateau, strewn with

boulders and pebbles of the Palaeozoic rocks through which the Nam-tu

flows in the upper part of its course, and that the greater part of these

hills is made up of the same water-worn material, mixed with clay
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and sand. They are, in fact, the remnants of an ancient terrace of

gravel and boulders, rising to a height of 100 to 150 feet above the

present level of the river at Hsipaw, and they can only have been laid

down by the Nam-tu, for, of the smaller streams which drain the hills

to the west of the valley, only one or two reach the area from which

the rocks composing the boulder terraces are derived, and these drain

only a very small portion of it. Another point to be noticed is that,

beneath the covering of boulders, there are traces here and there of the

rocks beneath, forming the old floor of the valley, and at a higher level

than the present river valley.

The sequence of events that led to the present alignment of the

river-courses appears to have been as follows. In former times the

Nam-tu, debouching from the hills of harder rock just above Tati as at

present, flowed south-west to Hsipaw and excavated a broad open

valley in that direction, the natural continuation north-eastwards of the

present valley of the Nam-tu between Hsipaw and Bawgyo, while the

Nam-ma, following its present course, joined the main river near

Hsipaw. ..... !

This broad valley extends as far as the mouth of the Nam-hsim, at

which point the Nam-tu turns sharply to the south, and runs for a long

distance, across the strike of the rocks, through a comparatively narrow

gorge. The deepening of this gorge was naturally a slow process, and,

while it was going on, the river above Nam-hsim reached a stage of

equilibrium, its ' regimen ' so far as this portion of its course was

concerned, and began to deposit silt and boulders on the floor of

its valley, gradually raising its bed to at least the level of the

terraces , the remains of which may be traced along the edges of the

valley between Hsipaw and Nam-hsim, at considerable heights above the

present level of the river.

At the same time the 'small streams flowing into the main rivers

above Hsipaw across the strike of the rocks had been cutting down

their channels, and finally two of them,—one flowing south into the

Nam-ma at the point where the Nam-tu now joins it, and the other north

west into the Nam-ma near Tati,—reduced the divide between them to

a point at which it was on a level with, or below, the bed of the Nam-

tu, where it flowed over the boulder terrace laid down by itself between

Tati and Hsipaw. Any slight obstruction then, a more than usually

heavy deposit of boulders, for instance, in the main river, or an accu

mulation of drift-wood, would be sufficient to divert the flow into its
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present course, and the increased fall would cause it to cut back rapidly

into the deposits formerly laid down by it, and render the deflection

of its course permanent. By the time this happened, the gorge below

Nam-hsim was sufficiently lowered to allow the river to excavate the

terraces already deposited by it in the Bawgyo valley, and the present

configuration of the valley was the result.

EXPLANATION OF MAP.

The map shows a portion of the country in the neighbourhood of Hsipaw,

North Shan States, on a scale of 2 m.=I in.

The north-west corner is occupied by sandstones and shales of Silurian and

Ordovician ages. These arc succeeded by a band of limestones, probably of

Devonian or Carboniferous age. These in turn are succeeded by sandstones with

bands of fossiliferous limestone and conglomerates near the base, probably separated

from the limestones below by an unconformity. The fossils show that they are

Mesozoic.

The Nam-tu and Nam-ma have excavated a broad valley in the sandstones

partly filled with terraces composed of gravel and boulders. The probable course

formerly taken by the Nam-tu between Tati and Hsipaw is shown by a blue line.
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Note on the Natural Bridge in the Gokteik Gorge.

By T. D. LaTouche, B.A., F.G.S., Superintendent,

Geological Survey of India. (With Plates 6—9.)

ONE of the principal obstacles to the construction of the Mandalay-

Lashio railway, originally intended to connect Burma with S. W.

Yunnan across the Northern Shan States plateau, was the existence

of a deep gorge with almost perpendicular sides, about midway

between Maymyo and Lashio. This gorge, known to the Shans as

Hokut, and to the Burmese and Europeans as Gokteik, lay directly

across the line of advance of the railway, and there was no possibility

of avoiding it, for on the south it joins the far deeper and equally

precipitous gorge of the Nam-tu or Myitnge river, while to the north

the country is a maze of lofty ridges separated by deep narrow valleys,

through which it would have been quite impossible to carry the line.

This gorge has been excavated through the limestones of the

Shan plateau by the united waters of two large streams, the Nanvpan-

hse, and the Nam-tang, which drain the hilly country to the north.

At Chaungzon (the meeting of the waters) the depth, measured from

the surface of the plateau at Nawnghkio, is about 1,500 feet, which

gradually increases to about 2,000 feet, at the junction of the united

streams with the Nam-tu, a distance of about 10 miles. The

direction of the gorge is at first east-south-east as far as the railway

crossing, and then south-east.

In selecting a site for the railway viaduct advantage was taken of

the fact that at about 2 miles below Chaungzon the river is spanned

by a ' Natural Bridge,' the upper surface of which is 550 feet above

the river, and upon this the principal pier of the viaduct, a fine structure

of steel, has been founded. The greatest height of the viaduct, at the

point where it rests upon the natural bridge, is 320 feet, and the total

height from the bed of the stream to rail-level is somewhat under 900

feet. Thus the descent from the plateau, and the ascent to it on the

opposite side of the gorge, has been reduced to about 600 feet, and

though the gradients are very heavy, generally speaking about 1 in

40, they are not excessive. There are three of these natural bridges

P
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within a distance of about a mile, and it is to the uppermost of these,

the one crossed by the viaduct, that the remarks in the present paper

apply.

Before proceeding to a consideration of the causes that have

produced these remarkable structures, it may be well to glance at

some of the explanations that have already been put forward to account

for them. Thus Sir J. George Scott, describing the natural bridges

in the Upper Burma Gazetteer,1 says : " The Hokut circle is noted

for the so-called 'natural bridge.' It is somewhat difficult to account

for the application of the term. The Nam Hpa Se simply disappears

into the ground, as the Mole does in England, and as many other

streams do in the Shan States, especially in limestone formations, but

there is no special feature about the ridge through which the water

tunnels its way to justify the term ' natural bridge.' * * Indeed, this

anastomosis* is quite a common feature in all parts of the Shan

States."

Though the phenomenon mentioned above by Sir George Scott is of

frequent occurrence in the Northern Shan States, this explanation will

not account for the natural bridges of the Gokteik gorge, for the river

at this point does not disappear into the solid limestone, as in the other

cases he alludes to. The case is not quite so simple as that of a stream

disappearing underground into a fissure and re appearing elsewhere.

Another account of the natural bridges is given by Mr. John Nesbit

in his work " Burma under British rule and before."8 He says, speaking

of the railway : " This Gokteik gorge formed, however, a very formid

able natural obstruction to further progress. A fissure in the hills,

incomplete in one portion, resembling rather a geological fault,

apparently resulted in once damming up the bed of the Gokteik

stream now lying hundreds of feet below. A lake must have been

formed, until in course of time the waters forced an outlet for themselves

by percolation and pressure, in the form of a subterraneous passage

extending for about half a mile through the dam of limestone rock.

The stream now disappears for this considerable distance into a huge

cavern, while the fault above it forms a Ngok or natural bridge across

1 Upper Burma Gazetteer, Pt. II, Vol. I, p. 140, Rangoon, 1901.

* It is hardly necessary to point out that the word ' anastomosis,' which Sir

George Scott uses more than once with the same connotation, is by no means the

correct term to apply to a phenomenon of this kind. 1

• Westminster: Archibald Constable & Co., Vol. II, p. 36.
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which the old trade route from China to Mandalay passes. * *

Natural bridges of this sort are common throughout the Shan States,

where the prevailing rock is limestone."

In this passage there appears to be some confusion of ideas about

the nature of a fault, for in one place it is said to be a fissure, and in

another the mass of rock closing the same fissure, while it is difficult to

see how a fissure could result in damming up the river. What is

probably meant is a landslip, bringing down a mass of rock from the

precipices lining the northern side of the gorge, which may have closed

it for a time, and I was at first under the impression that such a slip

may have had something to do with the formation of the natural

bridges. But there is no indication whatever that a lake ever occupied

the portion of the gorge above the bridges, nor have I been able to

discover any traces of a fault running in the direction of the gorge.

The section of the gorge at the place where the railway crosses it

is peculiar. The upper portion, down to the level of the natural bridge,

has gently sloping sides on the southern bank, while the north bank is

quite precipitous. This feature is due to the fact that the limestone

rocks, out of which the gorge is excavated, dip towards it on the

southern side, so that the tendency of the river has been to cut back

the northern bank into a series of perpendicular cliffs (see section,

Plate 6). But from the top of the natural bridge to the river the sides

are more or less perpendicular on both sides, and very close together,

so that the river runs in a deep narrow trench, invisible from above,

until one is crossing the viaduct immediately above it. The effect of

this sudden glimpse into the profound depths of the gorge, as the train

slowly rolls across the bridge, is curious, and one not likely to be

forgotten by anyone who has ever experienced it. It is difficult to

conceive why this sudden change in the direction of erosion should

have taken place, why the river, that is, instead of continuing to cut

back along the dip-slope of the rocks, suddenly began to excavate its

bed in a vertical direction, and 1 have not yet been able to find a1

satisfactory explanation of this feature. It is in this lower and

narrower part of the gorge that the natural bridges have been formed.

The excavation made for the foundations of the railway viaduct

in the top of the natural bridge, and in the sides of the gorge imme

diately above it, show that the natural bridge itself is composed to a

great extent of travertine or calcareous tufa, deposited from water

saturated with carbonate of lime, on the evaporation of the water.

E ?
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The cuttings on the railway as it descends both sides of the gorge

also show that the ground is covered, often to a considerable depth,

with deposits of the same travertine. This, there is no doubt, has

been deposited by the streams which flow into the gorge from either

side. Great curtains of it may be seen hanging from the cliffs which

line the northern bank. At the point where the natural bridges are

found the deposit is particularly thick and massive, and, the precipi

tous sides of the gorge being very close together, the travertine has

gradually grown out from the sides, from the southern side espe

cially, forming a kind of bracket or shelf, overhanging the river, until

it has met and coalesced, forming a true ' bridge ' (Plate 7). At the

same time the river has prevented any great accumulation of the

travertine up to its flood-level, and has kept a passage open for itself.

Some deepening of the gorge has probably taken place since the

bridge was first formed, and this would account for the present

height of the cavern, the roof of which is considerably higher than

the present flood-level of the river, as much indeed as some 200 feet

(Plate 8).

When once a connection had been established in this way between

the opposite walls of the gorge, the growth of travertine proceeded

upwards, and no doubt the talus from the cliffs above, falling on the

roof of the bridge, added greatly to the rapidity of growth. When,

however, the upper surface of the bridge reached the level where the

streams that formed it fell over the edge of the cliffs, the water

naturally began to find its way through fissures in the mass, and at the

present time, instead of adding to the height of the bridge, most of

the travertine is deposited on the roof and walls of the cavern, where

it forms fine stalactites and stalagmites. A huge column of stalag

mite, some 30 or 40 feet in height, is being formed in this way just

within the entrance of the cavern, visible in the photograph (Plate 8),

and is being continually added to by a small stream of water which

issues from the roof of the cavern immediately above it.

As an illustration of the manner in which these natural bridges

are foimed, the photograph (Plate 9) is instructive. This view

was taken on the Nam-ma river, south of Lashio, at Ho-hko-nam-

hpak-lun, where the cart-road from Lashio to Taung-yun crosses it

by a fine wooden bridge. Here the river runs through a gorge, some

50 feet deep and, as at Gokteik, two small streams join the river from

either side just beneath the bridge. The travertine deposited by
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these streams has formed two shelves, growing out from either bank of

the river, and in shape very similar to the fungus brackets one often sees

growing on a tree-trunk (see fig. i). Here the shelves of travertine

 

WATER LEVEL

Fio. 1.—Diagrammatic section across the Gorge of the Nam-ma at^Ho'hho'

nam-hpoh-lun*

have not coalesced in the middle so as to form a complete bridget

but this is no doubt due to the fact that the gorge is not very

deep, and so the river, when in floodf cuts away the newly-formed

travertine at the edge of the shelf. This illustration shows very

clearly how the under- surface of the shelf is kept from thickening by

the flow of water beneath it, so that if the travertine were to grow

across the gorge, an open cavern would be formed.

1 am indebted to the District Engineer, Burma Railways,

Mandalay District, for the section and plan of the Gokteik gorge

attached to this note. I have attempted to indicate diagra mmatically

in the section the probable form of the mass of travertine which

forms the bridge, but both sides of the gorge are so covered with it

that, except where the water of the stream actually washes the rocks,

it is difficult to see any solid limestone. The photograph (Plate 8)

is taken from a little distance above the upper entrance to the cavern,

and it may be noted that the travertine forming the roof comes down

much lower on the left-hand side (north bank) than on the right.

This is probably caused by the layers of travertine, as the ' bridge '

was being built Up, drooping over towards the north wall of the gorge,

for the principal growth seems to be due to the deposits of the streams

on the south bank.
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EXPLANATION OF PLATES.

PLATE 6

Fig. I. Plan of the Gokteik gorge at the site of the railway viaduct.

„ 2. Section across gorge at the ' natural bridge.'

Plate 7—

View of the upper part of the natural bridge, and railway viaduct. The line

separating the travertine of the bridge from the rocky wall of the gorge is

clearly visible.

Plate 8—

Cavern at the base of the ' natural bridge', from near the upper (western) end.

At the mouth of the cavern, on the left-hand side, is a column of travertine

deposited by a small stream issuing through the roof. The curtain-like form

of the travertine-deposits on the walls of the gorge is well shown.

Plate q—

Gorge of the Nam-ma river at Ho-hko-nam-hpak-Iun, south of Lashio. At

either side, immediately below the bridge, small side streams have deposited

' shelves 'A, B of travertine, that on the left bank (right-hand in the figure)

extending mofe than half-way across the stream.
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Notes on the Geology and Mineral Resources of

the Narnaul District (Patiala State). By

P. N. BOSE, B.Sc. (LOND.), F.G.S.

I—GEOGRAPHICAL AND STRATIGRAPHICAL.

THOUGH being a portion of the Patiala State, the district of

Narnaul is included in the Punjab ; it belongs geographically to

Rajputana. It is situated between Latitude 270 48' and 280 28' and

Longitude 750 57' and 760 20', and comprises an area of 605 square

miles. The district is called after Narnaul, a large town with some

claims to antiquity. Besides mausoleums and other stone-built edifices

of the Mahomedan period at Narnaul, there are ruins extending over a

distance of about 4 miles between that town and Dhosi hill, which are

referable to a much earlier date, and on Dhosi hill (called Archik in the

Puranas) there is a well, known as Chandrakup, which draws large

numbers of pilgrims from the surrounding country, and which tradition

ascribes to the earliest period of Hindu history.

There are two rivers which drain the district (when there is suffi

cient rainfall for drainage)1—the Basi and the Kasawati. They have

numerous feeders in the hilly country in the southern portion of the

district, but they are both blind rivers, the former being lost in the

desert about 10 miles north of Kanaud, and the latter about as many

miles east of that town.

The southern portion of the district is hilly, the hills running gene

rally in a north-south direction, roughly parallel to the strike of the

rocks of which they are constituted.

The highest of these hills is Dhosi, which rises to an elevation of

2,138 feet.

Desert conditions appear near Narnaul, and become more and more

pronounced towards the north ; and in the northern portion of the

district, comprising the greater part of Kanaud tehsil, a few hills riBe

out of the desert, the most conspicuous of these being a range striking

from near Khodana southward through Rajawas and Madhogarh to

1 During 1905 the rainfall did not amount to more than 2 inches, and the

rivers remained dry throughout the rainy season.
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Sohla, and rising occasionally to a height of about 1,600 feet above the

sea-level.

The district is included in the geological map which accompanies

Mr. Hacket's paper on the " Geology of the Aravali region, central

and eastern " {Records, Vol. XIV, p. 279). But there is no reference

in the paper to the geology or mineral resources of the district, or of

any portion of it.

Gneiss of a somewhat granitoid type constitutes Dhosi hill and the

hills in the vicinity of DhanOta in the western portion of the district.

It is apparently older than the well-foliated gneiss accompanying the

schists of the Aravali series, which forms the hilly country in the south

ern poition of the district. The principal rocks which constitute the

series are schistose or sub-schistose quartzites, quartz and mica schists,

phyllites, and limestones usually altered into marble. The strata are

highly disturbed, and, besides minor folds, are thrown into a well-marked

syncline, those on the western side of the district as about Sarai,

Saraili, etc., dipping eastward, and those on the eastern side as about

Atri, Biharipur, Loniake, Nangal, etc., dipping westward. The dip is

high, seldom less than 450, and often approaching vertically. The

strike is fairly constant varying between N. N. E.-S. S. W. and N.-S.

The hills in the northern portion of the district are formed mainly

of quartzites and quartzitic sandstones or gritstones with subordinate

bands of phyllite and quartzose micaceous, and occasionally calcareous,

schists. They have been coloured as " Delhi Series " on Mr. Hacket's

map, referred to above, and are referable to the upper group of that

series known as the " Alwar quartzites." From what is seen in the

district, however, there is little to differentiate them from the Aravalis,

beyond the fact that they are comparatively less altered—a condition

which might be attributable to the Aravalis being intruded by granite

on a much larger scale than the Alwars. But as the area examined

by me is very small, I am not in a position to express a definite

opinion on the subject.

The granite just mentioned intrudes indifferently into the gneiss

of the Dhosi hill and the schists, quartzites, gneisses and limestones of

the Aravali series. It is found in great force in the area south and

west of Narnaul, and gradually disappears northward, until in the

northernmost portion of the district it is found to be absent altogether.

The granite is very coarse-grained, and, besides being full of tourmaline,

is oermeat^d by veins of muscovite, which will be referred to later on.
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II ECONOMIC.

1. Iron-ores.

Deposits of iron-ore occur in quantity at the following localities :—

(1) About a mile north-north- west of Sohla (Kanaud tehsil) the

ore (hematite) occurs in association with highly disturbed

and much crushed ferruginous quartzites.

(2) Near Dhanota (Narnaul tehsil). The ores here (hematite

with magnetite) occur in association with gneiss of a

granitoid type.

(3) The richest and most extensive ore-body occurs in a low

ridge which runs from Chhapri (seven miles south of

Narnaul) to Jaunpur—a distance of two miles and-a-half.

The ore consists of magnetite with hematite. The

following is an analysis of an average sample made by

Dr. Schulten :—

Equal to iron 5742%

Siliceous matter • 938

1 00"00

This assay indicates a high grade ore; and there is an enormous

extent of it. The ore occurs as bands interbedded with the marble

and schistose rocks of the Aravali series. Going across the strike at

Antri, I encountered three bands, each averaging about 7 feet in

thickness. At the southern end of the Chhapri-Biharipur ridge,

however, I found only two bands of the ore. In former times the ore

was in great request in the neighbourhood, and used to be carried far

into Jaipur and Alwar State. A royalty of one anna per bullock-

load used to be levied. There is not a single furnace now in the area.

The chief obstacle in the way of the establishment of iron and
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steel works on modern western methods in the Punjab is the absence

of suitable coal any nearer than Bengal. But the freight on coal for

long distances has just been reduced, and further reduction may be

expected in the future. Besides, iron-works in the Punjab would

command the markets of that Province and of Rajputana and the

United Provinces. But I doubt if iron works on a large scale are likely

to be started in the Punjab in the near future, since such works

require very large capital, and since a company is now being floated

with a capital of two crores of rupees to work the iron ores of the

Mayurbhanja State, which are similar to those of Narnaul, but are

more favourably situated in respect of coal. However, such a magnifi

cent ore-body as that of Narnaul cannot long remain unutilised, though

owing to the difficulties mentioned above, it may not be worked in the

immediate future.

2. Mica.

Mica (muscovite) occurs at various places in Narnaul tehsil in coarse

grained granite which is intrusive in the Aravali series. The localities

which are specially noteworthy are Ghatasher, Saraili, Panchnauta and

Musmuta. The area covered by these places measures about 14 square

miles. The mica occurs in lenticular veins ; and the mica books obtained

by me attain a size of 9" by 6".

3. Copper-ores.

Copper-ores are very widely distributed. They occur in the Alwar

quartzites as well as in the Aravali series. That they have been

extensively worked in past times is evidenced by the large number of

mines scattered throughout the district. They are most numerous in

the southern portion of the district, especially about a village called

Motaka (Mokata on maps), a ridge in the neighbourhood of this place

being closely riddled by meandering galleries. I also came upon two

rectangular pits there, one of which was reported to me to be 100 feet

deep. The old workings, however, are generally rather shallow. Every

where the only indications of ore met with were stains of malachite on

quartz, phyllite, etc. There was no sign of the presence of rich ore

anywhere.

4. Manganese.

Extensive deposits of limestone and shale impregnated with

manganese oxide occur about Goela, Dargaka, Nangal, etc. They are of
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some commercial importance, but their distance from the Calcutta

market renders the prospect of their exploitation rather remote.

5. Rutile, Garnet, Kyanite.

In the course of the mica exploration in the vicinity of Ghatasher,

the Sub-Overseer in charge of it has come upon a mineral in a somewhat

massive form which has been determined by Mr. Fermor, Curator,

Geological Museum and Laboratory, to be rutile. It apparently occurs

in some abundance in the Aravali series, through which the mica-

bearing granite is intrusive.

Garnets are rather plentiful in the Aravali schists in the hills east

of Ghatasher. As a rule, however, the'colour did not appear to me to

be sufficiently good to render them marketable.

Kyanite occurs in bluish, thin-bladed as well as short and thick

crystals usually in association with calcite in the hills just west of

Narnaul. It is found in some quantity. The jewellers at Patiala

called it " bruj, " and informed me that it is used in jewellery, and

sold at R3 to R5 per tola.

6. Limestone and Marble.

Limestone and marble occur in great profusion and variety in the

district. A band of black limestone well suited for lime occurs at

Dhani Bathanta, about four miles south-east of Narnaul. It is esteemed

so highly that the stone sells in the Delhi market at the high price

of eight annas a maund. The limestone is mostly covered by alluvium.

Quarries which are about 200 feet wide have been opened into it for a

distance of 300 yards. Limestone of a similar character occurs also at

Baliari, 10 miles south of Bathanta, in the direction of the strike.

White and black marbles occur two miles west of Narnaul, in

some hills, the highest of which are known as Mundi and Datla. They

were traced for about a mile, and at one place on Datla hill the band

of white marble was found to be about 125 feet thick. It has been

worked to some extent to supply the architectural wants of Narnaul,

I saw rectangular blocks, measuring 5' by 2' by \\'} lying about the

place.

About nine miles south of the hills just mentioned, white marble

occurs in great force in a ridge just west of the villages of Antri and

Biharipur. The marble extends over a distance of about a mile-and-a
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half. It has been worked most at Biharipur, where there are several

quarries, the largest of which was found to be 150 feet long, 50 feet

wide and 20 feet deep. The dip of the marble at Biharipur was found

to be 5o°W., and the thickness of the band which is worked there is

200 feet. It is traversed by joint planes at intervals of 4 to 6 feet.

White marble similar to that of the Antri-Biharipur ridge, and

apparently belonging to the same band, occurs at Dhonkora (five-and-a-

half miles south of Biharipur), where it forms a high ridge just west of

the village. The marble here is more disturbed than at Biharipur, the

dips being not less than 8o°. It has been worked to a very small extent

only.

White marble also occurs between Dhanota and Dhansoli in the

south-western portion of the district, about two miles from Nizampur

railway station.

Black or black and white banded marbles occur at the following

localities besides Dhani Bathanta and Balian already mentioned: —

(1) Makundapur, three miles south of Narnaul.

(2) Jalanwali (near Islampur) . The marble here occurs in the

strike of that of Makundapur, and it will probably be

found at intermediate places. The band here is traceable

for over half a mile, and it has been rather extensively

worked. The dip is about 40°W. The rock, I was

informed, is in great request for millstones. I saw several

lying about, one of which measured 3 feet 6 inches in

diameter and 9 inches in thickness.

(3) Goela. Near this village, which is situated at the southern

extremity of the Narnaul district, there is a band of dark-

coloured slaty limestone dipping nearly vertically and

easily obtainable in blocks measuring about 7' by 4' by

i' to 4'. This rock has lately been worked to some

extent.

7. Building stones other than marble.

(a) Sub-schistose quartzites of the Aravali series. These have

been very extensively worked in the hills west of Begopur, one quarry

being nearly 1 50 feet in depth. The rocks split easily along planes

of lamination, which are sheeny with minute flakes of mica. The dip

is nearly vertical.
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(b) Quartzitic sandstones suited for building purposes occur at

Rajawas and near Baliana in Kanaud tehsil, and at Mandlana,

Kuthapur and Khaspur in Narnaul tehsil. The Rajawas and Baliana

hills are dotted with pits. The rocks dip high from 450 to near

vertically. Slabs measuring 6' by by 6" are available. The

sandstones at Mandlana, where they form a low ridge quartzitic,

have also been very largely worked, being in great demand at

Narnaul and its neighbourhood.
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MISCELLANEOUS NOTES.♦

Fluorite in Quartz-Porphyry from Sleemanabad, Jubbulpore

District.

IN many parts of the world, one of the commonest minerals in metalli

ferous veins is fluor-spar or fluorite. In India, however, this mineral may

almost be regarded as a rarity, as it has been reported from but few localities

and from none of these in any quantity. Consequently, any fresh occurrence

of fluorite possesses considerable interest. At Sleeman£b£d, in the Jubbul

pore district, Central Provinces, is a series of parallel metalliferous veins striking

in a north-north-west direction through dolomitic limestones of Archaean age. In

opening up these deposits, the following minerals have, up to the present, been

found:—chalcopyrite, tetrahedrite, galena, pyrite and barite with malachite,

azurite, chrysocolla and oxides of iron and manganese as gossan products.

Mr. A. Whyte of Riniganj recently brought to the Geological Survey

Office a rock (17782) obtained from an opening about 100 yards north of

what is locally known as the " Eric pit." This specimen shows slickensiding

striations, and is a horny-looking rock of yellowish colour. It can easily be

scratched with a knife, and contains abundant small scattered specks of deep

purple fluorite, averaging T\ in., although ranging at times up to J in

across and tending to be idiomorphic with squarish outlines. There are

also a few scattered glassy quartz phenocrysts usually £ to } in. in dia

meter, and commonly more or less rounded, but sometimes with hexagonal

or polygonal outlines. The rock, in fact, would be described from the

hand-specimen as a " quartz-felsite " or quartz-porphyry.

In thin sections under the microscope the ground-mass of the rock is

seen to consist of micro-crystalline quartz with extremely abundant tiny

sericite (secondary muscovite) laths traversing it in all directions and

consequently, as a rule, obscuring the boundaries between the quartz grains.

When seen, however, these boundaries are usually simple and fairly well-

defined, either straight or curved, and not interlocking. The quartz pheno

crysts also have their outlines quite firm and decided as seen under a

i-inch objective, but under higher powers the tiny sericite laths of the ground-

mass are seen to project into them.

The microscope, therefore, shows this rock to be a peculiar type of quartz-

porphyry, in which the ground-mass is composed entirely of micro-crystalline

quartz and sericite.

Though the relation of this fluorite-bearing quartz-porphyry to the

surrounding rocks has not yet become evident in the workings, nevertheless
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Mr, Whyte has found at the same locality two distinct dykes of similar rock

(17781 and 17783), with a strike roughly parallel to that of the ore-veins,

but containing no fluorite. The ground-mass of these dyke-rocks is similar

to that of the fluorite-bearing rock, but one of them (17783) also contains

some creamy-pink felspar phenocrysts. This felspar, which is probably

orthoclase, is seen under the microscope to be giving place to secondary

quartz, muscovite (sericite) and calcite, and in some places completely

changed to material very similar to that of the ground-mass.

The specific gravity of a piece of the fluorite-bearing rock was found to

be 2745, and of pieces from the two dykes to range between 2'675 when

containing felspar and 274 with felspar practically absent. The similarity

in composition, structure and specific gravity of the two dykes and of the

fluorite-bearing rock shows that the latter is probably also a dyke, and that

the three are, doubtless, contemporaneous.

1 am inclined to regard this rock as an altered quartz-porphyry, the original

ground-mass of which has been so changed that its felspar has suffered the

transformation actually observed in the felspar phenocrysts of 17783, i.e.,

into sericite and quartz. The quartz-phenocrysts, as was to be expected, have

remained practically unaffected except, as mentioned above, on their edges,

although inclusions of the ground-mass in the quartz have suffered the usual

change. A portion of one of the fluorite-free rocks (17783), of specific

gravity 274, containing no felspar and but few quartz-phenocrysts, was

found by Mr. Blyth to contain 74" 19% SiO,. This result is quite normal for

a quartz-porphyry, and hence furnishes no evidence of either addition or

removal of silica. The change of orthoclase to sericite and quartz has

therefore probably proceeded in accordance with the following equation :—

3(K,0. Al203. 6 SiOs) + 2H20 + 2 CO,

Orthoclase

= 2 H,0. KgO. 3 Al3Os. 6 SiOs +2 K9COs-f 12 SiOa

Sericite Quartz

The only agent necessary to produce this reaction is water containing

carbon dioxide, and in such a change, if the free Si03 separate as quartz, the

aggregate volume of the two secondary, minerals will, as noticed by W.

Lindgren,1 show a reduction of 13°/,, from the volume of the orthoclase. As

the original quartz still remains in the rock, the total percentage reduction in

volume will be less than that amount, but still sufficient to account for the

fact that the specific gravities of these rocks are somewhat higher than in

normal quartz- porphyries.

Under the microscope the fluorite sometimes shows idiomorphic squarish

outlines; but in the majority of cases, the purple spots of the hand-

specimen resolve themselves into areas composed of the quartz-sericite ground-

1 " Metasomatic Processes in Fissure-Veins. " Trans. Amer. Inst. Min. Eng., XXX, p,

608 (1900).
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mass, with very abundant patches of fluorite up to 02 mm. across, which

apparently occupy interstices or cavities in this ground-mass, the quartz

and sericite of which sometimes show idiomorphic terminations projecting

into the fluorite. There are also, in places in the latter, some long minute,

presumably colourless, needles. In such areas the colour is a fairly uniform

violet, but in the larger more or less idiomorphic individuals the colouring

matter is very unevenly distributed, the mineral in one case showing the

violet colour so concentrated in spots as to be a deep purple-black with pale

violet fluorite around. Another example is nearly colourless with violet spots,

whilst almost colourless patches of fluorite are also to be seen. Cleavages are

usually only to be observed in these larger fluorite individuals, and sometimes,

when the mineral is extinguished under crossed nicols, they stand out as delicate

lines of light, indicating the formation along them of some secondary aniso

tropic mineral. The very low index of refraction of the fluorite is also notice

able, so that it appears depressed below the level of the surrounding quartz.

As regards the distribution of the fluorite, it certainly seems to be more

abundant close to the quartz-phenocrysts. In fact, in one case, a tongue of

the ground-mass containing abundance of fluorite is seen projecting into a

quartz-phenocryst, with some of the fluorite protruding into the quartz, so as

to present to it idiomorphic outlines.

Conclusions.—Although the evidence is not clear, it seems probable,

considering the reported parallelism of the quartz-porphyry dykes with the

metalliferous. veins, that the two are genetically connected. The veins them

selves originated in fissures in the dolomite, the formation of these fissures

being accompanied by more or less brecciation. The mineralizing solutions

then deposited a part of their contents (together with quartz) in the interstices

of this breccia and a second portion was introduced into the dolomitic

country by the process of metasomatic replacement.

Turning now to the dykes, we see that they must have suffered profound

modification, if the sericite-quartz ground-mass be of secondary origin. The

introduction of the fluorite into the quartz-porphyry may either have been a

concomitant result of this alteration or may have been subsequently effected.

The possible connection between the two sets of phenomena is the

following :—The vein-fissures were formed contemporaneously with, or

shortly after, the intrusion of the quartz-porphyry, and the mineralization of

these veins may be regarded as an after-result of this igneous activity, effected

by the passage along the fissures of heated and possibly magmatic waters from

below. Whether the alteration of the dykes with introduction of fluorite

took place at the same time or not can only for the present be a matter of

surmise, but these two sets of chemical processes were probably connected.

[L. L. Fermor.]

G. I. C. P. O.—No. 788 D. G. Survey—6-2-1906—000.



 

Part 3.—Note on the progress of the gold industry in Wynaad, Nilgiri district. Notes on

the representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna

districts. Senarmontite form Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest

on Bombay Island.

Vol. XII, 1879.

Part Annual report for 1878. Geology of Kashmir (third notice). Further notices ol

Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang

and Spiti. On a recent mud eruption in Ramri Island (Arakan). On Braunite, with

Rhodonite, from near Nagpur, Central Provinces. Palxontological notes from the

Satpura coal-basin. Statistics of coal importations into India.

P.nt ».—On the Mobpani coal-field. On Pyrolusitc with Psilomelane occurring at Gosalpur,

jabalpur district. A geological reconnaissance from the Indus at Kushalgarh to the

Kurram at Thai on the Afghan frontier. Further notes on the geology of the Upper

Punjab.

Partj3.—On the geological features of the northern part of Madura district, the Pudukota

State, and the southern parts of the Tanjore and Trichinopoly districts included within

the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from

Trichinopoly district, collected in 1877-78. Notes on the genus Sphenophyllum and

other Equisetaceae, with reference to the Indian form Trizygia Speciosa, Royle (Sphe

nophyllum Trizygia, Ung.). On Mysorin and Atacamite from the Nellore district. On

corundum from the Khasi Hills. On the Joga neighbourhood and old mines on the Net-

budda.

Part 4.—On the ' At lock Slates' and their probable geological position. On a marginal

bone of an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Pun

jab. Sketch of the geology of North Arcot district. On the continuation of the road

section from Murree to Abbottabad.

Vol. XIII, 1880.

Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari

basin in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts,

being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil

fishes from Ramri Island and the Punjab. Note on the fossil genera Noggerathia, Stbg.,

Nfiggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks

of Europe, Asia, and Australia. Notes on fossil plants from Kattywar, Shekh Budio, and

Sirgujah. On volcanic foci of eruption in the Konkan.

Part *.— Geological notes. Palaeontological notes on the lower trias of the Himalayas. On

the artesian wells at Pondicherry, and the possibility of finding such sources of water-

supply at Madras.

Part 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab.

Palxontological notes from the Karharbari and South Rewah coal-fields. Further notes on

the correlation of the Gondwana flora with other floras. Additional note on the artesian

wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the

Arakan coast on rath March 1879 and in June 1843.

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali

region. Further notes on the correlation of the Gondwana flora with that of the Aus

tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The re-

soils of Upper India. Note on the Naini Tal landslip, 18th September t89o.

Vol. XIV, 1881.

Part 1.—Annual report for 1880. Geology of part of Dardistan, Battistan, and neighbouring

districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note

od some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the

South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic

rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants.

Travelled blocks of the Punjab. Appendix to ' Palaeontological notes on the lower trias

of the Himalayas.' On some mammalian fossils from Perim Island, in the collection of the

Bombay Branch of the Royal Asiatic Society.

9



Part a.—The Nahan-Siwalik unconformity in the North-western Himalaya On some Gond

wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records,

and the mining record office of Great Britain ; and the Coal and Metalliferous Mines

Acts of 187a (England). On cobaltite and danaite from the Khetri mines, Rajputana ;

with some remarks on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite

island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the SutleJ, North

west Himalayas. On a fish-palate from the Siwaliks. Palxontological notes from the

Hazaribagh and Lohardagga districts. Undescribed fossil carnivora from the Siwalik hills

in the collection of the British Museum.

Part 4.—Remarks on the unification of geological nomenclature and lartography. On the

geology of the Arvali region, central and eastern. On a specimen of native antimony

obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of juggia-

pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Note on tbe section

from Dalbousie to Pangi, via the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Part r.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-

rinthodonts. On some Siwalik and Jamna mammals. The geology of Daihousie, North-west

Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds in

India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from

Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Darjiling

district ; (2) arsenical pyrites in the same neighbourhood ; (3) kaolin at Darjiling (being

3rd appendix to a report on the geology and mineral resources of the Darjiline district

and the Western Duars). Analyses of coal and fire-clay from the Makuin coal-field, Upper

Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to

the production of gas, made April 29th, 1881. Report on the proceedings and result of

the International Geological Congress of Bologna.

Patt 3.—General sketch of the geology of the Travancore State. The Warkilli beds and

reported associated deposits at Quilon, in Travancore. Note on some Siwalik and Nar-

bada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the Mand

rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district,

Central Provinces. On borings for coal at Engsein, British Burma. On sapphires re

cently discovered in the North-west Himalaya. Notice of a recent eruption from one of

the mud volcanoes in Cheduba.

Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh

on the Harnai route between Sibi and Ouclta. New faces observed on crystals of stilbite

from the Western Ghats, Bombay. On the traps of Darang and Mandi in the North

western Himalayas. Further note on the connexion between the Hazara and the Kashmir

series. On the Umaria coal-field (South Rewah Gondwana basin(. The Daranggiri coal

field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the

Henzada district.

Part 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at

Bcddadanol, Godavari district, in 1874. Mote on the supposed occurrence of coal 00 the

Kistna.

Part f.—Annual report for 18S2. On the genus Richthofenia, Kays (Anomia Lawrenciana,

Koninck). On the geology of South Travancore. On the geology of Chamba. On the

basalts of Bombay.

Part 1.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a

skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the

manufacture of iron, in the north-eastern part of the Jabalpur district. On latcrite and

other manganese ore occurring at Gosulpuro, jabalpur district. Further notes on the

Umaria coal-field.

Part 3.—On the microscopic structure of some Daihousie rocks. On the lavas of Aden.

On the probable occurrence of Siwalik strata in China and japan. On the occurrence of

Mastodon angustidens in India. On a traverse between Almura and Mussooree made in

October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near

Laour, in Sylhet

and Blende)

 

Notice of a mud eruption in tbe

Vol. XV, 1882.

Vot. XVI, 1883.

10



 

Part 4.—Palxontological notes from the Daltonganj and Hatar eoal-6elds in Chora Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On

the microscopic structure of some Sub- Himalayan rocks of tertiary age. On the geology

of Jaunsax and the Lower Himalayas. On a traverse through the Eastern Khasia,

Jaintia, and North Cachar Hills. On native lead from Maulmain and chromite from the

Andaman Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba

Island, Arakan. Notice.—Irrigation from wells in the North-Western Provinces and

Oudh.

Vol. XVII, 1884.

Part 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mnd

banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam

and other caves in the Kurnool district. On the geology of the Chuari and Sihunta

parganas of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Ruling

series of Kashmir.

Part 3.—Notes on the earthquake of 31st December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal explomtion.

On the re-discovery of certain localities for fossils in theSiwalik beds. On some of the

mineral resources of the Andaman Islands in the neighbourhood of Port Blair. The

intertrappean beds in the Deccan and the Laramie group in western North America.

Part 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from

the Peshawar Valley to the Salt-range. On the selection of sites for borings in the

Raigarh-Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces.

The Turquoise mines of NishSpur, Khorassan. Notice of a further fiery eruption from

the Minbyin mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field,

south-west Khasia Hills. Additional notes 00 the Umaria coal-field.

Part 4.—On the Geology of part of the Gangosulan pargana of British Garhw.il. On

fragments of slates and schists imbedded in the gneissose granite and granite of the

North-west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water

anchorages of the Travancore coast. On auriferous sands of the Subansiri river, Pon-

dicherry lignite, and phosphatic rocks at Musuri. Work at the Billa Surgam caves.

Vol. XVIII, 1885.

Part l.—Annual report for 1884. On the country between the Singareni coal-field and the

Ktstna river. Geological sketch of the country between the Singareni coal-field and

Hyderabad. On coal and limestone in the Doigrung river, near Golaghat, Assam.

Homotaxis, as illustrated from Indian formations. Afghan field notes.

Part 3.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of

the Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus

Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the pro

bability of obtaining water by means of artesian wells in the plains of Upper India.

Further considerations upon artesian sources in the plains of Upper India. On the

geology of the Aka Hills. On the alleged tendency of the Arakan mud volcanoes to

burst into eruption most frequently during the rains. Analyses of phosphatic nodules and

rock from M ussooree.

Part 3.—On the Geology of the Andaman Islands. On a third species of Merycopotamus.

Some observations on percolation as affected by current. Notice of the Prrthalla and

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthquake

of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of July 14th 1885. On the Kashmir earthquake of 30th May 1885. On the

results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX 1886.

Part l.—Annual report for 1885. On the International Geological Congress of Berlin. On

some Paleozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the

Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan

and Persian Field notes. On the section from Simla to Wangtu, and on the petrologi

es! character of the Amphikolites and Quartz Dioiites of the Sutlej valley.
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Parti.—On t he Geology of parts of Bellary and Anantapur districts. Geology of the Upper

Dehing basin In the Singpho Hills. On the microscopic characters of some eruptive

locks from the Central Himalayas. Preliminary note on the Mammalia of the Karnul

Caves. Memorandum on the prospects of 6nding coal in Western Rajputana, Note on

the Olive group of the Salt-range. On the discussion regarding the boulder-beds of the

Salt-range. On the Gondwana Homotaxls.

Part 3.—Geological sketch of the Vizagap&tam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat

district, C. P.

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khcitan.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3,

Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Mexa

valley, Upper Burma,

Vol. XX, 1887.

Part t.—Annnal report for 1886. Field-notes from Afghanistan : No. 4, from Turkistan to

India. Physical geology of West British Garhwal ; with notes on a route traverse

through Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some

Indian image-stones. On soundings recently taken off Barren Island and Narcondam.

On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the

Salt-range, Punjab.

Part 3.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the

Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—to

accompany a geological sketch map ot Afghanistan and North-eastern Khorassan. On the

microscopic structure of some specimens of the Rajmaha! and Deccan traps. On the

Dolerite of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B. MushketofFs Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and

Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the
■ Lalitpur' meteorite.

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rock* of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the

western portion of the District of Raipur. Notes on Upper Burma. Boring exploration

in the Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Mera-

morphism, with reference to the foliation of the Himalayan Gneissose Granite. A list and

index of papers on Himalayan Geology and Microscopic Petrology, published in the

preceding volumes of the records of the Geological Survey of India.

Vol. XXI, 1888.

Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,

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

pelago. Memorandum on the results of an exploration of Jessalmer, with a mew to the

discovery of coal. A facetted pebble from the boulder bed (' speckled sandstone ') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part ».—Award of the Wollaston Gold Medal, Geological Society of London, 18S8. The

Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks

of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and

Mehowgale coal-fields, Kashmir.

Pari 3.—The Manganese Iron and Manganese Ores of Jabalpur. 1 The Carboniferous

Glacial Period.' The sequence and correlation of the pro-tcrtiary sedimentary forma

tions of the Simla region of the Lower Himalayas,

Part 4.— On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. Oo some mica

traps from Barakar and Raniganj.

Vou XXII, 1885.

Part /.—Annual report for 1888. The Dharwar System, the chief auriferous rock-senes ta

South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position



 

of the so-called Plesiosaurus Indicas. On flexible sandstone or Kacolumite, with special

reference to its nature and mode of occurrence in India, and the cause cf its flexibility.

On Siwalik and Narbada Chelonia.

Part 3.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. ' The

' Carboniferous Glacial Period.' Notes on Dr. W. Waagen's ' Carboniferous Glacial

Period.' On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Nehal

Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of

Jabalpur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo

gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous

Matt from "Nepal. The President of the Geological Society of London on the Interna

tional Geological Congress of 1888. Tin-mining in Mergui district.

Pari 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the

Siwaliks. Recent assays from the Sambbar{Salt-Lake in Rajputana. The Manganiferous

Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the R4j-

mabll hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of

the local distribution of important minerals, miscellaneous minerals, gemstones, and quarry

stones in the Indian Empire. Part 1.

Vou XXIII, 1890.

Part 1.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the

Pectoral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate

remains from the Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks'of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Part 3.—On the most favourable sites for Petroleum explorations in the Harnai district, Balu

chistan. TbeJ Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper

Burma). A description of sorce new species of Syringosphasridse, with remarks upon their

structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishio

Railway between Sharigh and Spintangi, and of the country between it and Khattan

(with a map). Report of a Journey through India in the winter of 1888-89, by Dr.

Johannes Walther. translated from the German, by R. Bruce Foote. On the Coal-fields of

Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). Further

Note on Indian Steatite. Provisional Index of the Local Distribution of Important

, Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire

(continued from p. 286, Vol. XXII).

Part 4.—Geological sketch of Naini Tal ; with some remarks on the natural conditions

governing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird

Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during

season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The

Deep Boring at Lucknow. Preliminary Note on the Coal Scam of the Dore Ravine,

Hazara (with two plates).

Vot. XXIV, 1891.

Part 1.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, with a

re-considered theory of the Origin and Age of the Salt-Marl (with five plates). On veins

of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Rajpu

tana, and of the Saline efflorescence called ' Reh ' from Aligarh in the North-Western

Provinces. Analysis of Dolomite from the Salt-range, Punjab.

Part 3.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country,

Suleiman Hilts. On Mineral Oil from the Suleiman Hills. Note on the Geology of

the Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note 00

the reported Naros&ka Ruby-mine in the Mainglon State. Note on the Tourmaline

(Schorle) Mines in the Mainglon State. Note on a Salt-spring near Bawgyo, Thibaw

State.

Par t 3.—Boring Exploration in the Daltongunj Coal-field, Palamow (with a map). Death of

Dr. P. Martin Duncan. Contributions to the study of thi Pyroxenic varieties o/Gneiss

and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling

Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a
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map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two

plates).

Vol. XXV, 1892.

Part r.—Annual report for 1891. Report on the Geology of Thai ChotiHi mnd part ef thr

Man country (with a map and 5 plates). Petrological Notes on the Boulder-bed of the

Salt-range, Punjab, Sub-recent and Recent Deposits of the valley plaint of Quet:».

Pishin, and the Dasht-i-Bedaolat; with nj>,oi ndict s on the Chamans of Quetta; and the

Artesian water-supply of Quetta and Pisbin (with one plate).

Part 2.—Geology of the Safed K<5h (with 2 plates of sections). Report on a Survey of the

Jberria Coal-field (with a map and 3 section plates) {out of print).

Part 3.—Note on the Locality of Indian Tscheffkinite. Geological Sketch of the country

north of Bhamo. Preliminary Report on the economic resources of the Amber and Jade

mines area in Upper Burma. Preliminary Report on the Iron-Ores and Iron -Industries

of the Salem District. On the Occurrence of Riebeckite in India. Coal on the Great

Tenasserim River, Mergui District, Lower Burma.

Part 4.—Report on the Oil Springs at Moghal Kot in the Shirani Hills (with 3 plates).

Second Note on Mineral Oil from the Suleiman Hilts. On a New Fossil, Amber-like

Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the

Salt-range.

Vol. XXVI, 1893.

Part 1.—Annual report for 1893. Notes on the Central Himalayas (with map and plate).

Note on thr occurrence of Jadeite in Upper Burma (with a map). On the occurrence

of Burmite, a new Fossil Resin from Upper Burma. Report on the Prospecting Opera

tions. Mergui District, 1891-92.

Part a.—Notes on the earthquake in Baluchistan on the 20th December 189s (with 3 plates).

Further Note on Burmite, a new amber-lUe fossil resin from Upper Burma. Note on the

Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with 1 plate). On a deep Boring at Chandernagore. Note on

Granite in the districts of Tavoy and Mergui (with a plate).

Part 4.— On the Geology of the country between the Chappar Rift and Harnai in Baluchistan

(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley with

special reference to the Tendau-Ki

from the Madras Presidency conta

ton) (with a plate).

Coal-field (with two maps). On

nganese and Alumina. On Hislo

Part t.—Annual report for 1893.

(with mnp and 2 plates).

Vol. XXVII, 1894.

Report on the Bhaganwala Coal-field, Salt-range, Punja

Part i.—Nc

Coal-field. I

Gohna Land

Part 3.- On the

(Karharbari)

of Burma (1

and Provela

plates)-

Part 4.— Note or

on the Ech

phatic Mica

Chemical qualities of p<

lerabad (Deccan) (with ma

>, Garhwal (with 5 plates and

mbrian Formation of the Ea

jal-ficld, with nates on the I;

sections). On the Occurrem

1 a plate). Note en the C

grandis, Sow. Sp. in the T

Ltleum from Burma. Note on the Singareni

and 3 plates of sections). Report on the

maps).

of Chipped (?) Flints in the Upper Miocene

:urrence of Velates Schmideliana, Chemn.,

iary Formation of India and Burma, (with 2

1 Geology of Wuntbo in Uppi

Din the Upper Cretace

Burma (with a map). Preliminary notice

System of Baluchistan. On Highly Ph,»».

lies intrusive in the Lower Gondwana Rocks of Bengal. On a.

Mica-Hypersthene-Hornblende-Peridotite in Bengal.

' i Vol. XXV11I, 1895.

Part f.—Annual report for 1894. Cretaceous Formation if Pondicherry. Some early allusions

to Barren Island; wirA a fevr remarks thereon. Bibliography of Barren Island and Nar-

condam./V.-wi 1884 to 1894; aith some remarks.

Part a.— On the importance of Cretaceous Rocks of Southern India in estimating the geogra

phical conditions during later cretaceous times. Report on the Experimental Boring for

Petroleum at Suktur front October 1893 to March iSqS. The development and Sub-

division of the Tertiary system in Burma.

Part 3.—On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology

of the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4.— On the Igneous Rocks of the Giridih (Kurhurbarec) Coal-field and their Contact

Effects. On some outliers of the Vindhyan system south of the Sone and their relation

to the so-called Lower Vindhyaus. Notes on a portion of the Lower Vindhyan area of

U



 

the Sone Valley. Note on Dr. Fritz Nortlikg's paper oh the Tertiary system in

Burma, in the Records of the Geological Survey of India for i8qs. Part 3.

Vol. XXIX, 1896.

Part 1 — Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the

Origin and Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic

rocks (with I plate).

Part a.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 2—6 plates). Preliminary notes on some

Corundum localities /« the Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On the

papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of " Gondwana-

land." Notes from the Geological Survey of India.

Part 3.— On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

Part 4.— Report on tht Steatite mines, Minbu District, Burma. Further notes on the Lower

Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological

Survey of India.

Vol. XXX, 1897.

Part 1.—Annual report for 1806. On some Norite and associated Basic Dykes and Lava-

flows in Southern India (witk plates I to II). The reference of the genus Vertebraria.

On a Plant of Glossopteris with part of the rhizome attached, and on the structure

of Vertebraria (with plates III to V).

Part a.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the

Geological Survey of India.

Part 3.—Note on Flow-structure in an Igneous dyke (with plate XI). Additional note on

the Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavation*

for corundum near Palakod, Salem District (with plate XII 1). Report on the occurrence

of coal at Palana village in Bikanir State (with plate XIV). An account of the geolo

gical specimens collected by the Afghan-Baluch Boundary Commission of 1806 (with plate

XV). Note from the Geological Survey of India (with plates XVI and XVII).

Part 4.—- On Nrmalite from Afghanistan. On a quartz-barytes rock occurring in the Salem

District. Madras Presidency (with plate XVIII). Note on a worn femur of Hippopotamus

irravudicus, Caut. and Falc, from the Lower Pliocena of Burma (with plates XIX and

XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on micas.

Notesfrom the Geological Survey of India.

Vol. XXXI. 1904-

Parti.—Prefatory Notice. On a deposit of copper ore near Komai, Darjeeling District. Note

on the Zewan beds in the Vihi District, Kashmir. Report on the coal deposits of Isa

Kbel, MianwaK District, Punjab. Report on the Um-Rileng Coal-beds. Assam. Note on

a sapphirine-bearing rock from Vizagapatam District. Miscellaneous Notes. Assays.

Part a.— Lt.-Genl. C. A. McMahon, F.3.S. Note on Cyclolobus Haydlent, Diener. The

Auriferous Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern

methods of Coke-making at the East Indian Railway Collieries, with a supplementary

note by the Director, Geological Survey of India. Miscellaneous Notes.

Part 3,—The Upper Palxozoic formations of Eurasia. Note on the Glaciation and History of

the Sind Valley. On the occurrence of a Species of Halorites in the Trias of Baluchistan.

Notes on the Geology and Mineral Resources of Mayurbhanj. Miscellaneous Notes.

Part 4.—The Geology of Upper Assam. The Auriferous Occurrences of Assam. On a

curious occurrence of Soap lite from the Madras Presidency. Miscellaneous Note*.

Vol. XXXII, 1905.

Part 1.—Review of the Mineral Production of India during the years 1898—1903.

Part 3.—General Report of the Geological Survey of India for the period April 1903 to Decem

ber 1904. Preliminary Note on the Geology of the Provinces*of Tsang and U in Tibet

(with plate 7.) The occurrence of Bauxite in India.—Miscellaneous N9tes.

Part 3.—Notes on an Anthracolithic Fauna from the mouth of the Subansiri Gorge, Assam

(with plate 8). On the occurrence of Elephas Antiquus ^Namadicus) in the Godavari

Alluvium. With remarks on the species, its distribution and the age of the associated

Indian Deposits (with plates 9— 13). The Triassic Fauna of the Tropites-Limestone of

Byans. On the occuirence of Amblygonite in Kashmir. Miscellaneous Notes.

Part 4. — Obituary notices of H. B. Medlicott and VV. T. Blanford. Preliminary Account of the

Kangra Earthquake of the 4th April 1^05 (with plates 14 and 15). Index to Volume

XXXII.

The price fixed for these publications is t rupee each part, or 2 rupees each volume.
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PUBLICATIONS.♦

The publication! of the Department include—

PAt.coNTOi.ootA Indica, arranged in series, and told in parts which are priced at 4 annas

<6 pence) per plate.

Memoirs, Vols. 1—XXXVI, Including the larger papers on geological subjects.

Records, Vols. II—XXXII, including the shorter papers and annual Reports from 1868 to

1904, sold in parts, price one rupee each.

Manuals, Guidbs, and Maps.

A complete list of the contents of these publications can be obtained by application to the

Registrar, Geological Survey of India, 27, Chowringhee Road, Calcutta. Indexes to the

Genera and Species described in the Palxontologia Indica up to 1891, to the Memoirs,

Vols. I—XX, and to the Records, Vols. I—XXX, have been printed for sale.
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot. I. Royal 8vo, pp. 309 1S--9 (out of print). Pt I, 1856 (price I Re.): Preliminary

notice on the Coal and Iron of Talchir.—On the geological structure and

relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.—

On specimens of gold and gold dost from Shue-gween. Pt a, 1858 (price

a Rs.) : On the geological structure of a portion of the Khasi Hills.—On

the geological structure of the Nilghiri Hills (Madras). Pt. 3, 1859 {price

2 Rs.) 1 On the geological structure and physical features of the districts of

Bankura, Midnapore, and Orissa.—On the laterite of Orissa.—On some fossil

fish-teeth of the genus Ceratodus, from Maledi, south of Nagpur.

Vot. It. Royal 8vo, pp. 341, 1859 (out 0/ print): Pt. I, i860 {ptict 3 Rs.): On the

Vindhyan rocks, and their associates in Bundelkand. Pt. 3, i860 {pritt 3 Rs.)

—On the geological structure of the central portion of the Nerbudda District.

—On the tertiary and alluvial deposits of the central portion of the Ner-

bndda Valley.—On the geological relations and probable geological age of

the several systems of rocks in Central India and Bengal.

V.JI. III. Royal 8vo, pp. 438. Pt. I, 1863 {price 3 Rs.) (aut of print) :On the geological

structure and relations of the Raniganj Coal-field.—Additional remarks on

the geological relations and probable geological age of the several systems

of rocks in Central India and Bengal. — Indian Mineral Statistics, I. Coal.

Pt. 2, 1864 {price 2 Rs.) (out ./'print): On the Sub-Himalayan Ranges

between the Ganges and Ravi.

Vot. IV. Royal 8vo, pp. 450. Pt. I, 1863 (price a Rs.) : Report on the Cretaceous

Rocks of Trichinopoly District, Madras. Pt. a. 1864 (price 2 Rs.) (out of

print) : On the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3,

1865 (price 1 Re.): On the Coal of Assam, &c.

Vot. V. Roval 8vo, pp. 354. Pt. I, 1865 (price 3 Rs.) (out 0/ print): Sections across

N.-W. Himalaya, from Sutlei to Indus.—On the Gypsum of Spiti. Pt. a,

1866 (price 1 Re.) : On the Geology of Bombay. Pt. 3, 1866 (price I Re.)

(cut of print): On the Jheria Coal-field.—Geological Observations on West*

ern Tibet.

Vol. VI. Royal 8vo, pp. 395. Pt. 1, 1867 (price 8 As.)i On the neighbourhood of

Lynyan, &c, in Sind.— Geology of a portion of Cutch. Pt. a, 1867 (pritt

a Rs.) {nut of print) s Bokiro Coal-field.—Ramgarh Coal-field.—Traps of

Western and Central India. Pt 3, 1869 (price 2 Rs. 8 As.) 1 Tapti and Ner

budda Valleys.—Frog-beds in Bombay.— Oxyglastut pusiUvs.

Vot. VII. Royal 8vo, pp. 342. Pt I, 1869 (price 3 Rs.) : Vindhyan series.— Mineral

Statistics.—Coal.— Shillong Plateau. Pt. 2, 1870 (price l Re.) : Karharbari

Coal-field.—Deoghar Coal-field. Pt. 3, 1871 {price 1 Re.): Aden water-

supply.— Karanpura Coal-fields.

Vet. VIII. Royal bvo, pp. 353. Pt. 1, 1872 (price 4 Rs.) : On the Kadapah and Karnol

Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.) : Itkhuri

Coal-field.— Daltonganj Coal-field.—Chope Coal-field.

Vot. IX. Royal 8vo, pp. iv, 358. Pt I, 187a (price 4 Rs.) : Geology of Kutch. Pt. s,

1872 (price I Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carbon

iferous Ammonites, pp. 65.

Vot. X. Royal 8vo, pp. 359. Pt. 1 {price 3 Rs.) : Geology of Madras.—Sitpura Coal-

basin. Pt 2, 1874 {price 2 Rs.) : Geology of Pegu.

Vot. XI. Roval 8vo, pp. 338. Pt I, 1874 {price a Rs.) : Geology of Dirjiling and

Western Duars. Pt a, 1876 {pricey Rs.) 1 Salt-region of Kohat, Trans-Indus.

Vot. XII. Royal 8vo, pp. 363. Pt I, 1877 (priee 3 Rs.) : South Mahratta Country.

Pt. a. 1876 (price a Rs.) : Coal-fields of the Naga Hills.

Vot. XI IL Royal 8vo, pp. 248. Pt 1, 1877 {price a Rs. 8 As.) • Wardha Valley Coal-

field. Pt. a, 1877 {price 2 Rs. 8 As.): Geology of the Rajmabal Hills.

Vot. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Vot. XV. Roval 8vo, po. 102. Pt 1. 1878 («nV* a Rs. 8 As.) : Geology of the Aurunga

and Hutar Coal-fields (Palamow). Pt. 2, iS8o (price 2 Rs. 8 As.1 : RarakoU

and Tatapani Coal-fields (Sirguja).

Vou XVI. Royal 8vo, pp. 364. Pt. t, 1879 (price 1 Re. 8 As.) : Geology of Eastern

Coast from Lat 15° to Masulipatam. Pt. a. 1880 (price I Re. 8 As.) ■ The

Nellore Portion of the Carnatic. Pt, 3, 1880 (prict a Rs.): Coastal Region of

the Godivari District
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Vol. XVII.

Vmu XVIII.

Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 Rt.)i Geology of Western Sind. Pt.

1880 {price 3 Rs ) : Trans-Indus extern

Royal 8vo, pp. 300. Pt. 1, 1881 {price 2

|88| (price I Re. 8 As.) (out ofprint)

'ce 2 Rs.): Pranhita-GodAvari .lie,.

Salt-range.

Afghanistan.

Singhbhum.

Pt. 2,

Pt- 3,

Pt. a, it

I Re.):

Vol. XIX. Royal 8vo, pp. 242. Pt. I, 188a (price 2 Rs.): The Cachar Earthquake of 1869

I Re.): Thermal Springs of India. Pt. 3, 1883 (price

Earthquakes. Pt. 4, 1883 (price 1 Re.):

ice 2 Rs. 8 As.) (out of print) 1 Geology of

1883 (Price 2 Rs. 8 As.) (out of print):

the neighbourhood of the Sind and Punjab

ra Ghazi Khan.

Pt 1, 1884 (price 2 Rs.): Geology of the

1884 (price 1 Re.) : Geology of Kathiawar.

V) : Coal-field of South Rewah. Pt. 4,

larren Island.

The Geology of Kashmir, Chamba,

:ata)ogue of Indian

. rarts of Manipur and

V OL. XX. Royal 8vo, pp. 240. Pt. 1, 1883 (/

Madura and Tinnevelly. Pt. 2,

Geological notes 00 the Hills ir

Frontier between Quetta and De

Vol. XXI. Royal 8vo. pp. 286 (out of print).

Lower Narbada Valley. Pt.

Pt. 3, 1885 (price 2 Rs.) (out 1

1885 (price 1 Re.) (out of prin

Vol. XXII. Royal 8vo, pp. 344, 1883 (price 5 Rs.) :

and Khagan.

Vol. XXIII. Royal 8vo, pp. 232, 1801 (price 5 Rs.) : Geology of the Central Himalayas.

Vol. XXrV. Royal 8vo, Pt. I, 1887 (price 1 Re. 8 As.) (out of print) : The Southern Coal

fields of the Satpura Gondwana basin. Pt. 2, 1890 (price 2 Rs. 4 As.) :

Physical Geology of the Sub-Himalaya of Garhwal and Kumaun. Pt. 3,

1890 (price 1 Re. 4 As.) : Geology of South Malabar, between the Beypore

and Ponnani Rivers.

Vol, XXV. Royal 8vo, 1896 (price 5 Rs.) : Geology of the Bellary Districr, Madras Presi-

dency.

Vol. XXVI. Royal 8vo, 1896 (price 5 Rs.) (out of print) : Geology of Hazara.

Vol. XXVII. Royal 8vo, Pt. 1, 1895 (price 1 Re.): Marine Fossils from the Miocene of

Upper Burma. Pt. 2, 1897 (price 4 Rs.) (out of print) -. The occurrence

of Petroleum in Burma and its technical exploitation.

Vol. XXVIII. Royal 8vo, Pt. 1, 1898 (price 2 Rs.): Notes on the Geological Structure of the

Chitichun region. A note on the Allahbund in the north-west of the Rann of

Kuchh. Geology of parts of the Myingyan, Magwe and Pakokku Districts,

Burma. The Geology of the Mikir Hills in Assam. On the Geology of

Tirah and the Bazar valley. Pt. 2, 1900 (price 3 Rs.) : The Charnockites

Series, a group of Archzan Hypersthenic Rocks in Peninsular India.

Vol. XXIX. Royal 8vo, 1900 (price 5 Rs.) : Report on the Great Earthquake of 12th June 1897.

Vol. XXX. Royal 8vo, Pt. 1, 1900 (price 2 Rs.) : Aftershocks of the Great Earthquake of

12th June 1897. Pt. 2, 1900 (price 1 Re.) : Geology of the neighbourhood of

Salem, Madras Presidency, with special reference to Leschenault de la Tour's

observations. Pt. 3, 1901 (price 1 Re.) : Sivamalai Series of Elseolite-Syenites.

Pt. 4, 1901 (price 1 Re.): Report of the Geological Congress of Paris.

Vol. XXXI. Royal 8vo, Pt. 1, 1901 (price 2 Rs.) -. Geology of the Son Valley in the Rewah

State and of parts of the Adjoining Districts of Jabalpur and Mirzapur. Pt. 2,

1901 (price 3 Rs.) : A Geological Sketch of the Baluchistan Desert and part

of Eastern Persia. Pt. 3, 1901 (price 1 Re.) 1 Penological notes on some Peri-

dotites, Serpentines, etc., from Ladakh.

Vol. XXXII. Royal 8vo, Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India.

Pt a, 1901 (price 2 Rs.): Report on the Rampur Coal-field. Pt. 3, igoa

(price 3 Rs.) : Notes on the " Exotic Blocks " of Malta Johar in the Bhot

Mahals of Kumaon. Pt 4 (price 3 Rs.) : Report on the Jammu Coal-fields.

Vol. XXXHI. Royal 8vo, Pt. 1, 1901 (pric 8 Rs.): The Kolar Gold-field, being a descrip

tion of Quartz-Mining and Gold-Recovery as practised in India. Pt. 2 1901

(price 2 Rs.). Art. I: The Gold-fields of Wain Ad. Art. 2: Report on tbe

Auriferous Quartzites of Parhadiah, Chota Nagpur. Art 3: Some Auriferous

localities in North Coimbatore. Pt. 3, 1002 (trice 1 Re.) : The Geology

of tbe Kalahandi State, Central Provinces.

Vol. XXXIV. Royal 8vo, Pt 1, 1901 (price I Re.) ; On a peculiar form of altered Peridotite

in Mysore State. Pt. 2, 1902 (price 3 Rs.) : The Mica deposits of India.

Pt. 3, 1903 (';'•',• 1 Re.): A Note on tbe Sandhills of Clifton near Karachi.

Vol. XXXV. Royal 8vo, Pt. 1, 1902 (price a Rs.) : Geology of Western Rajputana. Pt.j,

1903 (price 1 Re.) : Aftershocks of the Great Earthquake of 13th June 1897,

Pt. 3, 1904 (price 1 Re.): The seismic phenomena in British India and their

connection with its Geology.

Vol. XXXVI. Royal 8»o, Pt i, 1904 (prue 4 Rs.): Geology of Spiti.
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PAL£ONTOLOGIA INDICA.

I 111, V. VI, VIII.1-CRETACE0US FAUNA OF SOUTHERN INDIA

F. STOL1CZKA, exeefit II.F. BLANFO

jj [U. Vol.. I. The Cephalopoda

V.—Vol. II. The Gastropod i

VI.- poda(i8-

VIII.—Vol. IV. The Brachiopoda. Ciliopoda

pp. V, 202, pis. 20.

(Sbr. II, XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM

O. FRISTMANTEL, exctpt Vol. I, Pt. i, by T. OLDHAM and J. MORRIS.

Vol. I, pp. xviii, 333, pis. 72. 1863-79. Pt. 1 ; Rajmahll Group, Rajmahal Hills. Pt. 3; The

samt (continued). Pt. 3; Plants from Golapiili. Pt. 4; Outliers on the

Madras Coast.

VOL. II, pp.. xli, 115, pis. 26. 1876-78. Pt. l; Jurassic Flora of Kach. Pt. a ; Flora of

the Jabalpur Group.

Vol. Ill, pp. xi, 64+149, pis. 80 (

Flora of the Talchir-Karharbai

Panchet Divisions. Pt, 3; Thr

Vol. IV, pp. xxvi, as + 66, pis. 35 (

Flora of the South Rewah Gondwana basin.

of the coal-fields in Western Bengal.

:i + IA—XLVIIAV 1879-81. Pt. t; The

Is. Pt. a; Thr he Damuda and

1

1 (iS8a); Fossil

. a (1886); Fossil Florm of some

(S«». IX.)-JURASSIC FAUNA OF KACH.

Vol. I, (1873-76). The Cephalopoda, by N, pp. i. 947, pis. 60 (6 double).

Vol. II, pt. 1 (18931 n> bY ]■ w- Grsoory, pp. 12, pis. a.

Vol. 11, pt. 2 (1900). The Corals, by ]. W. Grrgory, pp. 196, I—IX, pis. 26.

Vol. Ill, pt. 1 (1900). The Brachioi '.. Kitckin, pp. 87, pis. 1 — 15.

Vol. Ill, pt. 2, No. I (1903). Lamellibranchiata: Genus Trigonia, by F. L. KlTCHIN,

pis. 1—10,

(S«R. IV.)-INDIAN PRE-TERTIARY VERTEBRATA.

Vol. I, pp. vi, 137, pis. s6. 1865-85. Pt. 1 (1865); The Vertebrate Fossils from the Panchet

rocks, by T. H. Huxlky. Pt brate Fossils of the Kot»-

Maleri Group, by Sir P. ns M. Gkry Eorrton and L. C. Miall and

Blanvord. Pt. 3 (1879); Reptilia and Batrachia, by R. Lydkkkrk. Pt. 4

(1885); The Labyrimhodont from the Bijori group; by R. Lydhkkm.

5 (1885); The Reptilia and Amphibia of the Maleri and Denwa groups,

by R. Lydikxbr.

(Sbr. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA

R. LYDEKKER, exctpt Vol. I, Pr. 1, by R. B. FOOTE.

Vol. I, pp. xxx, 300, pis. 50. 1874-80. Pt. 1 ; Rhinoceros deccanensis. Pt. a ; Molar teeth

and other remains of Mammalia. Pt. 3 ; Crania of Ruminants. Pt, 4 ; Sup

plement to Pt. 3. Pt. 5 : Siwalilc and Narbada Proboscidia.

Vol, II, pp. xv, 363, pis. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotidae. Pta; Supple-

Siwalilc and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada En

Siwalik Camelopardalidae. Pt. 5 ; Siwalik Selenodont Suina

Siwalik and Narbada Carnivore.

Vol. Ill, pp. xxiv, 264, pis. 38. 1884-86. Pt. 1 : Additional Siwalik Perissodactyla and Pre-

boscidia. Pt. 2 ; Siwalik and Narbada Bunodont Suina. Pt. 3 ; Rodents

and new Ruminants from the Siwaliks. Pt. 4 ; Siwalik Birds. Pt. 5 ; Mas

todon Teeth from Perim Island. Pt. 6 ; Siwalik and Narbada Chelonia. P:

Siwalik Crocoddia, Lacertilia and Ophidia. Pt. 8 ; Tertiary Fishes.

Vol. IV, pt. 1, 1886. Siwalik Mammalia (Supplement 1), pp. 18, pis. 6,

Vol. IV, pt. a, 1886. The Fauna of the Karnul caves : (and addendum to pt. I) ; pp. 40 (ig

—58), pis. S(vil—xi).

Vol. IV, pt. 3, 1887, . Eocene Chelonia from the Salt-range; pp. 7 (59—65), pit. a (xii -



VII, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OP WESTERN

INDIA, by P. MARTIN DUNCAN and W.PERCY SLADEN, except Pt. I, by

P. STOLlCZKA.

' +91- 599. P's. 5 + 98 + 58 + 13-104. 1871—85. Pt. I;

Pt. I (new 2); Sind Fossil Coral* and

Duncan. Pt. 3. The Fossil Echinoidea of Sind:

utr.onti beds; Fas. 2, TheRanikot Series in Western

. Fas. 4, The Nari (Oligocene) Series -,

Series; Fas. 6, The Maki «) Series.

Echinoidea of Kach and Kattywar, by Duncan,

5, The 1

lord. Pt

Sladenand Blanford.

(Sbk. XIII.)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN. Ph.D.

Prodnetna-Limestone Group: V<" ('879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ 2 (1880). Gastropoda and supplement to pt. 1, pp. m

(73-183), pis. 10 (1 double), (vii-xvi).

„ 3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xyii-

xziv).

„ 4(1882-85). Brachiopoda, pp. 443 (339-770), pis. 69

(zxv-lxxxvi).

„ 5 (1885). Bryoxoa—Annelida;—Echinodermata, pp.

64 (771-834), pis. 10 (lxxxvii-xc»i).

,, 6 (1886). Coslenterata, pp. 90 (835-924), pis. 20

(xc»ii-cxvi).

(1887). Coelenterata, Protozoa, pp. 74(925-98),

pis. 12 (cxvii-cxxviii).

Fossils from the Ceratite Formation 1 Vol. II, pt. 1(1895). Pisces—Ammonoidea, pp. 394, pis. 40.

ipcal Results: Vol. IV, pt. I (1880), pp. 1—88, pis. 4.

„ • (1891). pp. 89—243, pis. 8.

(S«R. XV.J-HIMALAYAN FOSSILS.

ssilsof Kashmir and Spit; : Vol. I, pt. 2 (1899), by Dr. C. Diener, pp. 96, pis. 8.

us Fauna of Chitichun No. 1 : Vol. I, pt. 3 (1897), by Dr. C. Diener,

f the Productus Shales of Kumaon andGarhwal: Vol. I, pt. 4(1897),

by Dr. C. Diener, pp. 54, pis. 5.

Vrmiao Fossils of the Central Himalayas: Vol. I, pt. 5 (1903), by Dr. C. Diener, pp. 304,

pis. 1—10.

*phalopoda of the Lower Trias: Vol. II, pt. 1 (1897), by Dr. C. Diener, pp. 182, pis. 93.

ephalopoda of the Muschelkalk: Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 1 18, pis. 31.

'-phalopoda Faunae of the Himalayas: Vol. Ill, pt. 1 (1899), by Dr. Von Moj-

pp. 158, pis. 22.

ia and Lamellibranchiata : Vol. Ill, pt. 3 (1900), by Alexander Bittner, pp. 76,

p1, double).

5: Vol. IV, pt. 1 (1903), by Professor Dr. V. Uhlig, pp. 132, pit. 18.

Limestone of Byans: Vol. V, pt. I (in the Press) by Dr. C. Diener.

(San. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING. Ph.D., F.G.S.

Fauna of the Kellaways of Mazar Drik 1 Vol. 1, pt. 1 (1895), pp. 23, pis. 13.

un-d of the (Neocomiao) Belemnite Beds: Vol. I, pt. 2 (1897), pp. 6, pis. 3.

The Fauna of the Upper Cretaceous (Maestrichtien) Beds of the Man Hills: Vol. I, pt. 3 (1897),

pp. 79, pis. 23.

(NEW SERIES.)

in Fauna of the Eastern Salt-range: Vol I, pt. 1 (1899), K. Redlich, pp. 14, pi. I.

le Morphology of the Pelecypoda : Vol. I, pt. 3 (1899). Frits Noetling, pp. 58, pis. 4.

a of the Miocene Beds of Burma: Vol 1. pt. 3 (1001), Fritz Noetling, pp. 378, pis. 35.

9 sur quetques Plantes Fossiles des Lower Gondwanas : Vol. II, pt. I (1902),

3.7.

r Gondwana) Plants and Vertebrates from Kashmir ( 1) Plants

es and Labyrinthodonts bv A. Smith Woodward : Vol. II , Memoir

pis. 3.

Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir No. 3

, by F. R. C. Reed..

ce fixed for these publications is four annas (6 pence) per single plate, with a minimum

charge of Re. 1.

 



 

RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I. 1868.

Part 1.—Annual report (or 1867. The coal-seams of the Tawa valley. On the prospect! of

useful coal being found in the Garrow Hills. Copper in Bundelkund. Meteorites,

Part 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological

notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous

deposits. Lead in the district of Raepur. Coal in the Eastern Hemisphere. Meteorites.

Part 3.—General results obtained from an examination of the gastropodous fauna of the South

Indian cretaceous deposits. Notes on route from Poona to Nagpur n<5 Ahmednuggur,

Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr.

Wynne in the pliocene (?) deposits of the Upper Godavery. The Boundary of the Vin-

dbyan series in Rajputana. Meteorites.

Vol. II, 186a.

Part 1.—The valley of the Poorna river, West Berar. On the Kuddapah and Kuroool

formations. Geological sketch of the Shillong plateau. On the occurrence of gold la

the district of Singbhoom, &c. Memorandum on the wells now being sunk at the

European Penitentiary, and at the site for the Central Jail, Hazareebagb. Meteorites

[out of print).

Part 3.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia

from the newer tertiary deposits of the Nerbudda valley. Sketch of the metarrjorphic

rocks of Bengal.

Part 3.—Preliminary notes on the geology of Kutch, Western India. Contributions to the

geology and physical geography of the Nicobar Islands.

Part 4.—On the beds containing silicified wood in Eastern Prome, British Burma. Mineralo-

gical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur dis

trict. Meteorites.

Vol. Ill, 1870.

Part 1.—Annual report for 1869. On the geology of Ihe neighbourhood of Madras. On the

alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges,

Part 3.—Geology of Gwalior and vicinity. On the slates at ChitMi, Kumaon. On the lead

vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central Pro

vinces. Report on the coal at Korba in the Bilaspur district (nuf •/print).

Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On

occurrence of coal east of Chhatisgarh in the country between Bilaspur and Ran

On petroleum in Burma. On the petroleum locality of S11dk.1l. near Futtijung, west

Rawalpindi. On the occurrence of argentiferous galena and copper in the district of

Manbhum, S. W. Frontier of Bengal. Assays of iron ores (out of print).

Part 4.—On the geology of Mount Tilla, in the Punjab. The copper deposits of Dalbhum and

Singbhum : I.—The copper mines of Singbhum : a.—On the copper of Dalbhum and

Singbhum. Meteorites (out of print).

Vol. IV. 1871.

Part I.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and

the indications of coal io the Cuddapah district. Mineral statistics of the Kumaon divisto

Part 3.—The axial group in Western Prome. Geological structure of the Southern Kon!

On the supposed occurrence of native antimony in the Straits Settlements. On

composition of a deposit in the boilers of steam-engines at Raniganj. On the plan

bearing sandstones of the Godavari valley, on the southern extension of rock* belonginp

to the Kamtbi group to the neighbourhood of Ellore and Rajamandri, and on the possible

occurrence of coal in the same direction.

Part 3.—The progress and results of borings for coal in the Godavari valley near Dumagudem

and Bhadracnalam. On the Narbada coal-basin. Sketch of the geology of the Central

Provinces, Additional note on the plant-bearing sandstones of the Godavari valley.
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Port 4,—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field

Description of the sandstones in the neighbourhood of the fiist barrier on the Godavari

and to the country between the Godavari and Ellore.

Vol. V, 187a.

I.—Annual report for 1871. Rough section showing the relations of the rocks near

Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin

ing country. Description of the sandstones in the neighbourhood of the first barrier on

the. Godavari, and in the country between the Godavari and Ellore.

Part 3.—On the geological formation seen along the coasts of Beluchistan and Persia from

Karachi to the head of the Persian Gulf, and on gome of the Gulf Islands. On a tra

verse of parts of the Kummumrret and Hanamconda districts in the Nizam's Dominions

The geology of Orissa. On a new coal-field in the south-eastern part of the Hyderabad

(Deccan) territory.

Part J.—On Maskat and Massandim on the east coast of Arabia. An example of local joint

ing. On the axial group of Western Prome. On the geology of the Bombay Presidency.

Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value

of the evidence afforded by raised oyster banks on the coasts of India, in estimating the

amount of elevation indicated thereby. On a possible field of coal-measures in the Godavari

district, Madras Presidency. On the lame ta or infra- trappean formation of Central India.

On some recently discovered petroleum localities in Pegu. Correction regarding the sup

posed eozoonal limestone of Yellam Bile.

Vol. VI, 1873.

Part 1.—Annual report for 1872. The geology of the North-West Provinces.

Part 3.—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirzapur and

adjoining country.

Part 3.—Notes on a celt found by Mr. Hacket in the ossiferous deposits ot Narbada valley

(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On

the Barakars (coal-measures) in the Beddadanole field, Godavari district. Un the geology

of parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.

Part 4.— On some of the iron deposits of Chanda (Central Provinces), Barren Islands, and

Narkondara. Stray notes on the metalliferous resources of British Burma.

Vol. VII, 1874.

Part /.—Annual report for 1873. On the geological structure of the hill ranges between the

Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some

of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj

field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo

gical notes on part of Northern Hazaribagh.

Patt 3.— Geological notes on the route traversed by the Yarkand Embassy from Shah-i-

Dula to Yarkand and Kashgar. On the occurrence of jade in the Karakas valley, on

the southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in

Assam. Coal in the Garo Hills. On the discovery of a new locality for copper in

the Narbada valley. Potash-salt from East India. On the Geology of the neighbourhood

of Mari hill station in the Punjab.

Part 3.—Geological observations made on a visit to the Chaderkul, Thian Shan range. On

the former extension of glaciers within the Kangra district. On the building and

ornamental stones of India. Second note on the materials for iron manufacture in the

Raniganj coal-field. Manganese ore in the Wardha coal-field.

Fart 4.—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain

considerations adduced by Falconer in support of the antiquity of the human race in India.

Geological notes made on a visit to the coal recently discovered in the ccuntry of the Luni

Pathans, south-east corner of Afghanistan. Note on the progress of geological investi

gation in the Godavari district, Madras Presidency. Notes upon the subsidiary materials

for artificial fuel (put ofprint).
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logical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of

the Surat district. Sketch of the geology of Sciodia's territories.

Part 3.—The Shahpur coal-field, with notice of coal explorations in the Narbada region.

Note on coal recently found near Moflong, Khasia Hills.

Part 4.— Note on the geology of Nepal. The R.iigarh and Hingir coal-fields.

Vol. IX, 1876.

Part 1 (out of print).—Annual report for 1875. On the geology of Sind.

Parti.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Descrip

tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms.

Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills.

Part 3.—On the ag» of some fossil floras in India. On the geological age of certain groups

comprised in the Gondwana series of India, and on the evidence they afford of distinct

zoological and botanical terrestrial regions in ancient epochs. On the relations of the

fossilrferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian

faunae of India and Burma.

Part 4-—On the age of some fossil floras in India. On the osteology of Merycopotamus dis-

similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of Pie-

siosaurus in India. On the geology of the Pir Panjal and neighbouring districts.

Vol. X, 1877.

Part 1 —Annual report for 1876. Geological notes on the Great Indian Desert between Sind

and Rajputana. On the occurrence of the cretaceous genus Omphalia near Nameho lake,

Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices

of new and other vertebrata from Indian tertiary and secondary rocks. Description

of a new Emydine from the upper tertiaries of the Northern Punjab. Observations

on under-ground temperature.

Part 3.—On the rocks of the Lower Godavari. On the 'Atgarh Sandstones' near Cuttack.

On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the

Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology

of India.

Part 3.—On the tertiary xoneand underlying rocks in the North-west Punjab. On fossil Boras

in India. On the occurrence of erratics in the Potwar. On recent coal explorations in

the Darjiling district. Limestones in the neighbourhood of Barakar. On some forms

of blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals.

Part 4.—On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold,

and lead ores of the Sambalpur district. Note on ' Eryon Comp. Barrovensis,' McCoy,

from the Sripermatur group near Madras. On fossil floras in India. The Blaini group

and the ' Central Gneiss ' in the Simla Himalaya-. Remarks on some statements in

Mr. Wynne's paper on the tertiaries of the North-west Punjab. Note on the genera

Cbceromeryx and Rhagatherium.

Vol. XI, 1878.

Part /.—Annual report for 1877. On the geology of the Upper Godavari basin, between the

river Wardha and the Godavari, near the civil station of Sironcha. On the geology oi

Kashmir. Kishtwar, and Pangi. Notices of Siwalik mammals. The palasontological

relations of the Gondwana system. On ' Remarks, &c, by Mr. Theobald upon erratics in

['art a—On the Geology of Sind (second notice). On the origin of the ICumaun lakes. On

a trio over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba.

On tl.e nvneral resources of Ramri, Cheduba and the adjacent islands.
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INTRODUCTION.

HE first object of the Department is the preparation of the

X geological map of India, on which so many scientific and

economic questions depend ; but, during the progress of the survey,

distractions naturally occur in the form of questions arising of more

than ordinary interest. Most of this Report is devoted to abstract

statements of such results so far as they can be valued at the close

of the year ; and the rest of it, in accordance with the usual practice, is

a bare record of the administrative changes that have occurred during

the year.

2. The rapid increase in the number of requests from Local Govern-

Head uartera ments, extra-departmental officials and private

individuals for advice and information on various

questions has necessitated the withdrawal of one of the Superinten

dents from the field to take charge of the office routine work, thus

relieving the Director for the work connected with purely professional

cases and the necessary duty of field inspections. Mr. H. H. Hayden,

the junior of the three Superintendents, has been in charge of this work

at head-quarters during the year, and has proved to be a most suitable

selection for the duties which involve such a wide range of questions,

geological and geographical.

3. The Director's tours included—

(1) a visit during January to the Sambhar Lake in Rajputana,

to discuss, with the Commissioner of Northern India

Salt Revenue, the results of the preliminary examination

of the salt-bearing silt, and the plans to be adopted for

completing the enquiry ;

(2) to Bombay with reference to a request made by the Bombay

Government for advice about mineral occurrences in the

Chota Udepur State ;

(3) to the Raipur district, Central Provinces, for the purpose

of inspecting the iron-ore deposits near Dullee prospected

by Messrs. C. P. Perin and C. M. Weld, on behalf of

Messrs. Tata and Sons ;
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(4) to Upper Burma during February and March for a tour

through the oil-fields in the Magwe, Myingyan and

Pak6kku districts; to inspect the mud volcanoes of the

Minbu district, and the ground surveyed by Messrs.

La Touche and Datta in the Northern Shan States ;

(5) during April to the Jodhpur State, Rajputana, for an

inspection of the marble quarries at Makrana ;

(6) during May to attend a Committee at Lahore, to discuss

the question of selecting a head-quarters' station for

the Kangra district, and later to Dharmsala to inspect

the results of the earthquake of April 4th ;

(7) during November to Ajmer to consult the Agent to

the Governor-General with reference to water-supply

questions and the proposed survey of the Rajputana

States; to the Kishengarh and Jodhpur States with

reference to the development of the marble quarries ;

and

(8) at the end of December the Director attended the Industrial

Congress held at Benares.

DISPOSITION LIST.

4. During the period under report the officers of the Department

were employed as follows :—

Mr. Tom D. La Touche

Mr. C. S. Middlemiss

Mr. H. H. Hayden

Superintendents.

Returned from the Northern Shan States,

Burma, on the 8th May 1905. Deputed

to Burma for the mapping of the un-

surveyed areas east ol the Lashio coal

field on the 5th November 1905.

In the field until 9th April 1905. Posted

to the Punjab in connection with the

Kangra earthquake investigation, and

returned to head-quarters on the 8th

July 1905. Deputed to Central India

and Rajputana in charge of Survey

Party, and left for the field on the 6tn

November 1905.

At head-quarters in charge of office

throughout the period.

B 2
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Mr. P. N. Datta

Mr. E. Vredenburg .

Mr. L. L. Fermor

Mr. Guy E. Pilgrim

Mr. G. H. Tipper

Deputy Superintendents.

Returned from the Central Provinces on

the 28th April IQ05, and deputed to the

same area on the 15th October 1905,

after arranging the geological speci

mens in the Nagpur Museum.

At head-quarters as Curator up to 19th

March 1905. Deputed to Panna State

on the 20th March, and returned lo head

quarters on the 30th April 1905. Posted

to Baluchistan, and left for the field on

the 26th September 1905.

Returned to head-quarters on the 8th

March 1905 and took over the duties of

Curator on the 1 8th idem.

Returned from the Persian Gulf on the

2 1 st June 1 905. On privilege leave from

the 1 6th October to 25th October 1905.

At head-quarters as Palaeontologist.

Returned to head-quarters, from duty with

the Andaman Exploration Party, 8th

June 1905. Posted to Baluchistan on

the 17th September 1905.

Mr. H. Walker

Mr. E. H. Pascoe

Assistant Superintendents.

Returned to head-quarters from the field

on the 7th May 1905, and posted to Mr.

Middlemiss's party on the 5th Novem

ber 1905.

Joined the Department on the 2nd March

1905. Posted to the Punjab in connec

tion with the Kangra earthquake inves

tigation on the 8th April, and returned

to head-quarters on the nth May 1905.

Deputed to Burma in connection with

the oil industry, and left for the field on

the 1 7th September 1905.
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Mr. K. A. K. Hallowes

Mr. G. de P. Cotter

Mr. J. Coggin Brown

Mr. R. R. Simpson .

Mr. J. M. Maclaren .

S. Sethu Rama Rau

M. Vinayak Rao

Mr. T. R. Blyth

Joined the Department on the 14th April

1905. Posted to the United Provinces

in connection with the Kangra earth

quake investigation on the 19th April

1905, and returned to head-quarters on

the 3rd July 1905. Posted to Chota

Nagpur in charge of boring operations

on the 13th November 1905.

Joined the Department on the 14th

April 1905. Posted to Mr. Middlemiss's

Survey party, and left for the field on the

6th November 1905.

Joined the Department on the 19th Novem

ber 1905.

Mining Specialists.

Returned from Burma on the 3rd April

1905. Posted to the United Provinces

in connection with the Kangra earth

quake investigation on the 8th idem,

and returned to head-quarters on the

7th May 1905. Deputed to the Naga

Hills, Assam, and left for the field on the

8th November 1905.

Returned to head-quarters on the 5th

June 1905. On privilege leave from 5th

July to 2nd October 1905. Deputed to

Burma for an examination of the river

gravels, and left for the field on the 14th

October 1905.

Sub-Assistants.

Returned from the field on the 8th May

1905. Posted to Mr. Middlemiss's

Rarty, and left head-quarters on the 4th

fovember 1905.

Returned to head-quarters on the 5th

June 1905. Deputed to Sind for inves

tigation of the Indus river, and left on

the 30th October 1905 for Kotri.

Assistant Curator.

On duty at head-quarters throughout the

period.
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ADMINISTRATIVE CHANGES.

5. The following officers joined the Department during the period

flew Appointment!, under report :—

Mr. E. H. Pascoe, M.A., B.So, who joined the service on the

2nd March 1905 ;

Mr. K. A. K. Hallowes, B A , A.R.S.M., F.G.S., who joined on

the 14th April 1905 ;

Mr. G. deP. Cotter, B.A., who joined on the 14th April 1905;

and

Mr. J. Coggin Brown, B.Sc, who joined the service on the

19th November 1905.

Mr. G H. Tipper was appointed to be Deputy Superintendent with

Promotion. effect from the 6th December 1905.

Mr. J, M. Maclaren, Mining Specialist, was granted privilege leave

from the 6th July 1905 to the 2nd October 1905 ;

Mr. G. E. Pilgrim, Deputy Superintendent, was

granted privilege leave from the 16th to the 25th October 1905;

Mr. H. H. Hayden, Superintendent, was granted special privilege leave

from the 16th October 1905 to the 3rd November 1905.

PUBLICATIONS.

The four parts forming volume XXXII of the Records were pub

lished during the year, containing the following

papers and notes :—

Review of Mineral Production of India during the years 1898

to 1903, by T. H. Holland, F.R.S.

General Report of the Geological Survey of India for the

period April 1903 to December 1904, by T. H. Holland,

F.R.S.

Preliminary Note on the Geology of the Provinces of Tsang

and 0 in Tibet, by H. H. Hayden, B.A., B.E., F.G.S.

The occurrence of Bauxite in India, by T. H. Holland, F.R.S.

Notes on an Anthracolithic Fauna from the mouth of the

Subansiri Gorge, Assam, by Professor C. Diener, Ph.D.
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On the occurrence of Elephas antiquus [namadicus) in the

Godavari alluvium, with remarks on the species, its

distribution, and the age of the associated Indian

deposits, by Guy E. Pilgrim, B.Sc.

The Triassic Fauna of the Tropites-Limestone of Byans, by

Professor C. Diener, Ph.D.

On the occurrence of Amblygonite in Kashmir, by F. R,

Mallet, late Superintendent, Geological Survey of India.

Obituary Notices of H. B. Medlicott and W. T. Blanford.

Preliminary Account of the Kangra Earthquake of 4th April

1905, by C. S. Middlemiss, B.A., F.G.S.

Miscellaneous Notes on :—

Imports and Exports of Mineral Products during 1904.

The Kangra Earthquake of 4th April 1905.

An unusual form of Selenite from the Pachpadra Salt-Source,

Jodhpur, Rajputana.

7. The only Memoir issued during the year was one by Messrs.

„ . A. C. Seward and A. S. Woodward on Permo-
Memoirs.

Carboniferous plants and vertebrates from

Kashmir, Palatontologia Indica, New Series, volume II, No. 2.

Other papers received for publication are referred to below under

the subjects to which they refer.

8. The Government of India have ordered that in future the returns

Miner I Statist! ^or mmera' production in India are to be summa

rised and briefly reviewed each year by this

Department. The first summary in accordance with these regulations

relates to the year 1904, and is published in Part 1 of Records,

volume XXXIII. This summary includes a list of the numbers and

areas of prospecting licenses and mining leases granted in each Pro

vince, but in future this list will be supplemented, from information

supplied direct by Local Governments, by a statement of the names of

those who have been granted concessions, with the dates and periods

of the licenses held.

MUSEUM AND LABORATORY.

9. Mr. L. Leigh Fermor took over charge of the Museum and

Laboratory from Mr. E. Vredenburg on the 1 7th

CuratcV0' BDd A"8Utant March, and confirms the reports of his

predecessors in testifying to the valuable help
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rendered in every section of the Curator's work by Mr. T. R. Blyth,

the Assistant Curator.

10. There has been a further increase in the number of specimens

, „, . referred to the Curator for determination and
Determinative work. . . .

analysis by extra-departmental officials. During

the year 1905 the number of specimens thus examined in the Labora

tory amounted to 782 against 524 for the preceding calendar year.

Such an addition to the Curator's duties would have been beyond his

capacity, but for the assistance given by the other officers during

the recess season. Naturally most of the specimens received for

determination prove to be of little interest ; but it is dangerous to

discourage this section of the work, on account of the fact that

amongst them occasionally occur " finds " of considerable scientific or

economic value. The chief disadvantage of working this section of

the Department under high pressure is due to the fact-that the officers

in the Laboratory have not time sufficient to follow up and develope

such interesting cases to the stage necessary to turn the results to

practical account.

1 1 . The facilities granted for the training of students have been con

tinued during the year, and an apprentice sent by

the Director of Agriculture, United Provinces,

has commenced a period of training at head-quarters. The limited

accommodation at head-quarters makes it impossible to entertain

more than two or three such apprentices, but the work is obviously one

that might be extended with advantage to the Departments of Agri

culture and Forests in which subordinate officials have frequent oppor

tunities of coming into contact with geological problems, and to

whom a knowledge of mineralogy should be of value to Local Govern

ments. If the satisfactory results so far obtained from this system are

confirmed by further experience, it will be necessary to make proposals

for an increase of Laboratory accommodation.

12. During the past year five meteorites, all stones or aerolites, have

Meteorites been added to the collection. One of these,

Mount Browne, was obtained by exchange,

while the other four fell in India. One of these, weighing 32-4 lbs. and

evidently but a portion of a much larger aerolite, was seen to fall near

Karkh (27°45'—6j3i$'), Jhalawan, Baluchistan, on the^th of April

1905; the second, weighing iooo-6 grammes and largely covered with

crust, is one of two stones seen to fall as recently as the 29th of
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October 1905 at Bholghati, Deoli pargana, Mayurbhanj State ; the

third, presented by the Rev. Father Francotte, S.J., is a small

fragment, weighing only 0 792 grammes, of a fall of two stones at a

village some five miles from Delhi near the Kutb Minar on the 1 8th of

October 1897 ! tne fourth, weighing 1,078 8 grammes, fell in August or

September 1878 about 14 miles west of Basil, Basti district, United

Provinces, and has been named the Haraiya meteorite after the village

situated in the position indicated (26°48'—82°3i'j ; this aerolite is

almost perfect and shows well-marked furrows radiating from a point

on one side of the stone, doubtless cut by the air in the fused exterior

of the meteorite during its rapid passage through the atmosphere.

With these additions the number of meteoric falls represented in our

collection has reached a total of 388, comprising 148 siderites (and sider-

olites) and 240 aerolites, of which totals 2 and 64 respectively are Indian.

13. A satisfactory amount of work has been done in the Museum

Museum during the past year. Besides replacing old

labels and generally cleaning up the cases and

specimens in the Economic Mineral collection, a start has been made in

replacing the name labels standing at the head of each mineral species

in the mineral collection with labels on which, in addition to the name,

both chemical formula and crystal-system are shown. Considerable

progress has also been made in the re-arrangement of the Productus-

Limestone fossils in the Palaeontogical Gallery. Messrs. D. Waldie

& Co. have presented to the Museum glass-ware of an estimated

value of Rs. 1,372-7-0.

14. The Department has undertaken to assist Provincial Museums

in classifying their geological collections.

Assistance to Provincial During the past year Mr Hayden made a

Museums. ° . . r , 1 , ,

preliminary examination of the contents of the

Nagpur Museum, and Mr. Datta subsequently went through the collec

tions in detail, forwarding to Calcutta for determination all specimens

that could not be identified on the spot. In consultation with the

Trustees, it was arranged that the Geological Survey should undertake

the work of classifying and determining the specimens, as well as of

contributing suitable duplicates separated from the material collected

by our officers when in the field, on the understanding that all type-

specimens, or specimens of historic value, should be transferred to

Calcutta. In this way the more valuable types will be accumulated in

the Calcutta Museum, which aims especially at serving the functions
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of a central reference Museum for India. At the same time, the Provin

cial Museum will be supplied with duplicates, which will serve all the

purposes of a purely educational collection. Similar work has now

been undertaken with regard to the Lahore Museum, from which a

large collection of material has been obtained for determination.

LIBRARY.

15. The additions to the Library during the period 1st January

1905 to 31st December 1905 amounted to 2,638 volumes. Of the

books received this year 1,117 were acquired by purchase and 1,521 by

presentation.

PAL/EONTOLOQY.

1 6. Mr. Guy E. Pilgrim has been Palaeontologist throughout the

year. His work at head-quarters was interrupted

PtleootolotUt. I 7 *

by a journey to the rersian Gulf, which resulted

in the collection of more material than could be worked out during the

following recess. As part of his determinative work, Mr. Pilgrim

examined a number of fossil fish and reptilian teeth with chelonian and

mammalian remains and silicified wood, obtained by Messrs. Finlay,

Fleming & Co. in gravel at 220 feet below the surface from a boring

near Syriam, on the Pegu river below Rangoon. Mr. Pilgrim con

cludes that the specimens were probably in situ, thus indicating the

extension so far southward of the Irrawadi series, in which such

fossils are known to occur in Upper Burma.

17. Mr. F. R. Cowper Reed has completed a memoir on the fossils

of Lower Palaeozoic age from the Northern Shan

Northern Shan'st.tes. States' pr F- A- Bather having assisted with

descriptions of the cystidean remains, and

Miss G. L. Elles by determinations of the graptolites. The collections

obtained from the Naungkangyi beds present in general strong affinities

with the Lower Ordovician beds of Northern Europe, particularly of

the Russian Baltic Provinces, the only anomalous form being the

cystidean Aristocystis, which is a typically Bohemian and South

European genus.

18. The fossil evidence from the Nyaungbaw beds is insufficient to

permit of precise correlation with the European stratigraphical scale,

though Mr. LaTouche is disposed to regard these beds as correspond-
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ing to the top of the Ordovician. The principal form of interest is the

fossil which has been frequently referred to as Echinosphoerites, and

was described by Dr. Noetling as E. Kingi in 1890.1 Mr. Reed has

identified the form with Hall's genus Camarocrinus, a form whose true

morphological nature and precise zoological position are unsettled.

Only one species has been recognised, and this, C. quadrilobatus, is

regarded as new, but is nearly related to C. Vlrichi, Schuchert, from the

lower part of the Helderbergian of the United States.

19. The Namhsim sandstones and Zebingyi beds have been referred

to the Silurian (Gothlandian) by Mr. LaTouche, and the fossil collections

examined by Mr. Reed confirm this conclusion, although the Zebingyi

beds include forms like Tentaculites elegans characteristic of the

South European Lower Devonian, associated with species of Mow

graptus known in the Upper Wenlock. There is a marked contrast

between the two formations, in lithological as well as in palaeontological

characters : the arenaceous Namhsim series, with its abundant

brachiopods, clearly agrees with the Wenlock of Northern and West

ern Europe, whilst the fossils in the argillaceous and calcareous

Zebingyi series have their nearest relatives in the South European

province, including forms ranging from Wenlock to Lower Devonian

in an association which might possibly be due to migration, but which

could not be accepted as such without more definite proof (than is

obtainable in a country so marked by superficial products) that the

apparent is actually the real order of succession amongst the beds.

20. Professor C. Diener of Vienna has described the Triassic fossils

_. . _ . ... collected by Mr. E.Vredenburg in a series of shales
Triassic : Baluchistan. * , _. , . „ 6. , _ , , .

occurring in the rishin district of Baluchistan,

where, on account of their previously supposed unfossiliferous character,

they were grouped with the associated Khojak shales of Tertiary age.

In a paper published in volume XXXI of the Records, Mr. Vredenburg

described the occurrence of these fossils, amongst which he identified a

species of Monotis allied to M. salinaria, Schloth., and a species of

the ammonite Halorites of the group Catenati continui. On account

of the presence of these two forms, the beds were correlated with the

Monotts-beds of Spiti, and the alaunic (middle noric) sub-stage of the

Alpine Upper Trias. A critical examination of all the fossils collected

1 Rec. Geol. Surv. Ind., XXIII, 78.
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now enables Professor Diener to confirm this conclusion in so far as the

correlation with the Alpine noric stage is concerned, but the scanty, and

not always determinable, material prevents a more precise identification

with horizons on che European scale. Professor Diener's paper will

be published in Records, volume XXXIV.

21. Professor C. Diener has also made a critical examination of the

fossils collected in 1900 by the late A. von Krafft

Himalayas/ Central from the Halorites-limestone of the Bambanag

cliff above the Girthi Valley in the Central Hima

layas of Kumaon. The occurrence of a rich fauna in these rocks was

detected by the expedition in which Messrs. Diener, Griesbach and

Middlemiss took part in 1892, and these Upper Triassic fossils were

described by Professor E. von Mojsisovics,' who came to the conclusion

that the limestone named Halorites-timestone, from the abundance of

this genus, could be correlated with the lower noric (lacic) stage of the

Alpine Trias, although he noticed also that a small number of types

were closely related to species of middle noric (alaunic) age. Amongst

the specimens collected by von Krafft, Professor Diener has detected

and described some forms not previously collected from this locality, a

few being new species, and one a new genus, the previous stratigraphical

conclusions being in general confirmed. Professor Diener's paper will

be published in Records, volume XXXIV.

22. In part 3 of volume XXXII of the Records, Professor Diener has

published a summary of the results of his study of fossils from the

Tropites-limestone of Byans in the Central Himalayas of Kumaon. The

full results form the subject of an elaborate memoir now in the press as

a part of the Paleeontologia Indica. The rich collection of fossils

studied was obtained by the Geological Survey officers from a lime

stone bed only three feet thick, which, on account of the preponderance

of the ammonite genus Tropites, is known commonly as the Tropites-

limestone. The most interesting result of Professor Diener's study

is the determination within this thin bed of forms belonging to both the

carnic and noric faunas of the Alpine Trias ; but instead of their being,

as one would expect, mere transition forms with a preponderance of

types belonging to the uppermost carnic and lowermost noric, the

fossils are a mixture of the four sub-stages, julic, tuvalic, lacic and

alaunic. Professor Diener ascribes this mixture to deficiency of sedi

mentation in the Kumaon area, not to the fact that the forms charac-

' Pal. Ind., Series XV, vol. Ill, Part I.
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teristic of well separated stages elsewhere lived together in this area :

the 3-foot bed of Trofites-limestone in Byans is thus equivalent to the

much greater thicknesses of carnic and noric strata further west in

Spiti, and this conclusion is in agreement with the general thinning of

the Trias in passing south-eastwards from Spiti.

23. Mr. E. Vredenburg, during the recess season, continued his study

of our Tertiary Foraminifera, and has produced

ti£rmUmC ,0m<i' an exhaustive descriptive memoir for publication

in the Palceontologia Indica. The Nummulitic

fauna is a very rich one : all the most important types are represented

with the exception of N. irregularis, N. Brongniarti and TV. contorta,

whilst several new varieties and one new species have been distin

guished. It is noticed, also, that the individuals in India attain in general

larger dimensions than those belonging to the same species in Europe.

In every instance both the megaspheric and the microspheric forms

of each species are present ; but the relative proportions of the two

forms vary considerably, and this variation is not always due to sorting

by currents ; for in the case of the small Assilina miscella of the

Ranikot series, the megaspheric form is much more abundant than

the microspheric one, although occurring in a coral limestone with

innumerable large specimens of N. planulata, and crowds of fossils of

every description, amongst which there is no indication of the action of

currents. In the case of the Alveolina-Wmtstone, also, constituting

the upper Laki, which contains innumerable large specimens of

N. atacica and scarcely any of N. globulus, the rock is crowded with

Alveolinae, many of which are quite as small as the last-named

nummulite.

The curious reversal in the direction of spiral growth noticed by

d'Archiac and Haime and other authors has been detected amongst

Indian individuals of the species, N. Cnrteri, N. obtusa, N. aturica and

N. intermedia, whilst the effects of the parasitic organism which some

times destroys the septa throughout a portion of the spire has been

noticed to be more pronounced in some localities than in others, for

instance, at Sukkur in Sind, where the majority of the specimens of all

species are thus attacked. Some of the specimens from Cutch have

their chambers filled with bitumen, and as the bituminous material does

not impregnate the surrounding rock it appears to be the result of the

jnetamorphism in situ of the original sarcode.
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PETROLOGY.

24. The remarkable outlier of the Deccan Trap formation forming

the isolated and striking mass known as Pivagad

VmiJm* TraP*: (Powagarh) Hill, in the Panch Mahals district,

Bombay, previously examined and described by

the late Dr. W. T. Blanford,1 was hastily examined by Mr. Fermor during

his tour through the manganese-bearing localities. It was found to be

of great interest owing to the fact that it is composed of interbedded

basalts and rhyolites, with rhyolite breccias and ashes. A comparison

with the felsites and trachy-felsites referred to by F. Fedden as

interbedded with the basalts in the Kathiawar area showed that they

also are rhyolites possessing the essential and peculiar features of those

in the Pavagad hill.*

It will require more detailed field-work than that possible at the time

of Mr. Fermor's visit to demonstrate that the basalts and rhyolites of

Pavagad are genetically related to one another, but all observations

point to this conclusion—those made in the field as well as the micro

scopic characters. The only other hypothesis with regard to the origin

of the rhyolites is suggested by their superficial similarity to the acid

rocks of pre-Vindhyan age known as the Malani series ; but if the

rhyolites were of Malani age it would be necessary to admit the unlikely

regular intrusion of basaltic sheets between the beds of much older rock.

The association of acid and basic extremes of this kind has been so

frequently demonstrated in other parts of the world that it is more

natural to regard this complex in the Pavagad hill as the products of

differentiation in the magma which gave rise to the Deccan Trap.

Cases of the kind elsewhere have been referred to in a paper explain

ing the frequent, almost constant, occurrence of acid micropegmatite in

the diabasic (augite-diorite) dyke-rocks of South India.3 In Baluchistan,

also, Mr. E. Vredenburg has found granophyres associated with

gabbros of Lower Tertiary age, and it seems not improbable that such

rocks are relatives of the great Deccan Trap outflows. It is interesting

to find that these acid rocks occur on the north-west border of

the Deccan Trap mass, for further west, in the Persian Gulf region,

1 Mem. Geol. Surv. Ind., VI, 343 (1869).

' Mem. Geol. Surv. Ind., XXI, 96—99 (1884).

* Holland : Quart. Journ. Geol. Soc, LIU, 405 (1897).
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Mr. G. E. Pilgrim1 has described the occurrence of rhyolitic lavas in the

Hormuz series, which is of about the same age as the Deccan Trap of

India. It thus appears that the acid products of the magma that gave

rise to the Deccan basaltic flows have been brought to the surface in

the western and north-western areas; but they may nevertheless lie

concealed in Peninsular India on account of the perfect tectonic

quiescence prevailing in this area since Lower Tertiary times. The

whole assemblage recalls the well-known complexes of Tertiary basic

and acid igneous rocks of the Western Isles of Scotland.

Borderland problems are always the most interesting amongst

scientific investigations, whether marked by the changes amongst

genetically related bodies that indicate the complex phenomena

grouped under evolution, or whether the result of contact metamor-

phism between two unrelated bodies distinct in origin. It is in the

KithiaAvar and Cutch areas that Mr. J. F. Blake found such interesting

structural features where the Deccan Trap series come into contact

with the sedimentary rocks, and it was in this area that Dr. J. W.

Evans discovered the first of the nepheline-bearing rocks in India.*

Dr. Evans has not yet completed the examination of the materials

he collected in the Junagidh State some ten years ago, but I under

stand that he hopes soon to publish his results, and we shall then be

free to take up the area in detail, using his preliminary observations as

a basis for systematic work.

25. Mr. L. L. Fermor has made a petrological study of the rocks

associated with the manganese-ore deposits of

wara'dirtrict. ChUBd* the Sausar tahsil in the Chhindwara district,

Central Provinces. The rocks examined include,

besides the Archaean gneisses and schists with which the ore-bodies

are directly associated, the adjoining Deccan Trap flows and Lameta

beds. The Archaean crystalline rocks described include various forms

of granites, granulites, gneisses, schists, quartzites, calciphyres, cipolins

and crystalline limestones besides the manganese-ores.

The evidence obtained with regard to the calciphyres and crystal

line limestones is held to justify the deduction that they have been

1 Vide infra, p. 113.

1 Monchiquite from Mount Girnar ( ]unagadh). Quart. Journ. Geol. Soc,

LVII, 38-54(1901).
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derived from pyroxenic and felspathic gneisses by metasomatic

chemical changes, thus confirming Professor Judd's similar views with

regard to crystalline limestones of this class in the Burma Ruby Mines

district. The study of these crystalline limestones, which are often

dolomitic, has led Mr. Fermor to investigate the reliability of recog

nised tests for distinguishing between the closely similar crystals of

dolomite and calcite in microscopic sections. He finds that, by

relying on the staining tests with Lemberg's solution, the other criteria

are never constant, and that the majority of results are even opposed

to the commonly recognised characters for these minerals, though

Mr. Fermor's results agree in general with those of Lacroix for the

crystalline limestones of Ceylon.

Short descriptions are given of eleven deposits of manganese-ore

occurring in the area, but these and the new forms of manganiferous

minerals will be described in detail in a memoir, now in course of

preparation, on all the known manganese-ore deposits of India. Mr.

P. N. Datta made a survey of this area some ten years ago, and his

field notes with geological map will be published with Mr. Fermor's

paper on the petrology.

PHYSICAL OEOLOGY.

26. The discovery of pleistocene vertebrate fossils in the alluvium

of the Upper Goda"vari valley, referred to in the

Pleistocene movement , t General Report has led to a study by

In the Peninsula. r . ' . ' '

Mr. Vredenburg of the distribution of these

pleistocene gravels in the river-valleys of the Peninsula, and consequently

of the changes of level they indicate. One of the most interesting of

these results is the evidence of a warping of the Peninsular mass along

an anticlinal axis running N.N.E.—S.S.W. through Buldana in Berar

and near Sehore in Bhopal. The pleistocene deposits of the Upper

Godavari, which flows eastwards, and the lower Tipti, which flows

westwards, lie to the west of this axis, whilst those of the Puma,

which joins the TApti, and the extensive deposits in the Narbida lie

to the east of the hypothetical axis. Whilst there is no proof that

lakes were formed, the alteration in the slopes of the valleys, due to

this bending of the crust, changed the erosive tracts of the rivers into

areas of temporary deposition, with the rrsulting accumulations of

alluvium which have since been eroded but not entirely removed.
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Mr. Vredenburg's paper is published in Part 1 of the current volume of

the Records.

27. During the course of his survey work in the Northern Shan

States Mr. LaTouche made a study of the recent

Nam-fu river, Northern , . , XT , ...
Shan States changes in the course of the Nam-tu river, which

formerly ran in a south-west direction from about

where the Tati ferry is now situated to near Hsipaw ; the present

course is south-eastward from Tati into the Namma valley, and evi

dences of the deserted course are still visible.

28. Mr. LaTouche has also made a study of the remarkable

. .. travertine terraces that form such a character-
Ookteik Natural Bridge. . , . r , . ...

istic feature of the rivers in this area, and has

described in detail the natural bridge of calcareous tufa across the

Chaungzong river near Gokteik over which the Maymyo-Lashio

Railway line has been laid. These subjects are discussed in two

separate papers published in Part 1 of the current volume (XXXIII)

of the Records.

SEISMOLOGY.

29. The circumstance of most general public interest during the

year was naturally the destructive earthquake that

Aprt7th,|Eoos!h,,,ake 01 devastated the Kangra valley on the 4th April.

Owing to the interruption of communications, it

was not until the 6th of April that the full significance and magnitude of

the shock became generally known in India, and steps could be taken

for the proper scientific investigation of it. By that date, however, tele

graphic warnings were issued by the Director of the Geological Survey

to all District Engineers, Meteorological Observers, Telegraph

Masters, Railway officials and others through their respective Depart

ments, to record in writing the exact time and other details of the

shock. These were followed by letters sent to the principal news

papers inviting volunteers all over India to answer a formulated set of

questions, and to assist in other ways by furnishing data as to the local

effects. Question forms were also despatched to all the Provinces,

and, through the Political Officers, to the Native States. For the more

critical study of the effects four officers of the Geological Survey were

deputed at once to the affected areas. Mr. C. S. Middlemiss, who was

at the time in charge of the Central Indian party, within 24 hours

C
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after receiving orders, had made the necessary preparations and had

started for a tour through the Kangra district including the Kulu

tahsil ; Mr. E. H. Pascoe examined the large towns on the plains in

the Punjab ; Mr. R. R. Simpson investigated the area including

Mussoorie, Dehra Dun, Hardwar, Saharanpur and Rurki, being

assisted in the Mussoorie area by Mr. K. A. K. Hallowes. Mr. C. S.

Middlemiss was entrusted with the compilation of results, and has

already published a preliminary summary of results in volume XXXII

of the Records. The full memoir is now in course of preparation. To

the promptness with which Mr. Middlemiss prepared for the work

and the energy with which he traversed the area in which all the

ordinary means of transport and accommodation had been destroyed,

I am indebted for the very complete and precise data that have been

obtained from the most seriously affected part of the ground.

30. In consequence of the fact that the more violent phases of the

earthquake began with little warning at an early hour in the morning,

when many people were still asleep, the destruction to life was enor

mous in the epicentral tract. That preliminary tremors occurred is,

however, clear from the accounts of survivors in the Kangra valley

and neighbourhood, as well as at more distant points. In some cases

in Dharmsala these preliminary warnings are stated to have enabled

persons to leave their dwellings just in time, and although 135 perished

in the Gurkha barracks, such tremors are nevertheless implied by

the fact that scarcely any of them were found killed in their beds. In

Dehra Dun, also, minor preliminary vibrations are recorded which

enabled those who were awake to reach the door. In Mussoorie,

according to an eyewitness, preliminary tremors lasted from 15 to 20

seconds ; and the same were noticed in Landour by several people.

In Lahore preliminary shocks with intervals appear to have lasted for

about 1 1 seconds before the arrival of the main shock.

Besides the almost complete destruction of buildings in the Kangra

area, the earthquake accomplished very great damage and caused

considerable loss of life in the hilly tracts of Mandi State and Kulu ;

did serious damage to Dehra Dun, Mussoorie, Chakrata and other

towns in the vicinity ; and slight damage to the large towns of Lahore,

Amritsar, Jullundur, Saharanpur and others similarly placed with

reference to the centre. Outside these points again, in ever widening

closed curves, the effects of the earthquake were felt with continually

diminishing intensity, until the limits of its appreciation by the un

aided senses coincided roughly with part of an ellipse passing through
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the following localities— Quetta, Surat, Ellichpur, False Point and

Likhimpur. This curve, if continued, would pass into the little-known

regions of the higher Himalaya and Tibet , and, though no reports

have been received from this area, it may be trusted to represent

approximately the limit of sensible appreciability in that direction

also, and to include a total area of about 1,625,000 square miles.

The earthquake must therefore be regarded as a notable one in the

seismological history of the present and just concluded centuries,

and, inasmuch as 20,000 human beings are estimated to have perished

by it, it must also be ranked as one of the most disastrous of modern

times.

The distribution of the isoseismal lines, which have been mapped

on the evidence of an abundance of independent reports from evenly

distributed localities within the affected area, show that there was

a main focus aligned parallel to the folded Tertiary rocks, with a steep

pitch to the E.S.E. in the Kangra area, and a subsidiary focus

parallel to the first under the Tertiary mass in the Dehra Dun area.

The depth of the Kringra focus was from about 18 to about 30 miles,

with a pitch to the E.S.E. of about 13° In both areas the geolo

gical map shows a noteworthy inbaying of the Sub-Himalayan Tertiary

belt, and as the folding and fold-faulting of this tract, which has gone

on since early Tertiary times, tends to straighten out the mountain

foot into an uniform curve—the southerly convex curve of the Himalayan

arc of folds—areas like those of Kingra and Dehra Dun, which show

marked irregularities, are in a condition of strain, and are thus favour

able to the development of faults, with the earthquakes which often

accompany such rock-fractures.

With regard to the surface effects of the earthquake the following

points were noticed :—

(1) All the surface valley deposits of alluvium, sand, gravel and

boulders appear to have been proportionately more

heterogeneously shaken th#n solid rock.

(2) Of rock, the soft Tertiary sandstones have been thrown into

more destructive vibrations than the older and more com

pacted strata.

(3) Narrow ridges with free ends (spurs) have been very much

more shaken than broad areas and the flat hollows

between the spurs.

(4) In the case of the more distant vibrations and tremors the

great alluvial tracts, and the flat-lying Vindhyans and

9 3
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Deccan trap with cotton soil, have rendered such weak

vibrations apparent, whilst the ancient and steeply dipping

Aravalis have resisted the shocks in a very noticeable

way. As a consequence there occurs an isolated area

round about Udaipur, Dungarpur, Purtdbgarh, etc., from

which no accounts of any shock have reached us. It is

interesting to note that this area was similarly barren of

results in the 1897 earthquake, although the shock was

recorded both east and west of it.

From observations made with regard to the overturn of pillars near

Kangra, the acceleration of the wave particle at that locality was near

13 feet per second per second, with an amplitude of about 9} inches.

The time of occurrence of the main shock in the Kingra area was

6h. 9m. (Madras time). The larger waves reached the seismographs

at Colaba near Bombay and at Alipur near Calcutta in exactly the same

time, namely, 480 seconds, and as both places are just 950 miles

from the main epicentre, the rate of transmission in both directions

was rg8 miles per second. The record obtained at the Kodaikanal

Observatory in South India showed that the same waves took 768

seconds to travel 1,497 miles. Taken along the arc this indicates a

speed of 1*95 miles per second. The instruments at Tokio and other

places in Japan registered a time which indicated an arcual velocity of

2-05 miles (3*3 kilometres) per second.

31. A number of the more prominent aftershocks which occurred at

or about the time of the great shock were noted
Aftershocks. ... ., , ■ . ,..,.,

in the earthquake forms that were distributed

over Northern India. Others were, and are being, recorded by seismo

graphs in the ordinary routine of meteorological observations. Others,

again, during the first few months succeeding the earthquake were

reported by the newspapers and by many private individuals, whilst

many were noted by Mr. Middlemiss during his tour over the epicentral

tracts and by myself in Simla.

But besides these immediate successors of the main shock, it became

desirable to institute a regular system of recording the fainter as well as

the more violent aftershocks, so long as they continued to be felt at all,

in the regions surrounding the main seismic centre. For that purpose

a number of volunteer observers have undertaken the task of noting

such on specially prepared forms, giving such details as to time, date

and approximate intensity as could be furnished without specially

installed apparatus.
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32. Arrangements have now been sanctioned by Government for

the installation of seismological instruments in the

Himalayan region. The instruments previously

maintained in India were three Milne seismographs at Alipur, Colaba

and Kodaikanal, besides simple seismoscopes in Assam and Kashmir.

An Omori-Ewing instrument, kindly lent by Professor F. Omori, was

erected during June at Simla in the office of the Meteorological

Reporter, for the registration of distant and small shocks, but the

purchase of new instruments, for the registration at Simla of macro-

seismic as well as microseismic disturbances, has now been sanctioned

by Government.

ECONOMIC ENQUIRIES.

Building Stone.

33. On account partly of the public interest arising out of the

proposal to utilize Indian marble for the Victoria Memorial at Calcutta,

there has been a general tendency in India to use the native building

and ornamental stone instead of imported material, and the Department

has been occupied largely in dealing with enquiries with regard to

occurrences of suitable material.

Towards the close of the field season, Mr. LaTouche was informed by

_ , , . . _ the Chief Engineer, Burma, that all the road-metal
Road-metal for Rangoon. , . „ 6 ' . . , , , ,

used in Rangoon was imported at considerable

cost from Bombay, and he was requested to suggest any localities in

Burma from which suitable material could be obtained. Being aware

that Dr. Oldham had noted the existence of igneous rocks on the banks

of the Irrawadi above Mandalay, in the course of his journey up the

river in 1855, Mr. LaTouche visited the most southerly of the exposures

in company with Mr. Hope, Executive Engineer, Shwebo District, and

found that in the hill called Shwemyind6, on the left bank of the Irrawadi,

opposite Kyaukmyaung, about 45 miles north of Mandalay, there exists

a practically unlimited quantity of basalt of Tertiary age, which would

be suitable for road mending. The hill is close to the river, and quarries

could be opened in a very convenient position for loading the stone into

boats. The quality of the rock, however, is not so good for the purpose #

as the Deccan Trap imported from Bombay, for a large proportion of

it is vesicular, and it is not so dense. It would probably therefore not

stand heavy traffic so well as the Bombay rock. The denser portions

of the flows would no doubt make very good road-metal, but without
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cutting a section through the hill it is impossible to say what propor

tion these bear to the vesicular variety. The latter is similar to a basalt

imported into Rangoon from Mauritius, which is said to be inferior to

the Bombay stone, but the Shwemyinde' rock is harder than that from

Mauritius.

Coal.

34. Mr. R. R. Simpson was occupied during the field season

1904-05 in an examination of the coal-fields in

the Northern Shan States. In addition to a re

examination of the previously known fields near Lashio, the terminus

of the railway, and Namma, ten miles to the south-east of Lashio, two

new fields were found, one near Man sang (220 6'; 970 57') and the

other near Man-se-le (220 40'; 980 16'). All four fields form isolated

basins lying on the prevalent Plateau limestones, and consist of sand,

shale and lignitic coal of probably pliocene age.

35. The last previous examination of the Lashio field was under

taken by Mr. LaTouche in 1902 ; his work was

confined to excavating all the outcrops that could

be found, in order to determine the thickness of the seams exposed,

and to fi xing sites for borings on behalf of the Railway Company.

The boundaries of the field were mapped by Mr. P. N. Datta in 1903,

whilst, working from the information previously obtained, Mr. Simpson

discovered some new outcrops, and made a more thorough examina

tion of those previously known. The results of his work have been

amalgamated with those of Mr. LaTouche for publication as a joint

paper in the Records. On the whole the results in the case of

Lashio are not encouraging : the coal-seams all lie below the

level of permanent saturation, and as they are interstratified with

soft sands and clay-beds mining operations would be difficult and

costly. The coal is lignitic, with large quantities of moisture—17 to

20 per cent.—and over 9 per cent, of ash. It burns poorly in the open,

with a dull flame and sulphurous odour. When freshly mined it can

be obtained in fairly hard and large lumps, but on exposure to the

air it rapidly disintegrates into small cubical fragments. The raw fuel

is obviously unsuitable for locomotive use ; but it may be possible

to use it in the form of briquettes, and in this form the fuel would be

of service on the railway as far west as Maymyo.

36. The patch of young sands and shales in which the Namma

coal occurs, covers an area of about 50 square

Namma coal-field. ., ' . . ... .. 3 ~* ..
miles, extending to within 10 miles to the
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south-east of Lashio. A small outlier of the coal-bearing rock occurs

about 3 miles to the south-west of the main area. In this field,

as in all the others of the area, the country is covered with thick

jungle, and prospecting operations are further hampered by the coal-

basins being lower than the surrounding limestone country ; exposures

are rare and the ground often water-logged.

Mr. P. N. Datta visited the Namma field at the end of his field

season of survey work in this area in 1903, and reported the discovery

of a coal-seam 10 to 12 feet thick at a point one mile east of Namma.

Mr. Simpson has reported the discovery of numerous other seams,

but this area east of Namma seems to include the most promising

occurrences. The coal, or rather lignite, is distinctly superior in

quality to that of any other field in the Northern Shan States, but

in its raw state it would be a distinctly poor fuel, unfit for locomotive

use, and would be mined under the usual difficulties due to soft

including rocks.

The thick seam east of Namma has been proved by Mr. Simpson

for a length of outcrop of 2,400 feet, varying in thickness from about

7 to 17 feet. No determinations have been made beyond the outcrop

to estimate the quantity available in this seam. The outcrop is about

19 miles from the nearest point on the Maymyo-Lashio railway line,

and 25 miles by existing roads from Lashio railway station, whilst

water transport along the Namma river is prohibited by the numerous

bars and rapids. To connect the field with the existing railway line

would involve some 30 miles of construction, including the bridging

of two considerable rivers, the Nam-yau and Nam Pawng. The total

cost of mining, briquetting and transport is shown by Mr. Simpson

to be well over the present value of the fuel.

37. The Man-sang field covers some 14 square miles, with its

northern edge about 16 miles S.S.E. of the

Man-sang coal-field. XT _ ., ° -,. ,. .. • ., ,
Namma field. The lignite is similar in character

to that of the other fields, and the thickest seam found was no greater

than i\ feet thick. The continuity of the seams is uncertain, the dip

variable, and the ground much broken by intrusions of doleritic

trap-rocks. The field is separated by about 50 miles of difficult country

from the existing railway, and generally, whatever drawbacks mark

the two other coal-bearing areas are accentuated in that near Man-sang.

38. The Man-se-le field is 27 miles E.S.E, of Namma. and is about

13* square miles in area. There are only one

Man-se-le coal-field. . r .,, • • t\.^ cu .
or two seams of possible importance in the held ;
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the greatest thickness of coal measured was 4 feet; the quality of

the fuel agrees generally with that of the other three fields in this

area, and the locality is, with present means of communication,

inaccessible for development.

Mr. Simpson's detailed report on the Namma, Man-sang and

Man-se-le fields will be published in the Records with the joint paper

on Lashio.

Diamonds.

39. Mr. E. Vredenburg made an examination of the Panna diamond-

bearing tract during March and April, and has
Panna and adjoining 6, , ° , ,

SMts. prepared a long report on the mode of occurrence

of the gem-stones, and the present state of the

industry, with suggestions for improving the methods of mining. The

report will be published as a special memoir.

40. The report contains a general account of the geology of the

Bundelkhand States, following in the main the lines laid down in i860

by H. B. Medlicott,1 the principal change being due to a re-grouping

of the beds forming the Lower and Upper Vindhyan systems.

Mr. Vredenburg proposes to group together the Lower Vindhyans

with the Kaimur and Rewa stages as the Ken series, using the old name

Bhander as before for the remaining Upper Vindhyans, but giving it

higher rank as a series name, including two stages, the Havelis below

and the Betwas above. The revised system has certain advantages in

producing a, better-balanced sub-division of this remarkable Central

Indian formation ; but in a conformable succession of unfossiliferous

sediments the grouping together of divisions is of less importance

than precision in lithological sub-division, which is the only guide

towards the identification of horizons in exposures isolated from the type

areas. The descriptions of the diamond-bearing areas by various earlier

writers, like Buchanan-Hamilton, Pogson, Franklin, Jacquemont,

Adam, H. B. Medlicott, Rousselet and Willson, were summarised by

V. Ball in the Manual of Geology published in 1883. Mr. Vredenburg,

without critically discussing the earlier conclusions, gives an account

of the occurrences in the slightly different light of more recent studies

of the Vindhyan formations.

Mem. Geol. Surv. Ind., II.
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41. In the neighbourhood of Panna the principal diamond-bearing

stratum is a thin layer of conglomerate, locally known as " mudda,"

lying between the Kaimur sandstone and the Rewa shales. The

conglomerate is seldom thicker than two feet, and does not form a

continuous bed. Further east, in the neighbourhood of Itwa, the

diamondiferous conglomerate does not rest directly on the Kaimur

sandstone, but is separated from it by a 20—25-foot bed of shale

and limestone. Another diamondiferous conglomerate occurs above

the Rewa sandstones and under the Bhander shales. This conglo

merate differs from that below the Rewa stage in the abundance of

pebbles of vein quartz instead of the different varieties of jasper

found so commonly in the main diamondiferous conglomerate near

Panna.

The diamonds in these conglomerates, like the associated large

pebbles of lighter rocks, are derived from older rocks, and the original

home of the gem is still unknown, though a precise recognition of

the associated pebbles will gradually indicate the direction in which

the mother-rock once occurred and possibly still exists. The most

characteristic pebbles in the diamondiferous conglomerates are the

jasper-pebbles derived from the Bijawar formation and the vein-quartz

similar to that traversing the Bundelhand granites, the latter being

especially abundant in the conglomerate lying above the Rewa sand

stone.

42. Besides the diamonds lying still embedded in the conglomerates,

others are found in the neighbouring detritus derived from the disin

tegration of the Vindhyan beds. The workings are developed accord

ingly—some with a view to the removal of the undisturbed conglomer

ate, and others with the intention of recovering the diamonds included

in the more recently distributed detritus.

43. The undisturbed conglomerate is often covered by considerable

thicknesses of younger Vindhyan rocks, and is reached by workings

which are often, but not always, deep. These are referred to by

Mr. Vredenburg as " direct workings." In other places the overlying

younger rocks have been removed by weather-agents, and the conglo

merate thus exposed at the surface is available for " shallow work

ings." In the detritus removed from the original conglomerate and

deposited in river-valleys the diamonds may be reached by superficial,

shallow, or comparatively deep workings, and they may be all spoken

of conveniently as " alluvial workings."
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44. Mr. Vredenburg has given the following list of workings

examined :—

A. Workings connected with the Sub-Rewa conglomerate.

(1) Direct workings—

Panna State : Shahidan, Chunha, Kalianpur (abandoned).

Charkari State : Khameria.

(2) Shallow workings—

Panna State : Maraia, Bandi, Bhawanipur, Harduapur, Srinagar,

Ogra, Manakpur.

Bijawar State : Simra.

Chobpur State : Dia.

Patarkechar State : Majhgawan.

(3) Alluvial workings—

Panna State: Majgama, Old Panna, Chhota Manakpur, Kalianpur,

Ganeshpur, Radhapur, Hardua, Babupurf Itwa, Birjpur.

Charkari State : Ranipur, Palti, Bajaria.

Chobpur State : Seha, Jhanda.

Patarkechar State : Banari.

B. Workings connected with the Supra-Rewa

conglomerate.

(1) Shallow workings—

Panna State : Sakeria, Tindini, Mohra, Durgapur, Singhpur.

Kothi State : Jhanda.

(2) Alluvial workings—'

Panna State : Udesna.

Kothi State : Naigawa.

45. Mr. Vredenburg has given an interesting series of statistical

results with regard to the crystallographic characters, weight, lustre,

colour and origin of the diamonds collected during the quarter in which

he examined the area. The area immediately around Panna appears to

be still the richest part of the field.

46. Besides various improvements possible by more systematic

organization of the shallower workings, Mr. Vredenburg points out that

the constancy of the conglomerate over large areas, and the regularity

of the gently inclined strata, would permit of sinking deep shafts to the

dip with a view to mining out the diamondiferous conglomerate on a

plan common to all bedded deposits. The extension of this work in
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the direction of the dip would naturally depend on the results obtained

in the shallower shafts with regard to the persistence of the diamonds

with the conglomerate. Judging by the present cost of working and

the estimated average return in diamonds, there appears to be a dis

tinct margin of profit to be expected from systematic mining opera

tions under the more expensive conditions of depths down to 2oo—300

feet. The work should, of course, be commenced on an experimental

stage, and under the management of a competent mining engineer.

Engineering Questions.

47. The Director visited Dharmsala during May, and reported on

the condition of the station after the earthquake of April 4th, with a

view to determining the question of selecting a suitable site as civil

head-quarters for the Kdngra district, and of retaining the site now

occupied as cantonments for one of the Gurkha regiments.

48. Mr. G. H. Tipper, on behalf of the Military Works Department,

reported on a site near the Takatu, west of Quetta, as suitable for the

construction of a large reservoir. His report has been sent to the

Local Administration.

Gold.

49. The Gadag gold-fields lie within the band of Dhdrwir rocks

which Mr. R. Bruce Foote distinguished as the

trirt **' * S Dambal-Chiknayakanhalli band,1 but as the name

Gadag band is more likely to get into general

use, it is proposed to use it instead of the original longer name.

Mr. Maclaren was deputed, with Sub-Assistant M. Vinayak Rao, to

survey this area during the past field-season, and has been able to

supplement the observations of Mr. Foote by a more detailed examina

tion of the petrological characters of the rocks, the results of which

will be published shortly in a separate paper.

50. The most interesting rock-type from the point of view of the

origin of the gold is the carbonaceous argillite forming the " country " in

which the auriferous reefs lie. Two main areas of this rock have been

distinguished—the northern in which the Dhcirwar Reefs mine and the

Sangli gold mine are situated, and the southern of smaller area in the

Bellary district. Though these argillites are red in colour near the

surface, they are black and carbonaceous in the deep workings of the

1 Rcc. Geol. Surv. Ind., XXI, 49 (1888).
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Dharwar gold mines, the included iron-pyrites being oxidized and

hydrated to limonite near the surface. The association of carbonaceous

matter and pyrites in this area recalls the conditions in the Main Reef

series of the Witwatersrand system in the Transvaal. Drs. Hatch and

Corstorphine 1 quote a prevalent theory for the limitation of the gold to

the Main Reef horizon as due to the presence of a reducing agent in

the beds, and they instance both the pyrites and carbonaceous matter

that are generally present. The pyrite most probably was itself the

result of the reducing power of carbonaceous material acting on ferrous

salts, and either or both would thus facilitate the precipitation of the

gold from the solutions circulating at the high temperatures attending

the intrusion of the associated igneous rocks.

51. The occurrence of the auriferous quartz-veins in the argillites of

the Gadag band, distinguishes the conditions here from those of

the Kolar field and the Hatti mining area of the Nizam's Dominions,

where the gold-quartz veins are in hornblende-schists. Blue quartz-

veins, like those that carry gold on the Kolar field, occur also in the

Gadag band, but they have not been proved to be auriferous, and are

regarded as older than the white quartz-veins, being considered to

be genetically related to the igneous rocks from which the hornblende-

schists were derived.

This occurrence of gold in quartz-veins other than the peculiar blue

variety so wehVlniown from Kolar should dispel the idea that gold is

necessarily limited to this occurrence in the Dhirwar series. The

deposition of gold is probably due to the accidental occurrence of very

simple chemical conditions, such as a suitable reducing agent, in any

locality where the essential physical conditions are satisfied, and the

particular lithological character of its nidus is of secondary im

portance. The variety of material in which the metal may occur is

so great that amongst the Dbdrwars no lithological type should be

discarded as an impossible matrix, although the abundance of free silica

naturally gives quartz more chances than any other rock-material of

becoming the mother.

52. There is a certain amount of washing of river-sands in this area,

but it is hardly worth the name of an industry, and the tests made by

Mr. Maclaren during the course of his survey led to no promising

results for alluvial gold.

53. Many of the outcrops of quartz-reefs in the northern part of the

1 Geology of South Africa, 1905, 145.
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Gadag band are honeycombed with old workings, and so far as they

have been explored at Kabulayatkatti, these have been found to a

depth of at least 300 feet. Assays from old pillars left in the workings

show that some of the quartz worked carried i\ ounces of gold to the

ton. Abundant relics exist of mills for crushing quartz, affording a valu

able index to the positions of auriferous reefs. Some of these are of

the pestle-and-mortar kind ; others consists of huge boulders made to

rock to-and-fro in a hard bed-rock ; others consist of a small stone

rubbed along a groove in a larger stone, similar to those discovered by

Mr. F. H. Smith in the Singhbhum district. The last kind is not com

mon in this area, though it was the only one found near the ancient

workings of Singhbhum.1 In the neighbourhood of a watercourse

hundreds of mortars of the first-named kind are often found grouped

together; near the village of Nagavi as many as 218 were counted

packed together on a single exposure of quartz-schist.

54. Active prospecting and mining operations have now been organ

ised in this area by three or four companies, and leases of adjoining

areas have been taken up with the intention of benefiting by the

results of the more enterprising pioneers. The promising character

of this area was noticed by Mr. R. Bruce Foote as long ago as 1874,

but his description of the auriferous reefs remained unnoticed until

Mr. Huddlestone and his coadjutors followed Mr. Foote's suggestions

in 1900. The result has been the formation of the Dha*rwclr Gold

Mines, Limited, and other companies now at work, with, in some

cases at least, apparently good prospects of success. The field pos

sesses certain natural advantages : it can be connected easily with

the Southern Mahratta railway system ; the climate is generally good,

and abundant water for the development of electric power can be

obtained in the Tungabhadra river some 20 miles from the field, when

the mining operations reach a scale large enough to justify the capital

outlay necessary for the plant. The chief present difficulty is the

limited local supply of water for the large mills and works near the

mines.

55. Mr. Maclaren has also reported on the Maski band of DhaVwir

schists, which is about 7 to 8 miles wide, stretch-

Nizam' Do J" * ' mS m an approximately meridional direction for

about 45 miles across the Raichur Doab.* The

'Sec. Geol. Surv. Ind., XXXI, 68 (1904).

• R. B. Foote. Geology of the Southern Mahratta Country. Mem. Geol. Surv.

Ind., XII, 41, 42 (1876) ; Rec. Geol. Surv. Ind., XXII, 34 (1888).
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northern or Wondalli section of this band appears to be the most

important. Near its western border occurs the Hatti mine, which has

shown a gradually increasing output of gold since March 1903.

There is abundant evidence of old workings throughout this part of the

band, in one case, near Hatti, reaching to a depth of 620 feet. These

were referred to by Mr. R. Bruce Foote, who first called attention to

the prospects of this area, but many more have been found by recent

prospectors, and as one of the companies has now begun to return

dividends, the thorough exploration and prospecting of the adjoining

areas are assured.

The mode of occurrence and characters of the auriferous quartz in

the Hatti mine agree in general with that of Kolar: the " country" is a

similar hornblende-schist, and the gold-bearing quartz is typically of a

translucent-blue or slate-colour, the younger series of associated white

quartz-veins being barren ; the blue quartz reef is in general parallel to

the planes of schistosity of the country, dipping at a high angle to the

westwards.

The chief rock-types of the band, besides the hornblende-schists

already referred to, are altered diabases,, chlorite-schists and a series of

acid schistose rocks, possibly altered porphyries. The whole complex

is crossed by younger diabasic intrusions as dykes, and along the

northern boundary especially the schists have been attacked by granitic

intrusions.

Manganese.

56. The investigation of the manganese-ore deposits, begun in the

season 1903-04, has now been completed. Mr. L. L. Fermor, during

the past field-season, visited the known deposits in the Jabalpur, Ganjam

and Singhbhum districts, as well as those of the Jhabua State in Central

India, the Panch Mahals, Nirukot and Satara in the Bombay Presidency.

Mr. J. M. Maclaren examined the occurrences of the Belgaum and

Dharwar districts, thus completing the recent examination of every

occurrence of known importance except those of the Sandur State,

which were described by Mr. R. Bruce Foote in his memoir on the

Bellary district.1 The preparation of a memoir dealing with the

known occurrences of manganese ore in India has been entrusted to

Mr. Fermor.

1 (ttem. Geol. Surv. Ind., XXV, 194 (1895).
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57. The first summary of Mr. Fermor's results shows that the man

ganese-ore deposits of India can be roughly classified as follows :—

A. Braunite, psilomelane and pyrolusite associated with, and

derived from, manganese-bearing silicates (such as spessartite,

rhodonite and less frequently piedmontite) occurring as bands

and lenticles in the Archaean schists and gneisses. Examples

of these occur in—

(1) Narukot in Bombay ;

(2) Jhdbua in Central India ;

(3) Bdlaghdt, Bhanddra, Chhindwdra and Ndgpur in the

Central Provinces ;

(4) Ganja'm and Visagapatam in Madras ;

B. Psilomelane and pyrolusite superficially formed on the outcrops

of rocks of DharwaV age—

(1) Singhbhum in Bengal,

(2) DharwaV, and Panch Mahals in Bombay ;

(3) Jabalpur in the Central Provinces ;

(4) Sandur Hills in Madras;

C. Psilomelane and pyrolusite associated with, or contained in,

laterite. Localities :—

(1) Belgaum and Sitara in Bombay ;

(2) Jabalpur in the Central Provinces.

The localities in italics are those in which economically important

deposits have been located and in most cases worked. Belgaum may

possibly be added to these in the future. It will be seen that from

every point of view, economic, mineralogical and penological, the

chief interest centres in the deposits of group A.

58. As the result of a close examination of some of the manganese-

x ... ore deposits of the Vizagapatam district, and
Viiarapatem district. . \, . T, , ... , ,

especially of the Kodur Mines, where the quarry

ing has now been in progress for over thirteen years, Mr. Fermor has

been able to formulate a definite theory as to the origin of the

manganese-silicate rocks from which, as indicated last year,1 he

regards the manganese-ores as having been derived, at least in part, by

chemical alteration, and this theory, he asserts, can be applied in a

more or less modified form to the rocks of similar nature occurring in

the Archaean complex of other parts of India.

1 fa. Gtol. Surv. Ind., XXXII, 145.
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59. The Vizagapatam district, geologically speaking, consists of a

complex of Archaean rocks, which has been separated into three

groups— (1) the Khondalite series (2) the Charnockite series and (3)

the Gneissose granite. The manganese-ore bodies have been found

only in close relationship with (1) and (3), and briefly stated, the

conclusions as to their origin are as follows :—

(a) Rocks containing a large proportion of manganese-silicates,

such as spessartite and manganese-pyroxenes, and of which

the most general and characteristic type is apatite-

spessartite-felspar-rock, have been intruded in Archaean

times, as part of an igneous magma, into the rocks of the

khondalite series.

(6) Under the influence of chemical waters, doubtless heated, the

manganese-silicates have been decomposed, and the

manganese has been removed from some parts of the rock-

mass and re-deposited in the form of oxides in other parts,

and so added to the manganese already there, replacing

at the same time any felspar not already decomposed and

removed.

60. This theory can be stated in more precise detail, in a form espe

cially exemplified by the Kodur and Garbham mines, as follows :—

(a) The original magma had a composition corresponding to a

mixture of apatite, felspar, quartz, spessartite and various manganese

pyroxenes.

(b) This magma, while still molten, became differentiated into

various units.

(c) The magma was then erupted and intruded, probably into the

rocks of the khondalite series ; on solidifying the following rocks,

among others crystallized out :—

(1) Felspar-rock,

(2) Felspar-quartz-rock,

(3) Spessartite-felspar-rock,

(4) Spessartite-pyroxene-felspar-rock,

(5) Spessartite-pyroxene-rock,

(6) Spessartite-rock,

(7) Apatite-spessartite-felspar-rock.

(d) The basic manganiferous rocks 3 to 7 were probably distributed

as streaks and patches in the more acid rocks 1 and 2.

(e) Hot mineral waters then attacked these manganiferous rocks,
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probably at once, but at any rate in Archaean times, and as the result

of this action manganese-ores were formed in two ways. In many

cases manganese was taken into solution and carried to another part

of the rock-mass, where it was deposited so as to replace all the

minerals of the rock except those containing manganese, which in

some cases remained fresh and unaltered and in others were also broken

up. Thus the manganese-ore resulting from the replacement of rock

No. 7 sometimes consists of compact psilomelane studded with

bright-red and orange spessartite-garnets, and at other times entirely

of manganese-ore. In the case of mass of spessartite-rock, however,

the alumina and silica were carried away, leaving a porous mass of

manganese-oxides, which were more or less consolidated by the intro

duction of more manganese-oxide from other parts of the deposit.

(/) Another result of the series of chemical changes taking place has

been the conversion into kaolin and lithomarge of almost all the

felspar ; and, as a further consequence of the removal of material from

one part of the rock-mass to another, there has been a frequent

adjustment of equilibrium, producing small slips and folds.

Such an explanation as the above satisfies all the requirements of

the majority of the Vizagapatam deposits and accounts well for the

extraordinary jumble of rocks seen at Kodur.

6 1. A few occurrences of manganese-ore were investigated in the

Ganiam district. They are of no economic value,

Oanjam district. , ' . L .. . .. . x j
but are interesting because they are associated

in one case with spessartite-felspar rock and in another with spes-

sartite-rhodonite rock.

62. The typical rock from which the manganese-ore deposits

have been derived in the Central Provinces is a

Central Provinces. it* i • • 11
spessartne-quartz rock, often containing a small

quantity of apatite, and usually quite free from felspar. Although the

evidence is not so conclusive as in the Vizagapatam district, yet

it seems probable that here also the original manganese-bearing

rock was intruded in the molten condition into the metamorphic

schists and gneisses. The manganese-ores of the Central Provinces,

besides being much less phosphoric than those of Vizagapatam, are

much more largely braunite ; and while the manganese-ores of

Vizagapatam are often cavernous, porous and friable, those of the

Central Provinces are almost invariably very compact, hard and more

pr less crystalline,

P
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63. The manganese-ores in the Jabalpur district occur in a series

, . _ of rocks belonging to the DhirwaVs. These
Jabalpur district. . , . „

rocks are cnichy quartzites, shales, slates and

hemttite-schists banded with jaspery quartzite.

The manganese-ores can be divided into two classes:—

I. Manganiferous iron-ore and psilomelane.

II. Pyrolusite.

The banded jasper-hematites have often been converted at the

outcrop into large masses of manganiferous limonite, forming caps

to the ridges in which these rocks occur. This manganiferous

limonite is simply limonite veined with psilomelane, which in places

forms large segregations. In other cases the hematite-schists have,

by the development of little veins of manganese-ore, been converted

at the outcrop into manganiferous hematite. The manganese has

in both cases been no doubt derived from the small percentage of

this element contained in the hematite ; in some cases this concentra

tion of manganese has proceeded to such an extent that considerable

quantities of nodular psilomelane have collected on the hematite

outcrops. At the same time, the accompanying jasper, slate and

sericite-phyllites have often been converted into manganese-ore by

replacement. The pyrolusite usually occurs as nests and strings in

the Gosalpur quartzites of Mr. P. N. Bose,1 and as nodular segregations

in the laterite de'bris often covering these rocks. It, also, has no

doubt been derived from the hematite-schists.

64. The manganese-ore deposit at Kajlidongri (220 57'; 740 31')

near Meghnagar railway station consists of much

India*1"" SMt' Central folded> alternating quartzite and manganese-ore

layers, associated with spessartite and rhodonite-

bearing rocks ; it is to be classed with the Central Provinces deposits

rather than with those of Vizagapatam. This deposit possesses especial

interest on account of two new minerals which it has yielded. One

of these is the blue amphibole described in Rec. Geol. Surv. Ind.,

XXXI, p. 235. The other is, according to an analysis made by

Mr. H. J. Winch, a manganate of barium, iron and manganese,

corresponding to the formula (Ba3, Mns, Fes i7 ), (MnOJa, and is

consequently a crystalline mineral closely allied to the amorphous

mineral psilomelane

1 Rec. Gtol. Surv. Ind., XXII, 218 (1S89).
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65. The manganese-, and manganiferous-iron-ores of Singhbhum,

Sbghbham district. firSt n°tiCed ^ V' Ba" 1 3re Vefy Similar t0 th03e

of Jabalpur. They consist chiefly of psilomelane

formed by the superficial replacement of sericitic phyllites, quartzites

and felspathic grits, which may be doubtfully referred to the Dhjrw&r

system.

66. The manganese-ores of the Panch Mahals district, Bombay

Panch Mahals district. Pr«>dency. co"sist °[ psilomelane and pyrolusite

and have been formed by the superficial replace

ment of slates and quartzites of the Chdmpdner (Dharwir) series.

67. Near Jothvid, about two miles north of Jambughora (22° 22' ;

„ . . . 73° 48') in tne Ndrukot State the schists andNarnkot State. ' J . n .

gneisses with which the manganese-ores are

associated have been invaded by a porphyritic biotite-granite, which

in places is studded with xenoliths of the manganiferous rocks, partially

converted, in some cases, into manganese-ore. The granite is similar

to that of Bundelkhand and of other areas where there is little doubt

of its Archaean age. It seems likely, therefore, from this occurrence,

that the development of manganese-ore from the manganiferous

silicates took place in Archaean times.

68. Mr. J. M. Maclaren paid a brief visit to the manganese-ore

Bel aom district dePosit at Talevadi (150 33' ; 170 34') then being

developed by Messrs. Jambon & Cie. He found

the manganese-ore to occur as more or less spherical concretions in a

deposit of laterite 1 5 to 20 feet thick ; they exhibited in the pits

sunk a gradual passage downwards into quartz schist ; this in its

turn rests on a slightly manganiferous limestone, which, like the

quartz-schist, is of Dharwir age.

69. Amongst other localities for manganese-ore in the Dhaxwar

district Mr. Maclaren visited Chik-Vadvati (150

Dharwar district. . „ ,. . • j i_ xj v^u
10 J 75 47 ), long ago examined by Newbold

in the Kappatguda Hills. Sangli State.8 He found the manganese-ores

to occur on the outcrops of banded, limonitic, jaspery quartzites

of Dhdrwir age, and his specimens show that they must have had

an origin precisely similar to those of the Jabalpur district. They

likewise are of no economic value.

1 Mem. Geol. Surv. Ind., XVIII, 147 (1881).

» Joutn. Roy. As. Soc, VII, 212 (1843).

P ?
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70. The manganese-ores of the Mahabaleshwar and Yeruli (180 2' ;

73° 54 ) plateaux in the Satara district occur
Satara district. ' 0 ^ ' \. . ., , .

as concretions of psiiomelane in a small thickness

of Iateritic soil, resting on the Deccan Trap. They never occur in

sufficient quantity to pay for extraction, and have probably been

formed by concentration of the manganese which all such basic lavas

must contain.

Salt.

71. At the time of writing the last General Report our information

with regard to the amount of salt included in

the Sambhar Lake mud had been estimated

at 6 40 per cent, as the average of 148 samples taken at depths of

4, 8 and 12 feet at different parts of the lake-bed. It was found,

however, that the mechanical construction of the sampler used

favoured the muddy layers, which, being less permeable, contained

a slightly higher percentage of salt than the sandy layers. I accord

ingly designed a borer which would remove this source of error,

and in order to ensure a perfectly uniform sampling of the whole

lake-surface, divided the area into rectangles of one mile long and

half a-mile broad by a series of north-south lines at one-mile intervals

and a series of intersecting east-west lines at half-mile intervals. At

the points of intersection of these two systems of lines the Assistant

Commissioner, during April and May, 1905, obtained samples with

the new boring machine at a constant depth of 4 feet below the

surface These samples, 129 in number, have now been analysed,

and give an average of 5*21 per cent, of sodium chloride. At the

same time, the specific gravity of the mud has been determined to

be on an average 1*641. The total quantity of sodium chloride in the

upper 4-foot layer of lake-silt over an area of 68 square miles is

thus :—

4X 1*641 X 62*425x68x27,878,400x5-2 1 . ,
n - — = 18,607,000 tons.

2,240x100 "

Without considering any further introduction of salt into the Lake,

we have, in the dry season, a total of 4! million tons of salt for every

foot depth of silt, and as it was found by the first set of borings that

the 8 and 1 2-foot levels are slightly richer than the 4-foot level, we

can safely assume the existence of this proportion of salt to a depth

of at least 12 feet. Thus, the annual removal, by manufacture, of
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122,000 tons from the upper layers of silt makes no serious inroad

into the total stocks of salt in the lake-mud : the uppermost layer

one-foot thick contains about as much salt as has been removed by the

operations of the 35 years during which the Sambhar Lake has been

under the control of Government.

72. As previously reported, our investigation has shown that the silt

extends under the central east-west axis of the Lake to a depth of

about 65 feet, whilst samples of mud from this depth have given 5*59

percent, of salt. To estimate the total quantity of salt in this body of

silt below the layers affected by manufacture would be mere playing

with numerical curiosities ; it is sufficient for the time being to state that

we are now certain of the existence near the surface of practically an

unlimited quantity of salt, and this assurance gives us leisure to tackle

the practical question of determinating the fraction that can be readily

extracted by the present or an equally economical process of manu

facture.

73. The process by which the salt passes into solution to make the

annual stock of lake-brine is a complicated combination of superficial

leaching by the fresh water spreading over the surface when the

tributary rivers are in flood, and of rise in the level of subterranean

brine. For the preparation of the lake-brine and for the processes of

subsequent manufacture, an abundance of water is essential, and, as

stated before, no interference with its inflow from the surrounding

country should be permitted. The main difficulties to be feared are

the general rise of the lake-bed surface by the inflow of silt, and the

increase in proportion of the associated sodic salts - sulphate and

carbonate—which are rejected and returned to the Lake during the

process of salt-manufacture.

74. The sodic salts now exist together in the lake-mud in the

proportions of chloride 77*2, sulphate 13*9 and carbonate 8-9. The

analyses made in 1869 were far too few to rely on as accurately

representing the state of affairs when the Lake was taken over, but it

is significant that they all agree in showing, with regard to the lake-

mud, the subterranean-brine and the lake-brine, that there has since

been a distinct though small reduction in the ratio of chloride to other

sodic salts. As long as the present process continues, of extracting

the chloride only, the difficulty of manufacturing pure salt will

gradually increase, and although this increase is small, it ought to be

considered: undoubtedly the correct course is so to arrange the

process of manufacture that the sulphate as well as the chloride, and
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possibly also the carbonate, should be turned to marketable account.

In view of the limited quantity of water available, the erratic character

of the seasons and the great diurnal range of temperature during the

dry season, the problem is far too complicated to be settled by purely

theoretical deduction from present knowledge. We know enough

about the behaviour of pure solutions of all three salts to predict

their behaviour under all conditions of temperature ; but about their

behaviour when present together in a compound brine, complicated

by deoxidation due to algous growths, we know practically nothing:

the whole question is worth most careful research, not merely because

of its scientific interest, but on account of our inability at present to

prove that the statements of the Salt Officers with regard to the

increasing difficulty of manufacture are but a temporary phase in the

history of the Lake. The rise in the proportion of other salts is small

and possibly at present unimportant ; the rise in the level of the silt is

perhaps more serious ; but, whatever may be the cause, it would be

humiliating to watch the failure of this Lake when one knows for

certain that it contains, in its uppermost ten feet of silt, enough salt

to supply the requirements of this section of the Salt Department for

another 300 years.

GEOLOGICAL SURVEYS.

Burma.

75. Messrs. LaTouche and Simpson were employed throughout the

field-season in the Northern Shan States, the latter

Northern Shan States. . 1,1.1. iu •
officer confining his work to the coal-bearing

areas, which are referred to in another part of this report (page 86).

Mr. LaTouche was occupied for most of the season in checking and

revising, according to our new lights, the areas previously mapped by

Messrs. Datta and Pilgrim, the only new ground surveyed being that

lying between the Loi Pan range, on the southern border of standard

sheet No. 381, and the Namma coal-field.

76. One of the objects kept in view during the course of this work

was the prospect of distinguishing the stratigraphical constituents of the

great masses of limestones which stretch over large areas on the Shan

plateau. The lithological variations are not sufficiently pronounced

and persistent to enable the field worker to accept such characters as

a guide in mapping exposures discovered at distances from the fossi

ferous iocalities : the difficulties are accentuated, as explained in
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previous reports, by the original features of the rock being masked over

considerable areas by thick jungle, and by a deep crust of decomposition

products. The additional observations made during the past season

have increased the complexity of the problem rather than produced a

practicable classification for guidance in mapping. Mr. LaTouche has

discovered at one locality, Nam-un (220 18'; 970 41') a highly fossili-

ferous band in the plateau limestoi.es, crowded with Fenestellas and

other fossils of Middle Productus age similar to those found in the

Southern Shan States by Mr. Middlemiss in 1900. He has found also

by microscopic examination of a number of limestones that foraminifera

of a Carboniferous facies are more widely distributed than was formerly

thought to be the case. There are recognisable lithological differ

ences between these presumably Carboniferous limestones and those

that form the prevailing type amongst the Plateau limestones, which

are regarded as Devonian in age from the fossils they have yielded at

various points. But our experience shows that it is dangerous to

accept these lithological characters as a guide in correlating other

exposures where fossils are not found or are unrecognisable. Geologi

cal mapping in this area is thus reduced to its most empirical and

mechanicai form—the mere recognition of isolated fossil-bearing spots

separated by wide stretches of limestone, to which it wouid be danger

ous to apply a stratigraphical colour. As the country becomes opened

up, the list of fossil iferous localities will doubtless increase, and will

be found to arrange itself into a skeleton map ; but at present we are

very far from being able to divide the country into areas with any

classification recognising units as small as an ordinary stratigraphical

system.

77. In 1903 Mr. Pilgrim had noted some igneous rocks associated

with the Upper Silurian sandstones in the neighbourhood of the

Nam-tu river to the north-west of Hsi-paw, which he considered to be

intrusive. These rocks Mr. LaTouche found to be conglomeratic in

places, and interbedded with the sandstones ; there seems little doubt

consequently that they are contemporaneous beds of volcanic ash.

Similar beds were found in the Silurian sandstones at the head of the

Nam-Pawng valley, to the south-east of Lashio. Volcanic activity

seems therefore to have extended over a wide area at this period.

78. There is still some uncertainty about the stratigraphical position

of theNapeng shales, the fossils from which are now being examined in

England. As they are of Triassic or Rhaetic age, they might be

expected to be found associated with and below the red sandstones,
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(Nam-yau or Hsi-paw series), which there is little doubt are Jurassic ;

but so far they have not been found in this position over the large

area now examined, the red sandstones being found frequently to

rest upon the Plateau limestones. At Htengnoi (22° 24'; 970 21')

Mr. LaTouche found a blue limestone at the base of the red sandstone

series, similar to a limestone associated with the Napeng shales at

Kyaukkyan and Hsonoi, resting on a conglomerate containing pebbles

of the Plateau limestone, and this in turn resting on the upturned

edges of the latter, but the shales were not found in this section.

This section seems to point to a considerable interval between the

periods of deposition of the general Plateau limestones and the Napeng

series. The Napeng shales appear to have had a wide distribution,

for Mr. LaTouche found a patch of them far to the east at Lukhkai

(22° 55' 30"; 98° 13' 30"). Here also there are no means of

ascertaining their exact position in the series.

Central India.

79. For the field-season 1904-05 a survey party under the superinten

dence of Mr. C. S. Middlemiss was organized to commence mapping the

previously unsurveyed band of country stretching northward and west

ward from the Bhopal State. Mr. Vredenburg's work during the

season 1897-98, covered the eastern margins, of standard sheets

Nos. 356, 357 and 358 and the southern fringes of 355 and 376.

In order that the stratigraphical lines then established in detail might

be extended without a break into the unknown ground, Mr. Vredenburg

was attached to the Central Indian party for the first few weeks, the

whole party working jointly over the ground covered by sheet 376.

All the members of the party having become familiarized with the

formations which were previously unknown to them, and having agreed

on the system of nomenclature, Mr. Vredenburg was withdrawn for

his work at head-quarters, and the remaining three officers separated

to take up independent areas. The standard sheets completed during

the season were Ncs. 355—358 and 376 whilst parts of Nos. 332, 353,

354, 374 and 375 were also surveyed.

The operations in the field and subsequent recess work at head*

quirters have been conducted in a way that reflects credit on Mr.

Middlemiss's organization : each officer has submitted a detailed

progress report, neatly finished maps, and a representative collection

pf specimens, thus carefully observing the necessary mechanical
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Principal results

Interest.

requirements of the survey, which are too often neglected for the more

interesting distractions of scientific problems.

80. The great system of Vindhyan sandstones, flagstones and shales

so finely developed in Mr. Vredenburg's des

cribed area, continued to monopolise the carto

graphy through the remainder of standard sheet

376, and even continued in the form of small detached inliers into por

tions of sheets 354, 355 and 375. The rest of the area is appropriated

by Dcccan Trap, here and there showing a few patches of laterite,

alluvium in the main river and stream-beds, and cotton soil.

81. The following tabular scheme shows the formations and rock

stages represented in this part of India :—

Table of Geological Formations.

(a) of present rivers and streams.

(A) of Narbada valley.

(a) A few small caps to hills and patches

in river beds.

Deccan Trap (with intertrappeans) (a) in small irregular patches among

Vtndhyans.

(A) as great plateaux.

Upper Bhander (Bundair) sand

stone.

(a) forming wide plateaux.

(b) as hilly inliers among Deccan Trap.

Sirboo shales .... O ccasionally exposed at base of scarps.

Lower Bhander (Bundair) sand

stone (with subsidiary band of

Sanchi shales.)

UpperVlndbyang. Forming rolling hills and ridges.

Ganurgarh shales Occasionally exposed at base of scarps.

Upper Rewa sandstone Rolling low ridges.

Jhiri shales .... One small exposure.

Lower Rewa sandstone Forming scarped ridges.

Kaimur sandstone (with conglo

merate at base.)

Forming scarped ridges.

Lower Vindhyan Shales One small exposure.

Crystalline gneisses and schists A few exposures in Narbada valley.
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82. A small exposure of crystalline gneisses and schists, whose age

is doubtful but placed tentatively with the

Crystalline gneisses Archaeans, was met with by Mr. Walker in the

bed of the Narbacia river near Chhipaner. They

are steeply folded, wtih a N.W.— S.E. strike, and include granitic

gneisses and schists showing " crush " structure, and composed of the

minerals, quartz, felspar (orthoclase and plagioclase), muscovite, horn

blende, augite and sphene ; together with various other associated

rocks such as amphibole-(often blue-green actinolite) quartz-epidote

rock; other schists and gneisses, and ancient basic dykes.

83. Lower Vindhyan rocks are only rather doubtfully displayed in

^ . one small exposure at the base of Bamnor hill,
Lower Vindhyan Shales. ., , , . , , , ~m

7 miles north of Amrawad (sheet 370). Ihey

are sombre-tinted, micaceous and ferruginous shales, and the chief

reason for supposing them to belong to the Lower Vindhyans is that

they underlie the Kaimur conglomerate, but without any apparent

unconformity.

84. With regard to the Upper Vindhyans, all the various members

of that sequence from Kaimur sandstone and con-

Upper Vindhyans. glomerate to Upper Bhander (Bundair) sandstone)

as correlated by Mr. Vredenburg, were traced out of his area and

mapped up to their disappearance under alluvium or against the

Deccan Trap. The nomenclature throughout is Mr. Vredenburg's,

with reference to which it should perhaps be stated that whilst the

lowermost and uppermost formations may, with a fair amount of confi

dence, be accepted as correctly correlated with the formations of the

same name further east in the Central Provinces (from which the local

Vindhyan stage names were originally taken) there is still a shade of

uncertainty attaching to some of the intermediate rock stages, especially

those of the Rewa group. In spite of a careful search made on all

possible occasions, these Upper Vindhyans still remain unfossiliferous,

although the sometimes fine-gained sandstones and unmetamorphosed

shales (often ripple-marked and current-bedded) afford most suitable

material for the preservation of ordinary fossil remains. The general

strike of the Vindhyans over this area is no longer parallel to the

so called Vindhyan or Kaimur ranges, i.e., E.N.E.—W.S.W., but takes

a direction nearly N.W.—S.E., the axis of the folding following along

a gentle synclinal a little east of Bhopal town, with dip angles from as

much as 12° to as little as i° or 2°.
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85. The Deccan Trap appears at first sight to be very simply under

stood under the ordinarily accepted theory that

it constitutes a relic of a great lava-flood which

once covered in the whole of this area to a considerable height above

the present Vindhyan hill-tops, and out of which the ancient pre-

trappean landscape has again been partially brought to light by

differential denudation.

So far as met with in these parts, it may be said to be a micro-

crystalline basalt without olivine.1 It possesses a considerable glassy

content, partly in the form of an unindividualised base between the

micro-crystals of plagioclase and monoclinic pyroxene, but chiefly in

that form so characteristic of the Deccan Trap, namely, as irregular,

small, amcebiform vesicles lined and filled with orange-coloured or green

basic glass (palagonite). Other spherical pea-shaped gas pores are

" stopped " by green-earth and zeolites, whilst the larger geodes contain

all the various forms of crystalline and colloid silica, with calcite and

zeolites that are so commonly met with in the Deccan Trap country.

It is chiefly owing to the varying amounts of glass vesicles and

pores filled with zeolites, etc., that the trap has resisted weathering

differently, and so comes to possess now a "bedded" character; for

otherwise there are here no pyroclastic agglomerates or ashes, and no

sufficiently varying mineralogical habit in the different layers to suggest

time intervals or flows from different sources.

Intertrappeans have been found at two or three places, (some with

recognisable fossils by Sethu Rama Rau), but the occurrences are very

local, and nowhere constitute a horizon from which we can reckon up

and down.

In the large area, consisting almost wholly of Deccan Trap,

surveyed by Mr. Walker, the whole country-face, from near 2,000 feet

in the plateau hills at Sehore to about 1,000 feet at the foot of the

Ghiits in the direction of the Narbada valley, has the general

appearance of being a series of steps, platforms or superposed layers,

about ten in number, of slightly varying character ; some being

columnar, some weathering spheroidally and others decomposing into

a soft, indeterminate mass. Such is the rather weak and somewhat

ambiguous evidence for considering the Trap to consist of ordinary

bedded flows with a distant source.

On the other hand, a good deal of the Deccan Trap has no definite

1 Mr. Walker notes the occurrence of doubtful serpentine in some slides.
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structural planes at all and even where beds of different shades of

texture and composition are found, attempts at correlating separate

bands across intermediate areas have been only locally successful

(Walker).

But the strongest argument against the theory that the Trap

country attained its present configuration altogether by the action of

denudation on a solidified set of lava-flows, which for great distances

had horizontally overspread the subjacent Vindhyans, consists in

cumulative negative evidence. The chief fact illustrating this (among

many others too complicated for summarisation) is the almost universal

absence of recognisable outliers of the Trap on the Vindhyans, and the

total absence of detached masses of it occupying ledges and interme

diate slopes among the great array of Vindhyan scarps and counter

scarps. Hence Mr. Middlemiss is inclined to think that underground

sills, with partial and local extrusion as fissure eruptions, are best able

to account for what would otherwise be most strange behaviour for a

horizontal overlying formation after dissection by denudation such as

the trap areas have suffered. The above fact, so locally apparent

here, is also illustrated on a large scale by the general appearance of

the Deccan Trap areas over the general map of India, which always

hang together in a connected whole and are never broken up into

outlying and completely separated areas of any considerable magni

tude.1

86. The laterite of this area, though slightly developed as tiny

Laterite ferruginous caps in sheet 376, is principally

confined to the northern half of 355 and to

portions of 354, 353, 374 and 375. The southern sheets surveyed by

Mr. Walker yielded none.

It has most of the characteristics of the typical high-level laterite

recently shown to be highly aluminous, is from 50 to 80 feet thick, and

usually is in patches less than a mile broad by several miles long,

arranged disconnectedly in rows along old planes of denudation or

gentle slopes. Each patch usually presents a steep cliff-like face on

one side, whilst on the other it finishes flush with the higher parts of

the slopes or becomes covered by alluvium under which it appears to

1 Many of the smaller apparent outliers such as those in the Rewa-Gondwana

coal basin are admitted to be horizontally intrusive sheets and dykes by Hughes

[Hem. Geol. Surv. Ind., XXI, pt. 3, p. 74), the enly conclusion possible from their

surface occurrence as mapped by htm.
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sink with a gentle dip. Some laterite found by Sethu Rama Rau has

proved to be very highly aluminous, one sample from the 1,844-feet

peak, about 6 miles S.E. of Bairasia [Reg. No. 19-65] containing 59

per cent, of Alg 03. It occurs as pale-coloured lumps scattered about

among the debris-covered slopes and cliff falls, and therefore occurs

only sporadically among the ordinary ferruginous laterite.

87. The alluvium has been indicated on the geological maps when

ever it exceeded 10 feet in thickness. This was

necessary, partly because of the importance of

it as a formation (often 40 feet thick as in the Betwa valley) and partly

because in some places it so obscured the solid geology as to make the

mapping of the latter below it impossible.

88. Cotton-soil universally covers the Deccan Trap areas as a carpet

of from a few inches to as much as 4 or 5 feet.

It is sometimes quite black but generally of a dull-

grey colour, and contains quantities of rounded, shot-like grains of

kankar.

Central Provinces.

89. Mr. P. N. Datta was employed during the season 1904-05 in the

Central Provinces, mapping previously unsurveyed areas in parts of

the Nagpur, Bhandara, Bilagh.lt and Seoni districts included in

quarter-sheets 72 N.E. and S.E. The rock-groups within this area

included {a) granites and gneisses forming the fundamental complex

over a large part of the ground, (£) a series of unfossiliferous rocks

of sedimentary origin resembling some of those known in South India

as the Dharwars, (c) the Lameta series and (d) the Deccan Trap. The

groups mapped are similar to those known in other areas, and their

examination led to the discovery of no unusual features.

Persian Gulf.

90. Mr. G. E. Pilgrim was deputed to make a tour in the Persian

Gulf and accessible parts of the adjoining mainlands during the field-

season 1904-05. He has produced a preliminary report of his

results, and is now engaged on a detailed description of the fossils

and minerals collected. The work done was necessarily little more

than a reconnaissance of most parts of the area, but the data collected

form a material addition to the information recorded by previous
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travellers, such as W. K. Loftus, H. J. Carter, and W. T. Blanford, and

give us a fairly clear idea of the geological history of the region.

The following is a list of tiie formations examined : —

Shelly conglomerates and dead-coral reefs of

the littoral ; red sandhills of the coast of

Trucial 'Omdn ; alluvium of Mesopotamia ;

river and lake deposits of 'Omari and the

interior of Persia ..... Recent'or sub-recent.

Foraminiferal oolite or " Miliolite " . . Pleistocene.

Bakhtiydri series, grits and conglomerates. A

portion of the Makrdn series . . . Pliocene.

Makrdn series, marls, clays, and sandstones

with limestones and interbedded strata of

rock-gypsum ...... Upper Miocene.

Clypeaster beds of the Bakhtiydri mountains . Lower Miocene,

Nummulitic limestone of Persia, Maskat series,

and Bahrain series ..... Oligocene and Eocene.

Hormuz series, lavas and tuffs with interbedded

clays and sandstones .... Upper Cretaceous or Lower

Eocene.

Hippuritit limestones of Persia and 'Oman . Upper Cretaceous.

Serpentinous and other igneous rocks of

'Oman ....... Jurassic or Lower Cretace

ous.

'Oman series, limestones and slates with beds

of chert . ..... Carboniferous to Trias.

HatAt beds, schists and quartzites . . . Archaan.

91. The formations distinguished as the Hatdt series are regarded

as Archsean, purely from their lithological characters being in general

agreement with the Dharwjrs of Peninsular India. They consist of

mica-schist?, hornblende-schists, talc-schists, quartz-schists, calc-schists

and quartzites. Great masses of quartz penetrated all these beds

previously to the great crushing stresses which have deformed, foliated

and metamorphosed quartz-veins and sedimentaries alike. They

occupy various plains, of which Saih Hatat is the largest, and are

surrounded by cliffs of the next series. They are also seen on the

edge of the great Samayil valley and near the coast of 'Oman to the

south-east of Maskat.

92. Under the name 'Om&n series, Mr, Pilgrim has separated

formations consisting mainly of limestones, many of which have

been rendered quite fissile by crushing, while some are massive.

Interbedded are a few shales, slates and sandstones, with red and

green chert-beds. Traces of fossils have generally been obliterated.
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but in one place the presence of Productus, Dielasma and other

brachiopods point to a Carboniferous age for that portion, while a

species of Myophoria from the Elphinstone Inlet indicates another

portion as Triassic. The whole must at present be considered as

a single series extending from Jabal Ja'alan, near Rds-al-Hadd,

through the whole of 'Omin to the end of the Ruus-al-Jabal peninsula,

and forming the great mountain ranges of 'Om^n of which Jabal

Akhdhar is the best known. Rocks of this series crop out on the

Persian side of the Gulf both east and west of Linga and on the

little island of Daiyina off the coast of Trucial 'Omcin. A great

abundance of basic igneous material has been injected in the form

of sills of immense thickness into the 'Oman series, or has flowed

over their denuded surface, including diabase, diorite, gabbro and

dolerite. These rocks have been largely altered into epidiorites and

serpentine. The dark-greenish cliffs of Maskat for the most part

consist of the last-named, the joints being filled up with magnesite.

This volcanic series has shared in all the folding of the 'Omcin

series, and both igneous rocks and limestones alike dip at angles

which are hardly ever less than 450. It is unconformahly overlaid

by Upper Cretaceous limestones, and we may therefore conclude that

this outpouring of volcanic material probably took place at the end

of the Jurassic or at the beginning of the Cretaceous period.

. 93. As previously known in a general way, limestones containing

members of the characteristic family of the Hippuritidx, with some

interbedded shales, are widely diffused throughout Persia. A small

inlier is found at Khamir surrounded by younger rocks, and it is well

developed on the Arabian coast to the south-east of Maskat, where

rocks whose fossils indicate an Upper Cretaceous age overlie the older

rocks unconformably.

94. Occupying the whole of the eastern or larger portion of the

Persian Gulf proper are series of lavas and tuffs with some interbedded

sand-stones and shales known as the Hortnuz series. Associated

with these are vast beds of rock-salt and gypsum, deeply tinged

with red from the presence of red iron-oxide (red ochre) produced

by the decomposition of specular iron-ore which is abundantly

found throughout the formation. Iron-pyrites, sulphur, dolomite and

anhydrite are found also to some extent in the deposit. The under

ground solution of the salt and the consequent falling in of the surface

has given the ground occupied by the Hormuz series a singularly
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craggy aspect, and their almost entire barrenness increases the pecu

liarity of their appearance. The beds have been greatly disturbed and

are almost always found to dip at high angles. At Khamir their

connection with the Hippuritic limestone clearly proves that their age

is not older than Upper Cretaceous, and as the eocene rocks which

overlie them are probably not older than middle eocene, a date

between these two periods may be assigned to them. The rocks of

this series are thus as nearly as possible contemporaneous with the

Deccan Trap of India, and it is not unlikely that the rhyolitic lavas

represent the acid differentiation products from the magma which gave

rise to the predominant basic lavas further east {vide supra page 78).

95. Rocks of eocene and oligocene age are distributed in three

distinct areas in the Gulf :—

1. Persia. Nummulitic limestone extends over great areas in

the interior of Persia and Baluchistan, overlying the Creta

ceous rocks unconformably. Sandstones with interbedded

limestones of an upper eocene age form the big range

running behind Bandar 'Abbas and approaching the sea at

Khamir. Southern Persia probably does not contain any

representative of the lower eocene limestones of Baluchis

tan and Sind, but a more or less uninterrupted deposition

seems to have continued into oligocene or even into

lower miocene times. The newest beds seen are lime

stones containing Clypeaster in the Bakhtiyiri mountains.

2. 'Oman. Sandy limestone, with a basal conglomerate, belong

ing to the upper eocene rests on all the older beds.

3. Bahrain. This area was separated from the preceding two

areas by a land barrier consisting of the older rocks of

'Oman and of the once continuous land formed by the

Hormuz series, of which the Gulf islands and a few places

on the mainland are now the sole surviving remnants. T he

rocks are limestones, often very argillaceous, and charac

terized by the large amount of gypsum and siliceous matter

scattered through them, tie latter as flint, chert or quartz

geodes. Nummulites and echinoids are numerous in some

beds. The Bahrain series almost certainly occupies a

large area in the interior of Arabia, and probably is a

representative of the Egyptian eocene, with which it shows

strong fossil affinities,
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96. Blanford's Mekran series is widely spread in the Gulf region.

It consists mainly of indurated marls and clays veined with gypsum,

with interbedded limestones and sandstones, probably attaining a

thickness of more than 5,000 feet. It forms the Glsakan range behind

Bushahr and is found practically all along the coast. Inland it reaches

an elevation of 7,000 feet above the sea. It rests unconformably on

the Hormuz series and on Nummulitic limestones of oligocene age.

The basal beds contain a great thickness of rock-gypsum amounting to

at least 300 feet. It is in this part of the series that most of the

petroleum of Persia and the Gulf occurs. These basal beds do not

appear to extend to the east of Bandar 'Abbas, having probably been

overlapped by newer beds. The fossils met with in Kishm, Hanjim,

and other islands also indicate that this portion of the series is newer

than the great mass of clays in the interior of Persia, and it will

probably be found convenient to restrict the name Makrdn to these

newer beds, adopting a new name for the remainder.

An interesting feature in connection with this series is the occur

rence in it of rounded nodules formed as concretionary structures

around fossil nuclei. A collection of fossils from these nodules has

recently been studied by Messrs. R. B. Newton, H. W. Burrows and

H. Woodward, the relationships being shown to be predominantly

pliocene.1

97. Under the name Bakhtiydri series, Mr. Pilgrim has separated ,

a set of beds resting with slight, but distinct, unconformity on the

Makrins. They do not approach to within a distance of 50 miles of

the Gulf, but are largely developed inland stretching from Musal to

Shirdz and appearing in the hills of Ahwdz and Bahbahan, and amid

the Bakhtiydri mountains. Red sandstones, grits and conglomerates

are the prevailing rocks. A conglomerate containing pebbles of red

and green chert is a characteristic and widely-spread rock in the series.

These rocks also rest unconformably on eocene and Cretaceous beds.

They were probably deposited in large deltas or estuaries, which were

then being converted into dry land.

98. Subsequently to the great orogenic movements, which elevated

and folded the Tertiaries, an oolitic limestone seems to have been

formed on most of the Gulf islands ; it consists of the remains of small

foraminifera along with some sand, round which lime has been

deposited in layers. It was probably a wind deposit and is identical

1 (5eol. Mag., decade V, Vol. II, July 1905, pp. 293—310.

6
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with that of the Kathidwar coast, which is known as " miliolite " and

is of pleistocene age.

Of later date than the " miliolite " are the shelly conglomerates,

which are found on all the coasts of the Gulf, and have been met with

at an elevation of 450 feet. The shells which they contain invariably

belong to species now living in the Gulf. With regard to many of the

deposits here classed as recent or sub-recent, it is not unlikely that they

are really pleistocene ; but we have no means of determining their

age exactly. The red sand-hills of the coast of Trucial' Oman are

found for a distance of 8 miles or more inland ; they owe their colour

to numerous round grains o f chert.

99. Geological History of the Gulf.— In the present state of our

knowledge of this area it is impossible to trace the sequence of events

prior to the great stresses which folded in the serpentinous basic

igneous rocks of Maskat and 'Omin amongst the Carbo-Triassic beds.

These movements probably occurred at the beginning of the Cretaceous.

We may therefore date from this period the elevation of the mountain

ranges of 'Oman. In the ocean-bed, whose southern limit was defined

by these upheaved older rocks, were deposited the Upper Cretaceous

beds of Hippuritic limestone which cover large areas in Persia.

Following closely upon these and perhaps extending into the eocene

period occurred the Hormuz series of volcanic flows accompanied by

the formation of thick beds of salt and gypsum. It is not unlikely that

shallow-water conditions prevailed here during part of this epoch, and

some of the lavas and tuffs of the Hormuz series were probably formed

beneath the water. After this period of volcanic activity occurred a

great depression of most of Southern Persia, and within this depression

the eocene rocks were deposited. This was accompanied by an

upheaval of the volcanic area of the Hormuz rocks into dry land, which

formed a barrier running in an approximately N.-W. and S.-E. direction,

separating the eocene sea of Persia from that of Bahrain. It seems

not unlikely that this land barrier continued through the upper eocene,

oligocene and miocene, which appear to have been tranquil periods,

the distribution of land and sea remaining almost unaltered except as

demanded by the slight unconformities before the deposition of the

Makran series and the Bakhtiyari grits. In early pliocene times

occurred the movements which produced amongst others the present

mountain ranges of Persia. The actual Persian Gulf area seems to

have been less disturbed than the Persian plateau, witness the almost

horizontal strata of the Makrans in Hanjam, and the gently rolling
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eocene rocks of 'Oman and Bahrain. It is on the whole likely that

subaerial denudation continued over this area, and that the carving out

of the topographical features to which the floor of the Persian Gulf

and the Gulf of 'OmAn owe their present contour was concluded during

pliocene times. The limit of this land was doubtless determined by

the steep submarine cliff, which runs along the Makran coast and

then, cutting across the Gulf of ' Om£n, runs parallel to the Arabian

coast. This feature may have been the result of a fault, but Mr. Pilgrim

inclines to the idea that it was produced by the denudation of a

gradually rising area during pliocene and possibly during pleistocene

times. Then a wide-spread submergence took place, which buried

fathoms deep the steep mountain-valleys, river-systems and sea-cliffs

that were being carved out for so many ages previously. To move

ments of this nature we owe the deeply-cut inlets of Musandam and the

islands dotting the Gulf, which are merely isolated peaks of the

Hormuz volcanic series just rising above the surface of the water. The

latest movement to which the Gulf has been or is now being subjected

is one of gradual elevation, of which traces are found in recent littoral

concretes, now as much as 450 feet above the present sea-level, and in

the fiat ledge which surrounds Maskat harbour. In the upper portion of

the Gulf the deltaic deposits of the Tigris and Euphrates have contri

buted to this work of reclamation in an entirely different manner :

within historical times these rivers have silted up their mouths to an

extent which has materially altered the coast-line of this part of the Gulf,

and in the future they are destined to unite Hassa to Fars just as in the

past they have produced the fertile plains of Mesopotamia.

THE FIELD-SEASON PROGRAMME, 1905.06.

100. The latter part of the year under report includes the first two

months of the current field-season, and although several results of

interest have already been reported, for the reasons given in the last

Report,1 it is inadvisable to estimate their real significance until the

observations made have been appraised by further field-work and a

critical examination of the materials collected. The field-work in

progress includes the following :—

Assam: — Mr. R. R. Simpson is surveying the coal-deposits of

North-East Assam and the Naga hills.

1 Rec. Ceol. Surv. Ind., XXXII, 123.

E 2
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Baluchistan /—Messrs. E. Vredenburg and G. H. Tipper are

making a traverse of the Khelat and Las Bela States to

complete 1 he first reconnaissance of the Province.

Bengal :—Mr. K. A. K. Hallowes is examining the copper-

bearing belt of Singhbhum in connection with the boring

operations in progress.

Burma : — Mr. T. D. LaTouche is deputed to complete the general

survey of the Northern Shan States; Mr. E. H. Pascoe for a

survey of the oil-bearing areas, and Mr. J. M. Maclaren for

an examination of the river-gravels.

Central India .- — Messrs. C. S. Middlemiss, H. Walker, G. de P.

Cotter and Sub-Assistant Sethu Rama Rau, surveying the

unmapped areas westward from Bhopal.

Central Provinces : — Mr. P. N. Datta, mapping the areas

previously unsurveyed in the Bhandara and adjoining districts.

Sind :—Sub-Assistant M. Vinayak Rao is in charge of the opera

tions at Bukkur and Kotri for determining the silt discharge

of the Indus River.

T. H. HOLLAND, Director,

Geological Survey of India.

Calcutta :

ist January lgo6.
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The Lashio Coal-field, Northern Shan States. By

T. D. LaTouche, B.A., F.G.S., Superintendent, and

R. R. Simpson, B.Sc, Mining Specialist, Geological

Survey of India. (With Plates 10 and 11.)

AREPORT by Dr. Fritz Noetling on this coal-field was published

in the Records of the Geological Survey of India (vol. XXIV,

pt. 2, p. 99) in 1 89 1. At the time of Dr. Noetling's visit the river

in which the only outcrops of the coal that are exposed occur, was in

flood, and he could do little more than note the occurrence of the seams,

and collect samples for analysis. Owing to the want of an accurate

map it was also impossible to determine the position of the outcrops

with respect to each other, and to discover whether more than one

seam was represented.

The operations carried out during February and March of the year

1902 were confined to excavating all the outcrops that could be found,

in order to measure the thickness of the seams exposed, and to fixing

sites for borings, which were considered to be absolutely necessary for

the purpose of determining the extent and value of the seams. A

plane-table survey of the western portion of the field was made, on

which the proposed sites were marked, and a copy furnished to the

Engineer-in-Chief of the Burma Railways Company. Up to the present

time, however, no borings have been put down, and our knowledge

of the coal is confined to excavations made close to the outcrops.

The boundaries of the coal-field were mapped in 1903 by Mr. Datta

and in the season 1904-05 Mr. Simpson was engaged during part of

the time in making fresh excavations. He also discovered several

previously unknown outcrops. During the same year the Railway

Company also put in prospecting inclines at one or two points, with

the object of testing the coal in bulk.

The coal-field lies in the upper part of the valley of the Nam-yau,

one of the tributaries of the Nam-tu or Myitnge river, which drains

the greater portion of the Northern Shan States. The southern

border of the field corresponds very closely with the course of the

Nam-yau, which flows from east to west about 5 miles to the north

of Lashio, and with the 23rd parallel of north latitude. It lies

east of longitude 970 47' (sheets 377, 378, iin. = im., Upper Burma



n8 Records of the Geological Survey of India, [VOL. XXXIII

Topographical Survey). The coal-bearing rocks extend along the

north side of the river for about 15 miles, with an average width of

about 4 miles. This area is covered with low, rounded grassy hills,

rising to not more than 200 feet above the valley level, and separated

by narrow strips of alluvium, usually occupied by rice-fields, which

effectually cover up every outcrop of solid rock. The average height

above sea-level is about 2,500 feet.

The low hills in the valley are composed of sandy clays and soft

sandstones, of late Tertiary age and very easily disintegrated. A few

bands, impregnated with oxide of iron, and slightly harder than the

prevailing type, are occasionally met with, and these, with the excep

tion of the coal, form the only outcrops of anything like solid rock in

the whole field. Even these are solid only near the surface, where

the ferruginous matter they contain seems to be concentrated. All

the beds are extremely pervious to water, and when dug into break

down at once into a sandy slush. A worse material for forming the

roof and floor of coal workings could hardly be imagined, and since

the coal seams all lie below the level of permanent saturation, there

will be great difficulty in keeping the mines open.

The beds dip at low angles towards the north, where they are

banked up against the barrier of older rocks, Palaeozoic limestones and

Mesozoic sandstones, which form the northern boundary of the valley.

On the south, east, and west, these older rocks also appear from

beneath the Tertiary clays, which thus occupy a well-defined basin.

The coal appears to be confined to the lower portion of the latter

series of beds, and its outcrops are therefore found only along the

southern border of the field.

Outcrops of coal were observed at the following places :—

I. In the bed of the Nam-yau, half a mile west of the village of

Hsunkwe, and about i\ mile north-west of the bridge on the cart-road

from Lashio to Nam Hkam. An excavation in the bank enabled the

following measurements to be taken :—

Ft. Ins.

16. Sandy clay

15. Carbonaceous clay and coal (quickly thinning out) 6 o

14. Grey and yellow sand .....60

13. Coal ........30

12. Grey and yellow sand ..,..80

11. Coal 13 o

10. Fire-clay 10

9. Coal 12 0
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8. Grey clay

7. Coal .

6. Grey clay

5. Coal

4. Grey' clay .

3. Carbonaceous clay

2. Coal

1. Grey sandy clay

Ft. Ins

6

9

8

2 0

2S 0

2 0

5 6

Dip— 120 to 200 to N.io°W.

Total 88

Excluding the two uppermost seams, which thin out within the

limits of the section, the aggregate thickness of coal exposed here is

33 feet 3 inches.

An incline put in by the Railway Company 140 feet east of this

outcrop, is 89 feet in length, and is driven towards the dip of the

measures at an angle of 300. Coal was struck at 52 feet from the start,

but owing to the coincidence of the direction of the dip of the beds

and the tunnel, little more than the top of the seam was proved until a

vertical shaft was put down in the face. This reached a depth of 10

feet and was stopped in coal. The total thickness of coal proved was

23$ feet. In another similar Incline, 450 feet to'N. 88° E. the thick*

ness of coal was found to exceed 17 J feet.

Besides these inclines, ten pits were put down in. ihe neighbour

hood of Hsunkwe, but owing to the water-logged condition of the

ground, and the great thickness of the alluvial clay?, only two were

successful in reaching coal. No. 9 pit, 200 yards N. 500 W. of the

village, on the right bank of a small stream, showed :—

Ft.

Soil and alluvium . . . . . • .12

Clayey coal (eroded) ...... 3

Shale 3

Dip—200 to N.

No. 10, 228 feet N.io0 E. of No. Q, showed :—

Ft.

Soil and alluvium . . . . . ■ .14

Thin bands of coal and clay (eroded) ... 4

Clay

Thin bands of coal and clay 1

Clay

Thin bands of coal and clay . • . . 1

Shale 2

Dip—i5°toN.20cE. ,

Ins.

7

S

6

Ins.

o

6

5

6

5

11

9
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II. A small outcrop of coal occurs on the right bank of the Nam-yau,

about half a mile above that west of Hsunkwe, and immediately above

a sharp bend in the river. It is very close to the edge of the coal-field,

the Palaeozoic limestone cropping out on the opposite bank within

sight of it. The coal here is of very inferior quality, and the whole

" seam " is only 4 feet thick, consisting of carbonaceous clay with strings

and nests of bright coal. The chief interest of this outcrop lies in the

fact that both clay and coal contain the only fossils yet found in this

coal-field. These are shells of gastropods, which appear to belong to

the genera Planorbis and Litnnxa but they are in so fragile a condition,

and so greatly crushed, that they cannot be specifically determined.

All that can be said is that they are probably of late Tertiary age.1

III. The next outcrops, proceeding eastwards, are found in the bed

of a small tributary stream which joins the river a short distance above

Napha, close to the point where the mule-road to the Kunlon ferry

crosses the stream. Coal was found in four places along the bed of the

stream. A pit sunk bel ow the bridge showed :—

Ft. Ins.

Soil and alluvium 10 6

Soft sandstone with carbonaceous bands . . .46

Hard coal 20

Coaly clay 10

Hard coal 1 4

Clay 4

Hard coal 10

Clay 26

Hard coal ........ 4

Clay 3 0

26 4

Dip-8° to S.-W.

Above the bridge three outcrops were found, but the upper and

lower are mere bands of carbonaceous clay, 18 inches and 1 foot thick,

respectively. The middle seam is 4 feet 6 inches thick, and contains

fairly good coal. They all have a very slight northerly dip of about 3

degrees.

IV. The Naleng outcrop is situated at a sharp bend of the Nam-yau,

due east of the village, and close to the Kunlon mule-road. The top

of the seam only was visible in the bed of the river when Dr. Noetling

visited the place, but an excavation on the right bank showed that

1 Noetling, Rec. Geol, Surv. Ind., XXIV (1891), p. 106.
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the coal was 11 feet thick, resting on grey sandy clay. It was not

possible to dig deeper than this, on account of the influx of water, but

since the older sandstones, which form the floor of the valley, crop out

in the bed of the river about 300 yards lower down-stream, it is

unlikely that any lower seams occur here. The coal is quite horizontal

where the excavation was made, but there are indications at the north

ern end of the outcrop in the river of a slight northerly dip.

An incline was put in by the Railway Company about 200 yards

west of the outcrop, to a distance of 64 feet from the surface at an

angle of slope of 200, and was continued as a shaft for a few feet

further. It was abandoned without reaching coal. Mr. Simpson also

put down four trial pits over a line about half a mile in length near

Naleng, but the alluvium was so thick that none of them succeeded iu

reaching coal.

V. A small outcrop was found in the bed of a small stream east of

Naleng, about 400 feet above the road crossing. The seam is only

1 foot thick, with a steep dip to north. Numerous small fragments of

coal were found about 100 yards further up-stream, but diligent search

for their source was unsuccessful.

VI. On the right bank of the Nam-yau, at a point some 200 yards

south-west of Winghtan, coaly sandstones are to be seen, but the

appearances were not sufficiently promising to warrant prospecting

operations.

VII. A coal outcrop occurs in a small ravine about a third of a mile

north-west of the village of Mongpa, about six miles east of Naleng.

A pit sunk here showed :—

Soil and alluvium

Coal and clay .

Sandy clay

Coal

Dirt

Coal

Dirt

Coal .

Dirt

Coal . .

Coaly shale

White shale , '

Tota

Ft. Ins.

8 a

1 0

5

1 5

°i

7

0*

1 7

<*

a 0

4

1 6

17 1*

Dip—150 to N. 230 VV.
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Traces of coal were also found in two places close to the village

but were only a few inches thick.

VIII. The last outcrop was found in a small tank about 100 yards

north-west of the village of Ta-yau, close to the eastern edge of the

field. Only a foot of coaly shale is seen here, and a pit sunk close by

through 13 feet of alluvium was abandoned without reaching coal.

IX. The only indication of coal on the north side of the field was

found in a stream about a mile north-west of the village of Han-tau,

4 milesjiorth-west of Mongpa. Fragments of coal were found in the

stream, but their origin could not be discovered.

There appears to be little variation in the quality of the coal. It is

a brown-black lignite with a semi-conchoidal fracture and a specific

gravity of 1-53. It burns poorly in the open, with a dull flame and a

sulphurous odour, and whilst burning decrepitates. As mined it is

fairly hard and in largish lumps, but after a short exposure it breaks

up into cubical fragments owing to the loss of moisture. In the follow

ing table are shown analyses of samples taken from the outcrops and

from the inclines and pits :—

A.—Samples collected Jrom outcrops.

Moisture.
Volatile

matter.
Carbon. Ash.

Hsunkwe outcrop, seam No. 11 in

section, p. 119.

19-84

18-04

3572

40* 1 6

34-84

3060

9-60

11-20Po. seam No. 2

No. II outcrop ... 1978 32-02 28-64 19-56

Napha, 4 ft. 6 ins. seam . . 1770 35-98 29-72 l6'6o

1776 35-64 37-40 9-20

It is to be regretted that the borings recommended in 1 902 have not

been put down. The Railway Company are said to have spent some

1 2,000 rupees on their inclines, but beyond obtaining bulk samples of

the coal at Hsunkwe nothing has been done, whereas a few borings,

probably costing nothing like the above amount, would at least have

given some information about the continuity of the seams. The bulk

samples might equally well have been taken from the outcrop at

Hsunkwe, for the analyses show that the coal from the inclines differs
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very little from that in the outcrop. It is also to be regretted that a

bulk sample of the Naleng coal was not obtained, for the analysis

shows that this is the best coal in the field. The result of the railway

trials was very disappointing, and it may be assumed that the raw

fuel is unsuited for locomotive purposes. Briquetting would cost at

least Rs. 6 per ton, and this, added to a mining and transport cost of

Rs. 5 per ton, would enable the briquetted fuel to compete with Bengal

coal at Rs. 17-13) and wood fuel at Rs. 4-2 per ton at a total cost of

Rs. 1 1 per ton. As the cost of wood fuel increases it is possible that

the briquettes may come into use to a limited extent on that portion

of the railway line between Lashio and Maymyo, but it is unlikely that

it will ever command more than a small local market.

B.—Samples collected from excavations.

terex-
ulphur

ire.

|Depthinfe Volatilemat elusiveofs andmoistt Fixedcarbo

Locality.
Section.

Moisture. Sulphur.
Remarks.

4

•s

Ft Ins.

<

Eroded

coal. 1 10

Coal 9

Hsunkwe,

Ry.Co.'s

Coal and

dirt

No. 3 In-

dine.

bands. 6

Coal 3 to

Dirt 1

Coal 4

White clay 5

Coal 1 11

Dirt 1}

18

1 18-94 37«a 29-61 «3"*3

a Coal 4 5

Dirt 3*

aa-95 3S>° 37-62 '4"33

3 Coal 8 10

Coal 3 0

'979 34'79 30-42 iys7 '"43 Seam not passed

through. Sp. Gr.

1-53.

26 4
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B,—Samples collected from excavations—concld.

erex-llphurl

Depthinfeet Volatilematt elusiveofsu andmoistur> Fixedcarbon

Locality.
Section.

Moisture. Sulphur.
Remarks.

6
S5

Hsunkwe,

Ry. Co.'s

No. 4 In

cline.

Eroded

coal. 2 0

0

Ash.

4
18 Coal 6 • 975 36*06 36-31 J-88

S Coal J

Dirt

0 20"04 36-65 '3"59 This is the same

seam as that in

No. 3 incline.

Hsunkwe,

No. io

pit.

Coal 2 6

>7 7i

'i

Seam not passed

through.

•4

Erosion plane

Thin bands

of coal and

clay. 4 6

■

6 Clay 5

—

Thin bands

of coal and

clay i 6

■'9-15 23-1,6 I/-I3 3976 In taking the sample

the clay from the

two five-inch bands

was discarded.Clay 5

Thin bands

of coal and

clay. I li

7 Mongpa,

No. I

pit.

Coal s H 21-86 3400 32*11 1203 The seam contains

three bands of dirt,

each half-an-inch

thick. These were

discarded as much

as possible, in tak

ing the sample.

10
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The Namma, Man-sang and Man-se-le Coal-fields,

Northern Shan States, Burma. By R. R. Simpson,

B.Sc, Mining Specialist, Geological Survey of India,

(With Plates 12 and 13.)
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I THE NAMMA COAL-FIELD.

THE Namma coal-field is situated in the Hsenwi and Hsipaw divi-

sions of the Northern Shan States. It is con

tained between latitudes 220 36' — 220 55' and

longitudes 970 42'— 980 2', and extends within ten miles to the

south-east of Lashio, the civil station of the Northern Shan States,

and the terminus of the Mandalay-Lashio Railway.

The principal axis of the coal-field follows a N.-E.—S.-W. direction,

and is about 15 miles in length. The average width is about 3 J miles,

whilst the area contains some 50 square miles. A small outlier of the
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coal-bearing rocks is found three miles to the south-west of the main

area. It is about four miles in length, and probably not more than

half-a-mile broad at the widest point. Its longer axis lies in the same

direction as that of the larger area. The general elevation is from

1,500—1,800 feet above sea-level, and thus the area is sharply distin

guished from the surrounding country, the average height of which is

at least 1,000 feet greater, with summits exceeding 4,000 feet in height

above sea-level.

The surface of the coal-field is composed of low, broken hills,

intersected with numerous watercourses, and except for occasional

plots of cultivated ground is covered with a dense growth of tree-

jungle, offering considerable difficulty to prospecting operations. The

drainage is received by the Nam Pawng river, which traverses the

field from end to end, and is joined on its left bank by the Namma,

a river which flows from the east, and crosses the south-western end

of the coal-field. Below the confluence the joint streams are known as

the Namma river.

The largest villages within the area are Manse" (82° 48' — 970 56'),

on the north-east, and Namma (220 43'— 97° 53')»on the south-west,

from the latter of which the coal-field derives its name. The main

road from Lashio to Tangyan crosses the coal-field some 6 miles from

the south-western end. It is provided with wooden bridges, but is

unmetalled, and consequently traffic can only be carried on with diffi

culty during the rains.

The climate during the winter is salubrious, but from the break of

the rains in June until almost the end of the year it is very feverish.

The coal-field was visited and reported on in 1890 by Dr. Noetling,1

Geological Survey of India. Although he actually found only two

seams, of three and six inches, respectively, in thickness, he was so

bold as to hazard the opinion that there are at least ten coal seams,

none of which is less than five feet thick.

During the field-season 1902-03, Mr. P. N. Datta,' also of the Geo

logical Survey of India, visited the coal-field. He has recorded the

finding of a coal-outcrop from 10 to 12 feet thick at a point about one

mile east of Namma, and also two or three outcrops of thin coal-seams

in the hilly ground about half-a-mile south-west of Namma.

« Rec, G. S. /., Vol. XXIV, pt. 2, p. 116.

' ifss., Geol. Surv. India.
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The general geological features of a large portion of the Northern

Shan States have been worked out chiefly by

Mr. T. D. LaTouche,1 Superintendent, Geologi

cal Survey of India, but as the relations of the rocks found within the

area under discussion are not yet fully established, no definite group-

names have been adopted throughout this paper.

The rock formations found within the area under discussion are :—

Age. Character.

4 Recent. Clays and conglomerates.

3 Pliocene? Clayey shales, sandstones, conglomerates

and coal-seams.

2 Doubtful. Hard, purplish sandstones.

1 Earlier Palaeozoic. Blue and white limestones.

The disposition of these rocks within the field can be understood

by reference to the geological map (Plate 12), which was prepared

whilst the prospecting operations were in progress.

Earlier Palseozoic.—This formation is the lowest seen within the

area. It forms the basement upon which the younger rocks have

been deposited, and, except on the east, where rocks of undetermined

age intervene, forms the boundary of the coal-field. It consists of

hard, blue or white limestone, occasionally shaly, but, as a rule, pos

sessing a massive character. It has been extensively folded along an

axis roughly coinciding with the longer axis of the coal-bearing rocks,

and as a consequence of this folding the limestone has been in many

places severely crushed, the particles having been subsequently re-

cemented by calcite.

Rocks of doubtful age.—These rocks are only seen on the east of

the coal-field, where they consist entirely of hard, thin-bedded, much-

jointed sandstones, purplish in colour. They appear to be unconform

able to the limestone. Their direction of dip varies from north to

north-east, usually at an angle of about 30°

The Tertiary beds.—It is in these rocks that the coal-seams

occur. They consist of soft, whitish-yellow to light-brown, clayey

shales—amongst which the coal seams are interbedded— soft, white or

yellow sandstones and conglomerates. The latter are made up of

boulders of yellow quartz, quartzite, and crystalline rocks, including a

1 Annual Reports, G. S. I., 1899—1903.
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granite. They were considered by Dr. Noetling1 to be of recent

alluvial origin, but in the Nampawng river section, they are well-

shown between Suplaw and Namma and undoubtedly form an integral

part of the Tertiary rocks, conforming absolutely with the latter in

amount and direction of dip.

The fossils which have been found within the beds correspond

closely with existing species, and from this fact it has been inferred

that the rocks are of pliocene age. As regards the respective propor

tions of these rocks which make up the whole it is, in the absence of

anything like continuous sections, difficult to form an estimate. It

can, however, be stated generally that the shales are by far the most

prominent, the conglomerates coming next, whilst the sandstones are

nowhere largely developed. As a general, but not invariable rule, the

coal-seams are found close to the boundary of the field, and were it

not for the possibility of overlap it might be concluded that they cccur

near the base of the group. The direction of dip varies from north

west on the south to north-east at the north-eastern end of the coal

field, the average angle being about 20°. Both in direction and

amount, however, there is considerable local variation. In most cases,

as Mr. LaTouche has pointed out, this is probably due to underground

denudation of the limestone floor, but occasionally, contortion of the

rocks, due to folding agency, can be observed. As far as can be

judged from the meagre exposures of the rocks which occur, the

southern boundary of the coal-field appears to be perfectly natural.

For quite two miles from the northern boundary no exposures of the

rocks are to be found. It is, therefore, not easy to say whether the

coal-field is an area of original deposition, as appears likely, or is

merely a fragment of once extensive area, let down by faulting, and

preserved from the denuding agencies which have swept away the

adjacent portions. It seems probable, however, that the Tertiary rocks

have been deposited in a pre-existing erosion channel in the older

rocks, and that they have subsequently been tilted by a continuance

of the folding movement.

Recent deposits.—These consist of clays and conglomerates. The

latter are derived from the disintegration of the Tertiary conglomer

ates, and are most prominent in the bottoms of the valleys, where they

form beds up to ten feet in thickness. When present they invariably

1 Op. cit., p. n8.
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underlie the clays. The clays have a reddish-brown colour and are

found covering the whole of the area. They have been formed chiefly

from the disintegration of the rocks in situ. In the lower ground

they have naturally accumulated to a greater extent, and occasionally

are found to have a thickness of not less than 30 feet.

In the Lashio coal-field nearly all the outcrops of coal which are of

importance are to be found in the bed of the river

Details ol coal-oat* , . . t-u
„ which traverses that area. 1 he very reverse is

crops and excavations. , „ ,

the case in the Namma coal-field, for although ex

cellent sections of the shales, conglomerates, etc., are to be seen in the

banks of the Nam Pawng river, yet the outcrops of coal visible are few

and unimportant. In the higher ground, however, where the surface is

frequently rugged, and the streamlets have a fairly rapid fall, the alluvial

capping has, in many places been washed away, and outcrops of coal

exposed. Many of these outcrops have been found, but, owing to the

difficulty attending the examination of country so jungle-clad, and the

presence, in streams flowing from the limestone, of a thick coating of

calcareous tufa, it is probable that as many, if not more, have escaped

notice. The localities in which coal has been found are shown roughly

on the map of the coal-field (Plate 12).

Coal near Namma village:—The position of coal-outcrops lying

within a mile and a quarter of Namma is shown in some detail on the

sketch-map,1 on a scale of 1,600 feet to 1 inch (Plate 13).

Commencing on the south-west, coal is first seen at a point about

\ mile east of Nakun and i\ mile south-west of Namma. The outcrop

is seen on the path connecting the two villages and at the crossing of the

large stream which flows to the Namma river via Nakun. In the bed

of the stream the seam appears to be about 4 feet in thickness, whilst

about 50 feet further down a coal-seam about 12 inches thick can be

seen. The dip of the rocks is to N.W. at 200. The coal is hard,

bright and of good appearance. At a distance of 40 feet from the

stream a pit was sunk, the section being :—

Ft. Ins.

Alluvial clay and pebbles . . . . . 12 o

Grey shale ........10

Coal with shaly parting, 1" thick . . . I 10

Shale ......... 3

1 The map is based upon a theodolite-survey. For its main outlines I am

indebted to Mr. F. Farndale-Williams of the Burma Railway Company, who visited

Namma whilst the work of exploration was in progress.

r
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A heavy influx of water caused a partial collapse of the excavation,

and time did not permit the sinking of a second pit. It is probable,

however, that there is more coal below.

About a three quarters of a mile south-west of Namma the outcrops

of two coal seams are exposed in the tributaries of a stream flowing

north. The dip of the rocks is to N. 400 W. at 250, and the two seams

are separated by shales some 25 feet in thickness. The outcrops can

be traced in the adjoining streamlets for some three or four hundreds

of feet on either side. Three pits were put down, the sections of the

rocks being :—

Lower Seam.

No. 2 pit. Ft. Ins.

Soil and clay ........60

Coaly shale . .36

Shaly coal ..20

Shale to

Upper Seam.

No. 1 pit. Ft. Ins.

Soil and clay 5 o

Sandy shales ...... ..40

Hard, bright coal 14

Clay 4

Hard, bright coal . 1 10

Slightly coaly shale ....... 8

No. 3 pit. Ft. Ins.

Soil and clay ........50

Shale 20

Hard, bright coal . 10

Clay 2

Hard, bright coal with clay band £" inlthickness . . n

Shale 10

On the opposite side of the watershed, and about J mile south-west

of No. 3 pit a seam of poor coal, about 2 feet thick, outcrops.

Some 200 yards east of No. 3 pit, a seam of coal, 4 inches thick,

was found outcropping in the bed of a small streamlet.

About half a mile north of No. 3 pit, and rather more than that dis

tance to W.S.W., of Namma coal debris is very prominent in a stream

flowing E.N.E. The dip of the rocks is to N.3o°W. at 180, and

consequently the strike coincides roughly with the direction of the nala.
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Coal is exposed in several places, but careful examination proved that

there is only one coal-seam. An average section of the seam is :—

Ins.

Hard, bright coal . . . . . . . 4 to 7

Soft shale ......... 6

Hard, bright coal ....... 7

The shale overlying the seam is crowded with fossil shells of species

strongly resembling existing types.

No. 4 pit lies about half-a-mile S.S.W. of Namma, and about 100

feet west of the path leading from Namma to Nammawhsom. At this

point an outcrop of coal was found covered with calcareous tufa to a

depth of two inches. The pit was sunk to a depth of 10 feet in rock

debris without reaching coal. It is probable that the coal seam is

denuded at this point. Incoming water prevented further sinking.

Coal is found outcropping in a stream at a point 900 feet south of

Pengshai. The dip of the rocks is N. 400 W. at 350. The section

measured in pit No. 5, which was put down here, is :—

Ft. Ins.

Surface soil and clay .....60

Soft, clayey coal ....... 9

Soft, coaly clay ....... 6

Soft, clayey coal ....... a 3

Shale 20

Some 400 feet further up the stream coal, 9 inches thick, can be

seen.

No. 6 pit is situated in an orange grove at a point about 1,000 feet

south-east of Pengshai. It passed through about 18 inches of hard,

bright coal.

On the right bank of the Namma river, close to Nanan, and some

1,800 feet east of Namma, several seams of coal are to be seen in very

disturbed ground.

The first outcrop is 14 inches thick, and dips to the east at an angle

of 360. At a point 80 feet down-stream a second coal-seam, 18 inches

thick, dips north at an angle of 440. Some 50 yards further on what

appeared to be the outcrop of a thick seam of coal was discovered

underlying a thickness of 20 feet of alluvial conglomerate and clay. A

side-cutting (Trench No. 19), 80 feet in length, was made, proving the

occurrence to be most irregular. The coal seam appears to be from

three to four feet in thickness, and has been dislocated by a fault with

a throw of about four feet. In the dry bed of a stream close to this

?2.
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point the same coal-seam outcrops,

section passed through being :—

Pit No. 7 was sunk here, the

Ft Ins.

O

0

10

10

0

Poor coal , . . , . . i

Dark shale with lenses of bright coal . . . .2

Coal and shale bands ...... 2

Hard, bright coal . . . . . . . I

White, clayey shale .1

On the opposite wall of the shaft the section is quite different,

although similar in the aggregate. On the side on which the section

was measured the dip is to south-west at 30° whilst on the other side

the rocks are horizontal.

The outcrops of the best coal-seam which has been found within the

area are to be found on the hilly ground about a mile to the east of

Namma. Over a distance of 2400 feet seven pits and cuttings were

made, the sections and dips revealed being as follows

No. 8 pit. Thickness.

Ft. Ins.

Surface soil, etc. .......50

Sandstone with coaly bands . . . . .40

Bands of hard coal and day . . . . .16

Bright, hard coal ....... 6

Bands of hard coal and clay . . . . .30

Bright, hard coal .......30

Bands of hard coal and clay . . . . .10

Shale 10

Dip—W. at 24.0

No. 9 fit.

Vertical

measurement.

19 o

True

Thickness.

Ft. Ins. Ft. Ins

Surface soil, etc. 3 0 1 11

Clayey shale 7 0 4 6

Weathered coal 3 0 1 11

White, clayey shale . 1 4 10

Bright, hard coal 9 i) 5 9

White, clayey shale . 3 2

Bright, hard coal 2 0 • 1
3

White, clayey shale . 2 1

Bright, hard coal 7 0 4 6

White, clayey shale . 1 0 8

Bright, hard coal 1 0 8

White, clayey shale . 1 0 7

36 0 22 11

Two or three thin, irregular clay

Dip-N.550 W. at 50.6

bands besides those mentioned above occur.
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Cutting No. 10. Ft. Ins.

Hard, bright coal 9 0

Coal of shaly appearance 26

11 6

A fault with throw of 3' 6" was proved in the cutting.

Dip—W. at io".

Pit No. 12. Ft. Ins.

Surface soil, etc 5 0

Yellow shale 10

Grey shale with coaly strings 3 0

Bright, hard coal 11 10

Soft, shaly coal 10

White, clayey shale 26

2+ 4

Dip—N. 200 W. at 25°

Pit No. 13.

Ft. Ins.

Soil 10

Soft, white sandstone 10

Weathered coal . ■ ' • • • • • 1 0

Hard, bright coal .130

Shale 3

Hard, bright coal ... . . • 3 8

White, clayey shale • 3 0

22 11

Dip—N. 500 W. at 130.

Cutting No. 14.

Ft. Ins.

Surface soil, etc. . . . • • • .70

Burnt clay 40

Poor, crushed coal 7 °

Clayey shale 3 o

21 0

The coal seam has evidently been on fire at this point.

Strike-N. 550 E. Dip—90°

Cutting No. 15.

White sandstone ....

Hard, weathered coal

Clayey shales

Sandstone and coal bands .

Ft. Ins.

9 o

7 o

13 o

6 o

Dip-NW. at 66°.

35 o
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From the section revealed in No. 8 pit it appears that this coal-

seam depreciates in both quality and thickness towards the west, and

it is quite probable that the seven feet seam, outcropping near Nanan

and proved by No. 7 pit, represents the same seam in a still more

impoverished condition. On the east, as seen in cutting No. 15, the

rocks are highly disturbed, and although careful search was made

beyond the last-mentioned excavation no continuation of the seam was

found.

At a point some 1,000 feet north of No. 8 pit outcrops of a thin coal-

seam were found in several places. Near the best of these exposures

No. 1 1 pit was put down, the section revealed being :—

Ft. Ins.

Surface soil and clay . • • • .60

Coaly clay ........ 4

Clay 6

Coaly clay . . . . . ... 2

Clay . '. . 6

Clayey coal 2

Clay . . 8

Clayey coal with streaks of bright coal ... a

Grey clayey shale .......13

9 9

Dip—W. at 50.

In a stream at a point about 500 feet north-east of No. 11 pit a

seam of hard coal, 20 inches in thickness, outcrops. Some two

hundred feet further down this stream a seam of coal, about one foot

in thickness can be seen in two places. The dip of the rocks in this

neighbourhood is to north-west at an angle of 280.

Pits Nos. 16 to 18 are situated about 2,000 feet to the north-east of

trench No. 15. They were put down on the outcrop of a seam of

hard, bright coal of rather more than one foot in thickness. The dip

of the beds in the vicinity is to north-west at an angle of 390.

Coal near Mong Ting village.— Outcrops of coal were found in the

banks of the Namun stream at a point about half-a-mile north of Mong

Ting (22°47'-97°54'). The positions of these occurrences are clearly

shown on the map (Plate 12) and on the wood-cut (Figure 1). There

are two groups of outcrops, lying some 1,600 feet apart. Those on

the east are found within a space of 500 feet, and over this distance

four trial pits were sunk, and the following exposures made :—



PitNo.i.

Surfaceclay,etc.

Pebbleconglomerate. Coalandclaybands

Claywithoccasional

coalynestsan"0

strings.
Hardcoal.

Clay....

Clayandcoalbands.

Hardcoal.

Coalyshalewithfossil

shells.

Coal.

Whiteclay

Ft.Ins.
7o

I6

S 9o 63o 32II

PitNo.2.

Surfaceclay,etc.

Pebbleconglomerate

Clay

Ft.Ins.
62 14 33

Hardcoal. Whiteclay'

Coal..

Whiteclay

Coalandclayeycoal

Clay

Coal.•

Whiteclay

5 2 14 10 3 5 6 209

PitNo.3.

Surfaceclay,etc. 58Erodedcoalseam

lWhiteclay

Coal
Clay

(Coal
JClay(.Coal

Claywith

Ft.Ins.
■5o

occasional3

thinbandsofcoal.

Poorcoal

Whiteandgreyclays

Coal Clay.

Whiteclaywithcoaly

streaks.

IO 16 8 2 3 3 2 9

PitNo.4.Ft.Ins.
Surfaceclay.6o Shales..11o

>

17O<—'■
Or

S: 5>

DiptoNorthat250.

DiptoN.150W.at200.

209

DiptoN.180W.at160.

Outcropofcoalseam
undertwofeetofwater

instream.
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400 S.LofMongTing

Fio. 1.—Map showing position 0/ coal outcrops and exploring pits near

Ming Ting, Namma Coalfield.

In No. 4 pit the influx of water was so great that the appliances

available were insufficient to cope with it, and the sinking was

abandoned.

The western coal outcrops are found over a distance of about

6co feet. Going up-stream coal is first seen, under several feet of

water, near the left bank. At the same place, but about 15 feet above

the water level the following section was measured :—

Ft. Ins.

Coal .......... 1 3

Shale . 4

Coal .......... 4

This seam can be traced for about 40 feet, in which distance the

upper coal band thins to 10 inches. At a point some 50 yards further

up, a thin band of sandy shales with coaly strings is to be seen. Still

30 yards further on the following rocks are to be seen :—

Ft. Ins.

Coal 13

Sandstone ......... 10

Coal .......... 10

Shale —
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In the bed of a streamlet at a point 1 40 feet north of the outcrop

last mentioned, coal is found outcropping. No. 5 pit was put down

here, the rock-section revealed being :—

Ft. Ins.

Surface clay, etc. . • . . • • .66

Pebble conglomerate I 8

Clay i 8

Coal and clay bands I 2

Clayey coal . . • • • • • .so

Hard coal . ........30

Shell band 4

Coal 6

Shale 3

Coal 10

White clay 3

Coal 7

White clay 20

20 9

The dip of the rocks is to N70°W at an angle of 200. The section

is not unlike that found in No. 1 pit, and it is probable that the two

outcrops are of one and the same coal-seam.

Perhaps 100 feet above the point where the small stream, upon

which No. 5 pit is situated, meets the main stream a seam of coal,

18 inches thick, overlaid by shale, can be seen in the river bank,

dipping vertically. The high dip is probably due to slipping of the

bank. At a point about 100 yards above this occurrence a 6-inch

coal-seam, overlaid by 8 feet of shale containing thin coaly bands,

outcrops.

Coal near Manse".—Several unimportant outcrops of coal are to be

seen on the right bank of the Nam Pawng river near Manse\ Going

up-stream the first outcrop of coal is from \" to 1* in thickness, and

is to be seen at a point about 100 yards below the foot-bridge. Close

to the foot-bridge a seam of bright coal, 1 4 inches thick, outcrops in

the river bank under some inches of water. At a point a little south

of Hpa-so, and about J mile north-east of Manse1 coal is found out

cropping in two places about 1 00 feet apart. The measured sections

are:—

Ft. Ins. Ft. Ins.

Shale ... —

Coal • • • 3i Coal . . . 1

Shale 2} Shales . . .50

Coal ... 6 Coal ... 4
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Coal in the rocks of the south-west outlier.—No coal was found,

in situ, in the rocks of this small area. At a point \ mile west

of Kong-pau (22°40' — 97°47') three pieces of drift coal, the largest

12 inches square, were seen lying on a river-beach. Although no

fragments of coal were seen for some miles above this point it is yet

possible that these pieces of coal were derived from the Namma

outcrops.

At a point some 800 feet from the river and 1 \ miles due west of

Pang-nga a piece of float coal was found in a stream. It measured

6" x 2" X 2", and was thickly coated with calcareous tufa. The

locality is high above the river, and it is likely that the coal is derived

from a coal-seam in the vicinity. No outcrop was, however, found.

The coal of the Namma coal-field is a lustrous lignite with a specific

« ... . gravity of i'37. In colour it is a. bright black,
Quality of the coal. t • ■■ !

and the streak is brown. It is non-coking and

appears to be free from any large intermixture of iron pyrites. It is

very hard, but brittle, displays little or no cleavage, and breaks with

a conchoidal fracture. It is difficult to mine, owing to its splintery

character, but, being well-jointed, the exercise of a little skill on the

part of the workman, enables it to be broken in large slabs. On

exposure to the atmosphere it loses moisture, becoming much lighter

in weight, and breaks up into irregular cubical fragments.

As can be seen from the table of analyses given below, the coal is

very low in carbon, and the percentage of moisture and volatile

products is very high. The only redeeming feature it possesses is the

smallness of the ash content.

Table of Analyses.

ex-
sture

No. Locality.

Depthinfeet.

Section.

Volatilemattei elusiveofmoi

andash.

FixedCarbon.

Remarks.

Moisture. Sulphur.

Ft.Ins.

1 4

Ash.

1 No. 1 pit, i

mile S.-W.

of Namma.

9 Coal

Qay 4

>5"57 26-55 25'97 31-91

2 Coal 1 10 6'Q4 37'99 20'o6 3S-9«
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Depthinfeet.1

Volatilematterex
clusiveofmoisture

andash.

FixedCarbon.

No. Locality. Section.
Moisture.

Ash.

Sulphur.

Remarks.

3 No. 2 pit, i

mile S.-W. of

Namma.

6

Ftlns.

Coaly shale 3 6

Coaly shale]

of better

quality 2 0 12 'go 8'37 9'6i 6g'i2

1

9 Bands of

coal and

clay. 1 6

i
4 No. 8 pit,

about 1 mile

E. of Namma.

Coal 0 6
y 1065 2132

42-16

17-90 50I3

Bands of

coal and'"

clay. 3 0 J

5 Coal 3 0 11-84 39-°5 6'95

Bands of

coal and

clay. 1 0

10 Weathered

coal. 1 1 1

White clay 10 ...

e

7

No. 9 pit,

about 1 mile

E. of Namma.

Coal 5 9

White clay 2

Coal 1 3

White clay 1

Coal 4 6

White clay 0 8

Coal 0 8

1781 36'og

34'99

38-29

38-53

7-8i

10- 1 11 1 6-37

1

J

...

8 No. 12 pit,

about 1 mile

E. of Namma

9 Coal 1 1 to

Shaly coal 1 0

iS'iG 34"96 38'39 7-66

...

0-83 Sp. Gr. 1*39.
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Volatilematterex
clusiveofmoisture

andash.

 

No. Locality.

Depthinfeet.

Section.
Moisture.

FixedCarbon.

Sulphur.

Remarks.

9

10

3

Ft .Ins.

Weathered

coal 1 0

Ash.

No. 13 pit,

about i mile

E. of Namma.

Coal j 0 "783

1273

37"38

40-25

39-96

38-87

4-83

8-15Coal 6 0

Shale 0 3

Coal . 3 8

II 10 Coal and

clay bands 1 9

13 Mong Ting

No. 5 pit.

Clayey

coal 2 0 «l"34

1370

24*26

39'56

18-99

33-44

45'4'

13-30Coal 3 0

1

»3 Mong Ting

No. 1 pit.

11 Coal and

clay bands 3 6

Coal 3 5 16-32 3740 33'25 >3-o3

Coaly shale 0 5

Coal 1 2

"Taj■4 Mong Ting

No. 2 pit.

Coal 5 8 18-16 38-87 3118

In an open fire the freshly-mined coal burns well, with a bright flame,

only a reasonable amount of smoke and a somewhat aromatic odour.

The quality of the coal is distinctly superior to that of any of the

coals from other coal-fields in the Northern Shan States, but at the

best it is a poor fuel, and, unless briquetted, will be of little value for

locomotive purposes.

In November last a locomotive trial of coal from the neighbouring

Lashio coal-field was made on the Lashio-Maymyo branch railway under

the direct supervision of some of the chief engineering officials of

the Burma Railway Company. It appears to have resulted in complete

failure, for it was found necessary to revert to the use of wood fuel

in order to enable the locomotive to get back to the starting-point.
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Recently a consignment of about seven tons of Namma coal was carted

to the railway for trial. Although there was reasonable ground for

hope that, in this case, a better result would be achieved, yet the

Locomotive Superintendent was only enabled to report that " when

freshly-mined and burned with a strong draft, it does fairly well and

would suit stationary boilers, but it is quite unfit for a locomotive

engine fuel."

So far as is at present known, there are only two coal-seams of

economic importance in the Namma coal-field.

The seams in question are the thick seam east of

Namma, and the Mong Ting seam. As the latter is of somewhat

inferior quality it may be left out of count for the present.

The Namma seam has been proved over a length of outcrop of

about 2,400 feet. It varies in thickness from about 7 to 17 feet, and is

variable also in quality. By no means sufficient prospecting work

has yet been done to enable an authoritative opinion to be given as to

the amount of coal available. Assuming, however, that a thickness

often feet of coal is workable over a length of outcrop of 1,500 feet and

that mining could be carried on to the moderate distance of 1,000 feet

from the outcrop, the amount of coal available would be rather more

than half-a-million tons.

The only consumer of the coal would be the Burma Railway

Company on whose line, between Lashio and Mandalay, the coal would

enter into competition with wood fuel costing Rs. 4-2 per ton and

Bengal coal costing Rs. 17-13 per ton. I am uninformed as to the

actual amount of fuel used on this branch, but it is probably not a large

amount; perhaps 15,000 tons.

The geographical position of the coal relative to the railway is

unfortunate, for at the nearest point it is not less than 19 miles distant

in a direct line across country, from the railway line. The distance by

cart-road from Lashio railway-station would be about 25 miles, and

there is an unmetalled cart-road already constructed for about two-

thirds of this distance. Presuming that a cart-road were in existence

the cost of cartage would certainly not be less than Rs. 10 per ton.

Adding to this the cost of mining the coal, say, Rs. 4 per ton, and

also a charge for briquetting of Rs. 6 per ton, the total cost is seen to

be Rs. 20 per ton. It appears therefore, that with cart transport even

neglecting the briquetting cost, there is no hope of the fuel being able

to compete on anything like equal terms with the superior foreign

article.
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At first sight it would appear that the cheapest method of market

ing the coal would be to float it down the Namma river to a depot on

the railway-line at Se-en. Even in the dry season of the year there

is a considerable volume of water in the river, but there are unfor

tunately numerous bars and rapids, and for about ten miles the stream

races through a deep and narrow gorge in which no boat could live.

Even supposing that these natural obstacles did not exist, the flooded

condition of the river during half the year would preclude navigation.

These methods of transport being out of the question there remains

the question of a railway line to be considered. Perhaps the best

alignment would commence at a point on the main line about 7 miles

due west of Nawng Mawn (220 46'-97° 41'), and would run nearly due

east, through a break in the range of hills, to a point about 3 miles

west of Man Pyen (220 47'; 970 50'), from whence it would pursue a

south-easterly direction to the presumed coal-mine near Namma.

Such a line would be about 30 miles in length. It would necessitate

the bridging of two considerable rivers, the Nam Yan and the Nam

Pawng, and even for a two-foot gauge, the cost would probably not

be less than 30 lakhs. It can be definitely asserted that the present

prospects of the coal-field do not warrant the expenditure of anything

approaching this amount of money.

Telpherage or wire-rope transmission might be practicable, but

here, again, there is reason to fear that the expenses of operating a line

not less than 20 miles in length would be prohibitive.

I would, however, strongly recommend that before any attempt be

made to provide means of communication further prospecting opera

tions should be undertaken, and vigorous efforts made to prove a

much larger quantity of coal than I have been able to prove during the

five or six weeks which I spent on the ground. Attention should be

confined to tracing the outcrops of the two workable seams by means

of shallow borings and pits. This being accomplished, a line of three

or four borings, put down at points situated about 1,000 feet from the

outcrop towards the dip of the rocks, should enable a competent

mining engineer to come to a definite opinion as to the value and

possibilities of the coal-field.

Should it be eventually decided to commence mining operations,

it will be found that the winning of the coal will present certain

serious difficulties which, however, under skilful management, could

undoubtedly be overcome. The difficulties referred to will be the

steepness of the angle at which a large portion of the coal-bearing
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rocks are lying, the softness of the rocks enclosing the coal seam, the

fact that the recovery of a large portion of the coal will necessitate

heavy pumping operations, and the absence of a suitable supply of

labour locally .

The estimated half-million tons of coal referred to on a previous

page lies above the level of the rivers which drain the coal-field, but

there is little doubt that a large quantity of water would percolate

into the mine-workings from the numerous water-courses which flow

over the surface. In order to reduce this amount to a practicable

minimum it would be imperative to leave unworked an outcrop barrier

of not less than 1 50 feet of coal.

Although shafts would be preferable in many ways, there would be

no serious objection to opening out the workings by means of inclines

from the outcrop, provided that the latter were commenced from

suitable positions, and lined to prevent percolation of water.

The mode of working most suitable would be the ordinary bord

and pillar method with such modifications as experience might

suggest.

Labour would be a serious expense. The Shans, although a

charming race socially, and physically fitted for labour, are contempt

ible as workmen. Owing to the fertility of the soil, they have

abundance of food and raiment, and comfortable bouses wherein to

dwell. Under these conditions they lead a contented life, and perhaps,

wisely, fail to see the necessity for hard labour. The one thing they

lack is ready money, and in order to supply this deficiency they will

condescend to do a very moderate amount of work at double the rates

of pay prevailing in India. To work on two consecutive days would

appear to them to be mere foolishness, and besides this every fifth day

they must attend the nearest bazaar in order to hear the news, and

enjoy a friendly pipe with acquaintances from neighbouring villages.

Except for light tasks, the Shans must be left out of count in the

recruiting of a labour force.

During the construction of the railway, I am informed that 98

per cent, of the labour was performed by natives of India, imported

for the purpose, and Chinese from across the Yunnan border. The

latter are hard-working, excellent workmen, and very amenable to

discipline when treated with discretion. Practically all the ancient

mines in Burma and the Shan States were worked by the Chinese,

and as a race they appear to possess a natural aptitude for mining
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operations. Should the Namma coal-field ever be exploited there is

little doubt that Chinese labour would be the most satisfactory and

probably also the cheapest.

II THE MAN-SANQ COAL-FIELD.

This coal-field is situated in the neighbourhood of Man-sang (220

26' ; 97° 57'), a village lying ^\ miles due west

of Mong Yai, the most important village in the

South Hsenwi division of the Northern Shan States and the place of

residence of the reigning Sawbwa of S. Hsenwi. The northern end of

the area lies sixteen miles S.S.E. of the south-western end of the

Namma coal-field.

The extent of the known area is 131 square miles, but as the

boundary on the south and south-east is ill-defined, the coal-field may

be of greater extent than appears to be the case.

The region is one of low, rolling hills with an average elevation of

2,800 feet. These are for the most part covered with grass, but

patches of timber are by no means uncommon. For many miles to the

south and south-east the same topographical features prevail, but

on the north are found hills rising to a height of 4,500 feet above

sea-level. The drainage is effected by numerous, small streams which

converge to form the Namsang, a stream which flows into the Nam

Lawng river at a point five miles south of Man-sang.

Within the area there are no roads, but the unmetalled cart-road

from Lashio to Tangyan passes within three miles of the north-eastern

boundary of the coal-field.

During the course of his economic survey of the Northern Shan

States, in 1890, Dr. Noetling apparently passed through the coal-field.

In his report1 he mentions the occurrence of " a few beds of black,

coaly shale."

Although no fossils were discovered, the age of the coal-bearing

Geology rocks is undoubtedly the same as those of the

Lashio and Namma coal-fields, i.e., late Tertiary,

probably pliocene. The geological features bear considerable resem

blance to those of the above-mentioned coal-fields. The essential

1 Rec. Geo. Surv. Ind., vol. XXIV, pt. 2, p. 11 2.
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difference is the presence of dolerite,1 which forms lofty hills to the

north, and occurs irregularly within the coal-field. Its relation to the

Tertiary rocks is not apparent. No distinct evidence of intrusion was

observed, and it may be that the coal-rocks were laid down on an

irregular surface of the dolerite, portions of which have been exposed

by denudation. In an exposure resembling an intrusive dyke the

dolerite was found to be distinctly amygdaloidal, a structure not

commonly observed in intrusive rocks. The basement rock is the well-

known Palaeozoic limestone, exposures of which are to be found in

numerous places along the western boundary. The recent deposits

are chiefly of clay, but they include a conglomerate of dolerite boulders

which is very prominent for about three miles from the northern

boundary. On the south and south-east the mantle of alluvial deposits

is so thick that none of the streams appear to have cut down through

it. Although several traverses were made, in different directions,

across this ground no exposures were found nearer than the Nam

Lawng river on the south, and its principal tributaries on the east,

a distance of 4^ miles from the nearest outcrop of the coal-bearing

rocks. The rock exposed in these places belongs to the Maymyo

limestone formation.

The coal-bearing rocks are chiefly composed of yellow, white or

grey shales, with coal seams. The shales are occasionally sandy, and

in one place a thin band of sandstone was found. The dip is incon

stant. On the south it varies from north-west to north-east at an

average angle of 150. As the northern boundary is approached it

alters to south-west and south at 300. Close to the boundary it is

again northerly, at angles of from 300 to 500.

' I am indebted to Mr. LaTouche for the following description of specimens

of the dolerite :—

No. I. Sp. Gr. 2'82. Dark grey, compact, fine-grained matrix with numer

ous larger crystals of felspar. The ground-mass consists of a mixture

of minute plagioclose felspars and granular augite, with patches of

devitrified glass, sometimes showing a well-defined spherulitic struc

ture. The larger felspars and augites are much corroded

(schillerized). The felspars give extinction angles up to 2 8° and are

probably Iabradorite. There is a fair amount of iron present.

No. II. Sp. Gr. 2-54. Dark grey amygdaloid. The ground-mass consists

of minute felspar needles and granular augite set in an opaque matrix,

probably glassy. There are a few lath-shaped crystals of plagioclose

felspar, with high extinction angles, probably Iabradorite.

G
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Owing to the irregularity of the dip it is not easy to estimate the

number of coal seams within the field. They

cavattoDg,Cr0P8 ^ appear, however, to be numerous, but they are

chiefly thin, no seam exceeding four feet in

thickness.

 

Fig. 2.—Map of the Man-sang Coal-fiel .

Commencing on the south, coal is first seen on the left bank of a

stream at a point about 500 feet west of Ho-hko (23°27' ; 97°57')-

The section exposed in a cutting (No. 1 5) 8 feet long and from 5 to

1 1 feet deep, was :—
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Shale

Coal

Coaly shale

Coal

Shale

Coal

Shaly coal and shale

Coal

Ft. Ins.

3i

1}

1 si

3

1 3

1 o

The dip is to N. 250 E. at 150. Within 150 feet to north-west

boundary-rock (limestone) outcrops.

In a stream five-eighths of a mile east of Ho-hko a seam of coal

10 inches thick was found. At a point 200 feet further up the same

stream a coal seam, dipping N. 700 E. at 180, occurs. Pit No. 16 was

put down, the section being :—

Ft. Ins.

Soil and alluvial clay . . . . . .123

Coal ..........30

Shale 14

About as far again up-stream a few inches of coal are to be seen.

Some 2,000 feet beyond Pit No. 16 a seam of coal outcrops in two

places about 100 feet apart. As first seen it is About 20 inches thick

and dips N. 200 E. at 6°. At the second exposure the dip is to east

at 200, and the seam is 2 feet thick. Pit No. 17, which was sunk here,

showed the following rocks :—

Ft.

Soil .

Shale

Coal .

Shale

Coal .

Shale

Coal .

Shales, coaly at base I

Coal .

Shaly coal

Coal ■ exceeding

Ins.

6

6

10

3

9

O

3

5

3

7

6

II 3

G 2
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Influx of water prevented further sinking, but there is probably not

much more coal below. In the pit the dip of the beds is to S. 650 E.

at an angle of 200.

At a point about quarter of a mile still further up-stream coal

outcrops at two points about 200 feet apart. Pits were sunk at both

places, and the following sections obtained :—

Pit No. 18. Pit No. 19.

Ft. Ins. Ft Ins.

Soil and clay • 5 6 Soil and clay . . 6 0

Shale . 1 6

Coaly shale 5

Coal . . • 7 Coaly shale . 1 0

Shale . 1 0

r Coal . 2 0

Coal • 3 5 i Shale

I Coal

1

. I 6

Shale ■ 9 Shale . 6

Coal a 3

Shale . 1 0

14 5 II I

Dip—o°. Dip—S. 50° E. at 15°.

On the path between Nanio and Namhsum (22°28'— 97°57') coal

is exposed in a stream at a point 200 yards north-west of the first-

named village. Pit No. 1 was sunk here, the section being :—

Ft. Ins.

Alluvial clay ........ 3 6

Coal (partly denuded) 3 2

Shale 16

Dip—N. 350 W. at io°.

In a stream at a point 300 yards south-east of Nanio an outcrop

of coal, 10 inches thick, was found. On the same stream between

points due east of Nanio and Namaklang, a distance of about one mile,

numerous outcrops of coal occur. Over this ground twelve pits were

put down, the measured sections revealed, being as follows :—

Pit No. 2. Pit No. 3.

200 feet N. of Pit No. 2.

Ft. Ins. Ft. Ins.

Soil and alluvium . 9 3 Soil and alluvium 2 6

In the stream close to Shales . . .46

this point a seam of Coal . . .10

coal, 2 feet thick, out- Shales ... —

crops.

Dip—S/500 W. at 22°. Dip-o°.

.-J
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Pit No. 4. Pit No. 5.

200 yards N. of Pit No. 3. 300 feet N. of Pit No. 4.

Ft. Ins. Ft. Ins.

Soil and alluvium . 6 3 Alluvium . . .97

Coal . . . . 2 9 A thin seam of coal

Shale .... — outcrops in the bed of

Dip-NW. at 12°

the stream near by.

Pit No. 6.

100 feet N. of pit No. 5.

Ft. Ins.

Alluvium 40

Dark-coloured shales 26

Coal 3 0

Shale a

Coal 3

Shale • *~

Dip—N. at 180.

Pit No. 7.

200 feet N. of pit No. 6.

Ft. Ins.

Alluvium . . .

Shales 1.

Coal ....

Shale ....

Coal ....

Shale. exceeds

Dip—N. at io°.

o

0

3

6

o

9

Pit No. 8.

150 feet N. of pit No. 7.

Ft. Ins.

Soil

Shale

Coal I

Shale

Coal

4 6

4 6

2 3

8

I 10

Dip-o°.

Pit No. 9.

300 feet N. of pit No. 8.

Soil

Shale

Coal

Shale

Ft.

1

S

2

1

Ins.

6

0

<*

6

Pit No. 10.

250 feet N. of pit No. 9.

Ft. Ins.

Alluvium . . .26

Coal

Shale ~,

Coaly shale

Shale ■

1 0

I 5

5

3

Dip—N. 620 VV. at 350.
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Pit No. ii. Pit No. 12.

About 2,000 feet N. of pit 200 feet N. of pit No. II.

No. 10.

Ft. Ins. Ft. Ins.

Alluvium with much Soil . .. . . .. 1 o

coal . . . 15 o Shale . . -36

Close to the pit a seam Coal ... 8

of coal with shale Coaly shale and shale 1 6

bands, about 4' 6* Shale . . .36

thick, outcrops.

Dip—S. 300 W. at 350.

Pit No. 13.

60 feet N. of pit No. 12.

Ft. Ins.

Alluvium . . . . . ' . .40

Shale . . .'40

Shaly coal • . . . . . .' . .27

Shale ..'.'.' 1 5

Dip—S. io° E. at 340.

For nearly a mile to the north of pit No. 13 intrusions of dolerite

are prominent. About a quarter of a mile south-east of Kawng-hkam

(22°3o'— 97°58') coal outcrops in the stream at two points 150 feet

apart. At the first place the seam is 13 inches thick and dips

N. io° W. at 340. Near the other outcrop pit No. 14 was put down

and the following section exposed :—

Ft. Ins.

Soil and shales . .30

Coal and coaly shale .......' 9

Shale . ' 5

Coal ... . . . . . .18

Shale 30

The dip is to N. 200 E. at 500. Within 30 feet of this point a mass

of dolerite, 20 feet square, is exposed.

Near the western boundary of the field, at a point half a mile

N.N.E. of Nanamhpa, coal is exposed in the bank of the stream flowing

from Penghtawn. At the outcrop the seam is 20 inches in thickness.

Coal outcrops a few inches in thickness are to be seen at two points

about 500 feet further up the same stream.

The coal from this locality is a hard, somewhat shaly lignite with

, _. . A, , a specific gravity of i"40. It varies from brown
Quality of the coal. , , , . , , ' , , , '

to black in colour, and, although occasionally

bright and lustrous, is usually dull in appearance. In general character



Part 2.] i5'Simpson : Man-sang Coal-field.

the coal resembles that from the Lashio and Namma coal-fields, and

has the same undesirable quality of disintegeration after exposure to

air and sunlight. Its chemical composition is also similar, as can be

seen from the table of analyses given below :—

Table of Analyses.

ft

VolatilematteTex-clusiveofmoisture

andsulDhur. FixedCarbon.1
O

No. Locality. Si Section. Remarks.

5 a
Moisture. Sulphur.

fj
J3
M

Ft. In, Ft. Ins.

Coal 2 9

<

1 No. 4 pit 6 3 «4'79 347' 3317 T 33

2 No. 1 pit 3 6 Coal 3 2 16-09 [ 36-11 3314 976 4-90 Sp. Gr. 1-40.

i

4

No. 15 pit

Ft. In.

Coal 3}

5
Coaly shale ij

Coal 1 si

1
Shale oj

J 1466

>3'5o

34-26

30-64

39*63

3*49

"-4S

23-37

Coal 3

Shaly coal

and shale . i 3

Coal 1 0

 

5

No. 18 pit

7

Coaly shale 5

Coal 7

White clay 1 0

Coal 3 5

White clay 9

Coal 3

13-04 33'35 34-58 1903

6 No. 8 pit

9

Coal 2 2

Shale 8

Coal 1 10

■

1

3fi7S 34"95 14-96 In taking- the

sample the

shale band

was thrown

asidr.

J.
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So far as the recent explorations of the Mansang coal-field have

gone, no coal-seam of a thickness greater than

4^ feet has been found. The continuity of the

seams is uncertain, the dip very variable, and the area much broken up

by intrusions of dolerite. At the present time some fifty miles of difficult

country lie between it and the railway. Even should this disadvantage

not exist it is unlikely that the coal-field will ever be of much, if any,

economic value.

Ill THE MAN-SE-LE COAL-FIELD.

This small patch of coal-bearing rocks has hitherto escaped notice.

It lies between 22° 37'—22c42' and 980 13'—

980 18', and is situated 27 miles to E.S.E. of the

Namma coal-field. It is an irregular oval in shape, the northern or

longer axis being 4$ miles in length, whilst the shorter axis is about a

mile less. The total area is i$\ square miles. Its average elevation

is 3, 100 feet, and it occupies the southern portion of an extensive amphi

theatre,—elongated in a north—south direction,—composed of grassy

downs, the bareness of which is but occasionally relieved by the scanty

clumps of trees growing in the vicinity of the villages It is hemmed

in by hills, which, on the west, attain a height of nearly 8,800 feet.

The principal streams are the Nam-Tawng and the Nam-Hon, which

flow across the coal-field from west to east, joining the Nam-Pawng river

about a mile beyond the boundary. The Lashio-Tangyan cart-road

passes within six miles of the southern boundary. The only villages

of importance are Man-Se-Le (220 40'—980 16') and Kunglom (called

Nam-hwin) (220 39'_g8° 16O.

There is no doubt that the rocks of this coal-field are of the same

age as those of the other known coal-fields of

the Northern Shan States. The only fossils

found are gastropods of a species identical with those found in the

Namma coal-field. The boundary of the field, on all sides, is of Palaeo

zoic limestone. Within the area are found yellow-brown shales with

occasionally a sandy character, and coal-seams. These rocks vary in

dip from north-east to south-east at an average angle of 220, the high

est angle of dip recorded being 400. Here, as elsewhere, exposures

are few and far between, the rocks being covered by the usual layer of

alluvial clay.
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As I was only able to spend some five or six days on the ground, the

Coal outcrops and information under this heading is less complete

excavations. than might be wished.

Beginning on the north, coaly shales and sandstones outcrop in the

Nam-Tawng at point £' mile east of Weng-Hong (22°4i'—980 15').

They dip to N. 550 E. at 170, and contain a coal-seam eight inches in

thickness. It is here that the fossiliferous band, referred to above

occurs.

In a stream at a point about a mile north of Man-se-le, traces of

coal are to be found, but no outcrop can be seen until within about

3,000 feet of the village. As exposed, the coal appears shaly and is not

more than a few inches in thickness.

 

Fig. 3.—Map of the Man-se-le Coal-field.

At the stream-crossing[on the path between Man-se-le and Kyuh-

sai (220 41'—980 17'), and about J mile north-east of the first-named
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village, a coal outcrop measuring 9 inches in thickness was found.

Pit No. 1 was put down at this point, the section being :—

Ft. Ins.

Surface clay ........30

Hard coal '4

Carbonaceous clay . • • • • • • ' 3

Bands of coal and clay . .... .15

Hard coal (with gastropods) . . exceeding 2 6

The dip of the beds is to east at an angle of 400.

In a stream joining the Nam-Tawng on the left bank, and at a

point one mile south-west of Man-se-le, not less than 12 inches of

coal outcrops. The dip of the rocks is to south-east at 220. The

following section was exposed in No. 2 pit, which was sunk here :—

Ft. Ins.

Surface clay . . 60

Hard coal (sample analysed) 3 2

Shale ?

About 100 yards further up-stream coal is again exposed, dipping

south-east at 23°. This outcrop can be traced up into the flanks of

the hill which the stream skirts at this point. A cutting on the hill-

slope showed the rocks to be :—

Ft. Ins.

Surface clay . . . . . . . .60

Coal with two bands of white clay, each 1 V' thick . .40

Grey shales with coaly streaks . exceeding 3 o

As the top of the seam is denuded, the full thickness of the coal is

not shown in this section.

About 250 yards further up-stream, and close to the Kunglom-

Weng-Hong pathway coal again outcrops. No. 4 pit was situated

here, its section being :—

Ft. Ins.

Surface clay 6 6

Recent pebble conglomerate . . . . .26

Hard coal exceeds 1 3

The dip of the seam was undeterminable. Here, as elsewhere, a

heavy influx of water rendered progress slow, and, on the partial

collapse of the walls the excavation was abandoned.

Some fifty yards further on about a foot of coal outcrops. Pit

No. 5, after passing through some eight feet of shales with thin coaly

bands, was abandoned before it reached the coal-seam. The dip is

east at 200. Less than a quarter of a mile to the west, in the same
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stream, and at a point close to the path to Panghti-hkam two outcrops

of coal occur. Pits Nos. 6 and 7 were put down at a distance of about

200 feet apart. The rocks exposed were :—

No. 6.

Ft. Ins.

Surface clay and conglomerate 7 °

Hard coal with two 1 1* clay bands . . . .30

Shale and coal bands 1 3

No. 7.

Ft. Ins.

Surface clay 3 0

Denuded coal-seam ......16

Brown clay 3

Coal « 5

Shale with coaly bands »o

Grey shale 10

The dip is to south-east at 210. Some 300 feet further north, coal

is again to be seen outcropping in the bed of the stream. The thickness

is indefinite.

On the same stream, and at a point 50 feet east of the foot-bridge

on the path from Loi-kang to Panghti-hkam a coal outcrop was dis

covered. A cutting proved a thickness of ten inches of coal dipping

N. at 8°. Within a few yards the dip is io° in the opposite

direction.

Although careful search was made in the beds of all the principal

streams which traverse the coal-field, yet no further outcrops of coal

were encountered.

Although it is by no means certain, yet it is probable that there are

not more than one or two coal-seams of import-

|Qulty and quantity of ance ;„ tfae fidd pitg Nog , to ? are ^ &?m

proximately on the same line of strike, and are

probably on one and the same seam. The greatest thickness of coal

met with was four feet, but even in this case, the top of the seam is

denuded. Without further prospecting work, however, it would be

unwise to hazard an opinion as to the quantity of workable coal.

The appearance of the coal is somewhat shaly, but the following

analysis of a sample from No. 2 pit shows it to be about equal in



156 Records of the Geological Survey of India. [ VOL. XXXIII.

quality with that from the other fields, although inferior to the best

Namma coal :—

The fact that the coal-seam is probably of small average thick

ness and is of inferior quality to that from the
Economic features. .T

Namma area, together with the comparative

inaccessibility of the locality, make it unlikely that the coal-field will

be of economic importance for very many years to come.

Moisture .

Volatile matter

Fixed Carbon .

Ash

T473 per cent.

38-83
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157Miscellaneous Notes.

MISCELLANEOUS NOTES.

♦

Fossils of the Irrawaddy series from Rangoon.

WE have received from Mr. C. K. Finlay a sample of gravel passed

through at 220 feet below the surface in a well-boring at Syriam-

This place is on the other side of the Pegu river to Rangoon, and the boring

was made one mile from the Pegu river.

The pebbles contained in the sample are small—rarely larger than a

pea—and consist of well-rounded quartz or sandy shale. Scattered through

out the deposit, apparently in great abundance, are numerous fish and

reptilian teeth associated with chelonian and mammalian remains and silicified

wood, of which there is one small fragment in the sample sent. These

include a species of Carcharias, which has not been exactly determined but

seems to be closely allied to Carcharias gangeticus, also several teeth about

half an inch long, without lateral cusps and exhibiting distinct traces of serra

tion on the upper margins, which appear to belong to a member of the

Lamnidce but are not of a recent type. Teeth with rounded bases, much

incurved and barbed are identical with some which came from an unknown

horizon at Thayetmyo in Burma and have been described and figured by

Dr. F. Noetling1 under the name of Oxyrhina pagoda.

Besides these are Siluroid spines and a portion of the dorsal vertebra of a

Siluroid fish. A fragment of a grinding tooth may probably be referred to a

Myliobatid. There are several reptilian teeth perhaps belonging to a crocodile.

The chelonians are represented by portions of plates belonging to the genera

Trionyx and Etnys. Amongst the mammalian remains are a toothless mandible

of some small animal, possibly one of the Cheiroptera, and a portion of a

dorsal vertebra of an ox. The cellular substance of the latter is completely

impregnated with iron pyrites, in the same manner as the bones from the

Gangetic alluvium are with a mineral substance, which Mr. L. L. Fermor has

found to be a manganese oxide. The silicified wood, a piece of not more

than an inch long, is unidentifiable.

In spite of the absence of any exact specific determination of these fossils,

their general character leaves no doubt that they belong to the Irrawaddy or

1 Noetling. Fauna of the miocene beds of Burma. Pal. Ind., New series, I, 3,

p. 372(1901).
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Fossil wood series which is of pliocene age and which Mr. W. Theobald l

has fully described, and to our knowledge of which Dr. Noetling8 has

subsequently contributed.

It is of course conceivable that the fossils may all have been derived from

a pre-existing bed of the Irrawaddy series, and the deposit in which they are

now found is a later pleistocene or recent one, in a manner similar to the fossil

wood, which Mr. Theobald found embedded in these later alluvial deposits at

Rangoon, and cited as evidence of a former extension of the Fossil wood

series as far south as Rangoon. If, however, the sample sent is a fair average

one, the fossils seem more abundant than would be expected in a derived

deposit, and it is more probable that the fossil wood beds are here actually

in situ and represent an undenuded remnant of the series obscured from view

by a considerable thickness of recent alluvium. As no outlier of the series is

known farther south than Frome, the occurrence of it below Rangoon is of

considerable interest, as giving further proof of Mr. Theobald's conclusions

as to the former extension of the group.

[Guy E. Pilgrim.]

1 Theobald. Geology of Pegu, Mem. Geol. Sur. Ind., X, 247 (1873), and Beds

with fossil wood in Burma, Fee. Geol. Surv.Ind., II, 79 (1869).

1 Noetling. loc. tit. and Rec. Geol. Surv. Ind., XXVIII, 85 (1895).

G, 1. C. P. O.—No. 994 U. G. Surv.-4'4-o6.—jw,



 

Part 3.—Note on the progress of the gold industry In Wynead, Nilgiri district. Notes on

the representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna

districts. Senarmontite form Sarawak.

Part 4.—On the geographical distribution o( fossil organisms in India. Submerged forest

on Bombay Island.

Vol. XII, 1879.

Part l.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of

Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang

and Spiti. On a recent mud eruption in Ramri Island (Aralcan). On Braunite, with

Rhodonite, from near Nagpur, Central Provinces. Palsontological notes from the

Satpura coal-basin. Statistics of coal importations into India.

Part ».—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

jabalpur district. A geological reconnaissance from the Indus at Kushalgarb to the

Kurram at Thai on the Afghan frontier. Further notes on the geology of the Upper

Punjab.

Part 3.—On the geological features of the northern part of Madura district, the Pudukotc

State, and the southern parts of the Tanjore and Trichinopoly districts included within

the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from

Trichinopoly district, collected in 1877-78. Notes on the genus Spbenophyllum and

other Equisetacex, with reference to the Indian form Trizygia Speciosa, Royle (Spbe

nophyllum Trizygia, Ung.). On Mysorin and Atacajnite from the Nellore district. On

corundum from the Khasi Hills. On the Joga neighbourhood and old mines on the

Nerbudda.

Part 4.—On the 'Attock Slates' and their probable geological position. On a marginal

bone of an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar,

Punjab. Sketch of the geology of North Arcot district. On the continuation of the road

section from Murree to Abbottabad.

Vol. XIII, 1880.

Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari

basin in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts,

being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil

fishes from Ramri Island and the Punjab. Note on the fossil genera Noggerathia, Stbg.,

N&ggerathiopsis, Fstm., and Rhiptozamites, Schmalb., in palxozoic and secondary rocks

of Europe, Asia, and Australia. Notes on fossil plants from Kattywar, Shekh Budio, and

Sirgujah. On volcanic foci of eruption in the Konkan.

Part ».— Geological notes. Palaeontological notes on the lower trias of the Himalayas. On

the artesian wells at Pondicherry, and the possibility of finding such sources of water-

supply at Madras.

Part 3-—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab.

Palxontological notes from the Karharbari and Soutb Rewah coal-fields. Further notes on

the correlation of the Gondwana flora with other floras. Additional note on the artesian

wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the

Arakan coast on 13th March 1879 and in June 1843.

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali

region. Further notes on the correlation of the Gondwana flora with that of the Aus

tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The re>

soils of Upper India. Note on the Naini Tal landslip, 18th September i8So.

Vol. XIV, 1881.

l>art 1 —Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note

on some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the

South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic

rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants.

Travelled blocks of the Punjab. Appendix to ' Palxontological notes on the lower trias

of the Himalayas.' On some mammalian fossils from Perim Island, in the collection of the

Bombay Branch of the Royal Asiatic Society.
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Part 3.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Good-

wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records,

and the mining record office of Great Britain ; and the Coal and Metalliferous Minn

Acts of 1872 (England). On cobaltite and danaite from the Khetri mines, Rajputana;

with some remarks on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite

and Blende) with barytes, in the Karnul district, Madras. Notice of a mud eruption in the

island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North

west Himalayas. On a fish-palate from the Siwaliks. Palzontological notes from the

Haxaribagh and Lohardagga districts. Undescribed fossil carnivora from the Siwalik hill*

in the collection of the British Museum.

Part 4.—Remarks on the unification of geological nomenclature and cartography. On the

geology of the Arvali region, central and eastern. On a specimen of native antimony

obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggia-

pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section

from Dalhousie to Pangi, via the Sach Pass. On the South Rewah Gondwana basic.

Submerged forest on Bombay Island. . .

Vol. XV, 188a.

Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-

rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North-west

Himalaya. On remains of pSIm leaves from the (tertiary) Murree and Kasauli beds in

India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from

Chutia Nagpur. On (■) a copper mine lately opened near Yongri hill, in the Darjiling

district; (a) arsenical pyrites in the same neighbourhood ; (3) kaolin at Darjiling (being

3rd appendix to a report on the geology and mineral resources of the Darjiling district

and. the Western Duars). Analyses of coal and fire-clay from the Makum coal-field, Upper

Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to

the production of gas, made April 39th, 1881. Report on the proceedings and result of

the International Geological Congress of Bologna.

Part a.—General sketch of the geology of the Travancore State. The Warkilli beds and

reported associated deposits at Quilon, in Travancore. Note on some Siwalik and

Narbada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the

Mand rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwara

district. Central Provinces. On borings for coal at Engsein, British Burma. On

sapphires recently discovered in the North-west Himalaya. Notice of a recent eruption

from one of the mud volcanoes in Cheduba.

Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh

on the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite

from the Western Ghats, Bombay. On the traps of Darang and Mandi in the North

western Himalayas. Further note on the connexion between the Hazara and the Kashmir

series. On the Umaria coal-field (South Rewah Gondwana basin). The Darangglri coal

field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the

Heozada district.

Part 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at

Beddadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the

Kistna.

Vol. XVI, 1883.

Part 1.—Annual report for 188a. On the genus Richthofenia, Kays (Anomia Lawrenciana,

Koninck). On the geology of South Travancore. On the geology of Cbamba. On the

basalts of Bombay.

Part J.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a

skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the

manufacture of iron, in the north-eastern part of the Jabalpur district. On laterite and

other manganese ore occurring at Gosulpore, Jabalpur district. Further notes on the

Umaria coal-field.

Part 3.—On the microscopic structure of some Dalhousie rocks. On the lavas of Aden.

On the probable occurrence of Siwalik strata in China and Japan. On the occurrence of

Mastodon angustidens in India. On a traverse between Almora and Mussooree made in

October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near

Laour, in Sylhet.
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Part 4.—Palaeontologies! aotM from the Daltonganj and Hutar coal-fields in Chou Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On

the microscopic structure of some Sub- Himalayan rocks of tertiary age. On the geology

of Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia,

Jaintia, and North Cachar Hills. On native lead from Maulmain and chromite from the

Andaman Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba

Island, Arakan. Notice.—Irrigation from wells in the North-Western Provinces and

Oudh.

Vot. XVII, 1884.

Pari 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mud

banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Bills Surgam

and other caves in the Kurnool district. On the geology of the Chuari and Sihunta

parganas of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling

series of Kashmir.

Part 3.—Notes on the earthquake of 31 it December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal exploration.

On the re-discovery of certain localities for fossils in the Siwalik beds. On some of the

mineral resources of the Andaman Islands in the neighbourhood of Port Blair. The

intertrappean beds in the Deccan and the Laramie group in western North America.

tart 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from

the Peshawar Valley to the Salt-range. On the selection of sites for borings in the

Raigarh-Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces.

The Turquoise mines of NishapQr, Khorassan. Notice of a further fiery eruption from

the Minbyin mud volcano of Cheauba Island, Arakan. Report on the Langrin coal-field,

south-west Khasia Hills. Additional notes on the Umaria coal-field.

Part 4.—On the Geology of part of the Gangasulan pargana of British Garhwal. On

fragments of slates and schists imbedded in the gneissose granite and granite of the

North-west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water

anchorages of the Travancore coast. On auriferous sands of the Subansiri river,

Pondicherry lignite, and phosphatic rocks at Musuri. Work at the Billa Surgam caves.

Vot. XVIII, 1885.

Part 1.—Annual report for 1884. On the country between the Singarem coal-field and the

Kistna river. Geologica I sketch of the country between the Singareni coal-field and

Hyderabad. On coal and limestone in the Doigrung river, near Golaghat, Assam.

Homotaxis, as illustrated from Indian formations. Afghan field notes.

Part 3.—A fossiliferons series in the Lower Himalaya, Garhwal. On the probable age of

the Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus

Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the pro

bability of obtaining water by means of artesian wells in the plains of Upper India.

Further considerations upon artesian sources in the plains of Upper In ilia. On the

geology of the Aka Hills. On the alleged tendency of the Arakan mud volcanoes to

burst into eruption most frequently during the rains. Analyses of phosphatic nodules and

rock from Mussooree.

Part $■—On the Geology of the Andaman Islands. On a third species of Merycopotamus.

Some observations on percolation as affected by current. Notice of the Pirthalla and

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthquake

of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of ]uly 14th 1885. On the Kashmir earthquake of 30th May 1885. On the

results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmabet meteorite.

Vol. XIX, 1886.

Parti.—Annual report for 1885. On the International Geological Congress of Berlin. On

some Palaeoioic Fossils recently collected by Dr. H. Warth, in the Olive group of the

Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan

and Persian Field notes. Cn the section from Simla to Wangtu, and on the petrologi-

cal character of the Amphitolites and Quartz Dioiitea of the Sutlej valley.

Parti-—On the Geology of parts of Bellary and Ansntapur districts. Geology of the Upper

Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive
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rocks from the Central Himalayas Preliminary note on the Mammalia of the Karnul

Caves. Memorandum on the prospects of finding coal in Western Raj pu tana. Note on

the Olive group of the Salt-range. On the discussion regarding the boulder-beds of the

Salt-range. On the Gondwaoa Homotaxis.

Part J.—Geological sketch of the Vizagapatam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malanl rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat

district, C. P.

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khi tan.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan i No. %

Tnrkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Mexa

valley, Upper Burma. •

Vol. XX, 1887.

Part l.—Annual report for 1886. Field-notes from Afghanistan 1 No. 4, from Turkistan to

India. Physical geology of West British Garhwal; with notes on a route traverse

through Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some

Indian image-stones. On soundings recently taken off Barren Island and Narcondam.

On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the

Salt-range, Punjab.

Part ».—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the

Lower Narbada Valley, with remarks upon their geological age. Pield-notes : No. 5—to

accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On the

microscopic structure of some specimens of the Rajmahal and Deccan traps. On tbe

Dolerite of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B. MushketoFfs Geology of Russian

Tnrkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and

Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the

' Lalttpur 1 meteorite.

Part 4.— Note on some points in Himalayan geology. Crystalline and metamorphic rock* of

the Lower Himalaya, Garhwal, and Kumaun, Section H. The iron industry of the

western portion of the District of Raipur. Notes on Upper Burma. Boring exploration

in the Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Meta-

morphism, with reference to the foliation of the Himalayan Gneissose Granite. A list and

index of papers on Himalayan Geology and Microscopic Petrology, published in the

preceding volumes of the records of the Geological Survey of India.

Vol. XXI, 1888.

Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,

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

pelago. Memorandum on the results of an exploration of lessalmer, with a view to the

discovery of coal. A facetted pebble from the boulder bed (' speckled sandstone ') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part a.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The

Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks

of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and

Mehowgale coal-fields, Kashmir.

Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. ' The Carboniferous

Glacial Period.' The sequence and correlation of the pre-tertiary sedimentary forma

tions of the Simla region of the Lower Himalayas.

Part 4 — On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

blown-sand rock sculpture. Re-discovery of Nuramulites in Zanskar. On some mica

traps from Barak ar and Raniganj.

Vol. XXII, 1889.

Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series to

South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position

of the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwalik and Narbada Chelonia.

Part a.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. The

' Carboniferous Glacial Period.' Notes on Dr. W. Waagen's 1 Carboniferous Glacial

Period.' On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Nehal



 

Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of

Jabalpur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo

gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiferous

Matt from Nepal. The President of the Geological Society of London on the Interna

tional Geological Congress of 1888. Tin-mining in Mergui district.

Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the

Siwatiks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous

iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rajmahal

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the

local distribution of important minerals, miscellaneous minerals, gemstones, and quarry

stones in the Indian Empire. Part 1.

Vol. XXIII. 1890.

Part t.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the

Pectoral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate

remains from the Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Part 2.—On the most favourable sites for Petroleum explorations in the Harnai district,

Baluchistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper

Burma). A description of some new species of Syringosphseridse, with remarks upon their

structures. &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin

Railway between Sharigh and Spintangi, and of the country between it and Khattan

(with a map). Report of a Journey through India in the winter of 1888-89, by

Dr. Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

ol Lairungao. Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). Further

Note on Indian Steatite. Provisional Index of the Local Distribution of Important

Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire

(continued from p. 386. Vol. XXII).

Pmrt 4.—Geological sketch of Naini Tal j with some remarks on the natural conditions

governing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird

Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during

season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The

Deep Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine,

Haxara (with two plates).

Vot. XXIV, 1891.

Part 1.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, with a

re-considered theory of the Origin and Age of the Salt-Marl (with five plates). On veins

ol Graphite in decomposed Gneiss (Latente) in Ceylon. Extracts from the Journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in

Rajputana, and of the Saline efflorescence called ' Reh ' from Aligarh in the North-Western

Provinces. Analysis of Dolomite from the Salt-range, Punjab.

Part 3.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country,

Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of

the Luahai Hills. Report on the Coal-fields in the Northern Shan States. Note on

the reported Namseka Ruby-mine in the Mainglon State. Note on the Tourmaline

(Schorle) Mines in the Mainglon State. Note on a Salt-spring near Bawgyo, Thibaw

State.

Part 3.—Boring Exploration in the Daltongunj Coal-field, Palamov (with a map). Death of

Dr. P. Martin Duncan. Contributions to the Study of the Pyroxenic varieties of Gneiss

and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling

Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a

map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two

plates).

Vol. XXV. 1892.

Part 1.—Annual report for 1891. Report on the Geology of Thai Chotiali and part of the

Mari country (with a map and 5 plates). Penological Notes on the Boulder-bed of the

Salt-range, Punjab, Sub-recent and Recent Deposits of the valley plaint of Quetta,

Pishin, and the Dasbt-i-Bedaolat; with appendices on the Cbamans of Quetta; and the

Artesian water-supply 0/ Quetta and Pishin (with one plate).
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Part 2.—Geology of the S-if-'d Kdh (with 3 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section plates) (out 0/ print).

Part 3.—Note on the Locality of Indian Tscheffkinite. Geological Sketch of the country

north of Bhamo. Preliminary Report on the economic resources of the Amber and Jade

mine* area in Upper Burma. Preliminary Report on the Iron-Ores and Iron-Industries

of '-he Salem District. On the Occurrence of Riebeckite in India. Coal an the Great

Tenasserim River, Mergui District, Lower Burma.

Part 4.—Report on the Oil Springs at Moghal Kot in the Shirani Hills (with 3 plates).

Second Note on Mineral Oil from ihi Suleiman Hills. On a New Fossil, Amber-like

Resin occurring in Burma. Preliminary notice on the Triassic Deposits tf the

Salt-range.

Vol. XXVI, 1893.

Port /.—Annual report for 1892. Notes on the Central Himalayas (with map and plate).

Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence

of Burmite, a new Fossil Resin from Upper Burma. Report on the Prospecting Opera

tions. Mergui District, 1891-92.

Part 2.—Notes on the earthquake in Baluchistan on the 30th December 1893 (with 3 plates),

Further Note on Burmite, a new amber-like fossil resin from Upper Burma. Note on the

Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with I plate). On a deep Boring at Chandernagore. Note on

Granite in the districts of Tavoy and Mergui (with a plate).

Part 4.— On the Geology of the country between the Chappar Rift and Harnai in Baluchistin

(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley with

special reference to the Tendau-Kamapying Coal-field (with two maps). On a Magnetite

from the Madras Presidency containing Manganese and Alumina. On Hlslopite

(Haughton) (with a plate).

Vot. XXVII, 1894.

Part 1.—Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-range, Punjab

(with map and 3 plates).

Pari 2.—Note on the Chemical qualities of petroleumfrom Burma. Note on the Singareni

Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report en the

Gohna Landslip, Garhwal (with 5 plates and 3 maps).

Part 3. — On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih

(Karharbari) Coal-field, with notes on the labour and methods of working (with 3 maps

and 8 plates of sections). On the Occurrence of Chipped (f\ Flints in the Upper Miocene

of Burma (with a plate). Note en the Occurrence of Velates Schmideliana. Chemn.

and Provelates grandis. Sow. Sp. in the Tertiary Formation of India and Burma (with 3

plates).

Part 4.— Note on the Geology of Wuntho in Upper Burma (with a map). Preliminary notice

en the Eehinoids from the Upper Cretaceous System of Baluchistan. On Highly Phos-

phatic Mlca-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a

Mica-Hypersthene-Hornblende-Peridotlte in Bengal.

Vot. XXVUl, 1895.

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Some early allusion*

to Barren Island; with a few remarks thereon. Bibliography of Barren Island and

Narcondam,from 1884 to 1894; with some remarks.

Part 3.— On the importance of Cretaceous Rocks of Southern India fit estimating the geogra'

phical conditions during later cretaceous times. Report on the Experimental Boring for

Petroleum at Sukkur from October 1893 to March iSae. The development and Sub-

division of the Tertiary system in Burma.

Part 3.—On the Jadeite mid other rocks, from Tammaw in Upper Burma. On tke Geology

./ the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4.— On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact

Effects. On some ootlisrs of the Vindhyan system south of the Sons and their relation

to the so-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area of

the Sone Valley. Note on Dr. Fritz Noitmno's paper on the Tertiary system im

Burma, in the Records of the Geological Survey of India for 180$, Part M.

Vol. XXIX, 1896.

Part I.— Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the

Origin and Gnwth of Garnets and of their Micropegmatitit intergrowths in Pyraxenic

recks (with I plate).

Part I.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills

and othir localities near Salem, Madras (with 3—6 plates). Preliminary notes an seme

Corundum localities in the Salem and Coimbatore districts, Madras (with 7—9 plates).



 

' Corundum .; he Manbhutn district, Bengal. On the

11 and Dr. Kurtz, and on the ancient Geography of " Gondvaana-

Votes from the Geolo. . of India.

Part 3— On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

-he Steatite mines, Minbn District, Burma. Fun •> the Lower

ur) area of the Sone Valley, Rewah m the Geological

■vey of India.

Vol. XXX, 1897.

1.—Annual report for 1806. On some Norite and associated Basic Dykes and Lava-

Rows in Southern India (with plates I to II). The reference of the genus Vertebraria.

On a Pi; with part of the rhizome attached, and en the structure

ertebraria (with plates III to V).

J.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the

-ture in an Igneous dyke (with plate XI). Additional note on

the e XII). Report on some trial excavations

dum near Palaki.d, Salem Mil). Report on the occurrence

it Palana village in Bikanir State (with plate XIV). An account of the geolo-

il specimens collected by the Afghan-B&luch Boundary Commission of 1806 (with plate

I Survey of India (with plates XVI and XVII).

malite from Afghanistan. On a quart z-baxytes rock occurring in the Salem

Madras Presidency (with plate XVIII). Note on a worn femur of Hippopotamus

.adieus, Caut. and Falc. from the Lower Pliocena of Burma (with plates XIX and

'.'.). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on micas.

from the Geological Survey of India.

Vol. XXXI, 1904.

/.— Prefatory Notice. On a deposit of copper ore near Komai, Darjeeling District. Note

Zewan beds in the Vihi District, Kashmir. Report on the coal deposits of Isa

li District, Punjab. Report on the Um-Rileng Coal-beds, Assam, Note on

a sapphirine-bearing rock from Vizagapatam District. Miscellaneous Notes. Assays.

Part 2.— Lt.-Genl. C. A McMahon, F.R.S. Note on Cyclolobus Haydeni, Diener. The

Auriferous Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern

methods of Coke-making at the East Indian Railway Collieries, with a supplementary

note by the Director, Geological Survey of India. Miscellaneous Notes (on

Part 3-—The Upper Pal.eozoic formations of Eurasia. Note on the Glaciation and History of

I Valley. On the occurrence of a Species of Haloritrs in the Trias of Baluchistan,

•eology and Mineral Resources of Mayurbhanj. Miscellaneous Notes |

4-—The Geology of Upper Assam. The Auriferous Occurrences of Assam. On a

curious occurrence of Scapolite from the Madras Presidency. Miscellaneous Notes. Index

to Volume XXXI.

Vol. XXXII, 1905.

v of the Mineral Production of India during the years 1898—1903.

the Geological Survey of India for the period April 1903 to Decem

ber 1 004- P" lote on the Geology of the Provinces of Tsang and 0 in Tibet

•■ of Bauxite in India.—Miscellaneous Notes (out of print).

Part 3.—Notes on an Anthracolithic Fauna from the moutb of the Subansiri Gorge, Assam

ite 8). On the occurrence of Elephas Antiquus (Namadicus) in the Godavari

With remarks on the species, its distribution and the age of the associated

Indian Deposits (with plates 9—13). The Triassic Fauna of the Tropites- Limestone of

On the occurrence of Amblygonite in Kashmir. Miscellaneous Notes (out of

Poet 4. -Obituary notices of H. B. Medlicott and W. T. Blanford. Preliminary Account of the

Kangra Earthquake of the 4th April 1905 (with plates 14 and 15). Index to Volume

XXXII.

Vol. XXXIII, 1906.

Production of India during 1904. Pleistocene Movement as indicated

by < iradient of the Narbada and other Rivers in the Indian Peninsula

(w it -4> On Recent Changes in the Course of the Nam-tu River, Northern

(With Plates 51. Note on the Natural Bridge in the Gokteik Gorge (with

Plates 6—9'. Notes on the Geology and Mineral Resources of the Narnaul District

■ tiala State), Miscellaneous Notes.

The price fixed for these publications is I rupee each part, or 2 rupees each vcluine.



 

The publications of the Department include—

Palaeontolooia Imdica. arranged in series, and sold in parts which are priced at 4 annas

(6 pence) per plate.

Msmoirs, Vols. I—XXXVI, including the larger papers on geological subjects.

Rkcords, Vols. I —XXXII, including the shorter papers and annual Reports from 1868 to

1905, sold in parts, price one rupee each.

Manuals, Guides and Maps.

A complete list of the contents of these publications can be obtained by application to

Registrar, Geological Survey of India, 27, Chowringhee Road, Calcutta. Indexes to the

Genera and Species described in the Palzontologia lodica up to 1891, to the Memoirs,

Vols. 1—XX, and to the Records, Vols. I—XXX, have been printed for sale.
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I, Royal 8vo, pp. 300, 1859 (out of print). Pt. 1, 1856 (price 1 Re.): Preliminary

notice 00 the Coal and Iron of Talchir.—On the geological structure and

relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.—

, e On specimens of gold and gold dust from Shue-gween. Pt. a, 1858 (price

a Rs.) : On the geological structure of a portion of the Khasi Hills.—On

the geological structure of the Nllghiri Hills (Madras). PL 3, 1830 (pric*

a Rs.) : On the geological structure and physical features of the districts of

Bankura, Midnapore, and Orissa.—On the laterite of Orissa.— On some fossil

fish-teeth of the genus Ceratodus, from Maledi, south of Nagpnr.

Vol. II. Royal 8vo, pp. 341, 1859 (out of print): Pt. I, i860 (price a Rs.): On the

Vindhyan rocks, and their associates in Bundelkand. Pt. 3, i860 (prict 3 Rs.)*

On the geological structure of the central portion of the Nerbudda District.

—On the tertiary and alluvial deposits of the central portion of the Ner

budda Valley.—On the geological relations and probable geological age of

the several systems of rocks in Central India and Bengal.

Vol. III. Royal 8vo, pp. 438. Pt. I, 1863 (prict 3 Rs.) (out of print) :Oa the geological

structure and relations of the Ranigaaj Coal-field.—Additional remarks on

the geological relations and probable geological age of the several systems

of rocks in Central India and Bengal.— Indian Mineral Statistics, I. Coal.

Pt. a, 1864 (price a Rs.) (our of print) : On the Sub- Himalayan Ranges

between the Ganges and Ravi.

Vol. IV. Royal 8vo, pp. 450. Pt. 1, 1863 (price a Rs.) : Report on the Cretaceous

Rocks of Trichinopoly District, Madras. Pt. a, 1864 (price 3 Rs.) (out of

print) : On the structure of the Districts of Trichinopoly, Salem, <sc. Pt- 3,

1865 (price 1 Re.): On the Coal of Assam, &c.
Vol. V. Royal 8vo, pp. 354. Pt. 1, 1865 (price 3 Rs.) (out of print) ■■ Sections across

N.-W. Himalaya, from Sutleito Indus.—On the Gypsum of Spiti. Pt. 2,

1866 (price 1 Re.) : On the Geology of Bombay. Pt. 3, 1866 (price I Re.)

(cut cf print): On the Jheria Coal-field.—Geological Observations on West

ern Tibet.

Vol. VI. Royal 8vo, pp. 395. Pt. I, 1867 (price 8 As.): On the neighbourhood of

Lynyan, !cc, in Sind.— Geology of a portion of Cutch. Pt. a, 1867 {fit*

a Rs.) (out of print) Bokaro Coal-field.—Ramgarh Coat-field.—Traps of

Western and Central India. Pt. 3, 1869 (price a Rs. 8 As.) : Tapti and Ner

budda Valleys.—Frog-beds in Bombay.—Oxygloseut pusillus.

Vol. VII. Royal 8vo, pp. 342. Pt. I, 1869 (price 3 Rs.) : Vindhyan series.— Mineral

Statistics.—Coal.— Shillong Plateau. Pt. a, 1870 (price 1 Re.) : Karharbari

Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (price I Re.) 1 Aden water-

supply.— Karanpura Coal-fields.

VOL. VIII. Royal 8vo, pp. 353. Pt. 1, 1873 (price 4 Rs.) : On the Kadapah and Karnut

Formations in the Madras Presidency. Pt. 3, 1873 (price 1 Re.) : Itkburi

Coal-field.— Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Royal 8vo, pp. iv, 358. Pt. I, 1873 (price 4 Rs.) : Geology of Kutch. Pt a,

1873 (price I Re.) : Geology of Nagpur.—Geology of Sirban Hill.—Carbon

iferous Ammonites, pp. 65.

Vol. X. Royal 8vo, pp. 359. Pt. 1 (price 3 Rs.) : Geology of Madras.—Sitpura CosJ-

basin. Pt. 3, 1874 (price a Rs.) : Geology of Pegu.

Vol. XI. Royal 8vo, pp. 338. Pt. I, 1874 (price a Rs.) : Geology of Darjlling and

Western Duars. Pt. 2, 1876 (price 3 Rs.) s Salt-region of Kohat, Trans-Indna.

Vol. XII. Royal 8vo, pp. 363. Pt, 1, 1877 (price 3 Rs.) : South Mahratta Country.

Pt. 2. 1876 (price a Rs.) : Coal-fields of the Naga Hills.

Vol. XIII. Royal 8vo, pp. 248. Pt. i, 1877 (price a Rs. 8 As.): Wardha Valley Coal

field. Pt. 2, 1877 (price 2 Rs. 8 As.): Geology of the Rajmahal Hill*.

Vol. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Vol. XV. Roval 8vo, pp. 102. Pt. 1. 1878 (price a Rs. 8 As.) : Geology of the Aumnga

and Hutar Coal-fields (Palamow). Pt. 2, 1880 (price a Rs. 8 As.) : Ramkola

and Tatapani Coal-fields (Sirguja).

Vol. XV I. Roval 8vo, pp. 364. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology ol Eastern

Coast from Lat. 15* to Masulipatam. Pt. a, 1880 (price 1 Re. 8 As.) t The

Nellore Portion of the Carnatic. Pt. 3, 1880 (price a Rs.): Coastal Region of

the Godavari District



 

1 883 (price « Re.):

Royal 8vo, pp. 305. P(. 1, 1879 (price 3 Rs.): r Western Sind. P

1880 (/'i.v 2 Rs.) : Train-Indus extension of the Punjab Salt-range.

X V 1 1 1. Royal 8vo, pp. 300. Pt. 1, 1S81 (price a R».) : Southern Afghanistan. Pt. 2,

|88| (price I Re. 8 As.) (out of print) : Manbhum and Singhbhum. Pt 3,

188 1 iri Valley.

Vol , 188a (prici a Rs.) 1 The Cachar Earthquake of 1869.

ermal Springs of India. Pt. 3, 1883 (price

■)-. A cat 1 dian Earthquakes. Pt 4,

Geology of parts ofManipur and the Naga Hills.

.at 8vo, pp. 24fJ. Pt. 1, 1SS3 (price 2 Rs. 8 As.) (out of print) : Geology of

ra and Tinneve Rs. 8 As.) (out of print):

Geological notes on the Hills in the neighbourhood of the Sind and Punjab

tier between Quetta and Dera Ghaii Khan.

Vol. XXI. Royal 8vn, pp. ti&6 (out ofprint). ; (price 3R5): Geology of the

oada Vail- "ieology of Kathiawar.

■J-field of South Rewah. Pt. 4,

1885 (price 1 Rr Barren Island.

Vol. XXII. Royal 8vo, pp. 344, 1883 (prices Rs.)s The Geology of Kashmir, Chimbs,

and Khagan.

Mil. Royal 8vo, pp. 43a, 1891 (price 5 Rs.) t Geology of the Central Himalayas.

Vol 1, i887 0sric#i Re. 8 As.) (ou: The Southern Coal

fields Itpura Gondwana basin. Pt. a, 1890 (price a Rs. 4 As.) :

Physical Geology of the Sub-Himalaya of Garluv.il and Kumaun. Pt 3,

1890 (price 1 Re. 4 As.): Geology of South Malabar, between the Bey pore

and Ponnani Rivers.

V. Royal 8vo, 1896 (price 5 Ri.) : Geology of the Bellary Dlstricr, Madras Presi

de r.

Vol. XXVI. Royal 8vo, 1896 (price 5 Rs.) (out of print) : Geology of Hazara.

Vol. XXVII. Royal 8vo, Pt. I, 1895 (pri, ifl Fossils from the Miocene of

Upper Burma. Pt a, 181 : The occurrence

of Petroleum in Burma an<

II. Royal 8vo, Pt 1, 1898 (price a Rs.) : Notes on the Geological Structure of the

hurt region.—A note on the Allahbund in the north-west of the Rann of

Kuchh.—Geology of parts of the Myingyan, Magwe and Pakokku Districts,

Burma.—The Geology of the Miklr Hills in Assam.—On the Geology of

Tirah and the Bazar valley. Pt. a, .'1900 (price 3 Rs.) : The Charnockites

Series, a group of Archxan Hypersthenic Rocks in Peninsular India.

Vol. XXiX. Royal 8vo, igoo(j>rir»5 Rs.) : Report on the Great Earthquake of lath June 1897,

Vol. XXX. RoyalS qoo (price a Rs.) : Aftershocks of the Great Earthquake of

13th June 1 , 1900 (price 1 Re.) : Geology of the neighbourhood of

Saler: Presidency, with special re' cschenault de la Tour's

obsei . a (price 1 Re.): Siv. 1 of El«eolite-Syenitei.

ce 1 Re.) : Report of the G' >ngress of Paris.

Vol. XXXI R.. voi (price 2 Rs.) : Geology of the Son Valley in the Rewah

Staff s of Jabalpur and Mirzapur. Pt. a,

gical Sketch of|the Baluchistan Desert and part

Eastern Persia. Pt. 3, tool (price I Re.) : Penological notes on some Peri-

dotites, Serpentines, etc., from Ladakh.

Vou XXXII. Royal 8vo, Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India.

Pt. a, 1901 (price a Rs.): Report 00 the Rampur Coal-field. Pt 3, 190a

(pricey Rs.) : Notes on the " Exotic Blocks" of Malla Johar in the Bhot

Mahals of Kumaon. Pt 4 (price 3 Rs.) : Report on the Jammu Coal-fields.

:XXIH. Royal 8vo, Pt. 1, 1901 (price 8 Rs.): The Kolar Gold-field, being a descrip-

f Quartz-Mining and Gold- Recovery as practised in India. Pt. a. 1001

~Rs.). Art. i: The Gold-fields of Wain Jd. Art. 2: Report on the

Auriferous Quartzites of Parhadiah, Chota Nagpur. Art 3 1 Some Auriferous

1 North Coimbatore. Pt. 3, 1902 (price 1 Re.): The Geology

of the Kalahandi State, Central Provinces.

Vou XXXIV. Royal 8vo, Pt 1, 1901 (price 1 Re.) ; On a peculiar form of altered Peridotite

in Mysore State. Pt. a, 190a (price 3 Rs.) : The Mica deposits of India.

Pt 3, too-; (price I Re.): A Note on the Sandhills of Clifton near Karachi.

'.'. Royal 8vo,'Pt. 1, 1902 (price a Rs.) : Geology of Western Rajputana. Pt.2,

1503 (price 1 Re.) 1 Aftershocks of the Great Earthquake of lath Juna 1897,

The seismic phenomena in British India and their

connection with it* Geology,

Vol. XX XVI. Royal 8»o, Pt I, 1904 (price 4 Rs.): Geology of Spiti.
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PAUBONTOLOGIA INDICA.

(Sir. I, HI, V, VI, VIII.)—CRETACEOUS PAUNA OF SOUTHERN INDIA, by

P. STOLICZKA, except Vot. I, Pt. I, by H. P. BLANPORD.

Ser. I & III.—Vol. I. The Cephalopoda (1861-65), pp. ai6, pis. 94 (6 doable).

V.—Vol. II. The Gastropoda (1867-68), pp. xiii, 500. pis. 98.

VI.—Vol. III. The Pelecypoda (1870-71), pp. xxii, 537. pis. SO.

VIII.—Vol. IV. The Brachiopoda, Ciliopoda, Echinodermata, Corals, etc. (1872-73),

pp. t, aoa, pis. 20.

(Ser.1I, XI. XII.)—THE FOSSIL FLORA OP THE GONDWANA SYSTEM 4»

O. FEISTMANTEL, except Vol. I, Pt. 1. by T. OLDHAM and J. MORRIS.

Vol. I, pp, xviii, S33, pis. 72. 1863-79. Pt. 1 ; Rajmahil Group, Rajmabal Hills. Pt. a- The

tame (continued). Pt. 3j Plants from Golapilli. Pt. 4; Outliers on the

Madras Coast.

Vol. II, pp.. xli, 114 pis. 26. 1876-78. Pt. 1 ; Jurassic Flora of Kach. Pt. a t Flora of

the Jabalpur Group.

Vol. Ill, pp. xi 64+ 140, pis. 80 (9double)(I-XXXI + IA—XLVIIA). 1870-81. Pt. 1 • The

Flora of the Talchlr-Karharbari beds. Pt a j The Flora of the Damuda and

Panchet Divisions. Pt. 3; Tkt tame (concluded).

Vol. IV, pp. xxvi, 35 + 66, pis. 35 (a double) (I—XXV + IA—XIVA). Pt. 1 fi88a): Fossil

Flora of the South Rewah Gondwana basin. Pt, 3 (1886) ; Fossil Flora of some

of the coal-fields in Western Bengal.

(Ser. IX.)-]URASSIC FAUNA OF KACH.

Vol. I, (1873-76). The Cephalopoda, by W. Waagsk, pp. i, 947, pis. 60 (6 double).

Vol. II, pt. 1 (1893). The Echinoidea of Kach, by J. W. Gregory, pp. 12, pis. a.

Vol. II, pt. a (1900). The Corals, by ]. W. Gregory, pp. 196, I—IX, pis. 26.

Vol. HI, pt. t (1900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. I—15.

Vol. Ill, pt. 2 No. 1 (1903). Lamellibranchlata : Genus Trigonia, by F. L. KlTCHlN, pp. 1:

pis. l—IO.

(Ser. IV.)—INDIAN PRE-TERTIARY VERTEBRATA.

Vol. 1, pp. vi, 137, pU. 26. 1865-85. Pt. I (1865); The Vertebrate Fossils from the Panchet

rocks, by T. H. Huxley. Pt. a (1878); The Vertebrate Fossils of the Kota-

Maleri Group, by Sir P. db M. Gkev Egerton and L C. MtALL and

Blanford. Pt 3 (1879); Reptilia and Batracbia, by R. Ltdbkkir. Pt. 4

(1885); The Labyrinthodont from the Bijori group; by R. Lydkkker.

Pt. 5 (1885); The Reptilia and Amphibia of the Maleri and Deowa groups

by R Lydekkkr.

(Ser. X.)-IND1AN TERTIARY AND POST-TERTIARY VERTEBRATA. b,

R. LYDEKKKR, except Vol. I, Pt. t, by R. B. FOOTE.

Vol. I, pp. xxx, 300, pis. 50. 1874-80. Pt. 1 ; Rhinoceros deccanensis. Pt. a ; Molar teeth

and other remains of Mammalia. Pt. 3; Crania of Ruminants. Pt. 4 ; Son-

plement to Pt. 3. Pt. 5 : Siwalik and Narbada Proboscidta.

Vol II do xv 363 pis. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotidae. Pt 2 ; Supplement tovol, , w- ^Jj.jJ an^ Narbl<ia Proboscidia. Pt. 3; Siwalik and Narbada Eq_uid:e

Pt. 4 : Siwalik Camelopardalidas. Pt. 5 ; Siwalik Selenodont Suina, etc, Pt. 6;

Siwalik and Narbada Carnivora.
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I INTRODUCTION.

THE following notes are based on an examination of some rocks,1

chiefly crystalline and metamorphic, associated with the

manganese-ore deposits of the .Chhindwara district and collected by

me in December 1903. The area dealt with lies wholly within the

Sausar tahsil of the above-mentioned district, and is almost entirely

included within the portion of the same district described by Mr. Datta

in the following paper (pages 221 to 228) ; it is that part of the Kanhan

Valley lying between the latitudes 210 45' N. and 21° 30' N. Since

detailed observations were confined to but a small portion of this

area, and in view of the great variety of rocks so found (see the

classification on page 166), it is justifiable to suppose that within

this area many rock-types still await discovery.

Regarding the map (PI. 20) appended to this paper a little

explanation is required. The small areas immediately surrounding the

different manganese-ore outcrops have been mapped on the scale of

one inch to the mile (that of the accompanying map) and these isolated

patches have been joined up by enlarging from Mr. Datta's map

(PI. 21), the scale of which is i''=4 miles. Such a process of magnify

ing the geological boundaries from a small to a large scale map is not

to be commended and has only been resorted to where absolutely

necessary. On this map will be found numbers in red corresponding

to the serial numbers of the rocks described in the sequel and numbers

in blue corresponding to the various manganese-ore deposits. Much

of the solid geology, especially near the Kanhan river, is obscured by

alluvium, except for occasional exposures. Hence, in such areas, the

crystalline and metamorphic rocks are represented on the map by a

continuous pink tint without any attempt to further subdivide them

into their various petrological groups.

The rocks of this neighbourhood belong to three series :—

(1) Deccan Trap (Uppermost Cretaceous).

(2) Lameta (Cenomanian).

(3) Metamorphic and Crystalline Series (Archaean).

The small amount of space devoted below to the consideration of

the Deccan Trap is not due to any lack of interesting features

1 Nos. 16*925 to 17*80 of rock register. Also Mr. Datta's specimens

Nos, 9/1025 to 9*1042.
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amongst its rocks, but to the fact that the object of my visit was to

examine the manganese-ore deposits and the rocks with which they

are associated ; the time at my disposal being very limited, I was

unable to undertake anything but a cursory examination of the trap.

II THE DECCAN TRAP.

The distribution of the rocks of this formation along the sides

of the valley and their horizontally-layered character are described

by Mr. Datta in the next paper (page 226) and no further general

remarks are needed here. To the eye, the trap, where not amygdaloidal,

presents a general sameness throughout the area, and the following

specimen may be taken as typical of it.

No. 1 .—16-928—4845—Basalt—Rlnpet—G. = 2-g8.1

This specimen, collected from the northern slope of the range of trap

hills due south of Rdnpet, is an extremely fine-grained dull blackish

rock, with occasional small vesicles and shows a few small pheno-

crysts of a yellowish mineral, probably plagioclase. M.s—It shows

the structure of a very fine-grained basalt. The felspar is labradorite

occurring in laths with the usual albite twinning-lamellae, though one

phenocryst shows also pericline twinning. The augite is very pale

brown, occurring in grains between the felspar laths, so that the

structure may be described as intersertal. There are also a few

slightly larger augite grains occasionally showing simple twinning.

Magnetite often showing square outlines is abundant in grains of the

same average size as the augite. There is also an orange-yellow to red

substance, uniform in colour, and often quite isotropic, but at other

times showing spherulitic interference crosses under crossed nicols.

It may be either serpentine derived from original olivine, or it is

1 The first number is the serial number of the rocks described in this paper ;

the second is the number in the rock-register of the Geological Survey collection ;

and the third the number of the microscope slide. In the title to each description,

the name assigned to the rock is given and this is followed by the name of the

village within the limits of which the specimen was collected. "G" stands for

specific gravity. For the majority of the specific gravity determinations of the rocks

described in this paper 1 am indebted to Mr. Ram Chandran, m.a., who also

carried out .1 few qualitative analyses of doubtful minerals.

2 •' M " means " microscopic aspect " or " under the microscope.''
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possibly glass. Apatite is abundant in small grains and prisms

especially in the felspar.

No. 2.—16*926—4843—"Green Earth "—Wagora—G.=2'5<>.

In places in the trap occur irregular seams and pockets of a very

fine-grained compact earthy rock usually described as " green -earth ".

This particular specimen was taken on the neck joining Ghoda Hill

to the hill to the south-south-east. It is sage-green in colour, with

G. = 2-5o, i.e., higher than the upper limit given for glauconite. M.—

Under the highest power minute quartz grains are seen disseminated

through a matrix which is pale yellow-green and colourless in patches,

and is isotropic or nearly so.

No. 3.—16-927—4844—Lavender-and-green " Earth."—Wagora—

G.= 2-4g.

This rock is similar to the above, except that it is coloured lavender

with patches of green. It was found at the head of the fourth water

course crossing the road going east from Wagora, and formed part

of an obscurely exposed mass of similar rock at least five feet deep :

but whether it was a bed, vein or geodic infilling in the trap could

not be determined. M.—It shows occasional minute quarts grains

in a mottled and clouded greenish-brown base.

III.—THE LAMETAS.

This group consists mainly of sandstones, limestones and cherts

of which the lithological characters and distribution are described by

Mr. Datta, but it will be interesting to note a specially fine

example of the unevenness of the surface on which the Lametas

were deposited. As shown by the map, the low ground to the

south of Kara Hill is occupied by Lameta rocks—limestones, sand

stones and cherts—and, at the west end, this patch of Lametas is

capped by a small outlier of trap. Both Kara Hill and the hills

immediately to the south of these Lametas are composed of quartz-

pyroxene-gneiss, this rock being finally capped by the trap on Kasi-

gondri Hill, where no intervening stratum of Lameta rocks was found.

The evidence indicates that in this neighbourhood, before the deposi

tion of the Lametas, the surface of the metamorphic rocks was very
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similar to that of the present dayj and had been eroded into hills which

rose in places to at least 285 feet1 above the valleys. The Lametas

were then deposited so as to fill up these valleys and cover at least

the lowest hills. This sedimentation was followed by a limited amount

of sub-aerial erosion which, in addition to excavating valleys and ravines

in the Lametas themselves (sometimes even cutting down to the under

lying gneiss), also removed any of those rocks that may have been

deposited on the higher gneissic hill-tops*. Flows of the Deccan

Trap were then erupted so as to obscure everything, and this volcanic

activity was followed by post-trappean erosion which has continued to

the present day. Consequently, not only do we now see the trap

resting on the gneiss, sometimes with, and sometimes without,

the intervention of the Lametas, but we also see hills of gneiss rising

to a higher level than those particular layers of the neighbouring

trap which lie directly on Lametas in the old valley bottoms of the

pre-trappean landscape.

No. 4.—16-931—4846—Gritty Limestone—Utik3ta.

G. = 2-631.

This was taken from the stream due south of Kara Hill. It is

partly a very fine-grained pale lavender limestone, with almost

conchoidal fracture, showing little streaks of crystalline calcite ;

and partly a mottled mauve and greenish-white gritty limestone.

M.—The former portion of the rock is almost crypto-crystalline

calcite traversed by veins of crystalline calcite and containing

occasional grains of quartz. The gritty part of the rock, on the

other hand, shows rounded and angular pieces of quartz, often

exhibiting undulatory extinction, and set in a clouded calcite matrix,

of which the smallest grains can just be seen with a half-inch objective ;

the calcite is in places, however, large enough to show twinning.

There is also a patch of the crypto-crystalline rock included in

this gritty portion.

1 This is the difference of elevation, as shown by an aneroid, between the

top of the Lameta outcrop and the top of the gneiss of Kasigondri Hill.

* Near Chandgarh in the NimaY district of the Central Provinces is an

excellent and very clear example of such pre-trappean erosion. See the General

Report, Geol. Surv. Ind., 1902-1903, p. 31.
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IV.—THE METAMORPHIC AND CRYSTALLINE SERIES.

It is with the rocks of this series that we are mainly concerned,

and owing to their variety and to the fact that they form the nidus of

the manganese-ore deposits their study is one of most absorbing

interest.

(A) -Geological Re lations.

Roughly speaking, we have in this area a system of parallel bands

of rock of different lithological constitution, with a strike varying

between due east and E. 350 S., though there are, of course, deviations

from these limits. Moreover, owing to faulting transverse to the

strike, any one band of rock is not continuous for any great distance,

i.e , for not more than about | to 2 miles. The dips are as a rule rather

steep and more usually towards the south side of the strike, but fairly

frequent dips in the opposite direction suggest that these rocks are

really sharply folded about axes parallel to their strike, thus accounting

for the outcrop of parallel ridges of rock of the same character.

Finally, thin veins and strings and broad dykes of granite and

pegmatite intersect in every direction this whole series of older rocks ;

they usually pass from one band to another, but are not infrequently in

parallel arrangement with them by intrusion along the bedding planes.

(B)—Classification.

The following is an attempt to classify the various kinds of rock-

met with. As very detailed field work would have been required to

establish the genetic relationships of the various lithological types,

this classification must be regarded as tentative.

I.— Granites and Muscovite-granite.

Pegmatites. Tourmaline-granite

Garnet-granite.

Orthoclase-quartz-pegmatite.

Tourmaline-quartz-pegmatite.

Spessartite-pegmatite.
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II.—Granulites . Garnet-granulite.

Biotite-garnet-granulite.

III.—Gneisses . Muscovite gneiss.

Muscovite-biotite-gneiss.

Hornblende-biotite-gneiss.

Biotite-gneiss.

Ditto , very schistose.

IV.—Schists . Biotite-felspar-quartz-schist or gnessic-schist.

Biotite-schist.

Amphibole-schists and amphibolite.

Hornblende-felspar-schist.

V.—Quartzites . Muscovite-quartzite.

Garnet-bearing quartzite.

VI.— Quartz-pyrox- Quartz-pyroxene-gneisses, containing some or

ene-gneisses. all of the minerals :—diopside, hornblende,

quartz, labradorite, microcline. epidote, garnet,

sphene, zircon, ilmenite and magnetite.

VII.—Calciphyres. Containing the same minerals as the rocks of

Group VI, but with the addition of calcite in

either small or large quantity.

VIII.—Crystalline May be divided into three classes :—

Limestones. 1. Contains some or all of the following acces

sory minerals:—diopside, hornblende, tremo-

lite, quartz epidote, essonite, sphene, magne

tite and mica ; and is apparently the final

product of the chemical changes involved

in the formation of the rocks of Group VII,

from ones identical with or similar to those

of Group VI.

2. Manganiferous limestones, often containing

spessartite and rhodonite, and black in

colour due to the deposition of manganese-

oxide along the cleavage and twinning

planes of the calcite.

3. Serpentinous limestones and cipollinos, usually

dolomitic and apparently resulting from the

chemical alteration of original white pyrox

ene-rock, with or without phlogopite.
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IX.—Almandite- Passing into calciphyre.

gneiss.

X.—Manganese-

bearing

rocks and

One type classified with the

stones and one with the

remainder as follows :—

crystalline lime-

pegmatites ; the

Manganese-

ores.

(a) Spessartite-quartz-rock.

(b) Rhodonite-quartz-rock.

(c) Spessartite-rhodonite-quartz-rock.

(d) Any of above without quartz.

(<?) Rhodochrosite-rhodonite-rock.

(/) Braunite-albite-quartz-rock.

(g) A rock composed of alkali-felspars and

a manganese-pyroxene.

All the above are often altered to manganese-ore

(chiefly braunite, psilomelane and pyrolusite).

(0—Origin.

Various typical rocks from the above will be described in the

_ „ , sequel, and a few words on their origin will not
Pyroxenlc Gneisses, , _ , ....

Caldphyres and Crys- be out of place. To begin with, it is permis-

talline Limestones. sible to express tne opinion that the rocks of

Groups I and II are probably all of intrusive origin, but that the grouping

of III and IV is certainly artificial, since the components of these two

groups are in all probability partly metamorphosed sedimentary

and partly metamorphosed igneous rocks,1 while those of Group V

may be unhesitatingly accepted as metamorphosed sediments.

Groups VI, VII, VIII, and IX are most intimately connected and

together furnish quite a body of evidence favouring the supposition,

now put forward, that the crystalline limestones of this area *

—at least partly—are not simply metamorphosed sediments, but

result from the chemical alteration of pre-existing rocks containing an

abundance of lime (and magnesia) silicates. This change necessarily

involves the introduction from without of carbon dioxide, presumably

in solution.

1 See rock No. 23, page 185.

1 Like those of Burma, as described by Prof. Judd, Phil. Trans. Roy. Sac.

London, Vol. 187A, 205, (1896).
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The similarity of the mineral constituents of the quartz-pyroxene-

gneisses to those of the calciphyres, whice only differ from the

pyroxenic gneisses by containing calcite in small or large quantity,

points to a similar origin. Seeing that it is possible to collect specimens

of calciphyres containing increasing quantities of calcite until the rock

may best be described as a crystalline limestone (of class I), then it

becomes quite reasonable to suppose that the crystalline limestone

also originated in the same way as the quartz-pyroxene-gneiss.

I do not mean to imply that because various outcrops of rock can be

found showing every gradation in mineral composition between a

quartz-pyroxene-gneiss and a crystalline limestone, that therefore the

limestone has been derived from the gneiss by chemical alteration ;

the points I would emphasize are (1) that if the gneiss be of igneous

origin, the limestone must also be of igneous origin, (2) that the

present condition of the latter is not the same as when it was first

formed, and (3) that it may or may not have originally had identically

the same composition as the gneiss. Lacroix1 has described some

elliptical masses up to a foot in diameter which occur in the crystal

line limestones at Cornigal (Kurnegalle), about 50 miles north-east of

Colombo. One was composed of calcite, oligoclase, green pyroxene,

pyrite, quartz and sphene, and another of calcite, hornblende, wer-

nerite, oligoclase, zoisite, sphene and pyrite ; and with regard to these

masses Lacroix 2 remarks that " they are of great theoretical interest,

for being evidently derived from thecipolins in which they occur, they

present a composition comparable to that of the pyroxenic gneisses

of the same region, and, in a certain measure, allow us to assume, for

the latter, a similar origin." I would suggest that, on the analogy

of the Chhindwara pyroxenic gneisses and crystalline limestones,

the reverse may be the true explanation, and that these elliptical

masses may be the partly altered remains of massive pyroxene-

gneisses which have been largely converted into crystalline lime

stones or cipollinos. Professor Judd has assigned to the Burmese

crystalline limestones a somewhat similar origin to that suggested here

for those of the Chhindwara district, the chief difference being that

scapolite, 5 which is not common in Chhindwara, is, according to Judd,

1 Bulletin de la Sociiti Franfaise de Minlralogie, XII, 343, (1889). Trans

lated by Mallet in Rec. Geol. Surv. Ind., XXIV, 195, (1891).

'-' Ibid, 344 and 196, respectively.

3 Infra, p. 194.
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characteristically involved in the formation of the Burmese crystalline

limestones. Judd says " that the source of the corundum and spinel

and of the calcite in which these minerals are embedded, appears to be

the basic lime-felspar (anorthite) and associated minerals of the

pyroxene-gneisses. The anorthite is often converted into scapolite,

from which calcite and various hydrated aluminous silicates have been

formed by further alteration." x

Staining by Lemberg's solution * (logwood or haematoxylin and

aluminium chloride) has shown that dolomite is

Calcite and Dolomite. , . ...
not present, at least to any appreciable extent,

in the crystalline limestones of class I, and in the calciphyres and

quartz-pyroxene-gneisses with which they are genetically connected.

The same remark applies to class II, but, as is noticed below, the

serpentinous rocks forming class III are usually characterized by the

presence of dolomite as well as calcite ; this being of course due to the

fact that the diopside and phlogopite composing the original rock are

magnesian silicates, and that the former, which is usually the mineral

to suffer change, also contains lime. On the other hand, the pyroxene

in the quartz-pyroxene-gneisses is normally altered to hornblende in

Lhe calciphyres, and consequently the carbonate produced, being

derived solely from the plagioclase felspars, which are lime silicates, is

calcite with no dolomite. As, however, even this paramorphic horn

blende is often quite absent in the final product of this series of changes,

namely, the crystalline limestones, the magnesia must eventually have

been removed in solution.

On examining the serpentinous limestones and cipollinos, which

Serpentinous Crystal- are characterized by the almost invariable

line Limestones and presence of dolomite as well as of calcite, I

Cipollinos. found, in several specimens, undoubted cases

of derivation from a rock which originally contained no carbonates at

all. This is admirably shown by a specimen from Gowari Warhona

(No. 38, infra) containing a residual patch of almost unaltered white

pyroxene of which presumably the rock was originally composed.

The pyroxene is surrounded by yellowish serpentinous limestone

which is apparently corroding it—a process which can be well

followed under the microscope (see page 202). Hence, in one hand-

1 Judd, loc. cit., 225.

5 Zeitschrift der deutschen geologischen Gesellschaft, XL, 357, (1888). Also

E. W. Skeats, Bull. Mas. Comp. ZouL, Xl.Il, 07, 1903).



Part 3.] FERMOR : Petrology of Chhindwdra. 171

specimen, and even in one microscope section, can be seen both partly

and completely altered pyroxene, the final product being a rock

composed of calcite and dolomite with nests of serpentine and a few

bundles of tremolite (PI. 17, fig. 2). In rocks from several other

localities the same change can be seen microscopically. These rocks

often contain, in addition, phlogopite-mica. The fresh rock was,

therefore, either a pyroxene-rock or a phlogopite-pyroxene-rock,

according as phlogopite was absent or present. In the process of

alteration the phlogopite was but little changed. The change affecting

the pyroxene (assuming it to have the composition of diopside) l may

be represented thus: —

(a) 3 CaMg(SiO:1)3 + 3 CO, + 2 H,0

Diopside

= 3 MgO.2 Si02.2 HsO + 4 Si02 + 3 CaCO.,.

Serpentine Calcite

When, as is usually the case, dolomite also is present, then the

following equation probably holds as well :—

(*) CaMg(SiOs), + 2 C02 = CaCO,.MgCO;i + 2 Si02.

Diopside Dolomite

Hence these crystalline limestones may have been produced by the

percolation of an aqueous solution containing carbon dioxide (C02),this

same solution having carried away the free silica. Assuming the

following mean specific gravities for the minerals concerned, vis.,

diopside = 3-3 ; calcite =■ 272 ; dolomite = 285 ; serpentine = 26 ;

then, according to equation (a), ig6 volumes diopside yield 106

volumes serpentine and 1 10 volumes calcite with an increase of

volume of just over 10%; while, according to equation (b), 196

volumes diopside yield 194 volumes dolomite corresponding to a

decrease in volume of a little more than 1%. Since, judging from

microscope sections, the dolomite is never present in a greater propor

tion to the calcite than 1 to 1, it is evident that the formation of this

rock must always have been accompanied by an increase of volume,

i.e., that these chemical changes took place under conditions permit

ting expansion.

1 Qualitative tests show the mineral to be essentially a lime-magnesia silicate,

which effervesces slightly with acid, this partial alteration to carbonates account'

ing for the low G.-2'99.



172 Records of the Geological Survey of India. [VOL. XXXIII-

There is at Bichua a band of crystalline limestone containing as the

most important accessory constituent large

rhomb-dodecahedra of essonite, besides abundant

epidote, pyroxene, red felspar and other accessories (No. 35, infra).

As a parallel band immediately to the north of this is a rock (No. 43,

infra) composed mainly of almandite-garnet, epidote and red felspar.

Under the microscope this felspar is seen to be so clouded that it is

usually impossible to identify it specifically ; moreover, it has often

suffered a partial change into a micrographic intergrowth of calcite and

quartz ; and many cases can be seen of cores of clouded felspar

surrounded by this micro-pegmatite (Plate 19, fig. a). The original

felspar was at least as basic as andesine and was possibly labradorite.

The change affecting the anorthite portion of the felspar can be

expressed by the following equation :—

CaAl,Si,08 + C02 = CaCO., + 2 SiOs + Al„0;t.

Anorthite Calcite Quartz

To account for this change we can suppose the rock to have been

permeated with waters containing carbon dioxide, C02, together with

some constituent capable of removing alumina in solution. A plausible

explanation is that these waters contained an alkaline carbonate, such

as that of sodium, which gave its C02 to the lime of the felspar and

removed the alumina as an alkaline aluminate. The albite portion of

the felspar may also have contributed its quota to the quartz of the

micro-pegmatite, its other constituents having been carried away by

these same waters.

Turning now to the manganese-bearing rocks (Group X), it must be

said that the types [a) to (e) occur in lenticles

Manganese-bearing and lenticularly drawn-out bands of any thick-

rocks and Manganese- , , . . v ,. -... .
orefi ness up to 50 feet or over (as at Kachi Dhana),

while as regards length one band (at Wagora)

has been traced at intervals for a mile '. These bands have the same

strike and dip as the gneisses and schists between which they are

intercalated. I do not propose to consider here the origin of these

manganese-bearing rocks, while as regards the origin of the ores it will

be sufficient to say that they probably result—in part at least—from

1 In other districts of the Central Provinces much larger dimensions have

been measured for the bodies of manganese-bearing rock— vide Rec. Oeol.Surv.

fnd., XXXII.'sMioos).
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the chemical alteration of the various manganese-silicates, and that

evidence obtained by me elsewhere shows that this change is one of

great antiquity and is not—at least to any appreciable extent—going

on now.

Further remarks on the origin of various rocks of this series will

be found on pages 179 and 200.

(D)—Silicification.

Silicification of rocks has taken place on such an extensive scale in

this area that it merits a separate section to itself. The following

examples may be enumerated :—

(1) Formation of quartz geodes in the Deccan Trap.

(2) Silicification of Lameta limestones.

(3) Ditto crystalline limestones.

(4) Ditto gneiss.

(5) Ditto pegmatite.

(6) Ditto spessartite-quartz rock.

(7) Formation of quartz geodes in the chert derived from the

crystalline limestones.

(8) Formation of chalcedony and opal in fissures and cavities

in manganese-ore.

It would be well to explain here how this phenomenon of replace-

a muu u-i - v. ment of diverse rocks by silica gives rise to a
A difficulty in napping. . . ' »

great difficulty in mapping. 1 he Lametas, as is

well known, form a thin layer underlying the trap and resting upon the

metamorphics and crystallines. To estimate the thickness of the

Lametas with any accuracy is of course very difficult owing to the way

in which the debris of the overlying trap obscures the outcrops ; and

this same difficulty appears in many other parts of the Central

Provinces and in Central India. In this area, not only have the Lameta

limestones been largely converted into chert, as is seen so often

wherever these rocks are found, but this silicification has penetrated

to the underlying crystalline rocks so as to form remarkable

pseudomorphs in chert and chalcedony after gneiss, pegmatite and

crystalline limestone. Hence, even when the outcrops are well exposed

and not too much obscured by trap boulders, it is often a matter of

great difficulty to decide whether to map a particular exposure as

Lameta or as gneiss. Moreover, the chert formed by the replacement

of the crystalline limestones is so exactly like that formed by the

replacement of the Lameta limestone that it is sometimes absolutely
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impossible to tell where the crystalline limestones end and the over

lying Lametas begin. The hill shown on the map just north of the

('u" of " Doodaia Kulan " is composed of serpentinous crystalline

limestone capped by chert, the once-overlying trap having been entirely

removed by denudation. If this cap were large enough to be shown

on the map it would be justifiable either to represent it as the last

remnants of the once-overlying Lametas, or simply as silicified crys

talline limestone.

This widespread silicification has evidently often been a case of

replacement approximately molecule by mole-
Sllicifled Pyroxene. , , , . ' , , .

cu!e, lor the structures possessed by minerals

and rocks prior to silicification are sometimes beautifully preserved in

silica. As the best example of this must be noticed a specimen

(iy68—4951 to 4953) from Gowari Warhona, in which a mass of

white pyroxene has been pseudomorphed to silica, the pseudomorph

showing an exquisitely banded structure representing the basal parting

so well seen in the unsilicified portions of the pyroxene. In the

pseudomorph these planes are delineated by thin lines of a yellowish

clouded material (Plate 14, fig. 1).

Another noteworthy example (1774—4959) was collected in Alesur

village limits on the east slopes of Burir Hill about
Silicified Pegmatite. °. M - _ r . _,.

2 j miles a little N. of b. from KamaKona. This

specimen shows large porphyritic pink felspar crystals set in a chalce-

donic matrix which has replaced most of the remainder of the rock

(originally a pegmatite), while in parts of the specimen the felspar also

has been replaced. In this case the original structures have been

largely obliterated, but former books of mica are marked out by

patches of white chalcedony showing signs of banded structure, these

patches being set in a black cherty matrix (Plate 14, fig. 2).

Regarding the source and time of this silicification, the Lametas

. xL ana" the underlying surface of the metamorphics
Source of the Silica. r

must have been silicified at the same time, and

by silica derived from the same source. This silica was probably

introduced in solution from the overlying trap, in which case the

silicification of the Lametas and metamorphics must have been due to

the same cause as the infilling of the geodes in the trap. The probable

explanation of this latter phenomenon is that the trap when erupted was

saturated with water containing in solution mineral salts and an excess

of silica. Most of the mineral salts must then have been deposited as
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zeolites in the steam-holes in the trap together with a certain proportion

of the surplus silica, of which the remainder was carried in solution to

the subjacent rocks, which it replaced more or less completely. But

it must not be forgotten that there may be another source for this

silica, inasmuch as the formation of the serpentinous limestones

involves the release of silica in solution (see p. 171) ; but this does

not seem so probable an explanation as the trappean origin for the

silica outlined above.1

(E)—Detailed Descriptions of Selected Types from the

Metamorphic and Crystalline Series.

I now propose to describe in more or less penological detail,

according to their interest and importance, some selected specimens

illustrating most of the types as classified on pages 166 to 168.2 The

object of such work is to put on record descriptions of typical rocks

which will serve as standards for comparison with the rocks of other

portions of the Central Provinces (and of other parts of India). For

it is only in this way that there can be any hope of unravelling the

structure of the metamorphic and crystalline complex covering such a

large portion of this part of India.

Group I. --Granites and Pegmatites.

No large bosses or areas of the rocks of this group have been

found, their outcrops being usually quite insignificant. The granites

are not what would be called typical granites, as they tend to show either

pegmatitic or granulitic characters. Their exposures are always of

small extent, usually—as far as can be guessed from scattered out

crops— irregular in shape and arranged without any reference to the

strike of the older rocks into which they have been intruded. Much more

abundant than the granites are the pegmatites, broad dykes and thin

1 The fact that the conversion of manganese-silicates such as spessartite and

rhodonite into ores of manganese such as braunite and psilomelane involves a

removal of silica might also have been invoked as another possible source of the

silica ; but such an explanation is put out of court by evidence I have recently

obtained in the field as to the extreme antiquity (Archaean) of the chemical changes

accompanying the formation of the manganese-ores.

In a few cases a type mentioned is not here described, because, though

noticed in the field, no specimen was collected.

C
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strings of which traverse the older rocks in every direction (seep. 166).

Often showing graphic structures, the pegmatites are still more com

monly porphyritic, the felspar being frequently pink, so that the water-

smoothed outcrops seen in streams have a curious ' pork-pie ' appear

ance. Muscovite is a frequent constituent of these pegmatites and

has been found up to 3 inches across the cleavage planes, but it is never

of economic value. One of the best places for studying the pegmatites

is in the low hills 1 to \\ miles east of Rimakona and just to the west

of Burar hill. Here the prevailing rocks are muscovite and biotite-

gneisses, often very schistose, and abundantly traversed by muscovite-

pegmatites.

This will be the best place to mention the occurrence, at two

separate localities, of rose-quartz. At one of

Rose-quartz. , .
these it occurs as a vein (J. 094) crossing the

Khairi nala about $ mile north-west of the village of the same name.

This vein has a north-east strike, and crops out for about 150

yards ; it is about 25 feet wide and of translucent to milk-white quartz

in many places with beautiful shades of pink—often deep rose. The

other occurrence (J. 693) takes the form of some loose blocks of

amethystine-pink quartz, containing a little muscovite, on the east

slopes of Dudhara Hill ; the actual outcrop is obscured by debris

derived from the trap-capping of the hill.

No. 5.—17*49 —4936—Muscovite-granite—Dudhara.—

G. = 267-

This rock, which was collected from the south-west spur of Dudhara

Hill, is a rather coarse-grained granite, composed of colourless quartz,

decomposed flesh-pink felspar and very abundant pale greenish

muscovite. M.—It shows interlocking strained quartz and extremely

abundant muscovite laths. In addition, these two minerals often inter

lock to form composite patches, with alteration products penetrating

into the quartz. The quartz is full of irregular inclusions which,

however, seldom show bubbles. The felspar is too decomposed to

appear in the section.

No. 6.— i7'5o—4937—Tourmaline-granite — Bichua.—

G. = 262.

This rock, which is situated at the very west end of the mangani-

ferous band of Bichua, seems to cut off the ore-deposit in that direction.



PART 3.] FERMOR : Petrology of' Chhindwdra. 177

It is a medium- to coarse-grained granite showing translucent quartz,

pinkish felspar, and black tourmaline spots. In places it is granulitic

and rather fine-grained. M.—The felspar is clouded and probably all

microcline ; the quartz, which is present in abundant rounded granules,

is strained and often corrodes the felspar ; while the tourmaline is of a

peculiar purplish-brown colour, shows total absorption, and tends to be

pegmatitically intergrown with the felspar. The whole structure of

the rock resembles that of a granulite.

No. 7.— 17-58—4944—Graphic-granite (pegmatite) —Alesur.—

G. = 2'59.

This was collected on the south-east hillock of the three shown

south-south-west of the name on the i-inch map. The whole specimen

is part of one crystal of pink felspar intergrown throughout with quartz

which imparts a graphic appearance. It shows c and b cleavages and

a rough fracture parallel to a. The b face shows perthitic striation

roughly parallel to the vertical axis, while on c these perthite laminae

are seen to be not quite parallel to the axis b. M.—The rock consists

of an intergrowth on a large scale of microcline and quartz, each

mineral being represented by only one individual. The irregular,

numerous and roughly parallel perthite bands are seen to have a mean

course deviating io°—200 from the b axis. The perthite is itself

twinned and is albite, showing under crossed nicols a slightly higher

interference colour than the microcline. (Plate 15, fig. 1.)

No. 8.— 1757—4943-—Graphic-granite (pegmatite) with

striations—Kachi Dhana—G. = 2*58.

This rock was collected near the head of the streamlet running

past the north side of the village. It is composed of pink felspar and

pale greyish quartz, there being a tendency for the quartz to lie in

roughly parallel layers in the felspar. Having placed the specimen

with the crystallographic axis, c, vertical, both the quartz and felspar

are seen to be grooved on the surfaces of contact of the two in a

horizontal direction, indicating that some movement has taken place,

probably before the complete solidification of the rock. In one speci

men the basal cleavage planes of the felspar often show good graphic

figures in quartz which sometimes seem to outline prismatic quartz

crystals with pyramidal terminations. On the basal plane of another
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specimen the edges of the above-mentioned thin, parallel, quartz layers

are seen traversing the felspar in a direction about parallel to the

prism m. There is also some deep greenish-brown biotite. M.—

The quarts shows undulatory extinction and is becoming granulitized.

The felspar is microcline, the cross-hatching of which, seen under

crossed nicols, is in places excessively minute. In the microcline arc

irregular lenticular bands of some other felspar producing a

perthitic appearance, and all extinguishing at the same time. A little

secondary muscovite is also present. The rich brown biotite flakes are

not elastic, presumably due to alteration, but give a uniaxial figure.

No. 9.—1753—4940—Quartz-felspar-rock—Alesur—G. = 2,66.

This rock occurs as a band 2 inches thick intruded parallel to the

strike into a crystalline limestone which crops out just west of the

Ghondi Nala at a point due west of Devi. It is a pinkish rather

coarse-grained rock seen, M, to consist chiefly of microcline and

quartz (with undulatory extinction) together with some oligoclase and

orthoclase, and a little minute sphene and calcite, colourless mica and

chlorite. The three last-named minerals are probably secondary in

origin and derived from the felspars, as also is an indeterminate mineral

suggesting zoisite. In places the microcline and quartz are graphically

intergrown.

No. 10.— 1 7 "59—4945—Tourmaline-quartz-pegmatite—Alesur—

G. = 2-83.

The specimen was found as a loose piece on the hillock to the S.S.W.

of the name on the map, and shows tourmaline and quartz in about

equal quantities, graphically intergrown in places. The tourmaline is

often in hexagonal prismatic crystals of the usual type. One was

extracted which was nearly two inches long, gradually tapered, showed

signs of distortion and was longitudinally striated. The rock in

one place shows a little cream-coloured felspar. M.—A basal section

of the tourmaline showed zoning in shades of olive-green and indigo-

blue, while a longitudinal section yielded the following pleochroism

scheme :—

«>=complete absorption.

5 = sepia-brown.
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No. 11.— 1756—4942—Pegmatite with pale sea-green mica and

manganese-garnet—Kachi Dhana—G. = 2*63.

Cropping out near the head of the streamlet which runs to join the

Paumondi Nala to the W. of N. of the village, occurs the above rock

intrusive in biotite-gneisses. Besides the quartz, pink and white

felspars, and the mica—which did not give a reaction for chromium—

are some tiny brownish-red garnets of which one was seen to be a

rhomb-dodecahedron. They gave a decided reaction for manganese.

M.—The quartz and felspar are almost graphically intergrown, as also

are the quartz and mica. In the latter case the appearance is that of

mica corroded by the quartz subsequent to its formation. The felspar

is, at least partly, oligoclase, and is often much altered.

No. 12.—1762, 1763—4946, 4947—Spessartite-pegmatite—Bichua.

This rock is found near the west end of the second of the Bichua

ore-hillocks, counting from west to east, and is probably intruded into the

ore-body, which is composed of spessartite-bearing rock and manganese-

ore. The specimen is composed of spessartite, in separate and aggre

gated trapezohedra up to one and two inches in diameter, together with

quartz and cream-coloured pearly felspar, which though sometimes free

from quartz sometimes also includes it. The spessartite varies in

colour from orange-red to dull brown-black and is made up of concen

tric layers often well seen on surfaces where the growth has been

arrested by contact with quartz. One crystal gave G.=4-02. M.—

The felspar shows no twinning and but very little cleavage, but it is

much strained, giving undulatory extinction and even showing incipient

granulitization, and is full of irregular or rounded quartz inclusions.

Specific gravity determinations show the felspar to be intermediate

between albite and oligoclase.

In one place the graphic rock of quartz and tourmaline (No. 10,

supra) was found joined to this rock.

Group 11.—Qranulltes.

No. 13.— 1 7 "44—493 1 — Garnct-granulite—Wagora—G. = 264.

This rock crops out at a point in a stream-bed situated about half

a mile S. E. of the village ; it dips steeply to S. 300 W. and is

overlain by very schistose garnet-bearing gneiss. It is a whitish
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medium- to fine-grained rock, with abundant chocolate-brown garnets

varying in size from that of a pin's head to nearly J-inch in diameter.

M.—The rock is seen to consist of a medium-grained granular aggre

gate of microcline, quartz, orthoclase, garnet and muscovite. The

microcline is quite fresh, while the orthoclase is clouded and altered

with development of sericite. The quartz often takes the form of

quarts de corrosion encroaching on, and occurring in, both the micro

cline and orthoclase. (Plate 15, fig. 2.) The garnet is pink with the

sericite from the adjoining orthoclase invading its periphery, while the

muscovite, usually of secondary origin as a sericitic alteration product

of orthoclase and garnet, is in one case graphically intergrown with

microcline.

No. 14.— 1 7*45—4932—Biotite-garnet-granulite—VVagora—G. = 2*65.

After some quartzose schists, pegmatite and spessartite-bearing

rock, and a little further down-stream than No. 13, this granulite crops

out with massive bedding, showing a dip at 350 to S. 300 W.

It is similar to the above (No. 13) except that small biotite scales

are visible in the hand-specimen, while, M, the orthoclase of No. 13, is

here replaced by microperthite. Such mica as is present in the

section is brown ragged biotite very much altered.

Group 111.—Uneisses.

The gneisses, excluding the pyroxenic gneisses, are the principal

metamorphic rocks of this area, and it is in these gneisses that the

other rocks occur as parallel, often lenticular bands. They are

usually ordinary muscovite- and biotite-gneisses, sometimes hard and

sometimes very schistose and soft so that they easily weather away.

These and the schists are perhaps the most ancient rocks of this area.

No. 15.— 17'42—4930—Granulitic Hornblende-biotite-gneiss—

Jarola—G. = 2-8i.

This was collected from the S. E. end of the ridge shown on the

map just to the south of the name of the village, and is a fine-grained

white rock with greenish-black spots and mottlings up to A an inch
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in length and composed of an intergrowth of hornblende and biotite.

These spots tend to be drawn out. M.—The white base consists of a

line- to medium-grained granular aggregate of quarts and microcline

corroding each other, with a very small amount of plagioclase, probably

acid labradorite. Round grains of quartz also occur in the hornblende,

while in the midst of a patch of iron ore (ilmenite) several round

individuals of quartz and microcline are seen. The hornblende and

biotite are intergrown, sometimes with rough parallelism and sometimes

quite irregularly. The hornblende has as its pleochroism scheme :—

a = greenish yellow.

h= not seen in slide.

C=bluish- or verdigris-green.

The biotite shows pale straw to strong brown pleochroism and is

changing largely into epidote, patches of which are often situated

right inside it. The abundant black iron-ore is presumably ilmenite

as it often has an irregular border of sphene. Apatite is also present.

This rock, though placed here, probably has affinities with the quartz-

pyroxene-gneisses as will be seen by a comparison of the mineral

contents and specific gravity of the two rocks. The field occurrence

of this rock suggests the same affinity.

No. 16.— 1 7-39—4927—Biotite-gneiss (Gneissose-granite) —

Kachi Dhana—G. = 2'68.

Found as a loose boulder about one mile west of the village, this

rock is rather coarse-grained, with streaks and patches of dark

greenish-black biotite on a pink back-ground of quartz and felspar.

M.—Shows granitic structure. The most abundant mineral is slightly

clouded microcline'. There are also present :—a much kaolinized felspar

(? orthoclase) ; strongly absorbent biotite with very ragged edges,

usually straw and brown in colour, but sometimes green ; not very

abundant strained quartz sometimes occurring as little patches in the

microcline ; zircon, occurring as a few rather large crystals, one of

which shows a square basal section. The order of crystallization is as

follows :—zircon ; biotite ; the kaolinized felspar ; microcline and

quartz about the same time. The rock is probably better called a

gneissose-granite.
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No. 17.— 1 7*37—4925 — Schistose Biotite-gneiss—Ranpet—

G. = 2-73.

About h mile below Ranpet this rock crops out in the bed of the

Kanhan river with a strike of E. 22° N., vertical. It shows extremely

abundant small biotite scales arranged in folia with white felspar and

quartz, the felspar individuals being usually rather small while the

quartz is at times quite large. M.—The structure is seen to be granitic

and the minerals are :—quartz, strained ; orthoclase, untwinned and

showing incipient kaolinization ; oligoclase ; biotite, in abundant

corroded plates, usually of pale brownish-yellow to deep brown

pleochroism, but of which some is only slightly pleochroic having per

haps undergone slight alteration ; apatite ; zircon, included in the

biotite. The chief constituents are the quartz, orthoclase and biotite.

Group IV Schists.

No. 18.—17*30—4924— Biotite-felspar-quartz-schist—Dudhara.

This rock occurs on the S. E. spur of Dudhara Hill closely associ

ated with a band of spessartite-quartz rock and dipping at 500 to the

S. W. It is extremely schistose and crumbly showing quartz, decom

posed white felspar and golden-brown mica scales (biotite). M.—

With great difficulty a very poor microscope section was prepared and

this showed that the quartz is extremely strained, and contains lines

of inclusions, while the felspar is very clouded and not identifiable, but

is probably orthoclase or microcline

No. 19— 1729 — 4923— Biotite-schist— Dudhara Kalan — G. = 2'8i.

On Sarha (Sarda) Hill just to the east of the village there is a band

of this rock intercalated in the coarse biotite- and muscovite-gneisses,

the dip being 500 to 6o° to the S. io° E. Dark greenish-black mica,

up to one inch or more across the plates, is the chief constituent of

this handsome rock, but the specimen also shows a band of felspar-

quartz-biotite rock of medium grain. M. — Big brownish-green plates

of Hotite contain zircon (?) crystals, each of which is surrounded by

a rich brown halo not appreciably pleochroic. In the spaces between

the biotite occur abundant microcline and some orthoclase (?) with

a very small amount of quartz. Some of the supposed zircons are

also included in the felspar.
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No. 20. — 1 7*28 — 4922 — Tremolite-actinolite-schist— Ramakona—

G.= 293.

About one mile due east of Ramakona there is a small hillock —

just to the east of the " Oopaea N." of the map—on which are scattered

loose pieces of this rock, which is coarsely crystalline and composed

of light greenish amphibole exhibiting the platy or bladed appearance

of tremolite and actinolite. M.—The rock is seen to consist of a

bladed mass of amphibole, with some interstitial chlorite of pale

yellowish and greenish tints. The interiors of the blades are often

composed of actinolite having an extinction angle up to 180 referred

to the length of the crystals and showing the following pleochroism

scheme :—

a = yellow-green,

b = green,

r = green.

Surrounding the central core of actinolite is a well-defined outer

shell of colourless tremolite traversed by cross-fractures which do not

usually extend to the actinolite. Many prismatic sections are seen

in which the Iremolite shell shows straight extinction at the same time

that the actinolitic core has an extinction of maximum obliquity.

Some prismatic sections, on the other hand, show an intergrowth of

these two minerals forming one individual so that both extinguish

simultaneously. These facts indicate that sometimes the two minerals

form optically one individual and that at other times the outer shell

of tremolite has a different optic orientation to the actinolitic core.

The few cross-sections seen confirm this result. Besides the com

pound individuals, there are examples composed entirely of one only

of these two minerals. Irregular patches of iron-ore (? magnetite)

have developed in both amphiboles as if by replacement.

No. 21.— 1 7*27 — 4921 — Actinolite-schist — Gowari Warhona —

G. = 2'96.

This rock crops out, in a stream-bed about | mile N. of W. of the

village, as a thin band in a series of the common micaceous schists

and gneisses of the area. It is grey-green in colour, schistose, and

contains a few golden mica scales. M.—Practically everything is

actinolite in roughly parallel arrangement with just a trace of intersti

tial chlorite or serpentine and a very little magnetite.
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No. 22.— i7'22—4916— Hornblende-schist— Alesur — G. = 3'io.

A pebble of this rock was found in the Ghondi N41a east of Burar

Hill. Dark green in colour with schistose structure, it consists almost

entirely of short-bladed dark-green hornblende with a little whitish

interstitial matter. M.—The amphibole is common green hornblende

with its pleochroism scheme as follows :—

a = pale straw,

b = rich green,

e = bluish green.

Absorption scheme :— b > f > a. Extinction angle on clinopina-

coidal sections=i5° to 180. The grey, clouded, interstitial matter

could not be determined.

No. 23 — 1 7-23 — 49 1 7 — Plagioclase-hornblende-schist— Bichua—

G. = 3'io.

On the north slope of the shoe-shaped hill forming a S. W. spur to

Burar Hill, this rock crops out below the almandite-gneiss, men

tioned on p. 172, with which it forms a parallel band. Schistose and

of medium grain, this rock consists mainly of dark green hornblende

with yellowish-green epidote patches and white flecks due to felspar.

M.—In the first section cut the two chief constituents are horn

blende, with more or less of parallel arrangement, plagioclase and black

iron-ore. The hornblende possesses the following pleochroism : —

a = straw,

b = green, with a brown tinge,

c = rich green, with a bluish tinge in thick sections ;

and has as absorption scheme, b > t > a ; whilst the maximum

extinction-angle referred to prismatic cleavage-traces observed on

clino-pinacoidal sections, i.e., c A c, is 180. Occasional remains of

pyroxene and patches of epidote are seen in association with the

hornblende. Another thin slice was then prepared in which the

pyroxene was found to be in many parts nearly as abundant as the

hornblende. The pyroxene is a pale green, practically non-pleochroic,

variety with extinctions up to 400 on clino-pinacoidal sections, and,

judging from the way in which it is often surrounded by and

intergrovvn with hornblende, there is not much doubt that the latter
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mineral has been formed at the expense of the pyroxene. This

pyroxene occurs as individuals of very irregular shape, which often

have rounded boundaries, but are evidently idiomorphic with respect

to the plagioclase. The felspar is present as allotriomorphic

individuals often much altered by the protrusion into them from

their peripheries of bunches and tufts of tiny fibres and aggregations

of an indeterminate mineral. These ' saussuritic ' alteration products

often entirely cover the space once occupied by felspar, but where

clear remaining patches of the latter are visible, extinction angles

up to 200 referred to the albite twinning-lamellae can be measured,

thus indicating a felspar at least as basic as oligoclase-andesine.

Some quartz is present in parts where the felspar is pretty fresh, and

it then suggests quartz de corrosion. Epidote in shapeless, often

granular, patches is rather abundant in that slide in which pyroxene

is scarce and looks like an alteration product of the hornblende

with which it is usually closely associated, though it is also seen

as small patches in both the pyroxene and the felspar. Apatite

in idiomorphic prisms and black iron-ore are both very plentiful.

The latter substance is probably ilmenite, as it is frequently

surrounded by a thin rim or border of sphene, which has no doubt

been produced by a reaction between the ilmenite and the lime of the

felspar ; but whether this reaction took place at the time of solidi

fication of the rock, or subsequently, as a concomitant of the other

changes, cannot be determined. Some zircon is also present.

The evidence, then, indicates this to be a rock of igneous origin,

which was originally composed of green pyroxene, plagioclase, ilmenite

(and magnetite ?), apatite and zircon. The pyroxene has suffered

paramorphism into hornblende, while the plagioclase has become

largely ' saussuritized,' and the ilmenite shows signs of change to

sphene. The above rock was examined in the light of Dr. Smeeth's

recent paper, " The Occurrence of Secondary Augite in the Kolar

Schists,"1 in which evidence is adduced favouring the supposition

that the green augite, there found in hornblende-schists of Dharwar

age, has been secondarily produced from the hornblende (itself a

paramorphic derivative of hypothetical original brown or purplish

augite) under the influence of acid intrusives posterior in age to

the formation of the hornblende-schists. In the absence of more

1 Bulletin No. 3, Mysore Geol. Dept., (1905).
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numerous specimens it is impossible to settle this point as applied

to the Chhindwira rocks, i.e., whether the green pyroxene of this

rock is a remnant of the original pyroxene which yielded by para-

morphism the hornblende of the hornblende-schists, or whether it

is the result of the reconversion of the hornblende (no doubt derived,

under the influence of dynamic metamorphism, from some form of

pyroxene) into pyroxene under the influence of some subsequent

intrusion. What evidence there is suggests, however, the primary

origin of this pyroxene, as the thin section certainly seems to show

pyroxene passing by paramorphism into hornblende (though Smeeth

says that his secondary au«ite, also, often undergoes this change). In

fact this rock, together with all the amphibolites and hornblende-schists

of this area, is probably of analogous origin to the hornblende-schists

occurring at the edge of the Giridih coal-field and considered by

Mr. Holland to be derived from augite-diorites.1

No. 24.— 1 7-24— 4918 — Amphibolite — Rin pet— G. = 3 03.

This amphibolite which is exposed in the bed of the Kanhin river

opposite Ranpet, is about 12 paces wide and strikes east and west.

It is a dark green rock traversed nearly at right angles by an irregular

dyke of pegmatite or coarse-grained granite composed of biotite,

quartz and felspar which is in some places pink and in others white.

The amphibolite is veined and streaked in all directions by either

quartz alone, pale pinkish-white felspar alone, or both together;

these veins and streaks may either be free from or may contain biotite

or hornblende. In one place the basic rock is so marked with little

drawn-out quartz-felspar patches one to three inches long, that it

looks as if the dark green rock were plastic when it was injected by

the pegmatite. This latter was apparently able to send out veins in

all directions, and to force into the basic rock large spherules or drops

of its substance. The included patches so formed have, on their

edges, often intermixed with the basic rock so as to show gradual

transitions from one to the other. There is a tendency for the veins

and drawn-out patches to strike W. 400 N.

The specimen collected is medium-grained, dark greenish-black

and composed principally of hornblende, but has white streaks and

1 Rec. Geol. Surv. hid., XXV1I1, 123, 125, 126, (1895)-
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patches of felspar and quartz here and there. M.—The hornblende

shows the following pleochroism :—

a = pale straw-yellow.

b = brownish olive.

£ = green (slightly brownish).

It is often almost idiomorphic and in one case is twinned on the

orthopinacoid. There is also a peculiar very pale green to colourless

amphibole of apparently secondary origin with :—

a = pale yellowish.

c = pale sea-green.

The felspar which is considerably altered to an indeterminate

aggregate probably approaches andesine in composition. There is a

little quartz usually in small rounded grains and in some cases

included in the hornblende. Besides a little zircon, sphene, and

magnetite, there is abundance of apatite usually located in the

felspar.

Uroup V.—Quartzites.

These rocks, so common in the immediately adjoining portions of

the Nigpur district to the south, where they usually contain more or

less muscovite, are not of very frequent occurrence in this area. Of

the two types described below, 1776 is very doubtfully placed in this

group, as it might instead be a very acid microcline-gneiss.

No. 25.— 17*76—4961—Microcline-quartzite—Khairi—G. = 2*6i.

This specimen was collected from a huge block lying on the surface

about 1 mile W. N. VV. of Khairi (Khyree Tygaon). The block

showed also some radiate tourmaline. The rock may be described

as a coarse-grained vitreous pinkish quartzite containing magnetite,

glassy microcline showing brilliant cleavage faces, and some muscovite.

M.—The thin section shows a coarse-grained interlocking mass of

quartz (undulatory extinction) and fairly fresh microcline, with a little

altered muscovite and some magnetite.

No. 26.—1778—4963—Garnet-bearing Micaceous Quartzite—

Alesur—G. = 2-63.

This was collected from the E.-W. ridge situated to the S. W.

of the village-name on the map. It is a vitreous, rather cavernous,
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impure quartzite of greyish colour. M.—It shows rather big plates of

undulatory quartz with included pale pink garnets, which also occur

at the boundaries of the quartz individuals. Though they have a

distinct idiomorphic tendency, yet the garnets are often corroded by

the quartz. In the latter, and often passing from one individual to

another, are abundant tiny laths of mica, light brown in colour, with

a pinkish tinge. Red hematite is present in thin strings, together

with some scattered opaque black mineral of hexagonal cross-section.

Group VI.—Quartz-pyroxene-gneisses.

This is a very peculiar group of rocks, and, as already mentioned,

(p. 169) probably has a genetic connection with the crystalline lime

stones. Several large outcrops of these rocks, tending to form well-

marked ranges of hills, occur in this area. The rock is especially

abundant in the large mass of hills to the S. E. of Utikita, and if the

capping of trap could be removed, it would probably be found to

be, in that neighbourhood, the predominant rock-type. There is no

mistaking the rock in the field, since it possesses a quite characteristic

macroscopic appearance, for which see the description of No. 27

given below. The mode of weathering, moreover, is noteworthy, as

there is a tendency for certain of the minerals, such as garnet, epidote

and pyroxene, to be arranged in bands so that the more rapid

weathering away of the felspathic bands in between, leaves upstanding

ridges of the minerals mentioned. The prominence of this pheno

menon varies greatly from one exposure to another, and even where

the differential weathering is very marked freshly-trimmed hand-

specimens often fail to show any marked banded structure, while,

microscopically, any particular arrangement of the minerals is usually

imperceptible. The specific gravity of these rocks ranges from about

2*84 to 2 93. As regards one or two of the minerals of the rock ;

the felspar ranges between an desine-labradorite and basic labradorite.

corresponding to extinction angles, measured with regard to the

albite lamellation, of 250 to4i°; the pyroxene has not been analysed

but is probably diopside ; the hornblende and epidote are probably

always secondary ; reddish brown garnet is a frequent but not constant

constituent ; quarts is always present, though in varying amount,

while tr.icrocline is nearly always found : the black iron-ore, though

sometimes undoubtedly magnetite, is probably often ilmenite, as jt ig
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frequently bordered by a rim of sphene ; the latter mineral, theiefore,

which is one of the most constant constituents of the rock, is probably

often, if not always, of secondary origin ; calcitc if present is always

secondary. Hence we may deduce that the original fresh rock was com

posed of labradorite, diopside, quartz, magnetite or ilmenite, apatite,

and zircon with microcline (usually) and garnet (often) ; and that the

calcite and uralitic hornblende are undoubtedly secondary, while the

epidote and sphene have, at least in certain cases, a similar derivative

origin.

No. 27.—16*939—4854—Quartz-pyroxene-gneiss—Utikata—G.= 2*g2.

This rock forms the range of hills of which the west end is marked

as " Kara H. " on the map ; the specimen was taken where the

stream-bed shown cuts between this hill and its westward continuation

The actual outcrop had a strike of W. 200 N. with the dip obscure.

The rock is rather fine-grained, somewhat granular in appearance,

of a general greenish-grey colour, and is exceedingly tough and com

pact. The greenish-grey colour is due to dark green grains of pyroxene

and yellow-green grains of epidote sprinkled in a whitish ground-

mass of quartz and felspar of which the grains are roughly the same

size as those of the pyroxene and epidote. M.—The rock has a

pan-allotriomorphic structure, in which none of the more prominent

minerals are markedly idiomorphic. The minerals seen are :—plagio-

clase sometimes zoned, and then consisting of labradorite of medium

composition inside with an outer shell of acid labradorite ; microcline,

fresh and small in amount ; pyroxene, varying from pale to quite strong

green in colour (a single individual being often irregular as regards the

depth of the green), practically non-pleochroic, and having an extinction

angle of 350—400 measured on those sections nearest the clino-pin-

acoid ; hornblende, both intergrown with the pyroxene and border

ing it, and showing the following pleochroism scheme :—

a = yellow-green,

b = emerald-green,

c = blue-green ;

quartz, fairly abundant, and usually not much strained ; epidote, which

may be secondary, as it seems to have grown around a nucleus

of some other mineral such as sphene, itself possibly of secondary

origin ; calcite, just a little, no doubt secondary ; sphene, abundant,
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more or less idiomorphic (wedge-shaped), and as a rule nearly colour

less, but sometimes with cinnamon-brown patches in the centre ; zircon

and iron-ore (? ilmenite) both in fair amount.

No. 28.—16-938—4853—Quartz-pyroxene-gneiss—Sahanwari—

G.= 2-84.

This specimen was collected from the same run of rock as the

previous one, the actual spot being in a ravine descending from the

north side of these hills towards Khairi (Khyree Burosa), and hence

about 1 \ mile east of No. 27. Both the macroscopic and microscopic

aspects of this rock are very like those of the preceding, with the

colour, however, somewhat lighter and the green spots a little larger.

M.—The following points are, nevertheless, worth noting:—the

plaoioclase is slightly more basic labradorite than in No. 27 ; through

out the pyroxene are abundant tiny uralitic patches and besides

this partially uralitized pyroxene there are also a few individuals which

are entirely hornblende ; the abundant sphene is colourless and pale-

brown in patches, and in addition to the isolated sphene individuals

there is often a thin rim of sphene round the black iron-ore which is

hence probably ilmenite. There is also an abundance of small crystals

of apatite.

No. 29.—16'932—4847^—Quartz-pyroxene-gneiss—Kodadongri—

G.= 2-84.

Collected from the hillocks about f of a mile to the E. S. E. of the

village. The hand-specimen is similar to usual except for the abundant

magnetite and the pinkish colour of the felspar. M. —The chief

interest of this rock lies in the fact that it is evidently much more

altered than either of the preceding examples, as there are now only

remains of pale-green pyroxene to be seen in the uralitic pseudo-

morphs. The iron-ore is also largely magnetite and occurs in large

irregular grains. The plagioclase is more acid than usual, being acid

labradorite.

No. 30.— 16937—4852—Quartz-pyroxene-gneiss beginning to pass

into a Calciphyre—Devi—G. = 2'88.

This rock was taken about one mile east of Devi from the top

of a high hill composed chiefly of crystalline limestones and calciphyres.
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It is a rather fine-grained rock with a very large proportion of minerals

other than calcite visible in the hand-specimen ; among such are

small grains of epidote and dark -green pyroxene, with red-brown

garnet up to \ inch diameter. M.—It is formed of the usual aggregate

of quartz, microcline, plagioclase, garnet (light cinnamon-brown),

epidote, pyroxene and sphene, with the addition of a fair proportion

of calcite which seems to be replacing the microcline and is no doubt

secondary. Plate 1 6, fig. 1 , represents this rock which is quite typical

of this group.

No. 30A.—9-1026—1338—Scapolitized Quartz-pyroxene-gneiss—

Maleygaon—G. = 2-g2.

The locality for this specimen collected by Mr. Datta is the foot of

the ridge on the left bank of the Kanhan river between Maleygaon

(21° 31'—780 59V) and Poreyghat (210 32'—780 584'). It has the

usual macroscopic appearance, but in one place a quartzose band

contains a dark greyish mineral in prismatic individuals up to | inch

long. The microscope shows this to be one of the scapolite group and,

as one piece gave G. = 2"746, it is possibly meionite. It contains,

orientated parallel to the vertical crystallographic axis, a large number

of rods, some of which are very long and thin, while others are stumpy

with pyramidal terminations. They seem to be opaque, but this is

probably due to their very high refractive index1. One band in the

hand-specimen contains deep purplish-red garnet and a section cut

from this showed great abundance of scapolite and calcite, but no

felspar; while a section cut from a part of the rock free from garnet

showed abundance of felspar, microcline and labradorite, but no

scapolite and very little calcite. Both slides showed pyroxene, epidote,

sphene and quartz. Assuming the scapolite and calcite to be

secondary minerals, their association with the garnet—which is orange-

brown in section—throws out a hint that the latter may also be of

secondary origin.

1 For descriptions of similar inclusions see : ■—

Coomaraswarny, "The Crystalline limestones of Ceylon," Q. J. G. S.,

LVIII, 418, (1902).

Lacroix, " Contributions a 1'etude des gneiss a pyroxene et des roches a

wernerite," Bull, de la Soc. Franf. MiniraL, XII, p. 99 and fig. 6, (1889). In a

scapolite-pyroxene-gneiss from Loire-Inf6rieure.

D
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Oroup VII.—Calciphyres.

As previously noticed (p. 169) these rocks may be regarded as

linking up the quartz-pyroxene-gneisses and crystalline limestones.

The term " calciphyre " of Brongniart is used here for those crystalline

calcareous rocks which contain a large proportion of accessory minerals,

these being the same minerals as characterize the preceding group,

the quartz-pyroxene-gneisses. When the calcite is absent or but small

in quantity and the so-called accessory minerals predominate, then

the rock has been placed in Group VI. When the calcite is predomi

nant and the accessory minerals are small in amount, then the rock

has been relegated to the succeeding Group VIII, the crystalline

limestones.

No. 31.— 16'934—4849—Calciphyre—Gowari Warhona—G.= 2"82.

Found in the stream-bed to N. E. of the village, the hand-specimen

may be described as a grey crystalline limestone containing green,

brown and pink accessories collected in bands. M.—It is a granular

mass of calcite, quartz and microcline in which are set sphene and

masses composed of epidote, quartz^ actinolite needles and a white

cloudy material. These aggregations are probably altered pale-green

pyroxene, which is often seen only partly altered or broken up

by a network of fine-grained material which may be calcite. There is

also another mineral which has been very doubtfully referred to

idocrase.

No. 32.— 1 6 936—485 1 —Calciphyre—Devi—G.= 274.

This specimen was taken from the southern of the two hillocks,

situated at the western end of the village, where the rock dips to the

north at a fairly high angle. It forms part of a range of hillocks

and small hills ot calciphyres and crystalline limestones stretching

east from Devi village. The rock is a medium-grained crystalline

limestone containing abundance of accessories, of which dark greenish-

black striated hornblende is specially noticeable, while a little epidote

and reddish-brown garnet are also visible. M.—Calcite is very

abundant in rather large well-twinned plates, in which the twinning

planes are often curved. Quartz is fairly abundant in comparatively
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large grains showing undulatory extinction and is evidently being

replaced by calcite in places, as fine projections of the latter branch

off from the main mass of a calcite grain and penetrate the quartz.

The felspar, as far as can be judged from the few clear portions seen,

is oligoclase-andesine ; but it is usually much altered, apparently into

calcite, for plates of the latter send projections into the felspar. One

case is seen in which felspar is surrounded by an epidote border.

The hornblende is abundant and possesses the following pleochroism

scheme :—

a= straw-yellow.

b=deep Hooker's green.

c=strong bluish-green.

The colours are very patchy, that corresponding to the c axis being

noticeably much lighter in places. Though no pyroxene is now vis

ible, it is suggested that this hornblende represents it. Besides a

little sphene there is also a zoned brown mineral which is perhaps

allanite.

No. 32A.—9/1031—1341—Calciphyre containing scapolite—Maindi

—G. = 2-86.

This specimen was collected by Mr. Datta from about one mile S.

by E. of Maindi (2i°34'<—78°57l'), not shown on the accompanying

map, but marked on the map (PI. 21) accompanying Mr. Datta's

paper. Taken as a whole it is a medium-grained granular crys

talline rock of greyish colour, showing a greyish-white background

of felspar, scapolite, quartz and calcite with scattered granules of dark

greenish-black pyroxene and yellow-green epidote, together with

larger patches of deep brownish-red garnet. M.—It is seen to be a

somewhat granular rock composed of a variety of minerals. The

garnet is large, orange-brown, and usually bordered by, or enclosed

in, epidote, which is also associated with the pyroxene. This latter

mineral is quite a strong green in colour and feebly pleochroic.

Between these three coloured constituents of the rock is a colourless

interlocking, often quite granular, aggregate of calcite, scapolite and

microcline, with possibly some orthoclase. The calcite is often seen

D 2
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to tie growing—evidently by replacement—at the expense of the fel

spar, but no evidence could be found that the scapolite had formed

in a similar manner. It may be that the scapolite was formed when

a pre-existing plagioclastic felspar was undergoing alteration. In

one case, however, two plates, one of pyroxene and one of scapolite,

are seen to interlock in a rather graphic fashion. This graphic inter

locking is still better seen in places where one calcite individual is

intergrown with another. The quartz, as usual, occurs at the boun

daries of the calcite grains. Sphene'xs not very abundant, but 'where

seen is idiomorphic with regard to the other minerals and, though

usually colourless, is in places irregularly tinted pale brown.

This and No. 3oA, both collected by Mr. Datta, are the only rocks

from this area in which I have found scapolite, the presence of which

thus imparts a special interest to these specimens. It seems probable

that this rock, like the other calciphyres, has been derived from a

pyroxenic gneiss, but that in this case the chemical changes have pro

ceeded along somewhat different lines.

To explain this modification it is only necessary to suppose that

the alkaline waters, invoked to bring about the reaction given on

page 172, contained also sodium chloride in solution, and that, as was

no doubt the case, a plagioclastic felspar was originally present.

1 he albite portion of the plagioclase was then converted into the

marialite portion of the scapolite, thus :—

3 NajAljSigOu + 2 NaCl = 2 Na^S^C^d ;

Albite Marialite

and the anorthite portion into meionite and calcite, thus :—

4 CaAljSijOgzsCajAljSieOjj + AljC^ + 2 Si08

Anorthite Meionite

CaAljSijOu + COs = CaC03 + AlaOs + 2 Si02 ;

Anorthite Calcite

the alumina formed by both changes being removed in solution as an

alkaline aluminate and at least a portion of the silica left behind in

the rock as the rounded quartz grains occurring at the boundaries of

the calcite plates.
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Group VIII.—The Crystalline Limestones.

For a sub-division of these into three classes see page 167, The

origin of the various limestones has already been discussed on pages

168 to 171. Before passing to the detailed descriptions of these

rocks it is as well to notice that they usually occur in bands which are

never more than a mile or so long and often much less. The termina

tion of these bands can, no doubt, often be explained by faulting, but

it is probable that in at least some cases the bands of crystalline

limestones die out in lenticular fashion. These limestones are very

abundant and, though they often contain a profusion of accessory

minerals arranged more or less in bands, would probably make hand

some marbles should a demand for them arise.

To distinguish between calcite and dolomite it was found neces

sary to stain with Lemberg's solution all the microscope slides of the

rocks of this group, and some of those of Groups VI and VII ; as a

result of this it was found that the means usually employed for distin

guishing between these two minerals under the microscope do not

hold for these rocks—as Lacroix also found 16 years ago with regard

to the " cipolins " of Ceylon. The points usually emphasized are :—

I

(a) that dolomite characteristically shows a tendency to

idiomorphism, usually having rhombohedral outlines,

while calcite occurs in allotriomorphic and often inter

locking grains ;

(b) that dolomite is seldom or never twinned, while calcite

usually is;

(c) that dolomite often or usually has a yellowish or brownish

tint, and is frequently zoned, while calcite is customarily

colourless ; '

(d) that the rhombohedral cleavages are more marked in

calcite.

A clear summary of the work on this subject up to the year 1879

is given by Renard ' in a paper in which he recognises all the above

criteria *, laying special stress on (a) ; he supports his data with

1 " Des caracteres distinctifs de la dolomite et de la calcite dans les roches

calcaires et dolomitiques du Calcaire carbonifere de Belgique." Bull, de I'Aca-

demit Royale de Belgique; XLVII, No. 5, pp. 541-563, (1879).

1 Loc. cit., p. 557.
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j

micro-chemical tests. Some recent references on the same subject are

given in the footnote below.1

Taking the calcite and dolomite in rock No. 42 described below,

it was found that :—

II

(«)

(c)

M)

these two minerals are usually allotriomorphic, sometimes,

as in this rock, separated by well-defined curved boun

daries ; but in other cases they have interlocking junc

tions, while sometimes patches of calcite occur in the

dolomite ;

the dolomite is much more frequently twinned than the

calcite, and the hemitrope bands tend to be broader;

the dolomite is usually clear and practically colourless ;

while the calcite is often clouded ;

the cleavages are usually more marked in the dolomite

and more frequently shown, many calcite individuals

being quite devoid of cleavage.

This latter set of distinguishing criteria agrees very well with those

noticed by Lacroix* when dealing with the "cipolins" of Ceylon,

some of which probably have a similar origin to the rocks described

in this paper. The discrepancy between the two sets of criteria, I and

II, is probably due in many cases, to a difference in origin of the

dolomite considered. In the former case (1) the dolomite referred to

is probably, more often than not, the result of the secondary change

of calcite to dolomite by the agency of magnesia-bearing waters (in

some cases those of the ocean), while in these Chhindwira and

1 The letters after the following references show which of the above criteria are

mentioned :—

Judd, Phil. Trans. Roy. Soc, 187A, p. 206, (iSy6)—(a), (6).

Cole, " Aids in Practical Geology," 3rd edit., pp. 161, 206, 275, (1898).—(a),

(*). <=)•

Rosenbusch-Iddings, " Microscopical Physiography of the Rock-forming

Minerals," 4th edit., pp. 178—180, (1900)—(o), (4).

Harker, " Petrology for Students," 3rd edit., pp. 260, 261, (1902)—(a), (b),

(0, (<*)•

Coomaraswamy, Q. J. G. S., LVIII, pp. 403, 413, (1902)—(a).

Skeats, Bull. ifus. Comp. Z00L, XLII, pp. 65, 67, ill, 112, (1903)—

(a), (c), (J).

Cullis, "The Atoll of Funafuti," Royal Soc, p. 408, (1904)—(e).

Skeats, Q. J. G. S., XLI.pp. 120, 128, 130, (1905).—(«), (*). (c).

Bull, dt la Soc. Franf. Mineral., XII, 337-339, (1889); Rec, Geol. Surv. Ind.,

XXIV, 191,192, (1891).
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Cingalese rocks the dolomite has been formed direct from a magnesian

silicate and not by the alteration of previously existing calcite.

As a check upon these staining tests it should be mentioned that a

very fine-grained limestone recently received in this office from Silyari

(2i°25 '—8i°49') in the Raipur district, Central Provinces, and pre

sumably of Vindhyan age, when stained showed idiomorphic rhom-

bohedral zoned crystals (unstained) in a fine-grained matrix (stained).

On treating with acetic acid a thin section of this rock placed on the

stage of the microscope, bubbles of gas were seen to rise from the

matrix, which was eventually dissolved leaving the rhombohedral

crystals apparently unchanged. These latter were hence dolomite,

the matrix being the calcite, so that in this case the minerals conformed

with the set of criteria I rather than with II.

The moral of the above remarks is that unless the dolomite exhibit

rhombohedral outlines, it is unsafe to decide from the microscopical

aspects that a particular mineral in a thin section is either calcite or

dolomite, until it has been decided by staining (or less conveniently

by micro-chemical tests) what are the distinguishing characteristics

of these two minerals in the particular set of rocks under examina

tion.'

Class I.

This is the* class which, as already explained, is regarded as being

genetically connected with the calciphyres and quartz-pyroxene gneisses

and in which dolomite is consequently absent (see p. 170).

1 Since riting the above 1 have seen the method of distinguishing calcite from

dolomite given by Dr. Luquer in his " Minerals in Rock Sections," pp. 62 and 64,

(1905). Owing to the fact that the twinning-lamellse of calcite and dolomite are

parallel to the rhombohedra—JR(oil2) and —2R(022i) respectively, the hemi-

trope bands are seen in thin sections to be roughly parallel to the longer and

shorter diagonals, respectively, of the cleavage rhombs. I have applied this test to

the Chhindwara crystalline limestones and find that by its means—when twinning-

lamellie and cleavages are both present and those sections are chosen in which

the angles between the cleavages-traces are approximately those of the cleavage

rhombs—it is often possible to decide whether a particular individual is calcite

or dolomite ; the result thus obtained agrees with the staining test. But as in

these Chhindwara rocks only a small proportion of the calcite and dolomite in -

dividuP.Js show both cleavage and twinning, this test is only of limited application.
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No. 33.—16*940—4855—Crystalline Limestone—Alesur—0=372.

Due west of Devi, on the further side of the Ghondi Nala, is a low

ridge of crystalline limestone about a furlong in length and mangani-

ferous at its eastern end. The rock is a vertically-bedded, white to

greyish-white, limestone of medium grain, containing lenticles of quartz

up to 2 or 3 feet long and a foot across. The hand-specimen shows a

little pale brownish and greenish mica, and some pale greenish patches

of diopside, together with minute specks of sphene in the calcite.

M.—Mostly rather large calcite plates with a fair quantity of small

round quartz grains occurring at the junctions of the calcite crystals and

partly baying into the latter, as is well shown in Plate 16, fig. 2.

There are also occasional patches of very pale greenish pyroxene

which is largely broken up by calcite. Included in the calcite are a

fair number of very highly refracting grains of sphene, often spindle-

shaped, with a very marked pleochroism from pinkish-brown, clove-

brown or pink to very pale greenish. A few round apatite grains are

also present.

No. 34.—16*945—4859—Crystalline Limestone with hornblende—

Devi—G. = 2'73.

This rock was found, on the top of the same hill as Nos. 30 and 37,

as a band just to the north of the manganese-ore which occurs here

in the crystalline limestones. It is a medium to coarse-grained rock

of pinkish colour with irregular, striated, dark-green hornblende prisms

in fair abundance. M.—Consists mostly of calcite, which is interesting

because it shows the rhombohedral cleavage reversed in alternate twin-

ning-lamellae, a phenomenon which one would expect, but which for

various reasons is not usually noticeable. The amphibole has extinc

tion angles up to 180 referred to the prismatic cleavages. Its pleo

chroism is of the usual type, namely :—

a = greenish-yellow,

b = green,

c = bluish-green,

and it is probably common hornblende. Besides a little sphene and a

very little quarts, there is also a trace of plagioclase possibly the last

remnant of a mineral which was once one of the chief constituents of

the rock.
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No. 35.—16*941 to 16944 —4856 to 4858—Crystalline Limestone

(Calciphyre) with essonite—Bichua.

This rock crops out along the summit of the shoe-shaped spur of

Burfr Hill mentioned in connection with No. 23. It is separated

from this hornblende-felspar-schist by an almandite-grieiss to be

noticed later (No. 43). This interesting rock contains a great assort

ment of accessory minerals, which are arranged more or less in bands

often weathering out one or even two inches from the rock. The

most prominent mineral is the lime-alumina garnet, essonite, which oc

curs as resin-brown to cinnamon-brown rhomb-dodecahedra up to

ii inches in diameter. The faces of the crystals are never perfect,

owing to the penetration of epidote and calcite into the mineral. For

this reason a pure piece of the mineral could not be obtained ; but as

homogeneous a crystal as could be isolated gave a specific gravity

= 3*43, while another gave G. = 3*26. One piece of the rock (16*944)

showed a reddish-black garnet, orange-brown in small chips, with G.=

3*365. This, on testing, was also found to be essonite. The fractured

surfaces of the garnets do not show the concentric structure which is

so common with spessartite. The other minerals noticeable in hand-

specimens are epidote in beautiful bright-green prisms, a pale-green

asbestos-like mineral, flesh-red felspar, greyish-green pyroxene, and

finally calcite, which forms the chief constituent and varies from pink to

white in colour and the individuals of which are often nearly \ inch

in diameter. The specific gravity of the rock is very variable, depend

ing on the proportion of minerals other than calcite, and ranges

between 270 to 2*93 in specimens tested. M.—The essonite is zoned,

brown inside and paler brown externally, and occurs in large patches

including both epidote and calcite. The dark variety of essonite shows

a terra-cotta colour with pale-brown bands and patches in places and

also includes bright-yellow epidote. The asbestos-like mineral is seen to

be actinolite in long thin crystals, but sparingly present. Pyroxene in

pale-green granules, and often altering to carbonates, is observed to be

frequently much intergrown with the garnet. Thefelspar is invari

ably so altered and opaque that it cannot be identified. Two other

minerals requiring mention are sphene (spindle-shaped) and quartz,

the latter being full of innumerable lineally arranged negative crystals

containing liquid bubbles. The quartz also shows undulatory extinc

tion.
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Class II.

The manganiferous crystalline limestones of the Nagpur district

owe their manganiferous character either to piedmontite, spessartite, or

rhodonite ; but piedmontite has not yet been found in the Chhindwara

district, and the only examples of manganiferous limestones, occurring

at Devi and Alesur, derive their manganiferous character from

scattered grains of spessartite or rhodonite, which have become partially

altered so that the accompanying calcite is blackened by the deposition

along its cleavage and twinning planes of manganese-oxide, derived

from these manganese-silicates. Thus there has been produced a

black crystalline limestone which would form a fine black marble could

any be found free from rhodonite and spessartite; for these two

minerals, being of superior hardness to the calcite, prevent even polish

ing of the rock.

No. 36.— 16963—4876— Manganiferous Crystalline Limestone—

Alesur—G.= 2"85.

Specimen No. 33 passes along the strike, on approaching the

(ihondi Nala, into the rock under question, which, in its turn, passes

into spessartite-quartz rock partially changed to manganese-ore. It is

in all probability a case of a lenticular band of manganese-silicate rock

included in the crystalline limestones and giving rise to a mangani

ferous variety of limestone at the junction of the two. The rock is

rather coarse-grained and dark-greyish in colour ; but in some parts it

is whitish with yellow spessartite patches, and in other parts quite

blackened. The calcite crystals are often distorted, i.e., show curved

faces. M. — The calcite plates form a coarse-grained aggregate and

often have their twinning-lamellae curved, besides exhibiting undula-

tory extinction. Abundant yellow spessartite grains are present,

usually at the junctions of calcite crystals, but sometimes included

right in them. There are also larger rounded individuals of rhodonite

often intimately associated with the garnet. The rhodonite is

evidently much more easily altered than the spessartite and is often

completely converted into manganese-ore, while the garnet is either

unaltered or has only suffered partial change. Besides apatite and

sphene a little strained quartz is also present.
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No. 37.-16-964—4877—Black Crystalline Limestone—Devi—

G.=2-94.

A band of manganiferous rock which contains spessartite, rho

donite, rhodochrosite and manganese-ores, and which is intercalated

between the crystalline limestones of the high hill east of Devi (see

Nos. 30 and 34), gradually climbs up the northern slope of this hill

to the top. The specimen was collected on the slope of the hill

from the junction of this manganese-silicate band with the crystalline

limestones. It is a coarse-grained black crystalline limestone in which

abundant small grains of blackened rhodonite included in the calcite

plates produce a lustre-mottling effect. These grains, as would be

expected, stand out on the weathered surfaces. M.—The calcite in

one slide is so impregnated with manganese-ore dust as to be

unrecognisable, and includes round colourless highly refracting

grains of rhodonite some of which are partially, and some com

pletely, altered to manganese-ore. These correspond to the shining

black specks in the hand-specimen. Another section shows that

the blackening of the calcite is due to the deposition of manga

nese-oxide dust along both cleavage and twinning planes (Plate 17,

fig. 1) ; the source of this manganese can be referred partly to the

rhodonite in the specimen and partly to the neighbouring band of

manganese-silicates and ores. Hence this rock, when fresh, was pro

bably a pale-coloured crystalline limestone with scattered granules of

rhodonite.

Class III.

For a discussion on the origin of the serpentinous crystalline

limestones and cipollinos see pages 170 and 171. In support of the

ideas there put forward, the rocks described below are taken to provide

ample evidence. These rocks are very abundant in this district

and the following important outcrops of them may be mentioned :—

1. Some hills in the Sitapar and Lakhanwara jungles.

2. In both the Gehra and the Budbuda Nalas, just above their junc

tion.

3. The hills about one mile E. N. E. of Bichua village and situated

partly in Bichua and partly in Alesur limits.

4. The stream-bed just east of Gowari Warhona village.

5. The large mass of hills and hillocks to the east and S. E. of

Dudhara Kalan.
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No. 38.-16-952—4866—Serpentinous Crystalline Limestone with a

band of cream-coloured pyroxene—Gowari Warhona—G. = 2-73

(of the crystalline limestone.)

In a stream to the N. E. of the village is an outcrop of serpentinous

crystalline limestones and from that outcrop this and the two following

specimens were collected. The rocks at that place dip west at about

30° this unusual direction being probably due to a fault. The specimen

in question is of medium grain, banded white and greenish-yellow

in colour, showing both calcite (white) and serpentine (greenish-

yellow) ; but it also contains a cream-coloured band of pyroxene, of

hardness 5 and G. = 2-99, upon which serpentine is encroaching in an

irregular manner. This pyroxene is mainly one individual and has

a tendency to pearly lustre. M.—A section cut from the junction of

the creamy band and the limestone shows the former to consist of

colourless pyroxene apparently passing into tremolite in parallel

growth. This amphibole-pyroxene complex is traversed by veinlets

containing either serpentine or rhombohedral carbonates or both

(Plate 17, fig. 2), while the adjoining crystalline limestone is full of

nests of serpentine ; the whole suggests that the limestone containing

serpentine is the final result of a process in which the pyroxene passes

entirely into serpentine, calcite and dolomite, the colourless amphibole

being possibly an intermediate product, though the change from

pyroxene to serpentine and rhombohedral carbonates undoubtedly often

takes place directly. A section cut from the crystalline limestone

alone is similar to that of the rock next described, except that no

mica is present.

No. 39.—16 95 1—4865—Serpentinous Cipollino—Gowari

Warhona—G.= 2'74.

This rock, taken from the same exposure as the preceding, is of

medium to coarse grain, banded with white, pinkish and green

colours, and having also some micaceous films. M.—It consists of an

interlocking mass of calcite and a fair proportion of dolomite with

many rounded patches of serpentine, which are pseudomorphous

after a previous magnesian silicate, probably pyroxene (Plate 18,

fig. 1). Some remains of the original mineral indicate pyroxene, and

the meshes of the serpentine are sometimes at right angles, and some

times approach more nearly the angles required for amphibole.
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This serpentine is very pale-yellowish in colour not revealing its real

structure under a low power. Under a higher power the boundaries

of the meshes are seen to be made up of fine fibres transverse to these

boundaries, while the interior of the meshes is often isotropic. Another

variety of serpentine, brownish by ordinary light, shows a structure

suggesting that of olivine-derived serpentine. There is also some

colourless mica, probably phlogopite, containing three intersecting sets

of inclusions, the angles between which are not, however, 6o°.

No. 40.—16*961—4875—Crystalline Limestone with a band of

altered cream-coloured pyroxene—Gowari Warhona.

This rock, collected from the same exposure as the two preceding,

is medium to rather fine-grained and reddish in colour ; it also con

tains a i-inch thick band of altered cream-coloured pyroxene, which

can, in places, be scratched by the finger-nail and shows a laminated

structure, probably parallel to the original basal parting of the mineral.

M.—The larger portion of the cream-coloured band consists of large

individuals of much altered colourless pyroxene in which alteration

has taken place along planes parallel to the basal plane with formation

of bands of a colourless low-refracting, finely laminated mineral, with

low strength of double refraction ; the polarization colours vary from

first to second order, and this mineral is optically positive with regard

to its length. Hence it is perhaps laminated serpentine or antigorite.

These serpentinous bands alternate with other bands, some of which

are calcite, whilst some contain remains of pyroxene.

No. 41.—16"954—4868—Serpentinous Crystalline Limestone with

green spinel (?)—Sitapar—G.=2-86.

The outcrop of this rock is in a stream-bed a little more than a

mile due north ol Sitapar (Pangri).1 It is a medium-grained rock

showing greyish-white calcite, yellow-green oily-looking serpentine

and some scattered small dark-green grains of spinel (?). M.—Shows

unequivocally that colourless pyroxene (with extinction up to 380 on

clino-pinacoidal sections) is changing to calcite and sulphur-yellow

■The" Seetapar " of the i-inch map is non-existent, while the village marked

as " Pangree " is really Sitapar and the hamlet half a mile N. of E. from the real

Sitapar is the real Pangri. This mistake has been corrected on the accompanying

map, Plate 20.
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serpentine, the patches of the latter having very smooth and rounded

boundaries. The serpentine often breaks up the pyroxene into patches,

so that remains of pyroxene are seen in the midst of the serpentine

(Plate i8, fig. 2). The calcite does the same thing so as to ophitically

include the pyroxene. There is in addition some colourless amphibole

(extinction-angle up to 180) intergrown with, and sometimes surround

ing, the pyroxene from which it has probably been derived. I could

not, however, determine if the amphibole also changes into serpentine

and calcite. Some clear round isotropic grains of pale-green colour

are either sfinel or garnet, more probably the former. This is a

case in which the alteration process has proceeded entirely in accord

ance with equation (a) on page 171, for no dolomite whatever was

found in the microscope section.

No. 42.— 16*958—4872—Serpentinous Crystalline Limestone with

chondrodite, spinel and phlogopite—Alesur—G.= 2"83.

The locality for this rock is near the top of the most southerly

hill within Alesur village limits. The hill is just to the S. E. of a

straight line joining Bichua and Devi villages. The rock is a very

coarse white crystalline limestone containing, scattered and in bands,

pale-yellow-green serpentine, deep orange chondrodite, pale lavender-

grey spinel, and pale-brownish mica. M.—The chondrodite1 occurs

in big patches broken up by yellow-brown serpentine, and is not

uniform in colour. One portion of an individual will show the follow

ing pleochroism :—

direction ot greater elasticity = golden-yellow,

ditto lesser ditto = slightly yellow (almost

colourless),

while another portion will be quite colourless with possibly a little

absorption, in one case bright-yellow chondrodite was colourless in

the middle. The chondrodite has a high index of refraction and

double refraction nearly as high as olivine. It also exhibits some

well-marked straight cracks (? cleavages) with reference to which the

extinction angle varies from o° to 1 40. These cracks are about at

right angles to the serpentine strings.

'The word "chondrodite" is used in its customary general sense, as it has

not been determined to which of the Humite group of minerals this particular

example is to be referred.
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Calcite and dolomite seem to be about equally abundant in this

rock, plates of them often cutting across the chondrodite or occurring

as patches in it. The criteria for distinguishing between these two

minerals, given on pages 195 and 196, were derived chiefly from a study

of this rock. The most important and useful of these distinctions is

the clearness of the dolomite and the cloudiness of the calcite, this

latter feature being due to abundant minute indeterminate particles with

no definite arrangement. The photo-micrograph (Plate 19, fig. 1)

shows both the calcite and the dolomite. Either of these may occur in

direct contact with the chondrodite, which itself may be found entirely

surrounded by either carbonate. Sometimes, however, serpentine

separates the chondrodite from the rhombohedral carbonates. In the

very similar rock from Ceylon described by Lacroix,1 as suffering a

similar alteration to serpentine and carbonates, the chondrodite was

not pleochroic, neither was the dolomite seen in actual contact with

the chondrodite, there being a separating " muff " (manchon) of

calcite.*

Detached flakes of the mica give optic axial angles varying

between 160 and 25°and show acicular inclusions arranged at angles of

6o°. Hence this mica is considered to be phlogopite. This mineral,

like the chondrodite, is seen to be giving place to dolomite with a

smaller quantity of calcite and appears, preparatory to breaking up,

to undergo some change by which its strength of double refraction

(7—a) is much lowered, without affecting its other optical properties.

The spinel grains, which range up to ^ to i inch in diameter as

seen in the hand-specimen, are observed under the microscope to be

colourless, isotropic and of a higher refractive index than the chon

drodite. It is very doubtful if any of the spinel be suffering altera

tion.

Since none of the minerals—chondrodite, spinel and phlogopite —

constituting the original rock contain lime, this latter component of

1 Bulletin de la Sociiti Francaise de Mmeralogie,W\, 338, 343, (1889). Rec.

Oeol. Surv.Ind., XXIV, 192, 195, (1891).

'The suggestion of Cooniaraswamy [Q.J. G.S., LVIII, 420, (1902)] that the

colourless chondrodite of Lacroix may possibly be olivine will not, even if correct,

materially affect the case, owing to the fact that both minerals are silicates of

magnesium, the chondrodite simply containing water and fluorine in addition; so

that similar alteration products may be expected when these two minerals are

subjected to similar alterative agents.
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the altered rock must, together with the carbon dioxide, have been

derived from external sources. The solutions thus hypothecated would

also be required to remove the alumina from the altering phlogopite,

but owing to the low percentage of silica in both chondrodite and

phlogopite this latter constituent would probably all remain to form

serpentine and, contrary to what happens when diopside undergoes

similar changes (see page 171), would not be removed in solution.

Group IX.—Almandite-gneiss.

The only rock in this group—the one described below—would no

doubt be in its most natural position in Group VII, as it is undoubtedly

very closely related genetically to No. 35 of Group VIII. It does not,

however, contain any pyroxene, or its paramorphic derivative, horn

blende.

No. 43.—16946—4860—Almandite-gneiss passing into a

Calciphyre—Bichua—G.= 3"i4.

This is the rock mentioned (page 184) as occurring on the north

ern slope of the shoe-shaped spur of Burar Hill, between the essonite-

bearing crystalline limestone (No. 35) on the south and the hornblende-

schist (No. 23 ) on the north. Macroscopically it is a most striking rock,

being medium to fine-grained, of flesh-pink and emerald-green colours

due to felspar and epidote respectively, with deep purple-black spots

due to garnets up to 1 inch and more in diameter. There is also

some white calcite. Qualitative tests show the garnet to be the iron-

alumina-garnet, almandite. M.—Garnet is very abundant, irregular in

shape, of a rich brown colour, and is often surrounded by yellow

epidote in large plates. The special interest of this rock lies, however,

in what may be called the matrix in which the above are set. This

interstitial matter is often a micrographic intergrowth of calcite and

quartz frequently enclosing much kaolinized cores of plagioclase from

which this micro-pegmatite has probably been derived, as explained on

page 172 (Plate 19, fig. 2). The plagioclase is usually so clouded

as to be indeterminate, but the few examples in which the albite twin

ning was visible indicated a composition at least as basic as andesine.

The calcite is usually untwinned. Besides a little microcline there is

an abundance of idiomorphic wedge-shaped sphenes enclosed in every
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thing else except the garnet in which they are very rare. Apatite

is also present together with an iron-ore, either magnetite or ilmenite-

Regarding the calcite and quartz, and perhaps the epidote, as

secondary, we may look upon the original rock as having been com

posed of almandite, and basic plagioclase, with abundance of sphene

and some microcline, apatite and iron-ore. Comparing this with the

list of minerals given on page 189 as occurring in the quartz-

pyroxene-gneisses, we observe a general consanguinity between these

two rocks, with the difference that the almandite-gneiss is probably a

more basic one [cf. the specific gravities) in which quartz is absent—or

if present, only sparingly so — and microcline less abundant, and in

which, instead of pyroxene, there is a great development of the garnet

element A characteristic of both rocks is the formation, by chemical

change involving the introduction of carbon dioxide, of secondary

calcite and quartz, while in both rocks epidote is very abundant and,

though considered on page 188 as of probable secondary origin in at

least some cases, it must be noticed that in none of the rock-sections

examined has any certain evidence of the secondary nature of this

epidote been obtained, while in more than one case the epidote has

shown patches of various shades of brown suggesting allanite.

droup X.—Manganese-bearing Rocks and Ores.

Beyond the mere enumeration of the various types mentioned on

page 168, and the few remarks given on pages 172 and 173 as to the

mode of occurrence and origin of these rocks, it is not proposed to

say anything regarding this group, as it is intended to include a

description of these types in a subsequent paper dealing with all the

Indian rocks of similar nature. A brief description, however, will now

be given, in the next chapter, of each of the manganese-ore deposits of

this area—the only part of the Chhindwara district in which such rocks

are at present known to occur.

V THE MANGANESE-ORE DEPOSITS.

It should be mentioned that Mr. Datta in his 1893-4 survey of this

area discovered the deposit of Kachi Dhana, and also found indications

of that of Gowari Warhona. Subsequently, in the year 1903, the late

Mr. A. M. Gow Smith independently found all the deposits mentioned
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below with the exception of Alesur and Devi, of which the last named

was discovered by Rai Sahib Mathura Prasad of Chhindwara.

The deposits may be arranged geographically from north to south

in the following order :—

(1) Kachi Dhana.

(2) Lakhanwara.

(3) Gaimukh.

(4) Sitapar.

(5) Bichua.

(6) Alesur.

(7) Devi.

(8) Ghoti.

(9) Wagora.

(10) Gowari Warhona.

(11) Dudhara.

In this order they will now be briefly described. Numbers corre

sponding to these deposits will be found on the map (PI. 20). Of

the above deposits Nos. 1 and 10 are most certainly worth working, as

is probably No. 4. Nos. 2 and 3 will need some development work

before a definite opinion can be expressed, while the remainder, with

the possible exception of No. 8, can be condemned at once, as not

having the slightest value whatever under present conditions. Owing

to their distance (30 to 50 miles) from the railway, none of these

deposits have yet been opened up.

With regard to the frequent use of the word spessartite in this

paper, it is necessary to say that the only quantitative analysis made

(of a specimen from the Nagpur district) shows that the mineral in that

case is spessartite, and that the similar mode of occurrence and

crystalline habit (trapezohedral) of the manganese -garnets of the

Central Provinces render it very probable that in the majority of cases

they fall under the species spessartite ; their varying colour, ranging

from yellow through orange to orange-red, is probably partly due

to a varying percentage of iron.

The analyses given below under the headings of the separate

deposits are mostly taken from the reports on these properties made

by Messrs. H. Kilburn Scott and VV. Selkirk respectively, and are

published with the kind permission of the directors of the Indian

Manganese Company on behalf of which the reports were made.
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Since this paper was sent to the press the results of the analysis of

the samples taken by the author have been received. The samples

were collected by breaking off pieces at regular intervals along the

outcrop of the manganese-ore in situ. Where the outcrop was

obviously unworkable, owing to the presence of large amounts of

free quartz or spessartite-bearing rock, it was not sampled, because in

working the deposit such rock, if quarried, would be thrown on the

waste-heap. In cases where any ore had been quarried some of it

was added to the sample. It being now too late to intercalate the

analyses in their proper places, they are all placed together in the

following table and should be compared with the other analyses

scattered through this section of the paper: —

A a <3KachiDhai U
GowariW

hona.i
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jt
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|Ghoti.
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Number of Sample. 9 n 12 10 10A 13 ■4 s 7

Manganese .... 5473 50-41 54-98 54'97 5457 48-95 49'55 29-08 53'59

Iron 5 00 1177 6*19 6-89 7"<>3 70J 77« 6-88 5-00

6-99 4'86 10-63 °'95 7-90 4-98 8-74 36*3 6-21

Phosphorus . o-07 O'JO 0"04 o-o6 0'12 0-28 0-28 015 0-07

Moisture (at 100' C.) °-I7 °'39 0-32 o'oo 0-04 127 0-52 086 0-31

0-98 ... ...

Arsenic oxide (Asj Os) . ... O'OOJ ... ... ... ...

Carbon dioxide - 0*14 0-14 ... 0-04 ... ...

The above results were furnished by the Director of the Imperial

Institute, London, to whom the samples were sent through the Officiat

ing Reporter on Economic Products, Calcutta.

This is undoubtedly the largest and most valuable deposit in the

I Kachi Dhana district. There are five separate ore-hillocks,

arranged along an E.—W. line, of which the

largest is about 360 paces long, 130 broad and, say, 40 feet high. As

far as can be estimated without clearing away the thick jungle which

covers the hill and opening up the deposit, the ore-body will probably

E 2
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be found to be from 50 to 100 feet wide. The ore varies slightly

in character in the different hillocks and is either a fine to medium-

grained mixture of fsilomelane and braunite in which the latter is the

predominant constituent, or is finely crystalline braunite with fairly

numerous black spots. Associated with the ores is the usual spessar-

tite-quartz rock, and sometimes magnetite-s^essBX\\te rock, both of

which have in places been partly chalcedonized. In one of the hillocks

was found a very interesting granular rock—16-966—of white felspar

with scattered brownish-orange grains giving a slight manganese

reaction. Under the microscope this mineral is seen to be pyroxene

showing pinkish-brown to pale greenish-brown pleochroism. The felspar

is microcline, orthoclase, and albite, and the rock is probably intrusive.

There is no doubt that when worked this deposit should yield a

large amount of ore, which to judge from various analyses should

range well over 50 per cent, manganese. An assay of a small speci

men collected by Mr. Datta yielded :—

Per cent.

Manganese 53'25

Phosphorus '91

Moisture '26

The phosphorus content is, of course, much too high, but eight

other analyses made both on large samples and on hand-specimens

taken by Messrs. Kilburn Scott and Selkirk showed results ranging

between the following limits :—

Dried at 212° F.

Manganese .....

Iron

Silica . ...

Phosphorus ......

While another which yielded : —

Dried at 2120 F.

Per cent.

Manganese 5i'87

Iron ......... 4-92

Silica ......... 16-37

Phosphorus ........ 0-033

was of a hand-specimen containing some glassy quartz.

Per cent.

• 53'o5 56 82

. 2-82 „ 5-30

1 -io „ 9-02

. 0-004 „ 0-135
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Situated 200 to 250 yards west of the Gaimukh ore-body, this

deposit is only visible at the surface as three

very small outcrops of rather fine-grained, hard

grey crystalline ore which is probably the best quality braumte. The

following is an analysis of a sample taken by Mr. Scott :—

Dried at 212° F.

Per cent.

Manganese S7'5i

Iron ......... 602

Silica 4*63

Phosphorus °-I53

The outcrop of this ore-body is of lenticular shape, about 60 paces

lone and 26 broad, the lens being orientated east

and west, lhe ore. which is mostly braumte

with some rhodochrosite, has probably been derived from a rock

consisting largely of sfessartite of orange-yellow colour and of

rhodonite, but it is only the central portion of the outcrop about 20

yards long and 7 broad which has undergone sufficient alteration to

be workable as a source of ore. The following analyses are of

samples taken from the outcrop, rejecting any pieces of ore that looked

siliceous : —

Dried at 2120 F.

Manganese

Iron .

Silica

Phosphorus

Mr. Scott. Mr. Selkirk.

Per cent. Per cent.

56-68 54-20

6-21 5-00

7-68
975

0-078 0-036

This ore-deposit takes the form of a small elliptical hillock 27 paces

t long from east to west by 23 broad and perhaps

20 to 25 feet high. Since it rises from the middle

of a field, it may be found to be of much greater extent on removing

the surrounding alluvial soil. The whole outcrop consists of huge

blocks containing a variety of manganese minerals of such unusual

1 See also Rec. Geol. Surv. Ind., XXXIII, 232, 1906.
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character and special interest that any description must be deferred

till they have been worked out. The following are analyses of samples

taken over the whole outcrop :—

Dried at 212° F.

Mr. Scott.

Manganese

Iron

Silica

Phosphorus

Per cent.

5494

7'33

0-072

Mr. Selkirk.

Per cent.

53'90

6'io

8'37

0055

A little to the south of the essonite-bearing crystalline limestones

described above (p. 199) occurs a parallel band

composed mainly of spessartite-quartz rock, with

some rhodonite towards the eastern end. The outcrop takes the form

of five hillocks, in which the garnet is often much altered, but never

sufficiently so to constitute an ore. In places the rock becomes very

quartzose, and in such cases the spessartite is crystallised in well-

formed trapezohedral crystals of various shades of orange and red-

brown to black. It is at the west end of this band that the spessartite-

pegmatite, No. 12, occurs.

The manganiferous rock here is the outcrop mentioned in the

description of the manganiferous crystalline lime

stone (No. 36). The length of manganiferous

rock is 52 paces and at the eastern end, on reaching the Ghondi Nalai

it is cut off by a complex of pegmatite injecting in all directions a

garnet-bearing biotite-gneiss ; a little way from its eastern end the band

reaches a maximum width of 5 or 6 yards. This deposit, like the

preceding one, has no economic value.

The ore here, originally discovered by an agent of Rai Sahib

- _. Mathura Prasad of Chhindwara, occurs as a band,

traceable at intervals for about a mile, on the

north side of a line of small hillocks of crystalline limestone and

calciphyre, which terminates to the east in a hill over 150 feet high up

the north side of which the ore-band gradually climbs to the top

6. Alesur.
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(see No. 37). The strike is that of the crystalline limestones, averaging

east and west, while the dip, as taken in the associated rocks, is at the

west end of the outcrop steep to the north side and at the east end

250 to the south. The ore is either soft or hard, brownish-black in

colour, and the result of the alteration of the spessartite and rhodonite

which occur in lenticular bands in the limestone. Here also, as at

Gaimukh rhodochrosite occurs, though in smaller quantity. The rock

is only altered in places to any large extent, and a coarse and very

beautiful rock of pink rhodonite and orange spessartite is rather

common. Adjoining the ore-band the limestone is often blackened,

for which see the description of No. 37. This is another of the de

posits which probably have no economic value.

Situated within the limits of the now non-existent village of

8 Qhoti Bharkum, this deposit consists of two parallel

bands of spessartite-quartz rock with rhodonite,

striking E. io° N. and at the west end rising to form a low mound.

The country-rock is mica-schist and a very schistose gneiss. The

large proportion of fresh manganese-garnet and rhodonite, and the

phosphoric nature of the ore, probably render the deposit valueless

under present economic conditions. The following are analyses of

samples of the best looking ore : —

Dried at 212° F.

Mr. Scott. Mr. Selkirk.

Per cent. Per cent.

48'62 49-48

Iron ... .... 8-17 8-25

628 4-60

0276 0306

The rocks here are chiefly biotite-garnet-granulites, -gneisses and

9 Wagora -schists with a general strike of about W. 35° N.

and an average dip of 6o° to the south side.

At least six parallel bands of spessartite-quartz rock, sometimes con

taining rhodonite, have been found intercalated in the above rocks, the

thickness of the bands varying from 1 5 inches to 60 yards. In only
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two places has the silicate-rock been altered to any extent to man

ganese-oxides, namely, at the places marked A and B respectively

on the map, but in neither case can the deposit be considered to

possess any commercial value.

Jn the season of 1893-4, Mr. Datta found indications of this deposit

_ . „ . in the shape of pieces of ore scattered on the
10. Oowari Warhona. £ .r c . ,

surface, lhen, in 1903, the late Mr. uow bmith

opened up a series of trial pits exposing a stratum of good manganese-

ore occurring in biotitic schists and acid gneisses. The ore stratum is

5 J to 6 feet thick, dipping at 500 to the S. 300 W., and is well exposed

in two rivulets where it very closely simulates a coal outcrop, the ore

being '' bedded " or laminated in layers one to four inches thick. The

total length of merchantable ore exposed is about i mile ; outside these

limits the band becomes, to the south-east, rich in spessartite and

quartz, and in both directions is probably cut off by faults bringing in

calciphyres and limestones. Six analyses made for the Indian Manga

nese Company of both samples and hand-specimens gave the following

limits :—

Dried at 212° F.

Per cent.

Manganese . . . . . . . 51 '82 — 56-45

Iron 1-31 — 3-83

Silica 1 "45 — io'i

Phosphorus ....... 0*03 — o'og

and demonstrate amply that the deposit is well worth working : while

one other sample gave :—

Dried at 2120 F.

Per cent.

Manganese ........ 4745

Iron 3-55

Silica 13-65

Phosphorus . . . . . . . . 0"i22

On the south-east side of " Dudara H " of the i-inch map are two

II Dudhara Dan(^s of spessartite-quartz rock, both much too

fresh to be of any commercial value. The strike

is south-east in a country-rock of soft biotite-gneisses and -schists. The

more south-westerly of the two bands is very interesting, as it is a

good example of lenticular thickening and thinning of bands of spes

sartite-quartz rock.
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VI LIST OF MINERALS.

The following is a list of the minerals noticed in this area. (m)

signifies that the mineral has only been noticed in microscope sec

tions :—

Oxides :—

Quartz ; rock-crystal ; rose-quartz ; milky quartz ; chalcedony ;

agate ; opal.

Martite ; spinel ; magnetite ; ilmenite (m) ; braunite ;

rutile (m) ; pyrolusite ; psilomelane.

Carbonates :—

Calcite ; dolomite ; ankerite (?) ; rhodochrosite.

Silicates :—

Felspar Group.—Orthoclase ; microcline; albite ; oligc-

clase (m) ; andesine (m) ; labradorite (m) ; perthite.

Pyroxene Group.—Diopside ; augite ; rhodonite ; manganese-

pyroxene of Kachi Dhana.

Amphibole Group.—Tremolite ; actinolite ; hornblende ;

uralite (m).

Garnet Group. — Essonite ; almandite; spessartite; andra-

dite.

Scapolite Group.—Common scapolite (m) ; meionite.

Idocrase (m)?

Zircon (mj.

Kyanite.

Epidote Group,—Zoisite (m)? ; epidote ; allanite (m).

Chondrodite.

Tourmaline.

Stilbite.

Mica Group.—Muscovite ; biotite ; phlogopite.

Chlorite.

Serpentine.

Green Earth.
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Titano-silicates : -

Sphene (m).

Phosphates :—

Apatite (m).

Several other minerals mostly containing manganese have also been

found, but not yet determined.

VII SUMMARY.

i. The main object of this paper is to put on record petrological

descriptions of certain types of rock— chiefly of the metamorphic and

crystalline series— found in the Sausar tahsil of the Chhindwara district.

In the same field-season (1903-4) many of these rocks were also found

to occur in the Nigpur, Bhandara and Balaghat districts of the Central

Provinces, and they will probably be found to have a still wider exten

sion when a more detailed examination of the crystalline and metamor

phic rocks of other districts is carried out.

2. Besides the descriptive work some remarks are also made on the

origin of the calciphyres and crystalline limestone. The evidence

regarding the calciphyres (Group VII) and the crystalline limestones of

Group VIII, Class I, is held to justify the deductions :—

{a) that the crystalline limestones have been derived by chemical

change—involving the introduction of carbon dioxide—from

rocks either identical with or similar to the quartz-pyroxene-

gneisses found in this area, the calciphyres representing the

intermediate stage between the gneisses and the crystalline

limestones ; and

(6) that the chief source of the lime of the calcite has been the

plagioclastic felspar of the parent rock, though in some cases

it may have been partly derived from external sources.

It is suggested that the change has taken place in accordance with the

following equation :—

CaSi2Al208 + CO., = CaC03 + 2 SiO„ + A1203.

Anorthite Calcite Quartz.
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Such a change could have been brought about by the permeation

of the rock by waters containing carbon dioxide and an alkaline car

bonate, the latter removing the alumina (see pages 168 to 170, 172).

3. The serpentinous crystalline limestones and cipollinos, on the

other hand, are considered to have been derived from various calcium

and magnesium-silicate rocks composed chiefly of a white pyroxene,

with or without phlogopite, although in one case chondrodite takes the

place of the pyroxene. Assuming the pyroxene to be diopside, it is

shown that the introduction of waters containing carbon dioxide would

involve the formation of serpentine, calcite, dolomite and silica, the

latter being removed in solution. The equations would be :—

(a) 3 CaMg(Si03)2 + 3C02 + 2HO

Diopside

= 3Mg0.2Si02.2H30 4 3CaC08 + 4Si02,

Serpentine Calcite

and

(6) CaMg(SiOs), + 2C02 = CaCOs.MgC03 + 2Si02.

Diopside Dolomite

The colourless amphibole often observed with the diopside may be

an intermediate product which was formed under certain conditions

during the conversion of the latter into serpentine. The phlogopite,

equally with the pyroxene, sometimes shows an alteration to dolomite

and calcite, the source of the lime being then, in at least one case

(No. 42), external (see pages 170, 171 and 201 to 206).

4. As the result of staining rock-slices with Lemberg's solution to

distinguish between calcite and dolomite it was found that even in this

particular set of rocks there are no constant criteria for discriminating

between these two minerals, but that, on the whole, in the serpentinous

limestones and cipollinos—the only rocks in this area in which dolomite

has been found—the chief points are: —

(a) both minerals allotriomorphic, often interlocking with

irregular boundaries ; but dolomite occasionally

moulded on to rounded calcite ;

(6) dolomite usually twinned ; calcite more often untwinned ;

(c) dolomite usually clear and colourless ; calcite often

clouded ;
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(d) dolomite with well-marked cleavages ; calcite with less

marked and less frequently shown cleavages.

These criteria agree with those deduced by Lacroix when examin

ing the crystalline limestones of Ceylon, but are almost the exact

reverse of the usually recognized points of distinction (see pages

195 and 196).

5. A brief account is given of the mumerous cases of superficial

replacement by silica of the Lametas (Cretaceous), metamorphic and

crystalline rocks—the rocks observed to be thus silicified being

Lameta limestone, crystalline limestone, gneiss, pegmatite, and

spessartite-quartz rock. The phenomenon is explained as being pro

bably due to the same agency as infilled the geodes in the Deccan

Trap that once covered this whole area—that agency being obviously

the mineralized waters with which the trap was saturated at the time

of its eruption. Asa less probable explanation of the change, atten

tion is drawn to the fact that the formation of the serpentinous lime

stones (vide paragraph 3, supra) involves the removal of silica in

solution (see pages 173 to 175).

6. The classification of the metamorphic and crystalline rocks, given

on pages 166 to 168, is somewhat empiric, but it is to some extent

based on genetic relationships. The various types of rock mentioned

in this classification are then described in corresponding order. As

rocks of special interest attention may be drawn to the following :—

No. 23, a hornblende-schist containing presumably original pyroxene,

thus indicating that the amphibolites and hornblende-schists of this

area were originally pyroxenic igneous rocks ; No. 37, a black mangani-

ferous crystalline limestone which owes its colour to the deposition of

manganese-oxide dust along the cleavage and twinning planes of the

calcite ; No. 43, an almandite-gneiss in which basic plagioclase is seen

passing into a micropegmatite of calcite and quartz by a process like

that mentioned in paragraph 2 above (see pages 184, 201 and 206).

7. Only a brief mention is made of the various types of mangani-

ferous rocks, enumerated under Group X of the classification, as an

opportunity to do so will, it is hoped, occur elsewhere (see pages 168,

172 and 207).

8. Short descriptions, however, are given of the various deposits

of manganese ore—eleven in number— known to occur in this area, as

several of them are of economic importance (see pages 207 to 214).

9. Finally there is added a list of the minerals found in this area

(see page 215).
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VIII GEOGRAPHICAL INDEX.

When the orthography of place-names as adopted in this paper

differs considerably from that of the map (PI. 20), then the latter spell

ing is also given in brackets.

43' 78° S6'

38* M
56

42 II S4i

45 It 54

43 11 55

42* II 56J

30 If 56

30 II
56

30I 11 56

45 » 53*

44* » 531

35 » 5i

43 II 55*

38
II 55

31* 11 52

43i 1> 50

37 11 53i

41 !> 56

40
n 55

41*
11

56*

Alesur (Aleysoor)

Bharkum (Bundkoomb)

Bichua . . .

Badbada N. (nala) .

Burar Hill

Devi (Davee) . .

Dudhara Hill (Dudara H.)

Dudhara Khurd (Doodala Khootd)

Dudhara Kalan (Doodala Kulan)

Gaimukh . . .

Gehra N. .

Ghoda Hill

Ghondi N.

Ghoti

Gowari Warhona (Gowaree

Kachi Dhana (Kuchee)

Kanhan River .

Kara Hill

Kasigondri Hill .

Khairi (Khyree Burosa)

Wandona)

Latitude, N. Longitude, E.1

1 These longitudes are those given on the Standard Sheet (Plate SO) accompany

ing this paper, the scale being i"— I mile. They are greater by about one minute than

those given in the corresponding Atlas Sheet (scale i"—4 miles); hence, to convert them

to longitudes of the Atlas Sheet, add one minute (1').
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Khairi (Khyree Tygaon)

Khairi Nala

Kodadongri

Lakhanwara

Lakhanwari

Oopaea N.

Pangri . .

Paumondi N.

Rdmakona (Ramakot)

Ranpet

Sahanwari

Sarha Hill (Sarda II.]

Sausar (Saosur)

Sitapir

Utikata (Ooteykata)

Wagora

Latitude, N. Longitude, E.1

21° 32' 78° 52'

32 52

3' 54

4S 53i

46 53 J

43 54

44* ,1 55

i> 44 49*

43 53

43 51 *

40* . 58

33t .. 56

39i 50

44» „ 54*

4' 55

„ 36 Si

' These longitudes are those given on the Standard Sheet (Plate 20) accompany

ing this paper, the scale being 1"- 1 mile. They are greater by about one minute than

those given in the corresponding Atlas Sheet (scale i"=4 miles); hence, to convert them

to longitudes of the Atlas Sheet, add one minute (1').
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Notes on the Geology of parts of the Valley of

the Kanhan River in the Nagpur and Chhindwara

Districts, Central Provinces. By P. N. Datta,

B. Sc. (Lond.), F.G.S., Deputy Superintendent, Geolo

gical Survey of India. (With Plate 2 1 .)

1 HE area which forms the subject of the present paper includes

part of the district of Nagpur and part of

Chhindwara, being in fact that part of the valley of

the Kanhan River which may be denned as between Kelod, Baraigaon

and Bhewgarh, in Nagpur, on the south (lat. 210 27' N.), and Deogarh

and Mokhair in Chhindwara, on the north (lat. 21° 52' N.)1

For a varying distance on either side of the Kanhan River the

metamorphics are exposed, and are thus seen to

oc s me w d occupy the lowest ground in the valley. The next

higher group of rocks resting on the metamor

phics are the Lametas or Infratrappean beds, while the rocks that

overlie the Lametas are the basaltic or Deccan trap. This last consti

tutes the capping of the hills that overlook the valley and thus forms the

highest ground here.

Thus we have three groups of rocks in this valley, namely, the

Deccan trap, the Infratrappean or Lameta beds and the Metamorphics,

the last group being the oldest of the three.

The metamorphic rocks met with in this area comprise crystalline

limestone and calcareous schist, quartz and quartz-
Ihe Metamorphics. . ... . . 3

ites, mica-schists, pyroxenic gneisses and calci-

phyres, pegmatite and gneiss.

The ground to the south had previously been examined and mapped

as far as the foot of the hills encircling Kelod on

MetaToS area. *' the north-' Commencing then by the talao of

Jaithgarh (lat. 21° 28', long. 780 57'), by which are

1 These notes were the result of a visit to the ground during the early part of

season 1893-94, when the area was mapped, previously to proceeding to the

district of Bhandara.

J\V. T- Blanford, Mem. Geol. Surv. Ind., IX, 295—330, (1872), with a map.



222 Records of the Geological Survey of India. [Vol. XXXIII.

exposed thin-banded quartzites and soft micaceous schistose rocks, dip

ping S. 12° W. at 30° there is a small outlier of the basaltic trap

between this tank and the village of Kowtha (210 28', 780 58') entirely

surrounded by the metamorphics. The basaltic cap with a thin fringe

of the Lametas exposed on the low range of hills just north of the tank

terminates at a short distance north-east of the tank and the boundary

of the metamorphics runs from here west by north along the foot of the

range until the cartroad between Kelod and Satnur (21° 31', 780 54') is

reached. From here the boundary keeps a north-westerly course

passing by Tinkhera (210 33', 780 52'), Borgaon (210 34', 780 52').

Wagora (21 0 35', 780 51'), Sausar (210 40', 780 51'), Kudum (2i°4i',

780 52') and Nandia (210 45', 780 49'). On either side of the Nakta

by Deogarh (210 52', 7 8° 46'), the trap appears again, forming also the

high ground on the south-east, whereon stand Ambajhiri (210 50',

780 54') and Teliadeo (210 48', 780 52'). Further south-east, there

are a couple of trap outliers by Devi (210 42', 780 57'). In the south

eastern extremity of the area under notice also occur a few outliers of

trap, as by Pathar (210 31', 790 8'), and Bouli (210 34', 720 8'), N.-W.

of Bhewgarh (210 29', 790 14').

The metamorphics are inclined at a pretty high angle, the beds

being in places nearer the vertical than otherwise.

The rocks oftenest met with are the mica-schists, sometimes massive,

„ , „. ... but generally softish and in thin bands. Quartz
Rocks : Mica-schists. 0 J , . . r

also abounds, like the quartzites, and it is often

by the presence of quartz and quartzite alone that one can detect the

„ . , „ ... presence of metamorphics in ground otherwise
Quartz and Quartzites . 1 . , ...

covered. I here is also teen in this area a fair

amount of crystalline limestone. Of this crystalline limestone, there

Crystalline limestone. are three Sood exposures here. One of these

lies close south-west of Taimurdoh (21° 30',

79° o'). The limestone here is thoroughly crystalline, of a light

greyish colour and in fairly thick beds, forming most of the low hills

between Taimurdoh and Dudhara (Doodala) (210 31', 780 57').

Another mass of crystalline limestone occurs north-east of the last

outcrop and is well seen by Maharkund (210 31', 790 2') and south of

Rajegaon (210 33', 790 1'). The rock is of a beautiful pink colour, as

well exposed on the stream bed south of Rajegaon, but the rock is

rendered schistose by the development of minute flakes of mica,
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A third band of a thick-bedded, light yellowish grey, crystalline

limestone crops out by Ambajhiri (210 50', 780 54') and Pardi (210 31',

79° 10').

Besides these three outcrops which are of fair extent and thickness,

small calcareous bands are also visible, as in the neighbourhood of

Satnur (210 31', 780 54'). Sugum (210 32', 78° 57'), etc.

The only noticeable exposures of what were regarded in the field

as dioritic rocks and since determined ' to be

Qua z-pyroxene-gness qUartz_pyroxene_gnejsses anr] calciphyres, are

those near Poreyghat (21° 32', 780 58') and

Maindi (21° 34', 780 57') and east by north of Kurmakra (210 40'

78° 54')-

Close north and north-west of Lodhikhera village occur some thin

outcrops of gneiss ; the exposure on the stream-

bed on the northern side of the village being of a

pinkish colour from presence of pink-coloured felspars, the rock itself

being well-foliated and composed chiefly ot pink felspar, quartz and

mica.

Another very narrow band of gneiss is seen a little south of Kajal-

wani (210 41', 780 54')> but here the outcrop is very limited and ill-

exposed. The rock is well foliated.

A third outcrop of a granitic gneiss is visible in the northern

extremity of the area, near Mahuldura (210 47', 780 51'). The rock

here is dark and fine-grained, composed of biotite, felspar and quartz,

but with an ill-developed foliation.

By Jaithgarh talao (210 28', 780 57') (at the south-western extre-

-,_ mity of the area under consideration) the schists
Structure. ., .

strike west by north and east by south, with a

dip to the south, while by Maleygaon (21° 31', 780 59'), a few miles

to the north, the dip is reversed. Following the beds north-eastwards

the dip again changes to south by west as shown by the calcareous

schists exposed near Maharkund (21° 31', 790 2'). North from

Maharkund as well as east and north-eastwards from it, as far as the

limits of the area under notice, the same dip (i.e., to south by west)

seems to prevail. By Lodhikhera (210 35', 780 55') the dip is south

west, but in proceeding north from here the dip becomes reversed,

i.e., north by east, as seen by the dip of the schists by Ramakona

1 By Mr. Fcrmor. See pages 191 and 193 of the preceding paper.

1 (I.
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(iround much covered.

(2i° 42', 780 54'). In proceeding up the valley from Ramakona

towards Khapa (210 46', 780 50'), the dip becomes southerly again.

Thus in passing from the southern limits to the northern extremity of

the area, we find that the schists have been thrown into sharp anticlinal

and synclinal folds, the axes of which have remained more or less

parallel to one another. Hence the metamorphics are seen to exhibit

one general direction of the strike, viz., W. by N. to E. by S., pretty

constantly all over the area, with of course local variations.

Over a considerable portion of the valley the rocks are more or

less covered up with alluvium or soil of cultivation.

Hence it becomes difficult from this prevalence

of alluvium and cultivation to get, to any considerable extent, con

tinuous exposures of rocks for purposes of examination, a circumstance

that renders it difficult to identify the beds of the different flexures or

trace them over any considerable distance.

From the gneiss, that is, what little of it is seen in the area, being

Metamorphics to be we" foliated and its being interbedded with

classed with the Bengal mica-schists, which constitute the prevailing

Qne'M- rock, and from the presence of crystalline lime

stone, there can be little doubt that the metamorphics of this part of

the country must be classed with the rocks formerly grouped as the

Bengal gneiss (Manual, 2nd Ed., p. 30).

Resting horizontally on the upturned and denuded edges of the

metamorphic rocks, and conformably overlain by

the basaltic trap, occurs a thin group of rocks to

which the name of " Lametas " has been applied. These are exposed

wherever the bottom of the basalt is seen : thus all along on either

side of the valley a fringe of the Lametas is seen bordering the valley,

and also wherever an outlier exists, resting on the metamorphics below

and overlain by the basalt.

The most persistent constituent of the group, so far as the present

area is concerned, is a calcareous rock varying from a grey pure

limestone to cherty, sandy and gritty varieties. The limestone is

associated with, and in places entirely replaced by, sandy or gritty

beds.

Just north of the Jaithgarh talao (210 28', 780 57'} (on the south

western extremity of the area), the Lametas are represented by a white

coarse grit, somewhat calcareous, the constituents being mostly white

quartz with some reddish quartzitic fragments and the calcareous

The Lametas.
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character of the rock being in some places more obvious than in others.

But some distance north-east of this point the rock is a light grey

limestone, almost pure. In the little bay-shaped valley due south of

Satnur (210 31', 780 54'), there is a wider exposure of the grey lime

stone, with an underlying calcareous arenaceous band, but the entire |(

thickness of the group is not visible. About a mile west by south of

Lodhikhera (210 35', 78° 55'), the hill-slopes and spurs show about 10

feet of the limestone resting almost horizontally on the schists and

overlain by a dark basalt with acicular crystals of felspar. The lime

stone is light yellowish to grey, very cherty and with grains of white

quartz disseminated in it in places. The limestone seems to constitute

the whole of the Lametas here, there being no indications of an arena

ceous or gritty band beneath the limestone. About 3 miles west by south

of Lodhikhera, at the foot of the hills, is seen a white gritty sandstone.

This underlies the limestone and forms the bottom rock of the group,

but the thickness of the sandstone band is nowhere exposed here.

Another fairly good exposure of the Lametas occurs south-west of

Wagora (2i°35', 78°5i'), where the rock seen is a pure limestone,

occasionally cherty, but it is difficult to say what the thickness of it ■

may be and whether there is also a gritty band interposed between the

limestone and the metamorphics. At three-quarters of a mile south

west of Jakiwara (2i°37', 78°4o/) occurs a fine section of the group.

The stream, on which Jakiwara stands, flowing over the Lametas has

here cut its way back and now exposes the whole thickness of the

limestone, coming down in a beautiful waterfall over it. The lime

stone is a pure light grey rock and thick-bedded, is 15 to 20 feet in

thickness and overlies a soft yellowish grey sandstone, composed of

coarsish quartz grains with faint lamination in places. The beds have

a very slight inclination to north by west. The visible thickness of

the sandstone is 4 feet, its actual junction with the metamorphics not

being exposed. Northwards from here, the infratrappeans between

Sausar (21 "40', y8°5 1 'J and Mohgaon are a white calcareous sand

stone, somewhat gritty. At 2£ miles north-east of Sausar, on the

Nagpur-Chhindwira Road, the section is as follows:—At the foot of

the slope are visible well-foliated thin-banded mica-schists with a

foliation-dip of 550 to south-west. On these is found, resting horizon

tally, a little higher up the slope, a bed, 5 to 8 feet thick, which is a

grit at the bottom, but becomes towards the middle portion almost

wholly cherty, with patchy enclosures of felspar, quartz, etc., evidently

F 2
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derived from the underlying metamorphics, while the upper portion

of the bed is calcareous and cherty. Overlying this is a thin bed of

pure greyish limestone, with a visible thickness of about 5 feet, on

which rests the basaltic trap.

Following along the borders of the valley further northwards from

here, the infratrappean limestone is met with in most places cropping

out from underneath the basalt. Its thickness however is variable,

the greatest being 15 to 20 feet, it thinning out to as much as 5 feet

or less in some localities, while in some places its place seems

entirely taken by a gritty sandstone. Although, thus, in most places

some traces or other of the Lametas are observable, there are

however some sections where the limestone or its equivalent grit

seems absent, either from pre-trap denudation, or on account of

original limitation of the Lametas. Such a tract seems to have been

about the spur north by west of Kajalwani (2i°4i', 78°54').

Though fresh-water shells such as Physa have been mentioned as

Fossils having been found in the Lametas, none were

found in the area under consideration. In one

locality only, namely, by the village of Kudum (2i°4i', 78°52') the

limestone yielded small casts of shells, but they were too fragmentary

and too ill-preserved to admit of identification.

The trap rests in horizontal sheets on the Lametas, the last

"Trap" described group of rocks, and is thus the

youngest of all the rocks in this neighbourhood.

The trap hills here, as elsewhere, present a characteristic appearance,

being flat-topped, like a table, and with more or less steep sides, and

covered with scant vegetation.

The rock here is a dark, hard, compact and homogeneous basalt,

exhibiting an exfoliating concretionary structure best brought out by

weathering. Nowhere however was the columnar structure, so well

exhibited in some basaltic flows, met with in the area under question.

The rock is amygdaloidal in places, and in these cavities as well as in

the joints and cracks in the rock were found beautiful specimens of

quartz crystals, agate, calcite, stilbite, etc.

Of the three main classes, vis., Upper, Middle and Lower, into

which the Deccan trap has been divided, the trap that occurs in this

valley belongs to the Lower division.
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Economic Geology.

Stones (or building, Basalt.—Basalt makes a good building

road-metalling, etc. material and is also largely used as a road metal.

Quarts and Quartette.—Another rock that is much used for

macadamising roads is quartz. Quartzite is also utilised for similar

purposes. Both kinds of rock are plentiful all over the country here.

Calcareous Sandstone.—In localities where the Lametas yield a

calcareous sandstone fairly even-grained, it is often used as a building

stone for temples, as the rock can be taken out in moderate sized

pieces, and dressed easily. The rock however not being compact or

homogeneous, cannot be expected to stand much weathering and thus

last long.

Crystalline Limestone or Marble.—The crystalline limestone or

marble here belongs to the metamorphic series. The rock is often in

thick beds and will no doubt receive a good polish in which case it

could be well used for building and ornamental purposes. The pink

variety would be attractive, especially for ornamental purposes, though

however the presence of minute flakes of mica would somewhat

detract from its value.

Ordinary Limestone.—There is a fairly large supply of pure

ordinary non-crystalline limestone obtainable from the Lameta group

of beds. The only use the limestone is put to now is the building of

small culverts and bridges and occasionally of temples. Of course

where the rock is cherty, sandy or otherwise impure, it could not be

commercially valuable, but there is a large quantity of the rock avail

able which is fairly pure and free from impurities, and has, besides, as

regards position, the advantage of being easily accessible.

The only metalliferous ore come across in the valley is a manganese-

ore. At the time of my visit1 a little of it2 was
Mineral Ores. . , . . 0 ,

exposed just by the village of Kachi (21 43

78°52'), 2 miles south by west of Silora on the Kanhan River, in the

district of Chhindwdra. The ore which is a mixture of braunite and

1 Season 1893-94.

2 Clearings recently made would, according to Mr. L. L. Fermor, who visited

the ground during the season 1903-04, seem to show that the mass is at least 50

feet wide. (See page 210 of the foregoing paper.)
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psilomelane yielded, as the result of analysis in the Geological Survey

Laboratory, the following percentage of constituents :—

Moisture . . . 26

Manganese . . . 5325

Phosphorus . . . "qi

Fragments of a similar ore were observed on the ground \ mile

south-west of Khairi' (2i03i', 78°55'), on the Kelod-Sausar Road.

Owing to absence of pits or other sections the thickness of the present

mass could not be ascertained.

1 Described by Mr. Fermor as the Gowari Warhona deposit. (See page 214

of the foregoing paper.)



Part 3.] FEkMOR : Manganite, Sandur Hills. 229

Rarity of Manganite in

India.

On Manganite from the Sandur Hills. By L. Leigh

Fermor, A.R.S.M., F.G.S., Deputy Superintendent,

Geological Survev of India. (With Plate 22.)

DESPITE the abundance and importance of ihe manganese-ore

deposits of India, it is a curious fact that

though, of the oxide-ores of manganese, pyro-

lusite, psilomelane and braunite occur in pro

fusion, hausmannite1 has never been found at all,

while manganite has been recorded but twice. One reference to

manganite is in the Records of the Mysore Geological Department,

III, p. 47 (1900 and 1901), where there is a bare mention of this

mineral without any details of its locality and characters. The other

and prior record is of a specimen received some years ago from the

Political Agent at Gwalior, and presumably obtained from that

neighbourhood * ; but, as will be noticed below, though this specimen

can be regarded as pyrolusite pseudomorphous after manganite, yet it

is certainly not the latter mineral in its fresh condition.

Hence it is that the specimen (J. 877) of manganite, about to be

described, is of special interest. It was found by

Mr. Charles Aubert at Ramandrug (150 3'—

/6°34') in the Sandur Hills, Madras Presidency, where the manganese-

ores described by Mr. R. B. Foote* have been recently found to be

sufficiently abundant to pay for working. The ores are said to form

an outcrop of huge boulders of psilomelane extending about 450 feet

along the strike. A small nodule from this outcrop on being fractured

was found to be lined inside with a beautiful growth of needles, and

Occurrence of Specimen.

■Mr. R. B. Foote surmises that the manganese-ores he found in the Sandur

Hills are either hausmannite or braunite, but the analysis quoted is sufficient to

disprove this, as the amount of oxygen found is much in excess of that required

for either mineral. Mem. Geol. Surv. Ind., XXV, p. 194, (1895). The specimens

he collected are apparently only nodules of very impure psilomelane.

' Geology of India, Pt. IV, Mineralogy, by F. R. Mallet, p. 59, (1887).

» Rec. Geol. Surv. hid., XXII, p. 26, (1889) ; \\lem. Geol. Surv. Ind.. XXV,

pp. 98, 100 and 194, (1895).
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Mr. Aubert relates that he incautiously picked up the specimen, and

that, as a result, he felt for some time afterwards an unpleasant prickly

sensation caused by these needles. Of all the pieces of ore yet frac

tured, this is the only specimen found to contain this acicular growth

of needles.

The specimen, as received, is evidently but a portion (3 in.

._ . long by 24 in. broad) of a geodic nodule, and
Description of Specimen. , , . , . , , .. . ,

a natural-size photograph of it is shown in

Plate 22 ; as there was fortunately another smaller portion of this

same geode, the mineral could be tested without damaging the main

specimen. The walls of the geode are made of compact, very fine

grained, grey psilomelane, sometimes showing a few concentric layers

i to i inch thick with an aggregate thickness of { to $ inch. These

layers have sometimes a thin ferruginous staining between them. In

one place, the outer side of this shell is smooth, with depressions on

it exactly simulating the " thumb marks " on meteorites. The walls

of the geode are lined inside with a beautiful bronze-coloured growth

of needles having an almost splendent metallic lustre. Where they

spring from the walls, they are so close together as to constitute

massive manganite, showing however the fibrous structure which soon

separates itself into the thick, slightly divergent, growth of needles,

which are nearly all approximately at right angles to the shell of

the geode. In one place, however, they form divergent tufts, the

radiant points of which are close together, and the needles of which

consequently cross one another. Over a large portion of the speci

men, the needles average \ inch in length with J to i inch of the

massive mineral below. The thickness of the needles, measured with

a stage-micrometer under the microscope averages about 002 to 003

m.m., ranging from much smaller dimensions up to 01 or 02 m.m.

Hence we see that, on the average, these needles have a length of about

400 times their breadth, so that some idea of their delicacy may be

gathered.

As already mentioned, this acicular growth shows a most brilliant

bronze reflection, which under the microscope

Colour. ...

is seen to be a metallic pinkish bronze. Such an

unusual colour for manganite is probably due to a superficial film of

tarnish. As seen from above, the chevaux-de-frise of needles has a

velvety deep brownish-black appearance showing minute points of

light due to reflections from the tiny terminating faces of the needles.
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Under the microscope, by reflected light, the needles usually show

. . „ _ the faces of a simple prism, probably either m
Crystalline Form. r f , J

(no) or / (120), sometimes, however, as is so

characteristic of manganite, shewing other bevelling prisms, or even

longitudinal striations. These prisms are, as a rule, terminated by

a single pair of minute reflecting faces, which suggest the macrodome

u (101) ; but in some cases there may be four pyramid faces.

To test the hardness was a matter of great difficulty owing to the

„ . brittleness of the needles, but by taking a small
Hardness. . . , • • .

piece of the specimen and using it as a broom,

as it were, and drawing it rapidly across polished surfaces of selenite,

calcite and fluor spar in turn, it was found to scratch gypsum with

great ease and calcite less easily, while on the fluorite only two or

three very minute scratches could be recognised. Hence this mineral

has a hardness about equal to that of fluorite, i.e., — i,.

Streak. The streak is black with a brown tinge.

On heating a few needles in a closed tube, a very small amount of

n u a r. , water was given off, in fact, much less than
Decrepitation Test. , , , 6 ' . .

would be expected from a mineral containing

10 per cent, of this constituent (the chemical formula of manganite is

Mn2Og. H20.) This test was accompanied by violent decrepitation with

a splitting of the needles parallel to their length. On applying the

same test to a small prism of manganite broken from a specimen from

Ilfeld, Germany, this was found, besides yielding water, to decrepitate

in the same manner, and under the microscope it was seen that the

splitting had taken place along parallel, obviously pinacoidal, planes

so as to produce flat parallel-faced laths, and as manganite has a very

perfect cleavage parallel to the brachypinacoid b (010), this is doubt

less the direction of parting under the influence of heat. This decre

pitation test is hence probably a very useful one for this mineral.

It will be seen that, considering all the above evidence, there is

Pseudomorphism to no doubt that this mineral is manganite ; the

Pyrolnsite and Psliome- small amount of water given off on heating and

l«ne. the nearly black streak may be ascribed to

an incipient change towards pyrolusite, a mineral which has been

frequently observed to form pseudomorphs after manganite. This

very specimen, in fact, shows manganite completely changed in

one place (A in the photograph) to soft bluish-black pyrolusite still
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retaining more or less of the acicular structure of^the manganite. This

pyrolusite gives place, right in the corner of the specimen where the

roof and floor of the geode meet to form an angle (at B at the back of

the specimen as shown in the photograph), to a massive, bright, steel-

gray mineral not scratched by a knife. This mineral is probably psilo-

melane, but, nevertheless, still preserves in itself radiating lines, the

hall-mark, in fact, of the manganite, after which it is doubtless pseudo-

morphous.

At SitapSr (2i°44£'—78°54j') in the Chhindwara district, I have

myself collected specimens (i7"io), composed of

Pyrolusite Pseudo- , , , . ,
morpn from Silapar a conlP'ex °* manganese-ores and other minerals,

showing amongst them prisms which have the

outward crystalline shape of manganite, but which are scratched with

great ease by a knife and yield a black powder, so that they must be

regarded as pyrolusite. This is doubtless another case of pyrolusite

pseudomorphous after manganite.

The above-mentioned (page 229) Gwalior specimen (G.933)

consists largely of more or less parallel layers,
The Gwalior Specimen. . , ,, , . , .,

averaging % inch thick, of a black mineral with

a sort of parallel, sometimes platey and sometimes prismatic, structure

roughly at right angles to the layers, and with the colour, lustre, streak

and hardness of pyrolusite. Besides a coating of botryoidal piilo-

melane in one place, there is some red clay between these " manganite "

layers. Though it yields a little water in the closed tube, yet the

prismatic chips do not decrepitate and split. Hence this mineral is

probably pyrolusite, no doubt possibly pseudomorphous after manganite.

In a little cavity, indeed, are some tiny lustrous black intersecting

plates, with parallel striations, which, if the mineral be considered

to be manganite, may be regarded as an extreme development of the

flattened form of this mineral shown in Fig. 1, page 248, of Dana's

" System of Mineralogy " (1892).
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MISCELLANEOUS NOTES.

I

Note on the Occurrence of Gypsum in tbe Vindbyan

Series at Satna.

AS far as I can discover from the publications of the Geological Survey

of India gypsum has never been recorded from the ancient group of

mi fossil iferou? rocks known to Indian geologists as the Vindhyan System.

Considerable interest, therefore, attaches to some core-samples ( 19/2 17) sent

by Messrs. Gladstone, Wyllie & Co. of Calcutta. They were extracted during

the sinking of a bore-hole for water into the Vindhyan rocks at Satna, Baghel-

khand, Central India, and come from depths of 200 to 338 feet. The bore

hole traverses the Sirbu Shales, the uppermost division of the Lower Bhander,

and the pieces of core received consist of green, red and purple shales with

some interbedded grey sandstone. Several of the core segments show layers

of fibrous gypsum, varying between \ and f inch in thickness and arranged

parallel to the bedding of the shale which, as far as can be judged from the

cores, is roughly horizontal. In one case the gypsum layer is seen to thin out

in lenticular fashion. Where the gypsum occurs in the sandstone it is either

as irregular patches or as impregnations. One section of core 5! inch long

is mainly gypsum with shale partings ; the gypsum in this segment is partly

in fibrous layers and partly irregularly crystallized so as to include fine sand

grains.

It is evident that throughout the thickness of 118 feet (200 to 318 feet)

through which the gypsum is found, there occur at intervals in the shale thin

fibrous layers of gypsum which certainly sometimes, and probably always, tail

out in lenticular fashion.

The question now arises as to how the gypsum reached its present posi

tion, i.e., whether it was deposited contemporaneously with the associated

shales and sandstones or whether it has been introduced subsequent to their

deposition, One of the core-segments was broken up and tested for sodium

chloride by boiling with distilled water, filtering and adding silver nitrate.

The slight opalescence produced was less than that given by an equal volume

of Calcutta tap water, so that sodium chloride can be considered as absent

from the gypsum.

Taking into account both the absence of sodium chloride and the thinness

of the gypsum layers it is difficult to imagine that the gypsum was formed by

the drying up of saliferous pools or lakes at intervals during the deposition

of the shales. In one piece of core some sharply bounded isolated pieces of
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shale are included in the gypsum and this points to the second hypothesis,

namely :—that the gypsum is a subsequent introduction. In fact we may sup

pose that gypsiferous waters found their way along the bedding planes of the

Sirbu Shales and there deposited their contents. The included shale frag

ments possibly indicate that the deposition, at least in part, took the form of

metasomatic replacement of the shale by gypsum ; it may also have been in

part deposited in places where the rocks opened up slightly along the bed

ding planes during the earth-movements which have slightly tilted the Vin-

dhyans of this area. When the gypsiferous waters reached a porous sand

stone layer, then they deposited their gypsum between the sand grains.

[L. L. Fermor.]

Ores of Antimony, Copper and Lead from the

Northern Shan States.

In 1905 four specimens of metalliferous ores from the Northern Shan

States were forwarded to the Geological Survey Office by the Revenue Secre

tary to the Government of Burma.

The most interesting of these was a sample (J. 766) of slibnite largely

converted into cervantitt ; it was obtained from Lat. 22°28' N. and Long.

g6°34' E.( Hsumhsai Sub-state, Ye-U Circle.

Although it has long been known that ores of copper and lead occur in

the Shan States, yet the remaining three samples are worth mentioning as we

know their mineral composition and exact localities. They are :—

(1) Pieces of grey schistose slate and vein quartz with sparsely

scattered chalcopyrilc, abundant films of chrysocolla, and some

malachite ; from near Letpandaw village (22°3o'—96°25'), Mong-

Lung Sub-state, Kainggyi Circle (J. 765).

(2) Galena with crusts of arussite and containing in places a little

quartz ; from about 4 miles west of Namsaw (22°3i'—96°5i'),

Hsipaw State (J. 764).

(3) Galena scattered through finely crystalline grey limestone, from

Man Paw (22°5'—97°55',), 12 miles east of Mong Tung village,

Mong Tung Sub-state (J. 767).

[L. L. Fermor.]

Gems from the Tinnevelli district, Madras.

A parcel of 420 " precious stones " picked up by villagers in the gravelly

tracts of the village of Mel Amathur (9°3i'—77°52'),Saturtaluq, Tinnevelli
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district, was received from Mr. G. H. B. Jackson, Divisional Officer, Satur.

It seems that on the discovery of these supposed precious stones the villagers,

having an exaggerated idea of their value, assembled in numbers to collect

them and thus called the attention of the local officials to the find.

A large proportion of the stones received consist of angular (probably

freshly broken) and waterworn fragments of garnet (J. 971—J. 973), some

as large as f inch across. They vary in colour from pink and brownish-pink

to a beautiful deep red and are often sufficiently clear and free from flaws to

be used as cheap gems.

The small proportion of stones that are not garnet include 5 very deep

green (almost black) spinels probably pleonaste (J. 974), one black tourma

line, and one piece of titaniferous magnetite. There was also one small

black pebble, % inch in diameter, which shows resemblance to both sapphirine

and serendibite, but is not exactly the same as either. It is black in colour,

but small chips are transparent showing the following striking pleochroism :—

Direction of greater elasticity= rich bluish green.

Direction of lesser elasticity=pale greenish to greenish yellow.

The mineral is biaxial, with an optic axial angle similar to that of muscovite.

No cleavage, but conchoidal fracture. Vitreous lustre, H.=7. G.= 3-367

B. B. infusible, but changes colour to greenish or greenish white. With borax

and microcosmic beads gives a faint colour for iron.

[L. L. Fermor.]

Cassiterite-granulite from the Hazaribagh district,

Bengal.

A specimen (J. 862) recently obtained by Mr. C. Jambon of Calcutta

from Chappatand (24°4i'—86° 0'), H£za"ribagh district, was found on examina

tion to be a cassiterite-granulite in which the cassiterite or tin-stone formed

perhaps \ to \ of the rock. The other constituents of the rock are magnetite,

quartz, oligoclase, a little orthoclase, a small quantity of a rich green

hornblende and a still smaller amount of biotite. The minerals are all more

or less equi-dimensional and associated in a granulitic manner. The

cassiterite under the microscope is pale brown to pale pinkish and often shows

rich brown spots and sometimes also central zones of the same colour

disposed parallel to the vertical axis. Other portions of the mineral have all

but the periphery densely crowded with minute rod-like (or plate-like)

indeterminate inclusions which are often so numerous as almost to make the

mineral opaque, the colour then becoming hair-brown. They are definitely

arranged in two parallel sets, one of them parallel to the faces of a pyramid

[probably s (m)], and the other parallel to the vertical axis. The cassiterite
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often shows thin hemitrope bands or lines due probably to twinning on

<• (101). In places the rock becomes practically a cassiteritc-rock to the

exclusion of all the other minerals ; the cassiterite individuals are then

occasionally seen to interlock almost graphically.

Although this is a new locality for cassiterite in India, yet it is only about

11 miles E. N. E. of Simratari where Mr. Mallet found " a few crystals of

tin-stone in a lenticular pocket of granite in mica schist."1

Tin-ore is already known at Nurunga (24°io'—86c8') — also in the Hazari-

bagh district— where the ore is described by Mallet 9 as occurring "in three or

four lenticular beds or nests in the gneiss."

A microscopic examination of this ore showed that it also is a cassiterite-

granulite which is almost indistinguishable both macroscopically and micro

scopically from the Chappatand rock. Some of the pieces of rock are, like the

Chappatand specimen, more or less homogeneous as regards the distribution

of the constituent minerals ; but other pieces have a streaky or patchy arrange

ment of the dark and light minerals, thus imparting a gneissose appearance to

the rock. The only difference to be noticed microscopically consists in the

presence of some microcline and a fair abundance of orthoclase.

There can be no doubt that the cassiterite-granulites of these two localities

are genetically one rock, and the occurrence of the tin-stone in such a rock as a

granulite, which often occurs as bed-like masses intercalated between the other

bands of a parallel-structured complex of inetamorphic and igneous rocks,

would almost encourage the hope of finding large quantities of this valuable

ore of tin. When traced to its parent rock, cassiterite is almost invariably

found as a constituent of granite or pegmatite, or of fissure-veins and stock-

works associated with such acid igneous rocks as granite, pegmatite and quartz-

porphyry. Such a mode of occurrence of tin-stone as that described in this

note seems to be unique ; it has, however, some similarity as regards mineralo-

gical association to that of the tin-stone recently found by Mr. C. T. Clough3,

in what are believed to be basic segregations, in the granite gneiss of Cam

Chuinneag, Ross-shire, Scotland. These supposed segregations consist chiefly

of magnetite and contain small quantities of cassiterite {nil to 17%) as well as

quartz, orthoclase, plagioclase, muscovite, biotite and rutile ; these latter are,

however, so disposed as to give the mass a foliated structure not possessed by

the Indian cassiterite-granulite.

1 Manual of Geology of India, III, p. 315, (1881).

2 loc, at., p. 314 ; Rec, G. S. I., VII, p. 35.

s Summary of Progress of the Geological Survey of the United Kingdom for

1903, pp. 58, 59.

[L. L. Fermor.]
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Imports and Exports of Mineral Products during 1905.

The following extracts from the returns published by the Director-General

of Commercial Intelligence will be of interest to those
Imports. ... . 1 . ,

engaged in the mineral industries, and may be com

pared with those published last year (Rec. Gcoi- Surv. Ind., XXXII, part 2,

p. 185). The table of values given below shows the values of imported

mineral products, exclusive of articles like hardware, cutlery, plated ware,

machinery, mill-work, railway plant, glass and earthenware, most of which

have values much in excess of those of the metals and minerals of which they

are composed.

Value of Imports of Mineral Products for the years igo2^igos

(including Government Stores.)

1502. 1503. 1904. 1905-

£ £ £ . £

Salt 458, 25 1 408,041 471,096 422,803

Metals : Brass 90,449 7',004 69,946 71,800

Copper 1,258,548 ",327.172 1.751,744 1,173,110

German Silver '39,955 98,605 127.563 ii3,77'

Iron 2,088,777 2,396,053 2,808,915 2,289,535

Steel '.396,634 1,740,752 i,799,«73 2,098,692

Lead. 127,504 1 24,392 '29,315 151,248

Quicksilver . , 27,562 30,648 27,472 23,284

Tin . 177,138 227,140 263,194 188,913

Zinc or spelter. 87,986 96l5S8 110,891 93,446

Unenumerated . . 86,521 77.135 81,244 140,646

Inorganic Chemicals 375,933 379,403 395,oi8
465,37s

Mineral Oils . 2,231,946 2.302,865 2,230,7*5 1,765,151

Coal, Coke and Patent Fuel 336,420 238,428 325,613 252,495

Precious Stones and Pearls, unset 843,520 987,618 589,679 853,256

Stone and Marble 18,789 22,598 17,877 27,714

Other Building Materials . 158,360 176,213 226,428 295.599

TOTAL 9,904,293 10,705,645 11,425,963 10,426,838
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The most interesting feature in connection with the import statistics is

shown by the returns for mineral oil: on account of the increased output of

Burma oil, there has been a continuation of the decline in the total, from

79,301,774 gallons in 19041071,792,867 gallons in 1905, and there has also

been a thorough re-arrangement amongst the suppliers. On account of the

disturbances in the Baku region, Russia, instead of being, as heretofore, the

main source of the kerosene imported into India, fell behind both the United

Stales and the Dutch East Indies. The figures for the last three years are as

follows :—

Imports of Kerosene during the years 1903—/905.

1903. 1904. "905-

Gallons. Gallons. Gallons.

Russia ..... 65,434,324 42,256,733 17,060,719

7,588,569 7,628,275 '8,738,137

Dutch East Indies 3,334,207 19,483,448 26,512,393

4,479 1.222,397 ■6,379

Total 74361,571 70,590,858 62,327,628

Until recently the export trade in chromite, graphite and magnesite has

been small, and returns for these minerals have not
Exports. been shown separately in trade summaries. With a

continuation of present developments it will be possible soon to split off

certain of the larger constituents from " unenumerated " and " other " groups.

There was again a slight decline in the export of borax from 4,246 cwt.

valued at /"5.4IQ. in 1904 to 4,198 cwt. valued at
Borax and Saltpetre. r , . t-u u . 1- j

,£5,246 in 1905. The saltpetre sent to Europe and

the United States also declined seriously, being only partially balanced by an

increased export to China. The total quantity exported during 1905 was

313,122 cwts., valued at ^235,723, against 390,970 cwt., valued at .£266,349

in 1904.

From the point of view of the Indian producer, the outward and inward

trade in coal both improved. The imports declined

from 253,874 tons in 1904 to 197,784 tons in 1905,

whilst the exports increased from 602,810 tons, which was up to 1904 the

highest record, to 783,760 tons. The increase in export was largely due to

the replacement of Japanese by Indian coal in the Singapore market.
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There has been no serious change in the returns for jadestone ; but the

figures included in the sea-borne trade represent only

a part of the total trade, much of the material being

sent overland from Upper Burma into China. The quantity of jadestone

exported through Rangoon in 1905 was valued at ,£43,474, against a value of

/43.946 in 1904.

The most striking change in connection with the export figures is that due

to the great increase in manganese-ore. There was
Manganese-ore. . . . . , .

a considerable rise in prices during the year due to a

partial , failure in the Russian supplies following the internal disturbances in

the country. Russia has been hitherto the source of nearly half the world's

supply of manganese-ore, and the recent disturbances there have specially

benefitted the Indian and Brazilian m:ne-owners. From India during 1905

the manganese-ore exported amounted to 281,735 tons» against 154,829 tons

in 1904. The declared values do not give a correct idea of the prices realized,

which must have been much higher during the latter half of 1905 than in 1904.

At the commencement of 1905 the unit price at Europsan and American

ports for high-grade ores was under gd., but prices increased about June and

July, and exceeded one shilling per unit before the end of the year.

There has been a very satisfactory development of the export trade in mica,

largely due to a great increase in the output of the

flimsy mica used for the manufacture of micanite.

The total amount sent out of India in 1905 was 133,159 cwt., valued at

,£142,008, against 18,250 cwt., valued at ,£83,183 in 1904 : the increase in

weight was thus greatly in excess of the increase in value.

By an arrangement between the companies working oil in the Dutch East

Indies, and those in Burma, the latter have relinquished

certain Eastern markets, but have found a market for

their increased production in India. Thus the export of mineral oil has

declined from 3,787,677 gallons valued at .£120537 in 1904 to 2,422,589

gallons, valued at ,£80,945 in 1905. The effect of the increased output of oil

in Burma, and its use there and in India, is shown by the figures for the

imports of foreign oil already referred to. There has been a considerable

increase in the production of paraffin wax, the exports having developed as

well as the home consumption. In 1905 the paraffin-wax exported amounted

to 63,966 cwt., valued at ,£86,637, against 42,940 cwt., valued at ,£58,018

in 1904.

[T. H. Holland.]

G. I. C. P. O.-No. 4 D. G. Survey -3-S-o<5 -700.
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districts. Senarmontite form Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest

on Bombay Island.

Vol. XII, 1879.

Part 1.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of

Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang

and Spiti. On a recent mud eruption in Ramri Island (Arakan). On Braunite, with

Rhodonite, from near Nagpur, Central Provinces. PaUeontological notes from the

Satpura coal-basin. Statistics of coal importations into India.

Part ».—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

Jabalpur district. A geological reconnaissance from the Indus at Kushalgarh to the

Kurram at Thai 00 the Afghan frontier. Further notes on the geology of the Upper

Punjab.

Part 3.—On the geological features of the northern part of Madura district, the Pudukota

State, and the southern parts of the Tanjore and Trichinopoly districts included within

the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from

Trichinopoly district, collected in 1877-78. Notes on the genus Sphenophyllum and

other Equisetacez, with reference to the Indian form Trizygia Speciosa, Royle (Sphe

nophyllum Trizygia, Ung.). On Mysorin and Atacamite from the Nellore district. On

corundum from the Khasi Hills. On the Joga neighbourhood and old mines on the

Nerbudda.

Part 4.—On the 'Attock Slates' and their probable geological position. On a marginal

bone of an undescribed tortoise, from the Upper Siwaliks, near Nils, in the Potwar,

Punjab. Sketch of the geology of North Arcot district. Oo the continuation of the road

section from Murree to Abbottabad.

Vol. XIII, 1880.

Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari

basin in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts,

being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil

6shes from Ramri Island and the Punjab. Note on the fossil genera Noggerathia, Stbg.,

Nfiggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks

of Europe, Asia, and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and

Sirgujah. On volcanic foci of eruption in the Konkan.

Part a.—Geological notes. PaUeontological notes on the lower trias of the Himalayas. On

the artesian wells at Pondicherry, and the possibility of finding such sources of water-

supply at Madras.

Part 3.—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab.

Palaeon tologicnl notes from the Karharbari and South Rewah coal-fields. Further notes on

the correlation of the Gondwana flora with other floras. Additional note on the artesian

wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the

Arakan coast on lath March 1879 and in June 1843.

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali

region. Further notes on the correlation of the Gondwana flora with that of the Aus

tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The re*

soils of Upper India. Note on the Naini Tal landslip, 18th September 1880.

Vol. XIV, 1881.

art l.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note

on some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the

South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic

rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants.

Travelled blocks of the Punjab. Appendix to ' Pala-ontological notes on the lower trias

of the Himalayas.1 On some mammalian fossils from Perim island, in the collection of the

Bombay Branch of the Royal Asiatic Society.

Part J.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gond

wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records,

and the mining record office of Great Britain , and the Coal and Metalliferous Mines



 

Act* of 187a (England). On cobaltite and danaite from the Khetri mines, Rajputana ;

with some remarks on Jaipurite ( S yepoorite). On the occurrence of zinc ore (Smithaonite

and Blende) with barytes, in the Karnul district, Madras. Notice of a mud eruption ia the

island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North

west Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the

Hazaribagh and Lohardagga districts. Undescribed fossil carnivora from the Siwalik lulls

in the collection of the British Museum.

Part 4.—Remarks on the unification of geological nomenclature and cartography. On the

geology of the Arvali region, central and eastern. On a specimen of native antimony

obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggia-

pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section

from Dalhousie to Pangi, vit the Sach Pass. On the South Rewah Gondwana basin.

Submerged fore9t on Bombay Island.

Vol. XV, 188a.

Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On some Gondwana laby-

rinthodonts- On some Siwalik and Jamna mammals. The geology of Dalhousie, North-west

Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds in

India, On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from

Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Darjiling

district; (a) arsenical pyrites in the same neighbourhood; (3) kaolin at Darjiling (being

3rd appendix to a report on the geology and mineral resources of the Darjiling district

and.the Western Duars). Analyses of coal and fire-clay from the Makum coal-field, Upper

Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to

the production of gas, made April 20th, 1881. Report on the proceedings and result of

the International Geological Congress of Bologna.

Part X—General sketch of the geology of the Travancore State. The Warkilli beds and

reported associated deposits at yuilon, in Travancore. Note on some Siwalik and

Narbada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the

Mand rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwara

district, Central Provinces. On borings for coal at Engsein, British Burma. On

sapphires recently discovered in the North-west Himalaya. Notice of a recent eruption

from one of the mud volcanoes in Cheduba.

Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sbarigh

on the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite

from the Western Ghats, Bombay. On the traps of Darang and Mandi in the North-

western Himalayas. Further note on the connexion between the Hazara and the Kashmir

series. On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal

field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the

Henzada district.

Part 4-—On a traverse across some gold-fields of Mysore. Record of borings for coal at

Beddadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the

Kistna.

Vol.. XVI, 1883.

Part 1.—Annual report for 188a. On the genus Rlchthofenia, Kays (Anomia Lawrenciana,

Koninck). On the geology of South Travancore. On the geology of Chamba. On the

basalts of Bombay.

Part J.—Synopsis of the fossil vertebrata of India. On the Biiori Labyrinthodont. On a

skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the

manufacture of iron, in the north-eastern part of the Jabalpur district. On laterite and

other manganese ore occurring at Gosulpore, Jabalpur district. Further notes on the

Umaria coal-field.

Part 3.—On the microscopic structure of some Dalhousie rocks. On the lavas of Aden.

On the probable occurrence of Siwalik strata in China and japan. On the occurrence of

Mastodon angustidens in India. On a traverse between Almora and Mussooree made in

October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near

Laour, in Sylhet.

Part 4.—Palaeontological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On

the microscopic structure of some Sub- Himalayan rocks of tertiary age. On the geology

of jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasla,



 

Jaintia, and North Cachar Hills. On native lead from Maulmain and chromite from the

Andaman Island*. Notice of a fiery eruption from one of the mod volcanoes of Cheduba

Island, Arakan. Notice.—Irrigation from wells in the North-Western Provinces and

Ondh.

Vol. XVII, 1884.

' #.—Annual report for 1883. Considerations on the smooth-water anchorages or mod

banks of Narralcal and Alleppy on the Travancore coast. Rough notes on Billa Surgam

and other caves in the Kurnool district. On the geology of the Chuari and Sihunta

parganas of Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Killing

series of Kashmir.

Part J.—Notes on the earthquake of 31st December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal exploration.

On the re-discovery of certain localities for fossils in the Siwalik beds. On some of the

mineral resources of the Andaman Islands in the neighbourhood of Port Blair. The

intertrappean beds in the Deccan and the Laramie group in western North America.

Part 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from

the Peshawar Valley to the Salt-range. On the selection of sites for borings in the

Raigarh-Hingir coal-field (6rst notice). Note on lignite near Raipore, Central Provinces.

The Turquoise mines of NishapQr, Khorassan. Notice of a further fiery eruption from

the Minbyin mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field,

•oath-west Khasia Hills. Additional notes on the Umaria coal-field.

Part 4 —On the Geology of part of the Gangasulan pargana of British Garhwal. On

fragments of slates and schists imbedded in the gneissose granite and granite of the

North-west Himalayas. On the geology of the Takht-i-SuIeiman. On the smooth-water

anchorages of the Travancore coast. On auriferous sands of the Subansiri river,

Pondicherry lignite, and phosphatic rocks at Musuri. Work at the Billa Surgam caves.

Vol. XVIII, 1885.

Part 1.—Annual report for 1884. On the country between the Singareni coal-field and the

Kistna river. Geological sketch of the country between the Singareni coal-field and

Hyderabad. On coal and limestone in the Doigrung river, near Golaghat, Assam.

Homotaxis, as illustrated from Indian formations. Afghan field notes.

Part 3.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of

the Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus

Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the pro

bability of obtaining water by means of artesian wells in the plains of Upper India.

Further considerations upon artesian sources in the plains of Upper India. On the

geology of the Aka Hills. On the alleged tendency of the Arakan mud volcanoes to

burst into eruption most frequently during the rains. Analyses of phosphatic nodules and

rock from Mussooree.

Part 3-—On the Geology of the Andaman Islands. On a third species of Merycopotamus.

Some observations on percolation as affected by current. Notice of the Pirthalla and

Chandpur meteorites. Report on the oil-wells and caal in the '1 hayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthquake

of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of July 14th 1885. On the Kashmir earthquake of 30th May 1885. On the

results of Mr. H. B. Foote's further excavations in the Billa Surgam cave*. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX 1886.

Part i.—Annual report for 1885. On the International Geological Congress of Berlin. On

some Palaeozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the

Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan

and Persian Field notes. On the section from Simla to VVangtu, and on the petrologi-

cal character of the Amphibolites and Quarts Diorltes of the Sutlej valley.

Part J.—On the Geology of parts of Bellary and Anantapur districts. Geology of the Upper

Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive

rocks from the Central Himalayas Preliminary note on the Mammalia of the Karnul

Caves. Memorandum on the prospects of finding coal in Western Rajputan a. Note on

the Olive group of the Salt-range. On the discussion regarding the boulder-beds of the

Salt-range. On the Gondwana Homotaxis.
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Part J.— Geological (ketch of the Vizagapatam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malaiu rocks of the Arvali region. On the Malanjkhandi copper-ore id the Balaghat

district. C. P.

Part 4.—On the occurrence of petroleum in India, On the petroleum exploration at Kh atari.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan i No. %

Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nam mis n thai aerolite. Analysis of gold dust from the Mesa

valley, Upper Burma.

Vot. XX, 1887.

Part 1,—Annual report for 1886. Field-notes from Afghanistan : No. 4, from Turkistan to

India. Physical geology of West British Garhwal ; with notes on a route traverse

through Jaunsar-Bawar and Tiri-Garhwal. On the geology of the Garo Hills. On some

Indian image-stones. On soundings recently taken off Barren Island and Narcondam.

On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the

Salt-range, Punjab.

Part a.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the

Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—to

accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On the

microscopic structure of some specimens of the Rajmaha! and Deccan traps. On the

Dolerito of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B. Mushketoffs Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and

Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the

'Lalitpur' meteorite.

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the

western portion of the District of Raipur. Notes on Upper Burma. Boring exploration

in the Chhattisgarh coal-fields. (Second notice.) Some remarks on . Pressure Meta-

morphism, with reference to the foliation of the Himalayan Gneissose Granite. A list and

index of papers on Himalayan Geology and Microscopic Petrology, published in the

preceding volumes of the Records of the Geological Survey of India.

Vol. XXI. 1888.

Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya,

Garhwal, and Kumaun, S' Ction III. The Birds'-nest or Elephant Island, Mergui Archi

pelago. Memorandum on the results of an exploration of Jessalmer, with a view to the

discovery of coal. A facetted pebble from the boulder bed ('speckled sandstone') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part ».—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The

Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks

of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg a»d

Mehowgale coal-fields, Kashmir.

Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. ' The Carboniferous

Glacial Period.' The sequence and correlation of the pre-tertiary sedimentary forma

tions of the Simla region of the Lower Himalayas.

Part 4-~ On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

blown-sand rock sculpture. Re-discovery of Nummulltes io Zanskar. On some mica

traps from Barakar and Raniganj.

Vol. XXII, 1880.

Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series 10

South India (Second notice.1 On the Wajra Karur diamonds, and on M. diaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position

of the so-called Plesiosaurus Indicus. On flexible sandstone or Itacotumite, with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwalik and Narbada Cbelonia.

Part ».—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. The

' Carboniferous Glacial Period.' Notes on Dr. W. Waagen's ' Carboniferous Glacial

Period.' On the oil-Gelds of Twingoung and Berne, Burma. The gypsum of the Nehal

Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of

Jabalpur and of Umaria.

Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range.
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Geological notes. On the Cherra Poonjee coal-field, in the Khasia Hill*. On a Cobalti-

ferous Matt from Nepal. The President of the Geological Society of London on the

International Geological Congress of 1888. Tin-mining in Mergui district.

Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the

Siwaliks Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous

iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rajmahal

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the

local distribution of important minerals, miscellaneous minerals, gemstones, and quarry

stones in the Indian Empire. Part 1.

Vot. XXIH. 1890.

Part 1.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the

Pectoral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate

remains from the Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhwal and Kurnaun, Section IV. On the

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Fart 3.—On the most favourable sites for Petroleum explorations in the Harnai district,

Baluchistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper

Burma). A description of some new species of Syringosphseridse, with remarks upon their

structures, Sec.

Part 3.—On the Geologv and Economic Resources of the Country adjoining the Sind-Pishin

Railway between Sharigh and Spintangi, and of the country between it and Khattan

(with a map). Report of a Journey through India in the winter of 1888-89, by

Dr. Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

ol Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). Further

Note on Indian Steatite. Provisional Index of the Local Distribution of Important

Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire

(continued from p. 286, Vol. XXII).

Part 4.—Geological sketch of Naini Tal ; with some remarks on the natural conditions

governing mountain slopes (with a map and plate). Notes on^some Fossil Indian Bird

Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during

season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The

Deep Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine,

Hazara (with two plates). ■

Vol. XXIV, 1891.

Part 1.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, with a

a re-considered theory of the Origin and Age of the Salt-Marl (with five plates). On veins

of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in

Rajputana, and of the Saline efflorescence called ' Reh ' from Aligarh in the North-Western

Provinces. Analysis of Dolomite from the Salt-range, Punjab.

Part 3.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country.

Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of

the Lushai Hills. Keport on the Coal-fields in the Northern Sinn States. Note on

the reported Namseka Ruby-mine in the Mainglon State. Note on the Tourmaline

(Schorle) Mines in the Mainglon State. Note on a Salt-spring near Bawgyo, Thibaw

State.

Part 3.—Boring Exploration in the Daltongunj Coal-field, Palamom (with a map). Death of

Dr. P. Martin Duncan. Contributions to tht study of tht Pyroxenic varieties of Gneiss

and of tht Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling

Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a

map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two

plates).
r Vol. XXV. 1892.

Part 1.—Annual report for 1891. Report on the Geology of Thai Chotiali and part oj tht

Mari country (with a map and 5 plates). Penological Notes on the Boulder-bed of the

Salt-range, Punjab, Sub-recent and Recent Deposits of the valley plaint of Quetta,

Pishin, and the Dasht-i-Bedaolat; with appendicet on the Chamans nf Quetfa; and the

Artesian water-supply if Quetta and Pishin (with one plate).

Part 3.—Geology of the Safed Kdh (with 3 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section plates) (out of print).

Part 3.—Note on the Locality •/ Indian Tscheffkinite. Geological Sketch of the country

north of Bhamo. Preliminary Report on the economic resources of the Amber and Jade
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mines area in Upper Burma. Preliminary Report on the Iron-Ores and iron- Industrie*

of the Salem District. On the Occurrence of Riebeckite in India. Coal on the Great

Tenasserim River, Mergui District, Lower Burma.

Pari 4.—Report on the Oil Springs at Moghal Kot in the Shirani Hills (with a plates).

Second Note on Mineral Oil from th* Suleiman Hills. On a New Fossil, Amber-like

Resin occurring in Burma. Preliminary notice on the Triasslc Deposit! «f the

Salt-range.

Vot. XXVl. 1893.

Port 1.—Annual report for 1892. Notes on tht Central Himalayas (with map and plate)

Note on tht occurrence of Jadeite in Upper Burma (with a map). On the occurrence

of Burmite, a new Fossil Resin from Upper Burma. Report on the Prospecting Opera

tions. Mergui District, 1891-92.

Part 3.—Notes on the earthquake in Baluchistan on the 20th December 189a (with 3 plates).

Further Note on Burmite. a new amber-like foail resin from Upper Burma. Note on the

Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with 1 plate). On a deep Boring at Chandernagore. Note an

Granite in the districts of Tavoy and Mergui (with a plate).

Part 4.—On the Geology of the country between Ike Chappar Rift and Harnai tn Baluchistan

(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley with

special reference to the Tendau-Kamapying Coal-field (with two maps). On a Magnetite

from Ike Madras Presidency containing Manganese and Alumina. On Hislopita

(Haughton) (with a plate).

Vol. XXVII, 1894.

Part 1.—Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-range, Punjab

(with map and 3 plates).

Parti.—Note on the Chemical qualities of petroleum/ram Burma. Note on the S>agareoi

Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on the

Gohna Landslip, Garhwal (with 5 plates and a maps).

Port 3. — On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih

(Karharbari) Coal-field, with notes on the labour and methods of working (with a map*

and 8 plates of sections). On the Occurrence of Chipped (?) Flints in the Upper Miocene

of Burma (with a plate). Note en the Occurrence of Velates Schmideliana, Chora o,

and Provelates grandis, Sow. Sp. in the Tertiary Formation of India and Burma (with 3

plates).

Part 4.—Note on the Geology of Wuntho tn Upper Burma (with a map). Preliminary notice

on the Echinoids from the Upper Cretaceous System of Baluchistan. On Highly P'nor

phatic Mica-Peridotites intrusive tn the Lower Gondwana Rocks of BengaL On a

Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vot. XXVIII, 1895.

Part I.—Annual report for 1894. Cretaceous Formation of Pondicherry. Some early allusions

to Barren Island; with a few remarks thereon. Bibliography of Barren Island and

Narcondam, /rum 1884 to 1894; with some remark*.

Part 3.— On the importance of Cretaceous Rocks of Southern India tn estimating the geogra

phical conditions during later cretaceous times. Report on the Experimental Bering foe

Petroleum at Suikur from October 1893 to March 189$. The development and Sub

division of the Tertiary system in Burma.

Part 3.—On the Jadeite and othrr rocks, from Tammaw in Upper Burma. On the Geology

/ the Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4.— On the Igneous Rocks cf the Giridih (Kurburbaree) Coal-field and their Contact

Effects. On some outliers of the Vindhyan system south of the Sone and their relation

to the so-called Lower Vindhyans. Notes on a portion of the Lower Vindhyan area, of

the Sone Valley. Note on Dr. Fritz NoeTLINg's paper on the Tertiary system tn

Burma, in the Records ef the Geological Survev of India for /805, Part 3.

Vol. XXIX, 1896.

Part /.—Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the

Origin and Growth of Garnets and of their Microfiegmatitic intergnwtks in Pyraxenir

rocks (with I plate).

Pirt 1.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hill*

On the ,-ccurrence if Corundum and Kyanite in the Manbhum district, Bengal, On the

papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of " Gondvann-

land." Notes from the Geological Survey of India.



 

Part 3.—On some Igneouj Rocks from the Tochi Valley. Notes from the Geological Survey

of India.

Part 4.— Report on the Steatite mines, Minbu District, Burma. Further notes on the Lower

Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological

Survey cf India.

Vol. XXX, 1897.

Part 1.—Annual report for 1896. On some Norite and associated Basic Dykes and Lava-

flows in Southern India (with plates I to II). The reference of the genus Vertebraria.

On a Plant of Glossopteris with part of the rhizome attached, and on the structure

of Vertebraria (with plates III to V).

Part a.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the

Geological Survey of India.

Part 3.—Note on Flow-structure in an Igneous dyke (with plate XI). Additional note on

the Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavations

for corundum near Palakod, Salem District (with plate XIII). Report on the occurrence

of coal at Palana village in Bikanir State (with plate XIV). An account of the geolo

gical specimens collected by the Afghan-Baluch Boundary Commission of 1896 (with plate

XV). Notefrom the Geological Survey of India (with plates XVI and XVII).

Part 4.—On Nemalita from Afghanistan. On a quartz-barytes rock occurring in the Salem

District, Madras Presidency (with plate XVIII). Note on a worn femur of Hippopotamus

irravadicus, Caut. and Falc, from the Lower Pliocena of Burma (with plates XIX and

XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on micas.

Notes from the Geological Survey «f India.

Vol. XXXI, 1904.

Part /.— Prefatory Notice. On a deposit of copper ore near Komai, Darjeeling District. Note

on the Zewan beds in the Vihi District, Kashmir. Report on the coal deposits of Isa

Khel, Mianwali District, Punjab. Report on the Um-Rileng Coal-beds, Assam, Note on

a sapphirine-bearing rock from Vizagapatam District. Miscellaneous Notes. Assays.

Part 3.—Lt.-Genl. C. A McMahon, F.R.S. Note on Cyclolobus Haydeni, Diener. The

Auriferous Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern

methods of Coke-making at the East Indian Railway Collieries, with a supplementary

note by the Director, Geological Survey of India. Miscellaneous Notes (out of print).

Part 3.—The Upper Palaeozoic formations of Eurasia. Note on the Glaciation and History of

the Sind Valley. On the occurrence of a Species of Halorites in the Trias of Baluchistan.

Notes on the Geology and Mineral Resources of Mayurbhanj. Miscellaneous Notes (out

of print).

Part 4.—The Geology of Upper Assam. The Auriferous Occurrences of Assam. On a

curious occurrence of Soap. .lite from the Madras Presidency. Miscellaneous Notes. Index

to Volume XXXI.

Vol. XXXII, 1905.

Part 1.—Review of the Mineral Production of India during the years 1898—1903.

Part 2.—General Report of the Geological Survey of India for the period April 1903 to Decem

ber 1904. Preliminary Note on the Geology of the Provinces of Tsang and 0 in Tibet

(with plate 7). The occurrence of Bauxite in India.—Miscellaneous Notes (out of print).

Part 3.—Notes on an Anthracolithic Fauna from the mouth of the Subansiri Gorge, Assam

(with plate 8). On the occurrence of Elephas Antiquus (Namadicus) in the Godavari

Alluvium. With remarks on the species, its distribution and the age of the associated

Indian Deposits (with plates 9—13). The Triassic Fauna of the Tropites-Limestone of

Byans. On the occurrence of Amblygonite in Kashmir. Miscellaneous Notes (out of

print).

Part 4. — Obituary notices of H. B. Medlicott and W. T. Blanford. Preliminary Account of the

Kangra Earthquake of the 4th April 1905 (with plates 14 and 15). Index to Volume

XXXII.

Vol. XXXIII, 1906.

Part t.—The Mineral Production of India during 1904. Pleistocene Movement as indicated

by irregularities of Gradient of the Narbada and other Rivers in the Indian Peninsula

(with plates I—4). On Recent Changes in the Course "of the Nam-tu River, Northern

Shan States (with plate 5). Note on the Natural Bridge in the Gokteik Gorge (with

plates f>—9'. Notes on the Geology and Mineral Resources of the Narnaul District

(Patiala State). Miscellaneous Notes.

Parti.—General Report for 1905. The Lashio Coal-field (with plates 10 and 11). The

Namma, Man-sang and Mao-se-le Coal-fields (with plates ia and 13). Miscellaneous

Notes.

The price fixed for these publications is 1 rupee each part, or 2 rupees each volume.
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vol. I. Roya] 8vo, pp. 309, 1859 (out of print). Pt. i, \%&{prict I Re.): Preliminary

notice on the Coal and Iron of Talchir.—On the geological structure and

relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assim —

On specimens of gold and gold dust from Shue-gween. Pt. 3, 1858 (price

a Rs.) : On the geological structure of a portion of the Khasi Hills.—On

the geological structure of the Nilghiri Hills (Madras). Pt. 3, 18S9 (prtce

a Rs.) : On the geological structure and physical features of the districts at

Bankura, Midnapore, and Orissa.—On the laterite of Orissa.—On some fossil

fish-teeth of the genus Ceratodus, from Maledi, south of Nagpur.

II. Royal 8vo, pp. 341, 1859 (out of print): Pt. I, t86a (price 2 Km.): On the

Vindhyan rocks, and their associates in Bundelkand. Pt. a, i860 (price 3 Rs.)i

On the geological structure of the central portion of the Nerbudda District.

—On the tertiary and alluvial deposits of the central portion of the Ner

budda Valley.—On the geological relations and probable geological age of

the several systems of rocks in Central India and Bengal. *

III. Royal 8ro, pp. 438. Pt. 1, 1863 (price 3 Rs.) (out 0/ print) : On the geological

structure and relations of the Raniganj Coal-field.—Additional remarks on

the geological relations and probable geological age of the several systems

of rocks in Central India and Bengal.—Indian Mineral Statistics, I. Coal.

Pt. a, 1864 (price 2 Rs.) (out of print) : On the Sub-Himalayan Ranges

between the Ganges and Ravi.
IV. Royal 8vo, pp. 450. Pt. I, 1863 (prut 2 Rs.) : Report on the Cretaceous

Rocks of Trichinopoly District, Madras. Pt. a, 1864 (price 2 Rs.) (out ef

print) -. On the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3,

1865 (price I Re.) (out ofprint) : On the Coal of Assam, &c.

V. Royal 8vo, pp. 354. Pt. 1, 1865 (price 3 Rs.) (cut of print) » Sections across

N.-W. Himalaya, from Sutlejto Indus.—On the Gypsum of Spiti. Pt. 2,

1866 (price 1 Re.) : On the Geologv of Bombay. Pt. 3, 1866 (price I Re.)

(out ef print): On the jheria Coal-field.—Geological Observations on West

ern Tibet.
Royal 8vo, pp. 395. Pt. I, 1867 (price 8 As.): On the neighbourhood of

Lynyan, &c, in Sind.—Geology of a portion of Cutch. Pt. a, 1867 (price

a Rs.) (out of print): Bokaro Coal-field.— Raragarh Coal-field.—Traps of

Western and Central India. Pt. 3, 1869 (price a Rs. 8 As.) : Tapti and Ner

budda Valleys.—Frog-beds in Bombay.—Oxyglostut pusillus.

Royal 8vo, pp. 342. Pt. I, 1869 (price 3 Rs.) : Vindhyan series.— Mineral

Statistics.—Coal.—Shillong Plateau. Pt. a, 1870 (price I Re.) : Karharbiri

Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (price I Re.) : Aden water-

supply.— Ka'ranpura Coal-fields.
Royal 8vo, pp. 353. Pt. 1, 187a (price 4 Rs.) : On the ftadapah and Kamul

Formations in the Madras Presidency. Pt. 2, 187a (price 1 Re.) : ttkhuri

Coal-field.— Daltonganj Coal-field.—Chope Coal-field.
Royal 8vo, pp. iv, 358. Pt. t, 1872 (price A Rs.) : Geology of Kutch. Pt 1,

187a (price I Re.) : Geology of Nagptir.—Geology of Sirbao Hill.—Carbon

iferous Ammonites, pp. 65.
Roya! 8vo, pp. 359. Pt. i (price 3 Rs.) : Geology of Madras.— Satpura Coal-

basin. Pt. 3, 1874 (price 3 Rs.) : Geology of Pegu.
Roval 8vo, pp. 338. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjiling and

Western Duars. Pt 2, 1876 (pricey Us.) : Salt-region of Kohar, Trans-Indus.

, Royal 8vo, pp. 363. Pt. I, 1877 (price 3 Rs.) : South Mahratta Country.

Pt. 3. 1876 (price a Rs.) : Coal-fields of the Naga Hills.
Royal 8vo, pp. 248. Pt. 1, 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal

field. Pi. a, 1877 (price 2 Rs. 8 As ) : Geology of the Rajnahal Hills.

Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab.

Roval 8vo, pp. 102. Pt. 1. 1878 (trice 2 Rs. 8 As.) : Geology of the Aurungs

and Hutar Coal-fields (Palarnow). Pt. 2, 1880 (price a Rs. 8 As.) : Ramkola

andTatapani Coal-fields (Sirguja).
VOL. XVI. Rojal 8vo, pp. 864. Pt. I, 1879 (price t Re. 8 As.) 1 Geology of Eastern

Coast from Lat. 15* to Masulipatam. Pt. a, 1880 (price I Re. S As): The

Nellore Portion of the Carnatic. Pt. 3, 1880 (price a Rs.): Coastal Regioa of

the Godivari District
Vol. XVII. Royal *vo. pp. 305. Pt. 1, 1879 (price 3 Rs.): Geology of Western Sind. Pt a.

1880 (price a Rs.) 1 Trans-Indus extension of the Punjab Salt-range.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

VI.

VII.

VIII.

IX.

X.

XI.

XII.

XI1L

XIV.

XV.



 

Vol. XVIII. Royal 8vo, pp. 300. Pt. I, 1881 (price 2 Rs.) 1 Southern Afghanistan. Pt '2
l68l (price I Re. 8 As.) (out of print) ■ Mdnbhum and Singhbhum. Pt. 3

1881 (price a Rs.) : Pranhita-Goddvari Valley.

Vol. XIX. Royal 8vo, pp. 04a. Pt. 1, 1883 (price a Rs.) 1 The Cachar Earthquake of 1869.

Pt. a, 188a (price I Re.): Thermal Springs of India. Pt. 3, 1883 (grins

1 Re.): A catalogue of Indian Earthquakes. Pt. 4, 1883 (price 1 Re.):

Geology of parts of Manipur and the Naga Hills.

Vol. XX. Royal 8vo, pp. 340. Pt. i, 1883 {price 2 Rs. & As.) (out of print) : Geology of

Madura and Tinnevelly. Pt. a, 1883 (price 2 Rs. 8 As.) (out of print):

Geological notes on the Hills in the neighbourhood of the Sind and Punjab

Frontier between Quetta and Dera Ghaxi Khan.

Vol. XXI. Royal 8yo, pp. a86 (out ofprint). Pt. 1. 1884 (price a Rs): Geology of the

Lower Narbada Valley. Pt. 2, 1884 (price 1 Re.) : Geology of Kathiawar.
Pt.3, 1885 (price 2 Rs.) (out of print) ■. Coal-field of South Rewah. Pt. 4,

1885 (price 1 Re.) (out ofprint) : Barren Island.

Vol. XXII. Royal 8vo, pp. 344, 1883 (Price 5 Rs.): The Geology of Kashmir. Chamba,

and Khagan.

Vol. XXIII. Royal 8vo, pp. 33a, 1891 (price 5 Rs.) : Geology of the Central Himalayas.

Vol. XXIV. Royal 8vo, Pt. 1, 1887 (price I Re. 8 As.) (out ef print) : The Southern Coal

fields of the Satpura Gondwana basin. Pt. a, 1890 (price a Rs. 4 As.) :

Physical Geology of the Sub-Himalaya of Garhwal and Kumaun. Pt. 3.

1890 (price 1 Re. 4 As.): Geology of South Malabar, between the Beypore

and Ponnani Rivers.

VOL. XXV. Royal 8vo, 1896 (price $ Rs.) : Geology of the Bellary District, Madras Presi

dency.

Vol. XXVI. Royal 8vo, 1896 (price 5 Rs.) (out of print) : Geology of Haxara.

Vol. XXVII. Royal 8vo, Pt. I, 1895 (price 1 Re.) : Marine Fossils from the Miocene of

Upper Burma. Pt. 3, 1897 (price 4 Rs.) (out of print) : The occurrence

of Petroleum in Burma and its technical exploitation.

Vol. XXVIII. Royal 8vo, Pt. 1, 1898 (price 2 Rs.) 1 Notes on the Geological Structure of the

Chitichun region.—A note on the Allahbund in the north-west of the Rann of

Kuchh.—Geology of parts of the Myingyan, Magwe and Pakokku Districts,

Burma.—The Geology of the Mikir Hills in Assam.— On the Geology of

Tirah and the Bazar valley. Pt. a, 1900 (price 3 Rs.) : The Charnockites

Series, a group of Archaean Hypersthenic Rocks in Peninsular India.

Vol. XXIX. Royal 8vo, l900(^riffsRs.) : Report on the Great Earthquake of 1 3th June 1897.

Vol. XXX. Royal 8vo, Pt. I, 1900 (price a Rs.) : Aftershocks of the Great Earthquake of

lath June 1897. Pt. 3, 1900 (price 1 Re.) i Geology of the neighbourhood of

Salem, Madras Presidency, with special reference to Lesc henault de la Tour's

observations. Pt.3, 1901 (price 1 Re.): Sivamalai Series of EUeolite-Syenites.

Pt. 4, 1901 (price 1 Re.): Report of the Geological Congress of Paris.

Vol. XXXI. Royal 8vo, Pt. I, 1901 (price 2 Rs.) : Geology of the Son Valley in the Rewah

State and of parts of the Adjoining Districts of Jabalpur and Mirzapur. Pt. 2,

1901 (price 3 Rs.) 1 A Geological Sketch of.the Baluchistan Desert and part

of Eastern Persia. Pt. 3, 1901 (price 1 Re.) : Penological notes on some Per i-

dotites, Serpentines, etc., from Ladakh.

Vol. XXXIK Royal 8vo, Pt. I, 1901 (price I Re.) 1 Recent Artesian Experiments in India.

Pt. 2, lyoi (price 2 Rs.) 1 Report on the Rampur Coal-field. Pt.3, 1902

(price 3 Rs.) : Notes on the " Exotic Blacks " of Malla Johar in the Bhot

Mahals of Kumaon. Pt 4 (price 3 Rs.) 1 Report on the Jammu Coal-fields.

Vol. XXXIII. Royal 8vo, Pt. I, 1901 (price 8 Rs.): The Kolar Gold-field, being a descrip

tion of Quartz-Mining and Gold- Recovery as practised in India. Pt. 2, 19O1

(price a Rs.). Art. t: The Gold-fields of Wain id. Art. Report on the

Auriferous Quartzites of Parhadiah, Chota Nagpur. Art 3: Some Auriferous

localities in North Coimbatore. Pt. 3, 1902 (price 1 Re.): Tlie Geology

of the Kalahandi State, Central Provinces.

Vol. XXXIV. Royal 8vo, Pt. 1, 1901 (price 1 Re.) : On a peculiar form of altered Peridotite

in Mysore State. Pt. 3, 190a (price 3 Rs.): The Mica deposits of India.

Pt 3, 1903 (price I Re.): A Note on the Sandhills of Clifton near Karachi.

Vol. XXXV. Royal 8vo, Pt. 1, 190a (price a Rs.) t Geology of Western Rajputana. Pt. a,

1903 (price I Re.) : Aftershocks of the Great Earthquake of lath June 1897,

Pt. 3, 1904 (price 1 Re.) 1 The seismic phenomena in British India and their

connection with it* Geology.

Vol. XXXVI. Royal 8to, Pt t, 1004 (price 4 Rs.) : Geology of Spiti. Pt. 2 (in the press).

The Geology of the Provinces of Tsang and U in Central Tibet.

Vol. XXXVII, Royal 8vo Pt. I (in the press) 1 Report on the Sambhar Salt Lake.
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PALEONTOLOGIA INDICA.

(S»R. I, HI. V, VI, VIIU—CRETACEOUS FAUNA OF SOUTHERN INDIA, by

F. STOLlCZKA, except Vol. I, Pt. i, by H. F. BLANFORD.

Sbr. I ti III.—Vol. I. The Cephalopoda (1861-65), pp. 216, pis. 04 (6 double).

V.—Vol. II. The Gastropoda (1867-68), pp. xiii, 500, pis. 28.

VI.—Vol. HI. The Pelecypoda (1870-71), pp. xxii, 537, pis. 50.

VIII.—Vol. IV. The Brachiopoda, Ciliopoda, Echinodermata, Corals, etc. (1B72-73),

pp. v, 203, pis. 29.

(Sbr. II. XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by

O. FEISTMANTEL, except Vol. I, PL 1, by T. OLDHAM and J. MORRIS.

Vol. I, pp. xviii, 333, pis. 73. 1863-79. Pt. 1; Rijmahai Group, Rajmahai Hills. Pt. 3; The

tarn* {continued). Pt. 3; Plants from Golapilli. Pt. 4; Outliers on the

Madras Coast.

Vol. II, pp. xli, 115, pis. 26. 1876-78. Pt. I; Jurassic Flora of Kach. Pt. a 1 Flora ol

the Jabalpur Group.

Vol. Ill, pp. xi, 64+ 149, pis. 80 (9 double) (I -XXXI + IA—XLVIIAV 1879-81. Pt. 1 ; The

Flora of the Talchlr-Karharbari beds. Pt a 1 The Flora of the Damuda and

Panchet Divisions. Pt. 3; The lame {concluded).

Vol IV, pp. xtrt, as + 66, pis. 35 (a double) (I—XXV + 1A—XIVA). Pt. 1 (188a) ; Foasil

Flora of the South Rewah Goodwana basin. Pt. a (1886) ; Fossil Flora of tome

of the coal-6elds in Western Bengal.

(Sbr. IXO-JURASSIC FAUNA OF KACH.

Vol. I, (1873-76). The Cephalopoda, by W. Waaobn, pp. I, 947, pis. 60 (6 double).

Vol. II, pt. 1 (1893). The Echinoidea of Kach, by J. W. Grkgoky, pp. 12, pit. a.

Vol. II, pt. a (1900). The Corals, by J. W.Grioorv. pd. 106. I—IX, pis. 26.

Vol. HI, pt. 1 11900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. 1—15.

Vol. HI, pt. a No. 1 (1903). Latnellibranchiata: Genua Trigonia, by F. L. Kitchin, pp. 122,

pit. 1—10.

(Sbr. IV.)—INDIAN PRE-TERTIARY VERTEBRATA.

Vol. 1, pp. vi, 137, pis. a6. 1865-85. Pt. 1 (1865); The Vertebrate Fossils from the Paochet

rocks, by T. H. Huxlky. Pt. a (1S78); The Vertebrate Fossils of the Kota-

Maleri Group, by Sir P. db M. Grbv Eobrton and L, C. Mi all and

Blanford. Pt. 3 (1879); Reptilia and Batrachia, by R. Lvdbkkbr. Pt. 4

(1885); The Labyrintbodont from the Biiori group; by R. Lvdbkkbr,.

Pt. 5 (1885); The Reptilia and Amphibia of the Maleri and Denwa groups,

by R. Lvdbkkbr.

(Sbr, X.)-INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by

R. LYDEKKRB, except Vol. I, Pr. 1, by R. B. FOOTE.

VOL. I. PP. xxx. 300, pis. 50, 1874-80. Pt. 1 ; Rhinoceros deccanensis. Pt, 2 j Molar teeth

and other remains of Mammalia. Pt. 3 j Crania of Ruminants. Pt. 4 ; Sup-

plement to Pt. 3. Pt. 5 : Siwalik and Narbada Proboscidia.

Vol II. pp. xv, 363, pis. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotidas. Pt2; Supplement to

Siwalik and Narbada Proboscidia. Pt. 3 ; Siwalik and Narbada Eouidae.

Pt. 4 : Siwalik Camelopardalid*. Pt. 5 ; Siwalik Selenodont Suina, etc., Pt 6 j

Siwalik and Narbadt Carnivora.

Vol. IH pp. xxiv, 264, pit. 38. 1884-86. Pt. 1 ; Additional Siwalik Perissodactyla and Pro-

' botcldia. Pt 2 ; Siwalik and Narbada Bunodont Suina. Pt 3 ; Rodents

and new Ruminants from the Siwaliks. Pt. 4 ; Siwalik Birds. Pt S ; Mas

todon Teeth from Perim Island. Pt. 6 ; Siwalik and Narbada Chelonia, Pt 7 ;

Siwalik Crosoddia, Lacertilia and Ophidia. Pt 8 ; Tertiary Fithet.

Vol. IV, pt. 1, 1886. Siwalik Mammalia (Supplement 1), pp. 18, pit. 6.

Vol. IV, pt a, 1886. The Fauna of the Karnul caves : (and addendum to pt. t)| pp. 40

(19—58), pit. 5(vii—xi). •

Vol. IV, pt 3, 1887. Eocene Chelonl* from tbe Salt-range; pp. 7 (59—65). pi* a (xtt—xHi),



 

(S«. VII, XIV.)-THRTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN

INDIA, by P. MARTIN DUNCAN and W . PERCY SLADEN, tttipt Pt. i, by

F. STOL1CZKA.

Vol. I, pp. 16 + no ♦ 38a + 91- 599. P'«- 5 + »8 + 58 + 13- '°4- 1871—85. Pt.i;

Tertiary Crabs from Sind and Kach. Pt. 1 (new a) j Sind Fossil Corals and

Alcyonaria, by P. Martin Duncan. Pt. 3. The Fossil Echinoidea of Sind:

Fas. I, The Cardita biaumonti beds; Fas. a, The Ranikot Series in Western

Sind ; Fas. J, The Khirthar Series ; Fas. 4. The Nari (Oligocene) Series ;

Fas. 5, The Gaj (Miocene) Series; Fas. 6, The Makran (Pliocene) Series.

Blanford. Pt 4, The Fossil Echinoidea of Kach and Kattywar, by Duncan,

Sladenand Blanford.

(Sn. XIII.)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

Produetus-Limestone Group: Vol. 1, pt. I (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ nun* ('Boo). Gastropoda and supplement to pt. 1, pp. in

(73—183), pis. 10 (1 double), (vii—xvi).

„ , ,, „ 3 (1881). Pelecypoda, pp. 144 (18s—328), pis. 8
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Anthracolithic Fossils of Kashmir and Spiti 1 Vol. I, pt. a (1899), by Dr. C. Diener, pp. 96, pis. 8.

The Permocarboniferous Fauna of Chitichun No. 1 1 Vol. I, pt. 3 (1897), by Dr. C. Diener,
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The Cephalopoda of the Muschelkalk: Vol. II, pt. 3 (1895), by Dr. C. Diener, pp. 118, pis. 31.
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Notes on the Morphology of the Pelecypoda : Vol. 1, pt. a (1899), Frits Noetling, pp. 58, pis. 4.
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Part 3 -Notes on a celt found by Mr. Hacket In the ossiferous deposit, of Narbada valley
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Assam. Coal in the Garo Hills. On the discovery of a new locality for copper in
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considerations adduced by Falconer in support of the antiquity of the human race in India.

Geological notes made on a visit to the coal recently discovered in the country of the Luni
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On the evidences of 'ground-ice' in tropical India, during the Talchir period. Trials of

Raniganj fire-bricks.

Part 3. (out of print).—On the gold-fields of south-east Wynaad, Madras Presidency. Geo

logical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of

the Surat district. Sketch of the geology of Scindia's territories.

Fart 3.—Tho Shahpur coal-field, with notice of coal explorations in the Narbada region.

Note on coal recently found near Moftong, Khasia Hills.

Fart 4.— Note on the geology of Nepal. The Raigarh and Hingir coal-fields (aut of print).

Vol. IX, 1876.
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Parti —The'retirement of Dr. Oldham. On the age of some fossil floras in India. Descrip

tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms.
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fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian

fauna: of India and Burma.
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Vol. X, 1877.

Patt r.— Annual report for 1876. Geological notes on the Great Indian Desert between Sind

and Raip'utana. On the occurrence of the cretaceous genus Omphalia near Nameho lake.

Tibet, about 75 miles north of Lhassa. On Estheria In the Gondwana formation. Notices

of new and other vertebrata from Indian tertiary and secondary rocks. Description

of a new Emydine from the upper tertiaries of the Northern Punjab. Observations

on under-ground temperature.

Patt 2.—On the rocks of the Lower Godavari. On the ' Atgarh Sandstones' near Cuttack.

On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the

Arvali series in North-eastern Rajputana. Borings for coal in India. On the geology

of India.

Part 3.—On the tertiary lone and underlying rocks in the North-west Punjab. On fossil floras

in India. On the occurrence of erratics in the Potwar. On recent coal explorations in

the Darjiling district. Limestones in the neighbourhood of Barakar. On some forms

of blowing-machine used by the smiths of Upper Assam. Analyses of Raoiganj coals.

rail 4- — On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold,

and lead ores of the Sambalpur district. Note on ' Eryon Comp. Barrovensis,' McCoy,

from the Sriperraatur group near Madras. On fossil floras in India. The BlainI group

and the 1 Central Gneiss ' in the Simla Himalayas. Remarks on some statements in

Mr. Wynne's paper on the tertiaries of the North-west Punjab. Note on the genera

Choeromeryx and Rhagatherium.

Vol. XI, 1878.

/'.)'.' 1.—Annual report for 1877. On the geology of the Upper Godavari basin, between the

river Wardha and the Godavari, near the civil station of Sironcha. On the geology of

Kashmir, Kishtwar, and Pangi. Notices of Siwalik mammals. The palaeontologies]

relations of the Gondwana system. On ' Remarks, &c, by Mr. Theobald upon erratics in

the Punjab.'

Part t.— On the Geology of Sind (second notice). On the origin of the Kumaun lakes. On

a trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Chedube.

On the mineral resources of Ramri, Cheduba and the adjacent islands.
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Supplementary Report on the Composition and

Quality of a Series of Indian Coals. By

Professor Wyndham R. Dunstan, MA, LL.D.,

Director of the Imperial Institute.

IN 1903 the Director of the Geological Survey of India suggested

_ „ that as it was proposed to make a re-survey of
Origin ol the Report. r _~ . . '

the Bengal coalfields in a short time it would

be useful if the preliminary examination of these coals already made at

the Imperial Institute could be supplemented by determinations of the

amount of moisture and of phosphorus contained in them, the former

constant being of special interest in relation to the geological age of

the coal, and the latter with reference to its suitability for iron-

smelting.

In compliance with this suggestion, the quantities of phosphorus

and moisture have been determined for the whole series of Indian

coals previously examined, the lump samples which were prepared at

that time and have since been preserved in air-tight tins, being em

ployed for this purpose.

The results of this work are given in the appended tables which,

as a matter of convenience, &how the additional results interpolated in

a printed set of the tables which accompanied the former report

(Indian Agricultural Ledger No. 14, 1898 ; also " The Coal Resources

of India and their Development" by Professor Dunstan, Technical

Reports and Scientific Papers, Imperial Institute, 1903).

In the same way the analytical methods by which the additional

results have been obtained are included in the general statement of

methods of examination which was given in the previous report. In

this form it is considered that the present report will be more con

venient for reference.
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It will be seen that whilst many Indian coals contain very small

amounts of phosphorus, others contain a sufficient amount to take into

consideration if it were intended to employ them for the manufacture

of coke to be used for iron-smelting. In these cases the amounts of

phosphorus contained in the finished cokes should be determined be

fore deciding on the suitability or otherwise of these coals for the

purpose.

The constituents which have been determined are: fixed carbon,

perhaps the most significant datum not only in

Constituents deter- reference to the value of the coal as such, but also

as affecting the quality of the coke (i.e., fixed

carbon and ash) obtainable from it ; ash or mineral matter, a high

percentage of which is characteristic of an inferior coal ; volatile

matter, including bituminous constituents, gas, moisture and finally

sulphur and phosphorus, large proportions of which are objectionable

for most of the purposes for which coal is employed, and especially

for the smelting of iron.

In addition to the foregoing an approximate determination has

been made of the heat-producing power of the principal coals by

ascertaining their thermal value or calorific equivalent. The general

characters and caking quality of each coal have also been recorded.

For purposes of reference the following particulars of the methods

Method of sampling employed are given :—

and analysis.

Sampling.—Pieces of several pounds weight were sawn from the

large blocks, weighing from £ to i cwt. in most cases, which formed the

specimens, and these were completely broken up and averaged. The

specimens generally, as received, were stated to be fairly representa

tive of the seams from which they were taken.

Technical analysis.—The percentages of fixed carbon, moisture,

volatile matter, sulphur, phosphorus and ash were determined under

the following conditions :—

About o"2 gram of the finely-powdered coal was weighed out into a

tared platinum crucible; the latter was supported twelve inches above

the working bench, and heated over a No. 8 Fletcher-Bunsen burner,

working at full power for two minutes ; it was then immediately sub

jected to a blow-pipe flame for two minutes longer, being kept at a

bright red heat. After cooling in a desiccator it was weighed and the

loss reckoned as volatile matter, which, of course, included moisture.
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(These results were quoted in the previous report as " volatile matter."

In the present report the "volatile matter " in this number is corrected

by the subtraction of the " moisture " determined, as subsequently

described.) The well-fitting lid of the crucible was not removed

during the whole of this process. In the case of caking coals a very

small quantity of soot sometimes remained on the under side of the lid

and escaped combustion. These determinations were made in dup

licate and passed if the difference was not more than 0-3 to o-4 per

cent, at this stage. The crucible was then put into a muffle furnace

with the lid half off, and heated till nothing but ash remained, when

it was cooled in the desiccator and weighed. The loss was reckoned

as fixed carbon, and the residue as ash ; the colour of the ash will be

found recorded in the tables.

For the estimation of the sulphur about i'5 grams of coal were

Sulphur fused in a platinum dish with thirty grams of

the following fusion mixture : — sodium chloride,

4 parts, potassium nitrate, 3 parts, sodium carbonate (dry), 1 part.

The mixture was slowly heated, and, after a short time, it deflagrated

and became liquid ; when cool it solidified into a white cake, which

was dissolved in boiling water ; the solution was filtered, acidified with

hydrochloric acid, and while quite hot, precipitated with barium

chloride. By keeping the beaker and its contents warm on the water

bath for three or four hours, the precipitate of barium sulphate was

obtained in a granular form very suitable for filtering. Most of the

filtering was done through a felt of asbestos placed in the bottom

of the perforated platinum crucible, with the help of a water pump,

this being a modification of Gooch's method. Careful test experiments

showed that in point of accuracy this method was at least equal to that

ordinarily used, vis., igniting the precipitate of barium sulphate in a

crucible ; it is for speed much to be preferred. These estimations were

made in duplicate, a difference of 0*3 per cent, being considered

quite allowable after considerable experience. In some cases the

sulphur left in the coke was estimated.

For the estimation of phosphorus five grams of the sample

Phosphorus were incinerated in a platinum dish. The ash

obtained was boiled for about one hour with

strong hydrochloric acid and the soluble portion filtered off. The

phosphoric acid was then precipitated rlong with ferric and aluminium

hydroxides, by means of a solution of ammonia, and separated from
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the latter by dissolving the precipitate in nitric acid and adding a

solution of ammonium molybdate. The precipitate of ammonium-

phospho-molybdate was then dissolved in a solution of ammonia and

to the liquid " magnesia mixture " was added. The precipitate was

allowed to stand over night, filtered and finally weighed as magne

sium pyrophosphate (Mg2 P2 07 ).

In cases where the amount of ammonium-phospho-molybdate was

small the precipitate after solution in ammonia was filtered into a

tared platinum dish and the solution evaporated. The residue after

gentle ignition was weighed, and the percentage of phosphorus obtained

by multiplying the weight of the residue by the factor 0 0163.

The ultimate analysis was conducted in the usual manner. The

. . coals were first dried in a current of hydrogen
Ultimate analysis. 0_ . J 0

gas at 120 C. for half an hour, and the result

ing loss in weight taken as the moisture ; this was done by pushing

the platinum boat containing the weighed quantity of coal into the

centre of a long piece of hard glass tubing, which itself was passed

through the walls of a hot air bath. Hydrogen was led in at one end

and allowed to diffuse through a small piece of fine tubing packed

with cotton wool, inserted in a cork at the other end. A burner

was lighted under the air bath which was provided with a thermo

meter. The coal, after being dried, was then burned in the usual

way in a piece of hard glass tubing. The tube used was filled to a

length of fifteen inches with copper oxide (from wire), and to the

extent of four and a half inches with lead chromate, these materials

being kept in position by plugs of fine copper gauze. The total

length of the tube was about thirty-four inches. It will be not;ced

that the amount of ash, as determined in the combustion, was in some

cases distinctly higher than when estimated by the technical method.

This is doubtless due to the presence of iron and other mineral sub

stances in the ash, which are left in a higher state of oxidation after

being heated in oxygen.

The calorific equivalent has been determined by means of Thomp

son's calorimeter, the apparatus being previously
Calorific value. ' rr. &r . '

standardised by the combustion of material of

known calorific value and the necessary correction applied to the

experimental numbers. The results are stated in calories. The

" evaporative power " was calculated by dividing the calorific

equivalent by the latent heat of evaporation of water (537), and
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represents the number of units of water at ioo°C. which would be

converted into steam at the same temperature by the combustion

of a unit mass of coal.

The arrangement of analyses according to decreasing percentages

Relations of stratijra- of moistute» suggested by the Director, Geolo-

pUcat position and gical Survey of India, has been carried out for

moisture. ajj tke coalfields in order to make the state

ment of results uniform. The analytical results of coals from the

Raniganj field show, as regards the amount of moisture, a gradual

passage from the Raniganj stage to the Barakar stage of the Damuda

series. From these results alone it would be impossible to classify

those at the bottom of the Raniganj series with any certainty. The

smallest moisture in the Raniganj series is No. 1668 " Sanctoria "

with 3-25 per cent. The greatest moisture of the Barakar series is

No. 7746 " Petana " with 2*45 per cent. There is therefore a much

greater divergence between coals of the Raniganj series than between

the lowest of the Raniganj series and those of the Barakars. The

percentage of moisture is also to some extent indicative of the strati-

graphical order in the Raniganj series, coals showing the larger

percentage of moisture generally belonging to the higher seams in the

Raniganj series, but the upper and lower seams cannot be separated

absolutely in this way.

The analytical work involved in connection with this re-statement

of the results has been carried out under my direction by Mr. G. S.

Blake, A.R.S.M., in the Scientific and Technical Department of the

Imperial Institute.

Wyndham R. Dunstan.

28th February, igo6.
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S47

Imperial

Institute!

number.

hur

ent.

777S

M4S

3032

7082

1445

■441

1441

6157

6158

iff:

7084.

70S5")

and >

7086 )

2nd45

4th
pS

i.thf8*

4th
,9S

•S3

74

4th 433

3rd

Caking

properties.
Colour of ash.

Does not cake

Cakes

Does not cake

Cakes

Do.

Do.

Do.

Does not cake .

Do.

Do.

Do.

Other characteristics of the coal.

Dark reddish

brow n.

Yellowish brown

Pale chocolate .

Reddish brown .

Dark red .

Terracotta

Yellowish brown

White

Do.

|(Reddish white .

Flesh colour

A very bright coal, black as pitch

and of conchoidal fracture ; inter

sected with dull layers.

Bright and clean with fossil resin in

many places.

A glistening black coal, clean to

handle, easily broken, conchoidal

fracture.

Very dirty and dusty coal, breaks

readily with irregular fracture, alter

nately dull and bright.

A dull black coal, dirty, very hard,

with cuboidal fracture.

Clean, bright and hard, but disinte

grating with a white efflorescence

and with evolution of sulphuretted

hydrogen.

Clean, bright and hard, with obtuse

fracture.

Dull black, dean and hard, with

rounded surfaces and fracture.

Dull black, with glossy patches, very

soft and soapy to touch, clean.

Dull with bright patches, easily

broken, clean.

Clean, rather bright, easily broken,

with little dust.
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atile

tter

rent.

MoU- Phos-

ture phorus

per cent, per cent.

I

»75 602

3'io 578

5-8S 545

1-5' 4-66

5-98 3'47

.9'04

13'62

(8-03

jg-26

to"93

53-38

c>-5r>

6-38

C006

o'oo6

o"oi6

0-ul7

0-059

0-074

6-05 0-027

0024

0-053

Sulphur, Caking

per cent. properties.

4'4i

2'-4

2-1 3

2-86

167

1-58

0*64

I"54

•51

o-33

••47

Cakes slightly

Do.

Docs not cake

Cakes

Colour of ash. Other characteristics of the coal.

Does not cake . Dirty white

Dirty yellow

Flesh colour

I

Light fawn

Creamy brown

This shale is in layers. A resinous

substance is found occasionally be

tween the layers. Mineral oil by

distillation small, yield of gas low,

illuminating power deficient.

Dull, breaks readily with irregular

fracture, white substance, brown

resin.

Similar to 7109.

Dull grey-black coal with soapy

touch. Contains a small quantity

of brown resinous matter. Mineral

oil very small, yield of gas very low,

illuminating power small.

Easily broken, a quantity of a mica

ceous substance between the layers.

Cakes

Does not cake

Cakes slightly

Do,

Cakes

Does not cake .

Bright, hard and dirty.Fawn

Greyish pink . Alternate layers of bright and dull

Brownish yellow

Fawn

-- layers ot bright .,,„ ,,,.,,

coal, dirty, breaks easily, with much

dust.

A dull coal, laminated, hard, with

soft patches, clean.

Do.

A clean bright coal, cleaving in

layers.

37"04

3278

5-96

5-S8 0-053

5«a 0-165

574 I 0-037 0-48

Cakes .

Does not cake .

Light fawn

Alternate layers of dull and bright

coal, clean, easily broken, cleaving

in layers

Dull with bright patches, rather

tough, clean.

Brownish yellow Dull and glossy lamin.-c, clean and

hard.

Fawn Alternate dull and bright layers, the

dull coal being dirty to handle.
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Indian Imperial phur

invoice I nstitute I cen t

number, number. ' "i

7863

8082

S292A

7852

7864

8ig3

8199

8292

S081

•1663

•1658

7S62

7861

8083

Caking

properties.

Colour of ash.

7448

7763

73i6

776S

7774

7761

7453

2867

2862

73i8 i3tl°9S I Cakes

iitf'35

1

25t)>\5i

. Light fawn

. Flesh colour

I

I

Does not cake . Light fawn

Do.

7320 iott>'2o ! Cakes

i3t!>78

'•34

5'4S

ntt>'79

4f°3

)2(J

7315 I I3t>'40

7322

745»

>-33

"i'39

Do.

Does not cake ,

Do.

Do.

Do.

Cakes

Do.

Do.

Do.

Do.

Terracotta <

Fawn .

Do

Reddish grey .

Fawn . .

Terracotta

Lemon yellow •

Light yellow .

Fawn .

Cream

Flesh colour

Other characteristics of the coal.

Well-defined layers of dull and bright

coal, the former tough, the latter

rather brittle.

Alternate bright and dull layers,

breaks easily in small fragments

with little dust, clean.

Alternate dull and bright layers,

breaks easily, clean.

Alternate layers of dull and bright

coal, hard, dusty when broken.

Bright coal, fractures readily. Made

up of a dull and bright portion.

Dull portion tough, whilst the

bright is readily broken.

Dull slaty coal with many bright

patches, rather tough, clean.

A bright coal with some duller

layers.

Alternate dull and bright layers,

very dirty, breaks easily with much

dust.

Alternate dull and bright layers,

breaks easily in small fragments,

clean.

A glossy coal, hard, but with soft

patches.

Bright, dirty, fairly hard.

In well-defined layers, part dull and

part bright and glistening, clean,

fairly tough, except that the bright

layers crumble readily.

Clean, bright coal, easily broken,

hard but with soft patches.

Dull, with many bright patches,

clean.
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ilc

er
Moisture

per cent

Phos

phorus

per cent

1 Sulphur

per

cent.

Caking

properties.
Colour of ash. Other characteristics of the coal.

nt.

•9 3'25

1

0-204 1 'S3
Cakes Yellowish grey . A dull coal with bright patches, hard

and clean.

3 2'45 J o-oi9 0-82 Do. Dirty white Glistening coal composed of dull

and bright portion, former tough,

the latter readily broken. Occurs

in well-defined layers.

S 2-23 0-034 o'53 Do. White . Mixed dull black and glossy, the

latter crumbles readily, clean.

Layers of dull and bright coal, clean,'i 1-86 0*024 °'53 Do. Grey

rounded fracture.

3 172 0-360 0-63 Do. Reddish grey , Dull coal with bright layers, easily

broken with much dust, dirty to

handle.

6 1-64 0-148 0*63 Do. Dove . . Dull with bright patches, fairly

tough and clean.

•7 1-61 0-140 0-62 Do. . . Greyish white . Dull, black, dirty, very hard.

7 1-48 0-014 o-8g Do. Dirty white Dull black coal with bright patches

in places, cleaves occasionally with

a silky fracture, clean.

13 1-30 o-oi6 o-75 Do. Greyish white . Dull silky coal with glistening

layers and patches. Hard ana

brittle, very clean.

io 1-28 0'0I2 o-95 Do. Dirty pink . Dull with bright patches, breaks

easily in layers, clean.

>3 1'20 O-I46 i-Sg Do. Dirty fawn .1 A dull silky coal with bright patches

breaks easily, clean.

S riz O'OI! °'47 Does not cake . Dirty white A dull coal with bright patches,

fairly tough, conchoidal fracture.
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Indian Imperial

invoice Institute
hur

properties.

Caking
Colour of ash. Other characteristics of the coal.

number. number.
ent.

8196 7772 25th J3 Cakes . Dirty white Bright coal in layers, breaks easily,

clean.

8195 777< rS Do. Reddish grey Bright coal in layers, clean.

7866 7312 13th )7 Do. Light grey Exhibits a peculiar curved fracture.

Part of the sample was of dull

appearance and very tough, while

7866 7312
)i Do. Do. the remainder was bright and

broke readily into small frag

ments.

8329 7767 25th ii Do. Reddish white Dull coal with graphitic lustre in

oval pieces, and conchoidal fracture,

breaks easily in layers with some

dust, clean to handle.

8160 7766 25th jo Do. Dirty white Dull coal with bright layers, clean.

8192 7768 25th[5 Do. Greyish red A clean lather bright coal, easily

broken.

7*48 7100 28th (O Do. White . Bright glistening coal, brittle and

hard, in places has a pitchy

appearance.

8733 8120 25th(3 Do. Dirty white Rather bright coal with a silky

lustre, breaks easily with some

dust.

8194 77^ J5'hl3 Do. Do. Dull coal with bright layers, clean.

7**0 7101 2Sthfo Do. Light grey Dull black coal with bright patches

in places, cleaves occasionally with

1
a silky fracture, rather hard, fairly

clean.

8193 777o 25th j3 Do. Dirty white Laminated bright coal, dirty, breaks

very easily, with much dust.

•641 1985 4th 0 Does not cake . Yellowish brown Dull black, hard, clean, breaks into

cubes.

•1662 2865 6th 0 Cakes White . A dull black coal, clean and hard.

•639
• 9«3 4th - Do. Dark yellow Dull black, clean, not very hard.

.< i
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■Utile

atter
• cent.

Moisture Phos-

per I phorus

cent, percent

Sulphur

per cent.

1177 Vox o"oo6

•5-85

18-19 0-89

33"2° 5-87

29-72 492

31-21 4-30

1728 3-10

i3-9» 2-8o

1470 3'73

1763 3-5*

2515 i-S8

1/022

0'025

051

0-45

043

Caking

properties.

21-38

37-09

3«-o8

2'23 0-003|

0-003

0-O03

O-0I2

0-021

0-015

0-003

0003

0-004

9" 1 6 I 0-005

9-10 J 0-008

0-92

|-8l

1 -So.

076

0-32

0-43

1 -og

2-03

2-37

Cakes

Do.

Do.

Does not cake

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Colour of

ash.
Other characteristics of the coal.

White .

Dove . .

Buff

Yellowish brown

White .

Da

Reddish white .

White .

Do. . .

Greyish white ,

White .

Dirty white •

White .

Greyish white .

Laminated, very clean, cleaves in

small cubes.

Dull, rather tough, breaks in every

direction with little dust

Clean _ but rather dusty, crumbles

readily, bright in layers.

Bright coal, rather hard, not veiy

dirty, on some pieces a small

amount of white deposit

Similar to 7093, traces of iron pyrites

in cleavages, rather tough.

Similar to 7093. but not so dirty to

handle. It also shows a silky

patched appearance when cleaved.

Tough coal of dull appearance,

cleaving in layers.

Small quantities of .white substance

between the layers in places.

Rather dirty to handle.

A clean dull coal with irregular

cleavage, easily broken.

Dull, soft, clean, and contains

fossilixed resin.

Similar to 7093.

Dull, with small bright patches,

irregular cleavage, easily broken,

with much dust, dirty.

A clean silky coal, easily broken

cleaving in cubes.

Same as 8130.
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Indian

invoice

number.

Imperial

Institute

number.

8130

•316

8132

0133

•1651

8286

•1650

•1643

8284

8285

•87

7803

7779

1665

7759

7773

2855

7777

2854

2853

7775

7776

2852

•436

73o8

Date.]Phu[

cent

1st Sept. I'-gS

... -94

1st Sept. 1I77

Do. .64

Caking

properties.
Colour of ash. Other characteristics of the coal.

Does not cake . Greyish white .

Do. . White .

Do.

Do.

4th Oct. 1^3 I Cakes .

Do. '03 Does not cake .

Do. j<4

Do. 39

Do. 52

Do. 47

Do. 50

Dirty white

Slightly yellow.

Light yellow ,

Slaty dull coal with some brighter

patches, rather dirty.

Dull, with bright patches, clean and

rather soft.

Same as 8130.

Slaty dull coal, with only a few

bright spots, dirty, rather tough.

Dull, hard and clean, with occa

sional glossy layers.

Terra cotta . A dull coal with some bright layers

breaks easily with much dust, verv

dirty. '

Cakes . . j Yellowish brown

Do. . j White .

Does not cake . ! Light fawn

Do.

Do.

Do.

Do.

Brownish yellow.

1 Dirty, alternate layers of dull and

y very hard coal and bright coal.

) easily broken.

A shaly coal, dull, with bright spots

in layers, breaks easily, dirty, gives

much dust.

A dull coal very light, breaks easily,

much dust, very fibrous.

D(u]"' laminated, very hard, fairly

-9 . Yellowish brown

28 Cakes slightly . Dark fawn

Irregular fracture, extremely hard

dull clean coal with thin streaks

of glossy coal.

Very tough, dull with

patches.
bright
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i

Suggestions for a Classification of the Vindhyan

System. By E. Vredenburg, A.R.C.S., 'Deputy

Superintendent, Geological Survey of India.

THE general scheme of classification of the Vindhyan system

which, for many years, has been adopted in all the publications

of the Geological Survey of India, is as follows :—

{Bhander.

Rewa.

Kaimur.

(I) Lower Vindhyans.

The names Kaimur, Rewa and Bhander were originally applied

by Dr. T. Oldham to three conspicuous sandstone bands which, owing

to the softer strata, mostly shales and limestones, separating them,

constitute well-marked conspicuous scarps in the eastern part of

Central India.1 In their main features, the divisions thus outlined, are

remarkably constant, the distinctness of their penological characters

enabling their identification to be carried out with a great degree

of confidence throughout the vast area occupied by the rocks of the

Vindhyan system, in spite of their unfossiliferous nature.

Dr. Oldham's classification was adopted by H. B. Medlicott in

his description of the geology of Bundelkhand published in i860.2

Between the years i860 and 1869, considerable surveys were per

formed in various portions of the Vindhyan area, the results of which

are incorporated in Mallet's monograph of the " Vindhyan Series,"

which remains, to this day, the most complete work as yet written on

that subject.8 In this work, the classification proposed is far more

elaborate than Dr. Oldham's original scheme. For the Upper

Vindhyans it is as follows : —

Upper Bhander Upper Bhander sandstone

■ Sirbu shales.

. Lower Bhander sandstone.
Lower Bhander ■< Du j •• .

1 Bhander limestone.

LGanurgarh shales.

1 Journ. As. Soc., Bengal, Vol. XXV, p. 253 (1856).

* On the Vindhyan rocks and their associates in Bundelkhand. Mem., Geo.

Surv. of India, Vol. II, part 1.

* On the Vindhyan series, as exhibited in the North-Western and Central

Provinces. Mem., Geol. Surv. of India, Vol. VII, part 1 (1869).

Bhander J, f'
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Rewa

Kaimur

{Upper Rewa

Lower Rewa

C Upper Kaimur

Upper Rewa sandstone.

fjhiri shales.

Lower Rewa sandstone.

Panna shales.

{Upper Kaimur sandstone.

Kaimur conglomerate.

(Lower Kaimur f Bijaigarh shales.

(. Lower Kaimur sandstone. .

The Lower Vindhyans received separate classifications for their

two principal outcrops, in the Son valley and in Bundelkhand,

These numerous zones of the Upper Vindhyans cannot be followed

out from place to place with so much certainty as the broader divisions

of the older classification. Although the surveys performed by Mallet

and his colleagues covered enormous areas, they had not been linked

together when the monograph was published. Up to the present

day, there still remain large gaps of unknown or imperfectly surveyed

ground, so that the only sure test to be relied upon for identifying un-

fossiliferous rocks, that is continuity of outcrops, is not available.

Some of the subdivisions are more easily recognised than others,

either on account of their well-marked lithological characters, or

because they happen to occupy regions that have benefited by a greater

continuity of survey. Such are the Kaimur conglomerate and the

Lower Bhanders. But a considerable degree of doubt remains con

cerning the Lower Rewas of Mallet's classification : at some places,

between the Upper Rewa sandstone and the sandstone regarded as

Upper Kaimur, there intervenes only one shale band, while at other

places there are two shale bands and an intermediate sandstone. The

surveys along the belt occupied by the Lower Rewas are too dis

continuous to ascertain in what manner the single shale band of

certain localities is related to the triple subdivision observed else

where. The question is by no means so trivial as it might appear ;

for it is precisely in the Lower Rewa that the principal diamond-

bearing zone of Bundelkhand occurs. In attempting to trace the

possible extension of the gem into other localities where it may have

remained hitherto unobserved, it would be a great advantage if it were

possible to detect, at any one particular locality, the exact strati-

graphical equivalent of the diamond-bearing zone of Bundelkhand.

My examination of the diamantiferous tract of Panna in the spring

of 1905 led me to enquire into the subject of this classification. It i*

only in Gwalior territory, about 1 50 to 200 miles west or north-west ot.
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Bundelkhand, that two shale bands and an intervening sandstone occur

sufficiently balanced in their respective importance to justify a classi

fication like that proposed by Mallet. The thickness of each shale

band is close upon 200 feet, while the intervening sandstone reaches

300 feet. 1 At the eastern extremity of the Rewa outcrop, about 1 30

miles east of Panna, Mallet recognises the existence of only one shale

band, some 500 feet thick. At Barokar Khas, about 100 miles east of

the Bundelkhand diamond mines, a sandstone layer, less than lo feet

thick, occurs about midway through the shales. It increases in thick

ness on approaching Bundelkhand, and, relying upon the fragmentary

evidence then available, Mallet came to the conclusion that the increase

in thickness of this Lower Rewa sandstone is maintained westward

throughout Bundelkhand, and that the band is continuous with the 300-

foot thick sandstone of Gwalior territory still further west. Accord

ingly, he supposed that at Panna, where the best known of the

diamond mines are situated, the Lower Rewa consists, as in Gwalior,

of two shale bands with an intervening sandstone. The diamonds

occur at the very base of the Lower Rewa, and therefore, according to

this supposition, in the lower of the two shale bands, which, on this

account, received the name of Panna shales. The supposed upper

shale band was named after Jhiri, a locality in Gwalior territory, situ

ated on the outcrop of the upper of the two shale bands which, there,

really do exist separate.

Subsequently to the publication of Mallet's Memoir, a detailed sur

vey of Bundelkhand was undertaken by W. L. Willson from 1873 to

1877 with the advantage of a new set of admirably accurate topo

graphical maps which had then just been issued by the Survey of India.

At Panna, Willson's map shows only one shale band between the

Upper Kaimur and Upper Rewa without any Lower Rewa sandstone.

In the neighbourhood of Itwa, 13 miles east of Panna, Willson's map

does indicate a subsidiary sandstone of small thickness, not indeed

midway through the Rewa shales, but amongst their lowermost strata,

in a very different position therefore from the sandstone band des

cribed by Mallet as occurring some 100 miles further east at Barokar

Khas. It is not possible to say whether the sandstone at Itwa is m

any way related to the one at Barokar Khas. because the intervening

country east of Itwa has not been surveyed in detail. But west of

Itwa, between Itwa and Panna, the subsidiary sandstone dies out

1 Mem., Geological Survey of India, Vol. VII, p. 71.
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entirely as is clearly shown in Willson's survey, and as I have been

myself able to verify. At Panna, therefore, there is no Lower Rewa

sandstone to split up the Rewa shales into two separate portions, and

the name " Panna shales " applied to one of these imaginary sub

divisions cannot be retained. Moreover, as there is another gap be

tween the detailed surveys of Bundelkhand and those of Gwalior terri

tory further west, it is impossible to say how the two shale bands of the

latter tract are connected with the single shale band constituting the

Lower Rewa at Panna. Of the two shale bands in Gwalior, it is quite

possible that the upper band known as the Jhiri shales is the only one

that corresponds with the Lower Rewa of Bundelkhand, and that the

massive rock described as Lower Rewa sandstone in Gwalior is

equivalent to some of the rocks elsewhere included in the Kaimur. The

evidence derived from the surveys at present progressing in Central

India point to some such correlation, but it is unnecessary to go into

details so long as these observations lack the confirmation that can

only be obtained when they have been finally connected. In the

following report on the Panna diamond mines the name "Jhiri shales"

has been provisionally retained and is applied to the single shale band

of the Lower Rewa as developed in Bundelkhand.

It is now evident that the scheme proposed in Mallet's monograph

is not applicable to the entire Vindhyan area, and the author himself

was aware of the possible necessity of altering it, at least in the

western portion of the Vindhyan outcrop.1 A great deal of uncer

tainty prevails as to whether certain rocks of this western area belong

to the Kaimur or Rewa, and, under such circumstances, it would be

advantageous to unite the two into one group. This is not merely a

matter of temporary convenience, but it would help to give a more

symmetrical disposition to the Vindhyan classification. Thus united

into a single division, the Kaimur and Rewa become essentially a

group of sandstones, amongst which the shales and limestones only

play a subordinate part. The same is the case with the great mass of

sandstones constituting the Upper Bhander. On the other hand, the

Lower Bhander and Lower Vindhyans are essentially shaly and cal

careous formations, at least wherever they are most characteristically

developed. Moreover, as regards relative importance, the numerous

formations grouped together as Lower Bhander have a thickness out

1 Mem., Geological Survey of India, Vol. VII, p. 89. This refers to some

subdivisions of the Lower Bhander,
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of all proportion with the comparatively insignificant subdivisions,

classified as Lower Rewa and Lower Kaimur. Indeed their aggregate

thickness often exceeds the sum of all the strata constituting the

Kaimur and Rewa. While therefore the division of the Bhander into

a lower, mainly shaly, division and an upper, mainly arenaceous, one is

quite appropriate, it would be useful, in order to obtain a balanced

classification, to give one general name to the remainder of the Vin-

dhyans including all the rocks hitherto known as Lower Vindhyans,

Kaimur and Rewa. They might be called the Ken series, from the

well-known river of that name whose course traverses the outcrop of

most of these subdivisions. We would then have an Upper Ken

series mainly arenaceous, including the Rewa and Kaimur, and a

Lower Ken series, mostly shaly, including the rocks hitherto known

as Lower Vindhyans.

The separation of this lower series under the name of Lower Vin

dhyans gives it an importance out of all proportion with its position in

the stratigraphical scale. The unconformity locally detected between

these beds and the overlying Kaimur has been chiefly relied upon to

justify this separation. But besides being only local, features of this

kind are not confined to the Lower Vindhyan and Kaimur junction :

similar unconformities occur within the Lower Vindhyans themselves,

for instance between the Semri and Palkua divisions in Bundelkhand,

while irregularities of a similar character, though less pronounced,

occur within the Upper Vindhyans also. The formation of the

synclinal trough in which the Vindhyans were deposited proceeded

pari passu with their sedimentation, so that, along the edges of the

syncline some of the older divisions became upheaved and exposed to

denudation while sedimentation continued uninterrupted nearer the

axis of the syncline. This explanation reconciles the indications of a

perfectly conformable sequence exhibited by certain sections with the

apparently conflicting evidence furnished by the frequent occurrence,

in the Vindhyan conglomerates, of fragments derived from a lower

zone of the same system.

The name " Son series," frequently used in manuscript by

Medlicott, might be applied to the Lower Vindhyans, especially as

they are nowhere more typically developed than along the Son valley.

A corresponding name for the Kaimur and Rewa united into one series

might be borrowed from the river Tons whose drainage area is almost

entirely situated upon the broad tableland constituted by the Kaimur

and Rewa rocks in the eastern part of the Vindhyan outcrop. Owing
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to their comparative softness, the rocks constituting the Lower Bhan-

ders do not rise into conspicuous ridges or plateaux like the massive

sandstones of the Upper Bhander or of the Tons (Kaimur and Rewa)

series, but, like the Son (Lower Vindhyan) series, they form flat or

gently-undulating regions, such as the fertile elevated valley-plain in

southern Bundelkhand known as the " Haveli," which extends through

a length of 120 miles and a breadth of 16 between the dip-slope of the

Upper Rewa sandstone to the north, and the escarpment of the Upper

Bhander sandstone to the south. The name " Haveli series " would

be a suitable one for the Lower Bhander. Lastly, to complete the

symmetry of this scheme, the Upper Bhander might be named

" Betwa series " after the river of that name which flows through

Upper Bhander sandstone for many miles in Bhopal.

The amended classification of the Vindhyans might then be tabu

lated as follows

Approximate

thickness

in feet.

Composition.

Bhander

i

Betwa series

Haveli series .

500

C 2,'

Sandstones.

r Mostly shales and

limestones with

y subordinate
to

,000

Ken

Tons series (including £

Rewa and Kaimur) 1 ^ f goQ

Son series (correspond- {

ing with the Lower <

^ Vindhyans). (

0

to

2,000 I

sandstone.

Mostly sandstones,

with subordinate

shales and lime

stones.

Mostly shales and

limestones with

subordinate sand

stones.

It may be noticed that this scheme, which is offered only tentatively,

does not aim at displacing the older classification, but merely re

arranges it. The names " Kaimur " and " Rewa" are retained for the

strata to which they were originally applied, attention being drawn

merely to the fact that these terms do not refer to divisions of the

same rank as the term " Bhander." The older division not only fails

to give a balanced classification of the rocks included within the Vin

dhyan system, but, owing to its elaborateness, it is apt to convey a
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false impression regarding the relative importance of the Vindhyans

amongst the other ancient systems of the Peninsula. In the classifica

tion published in the Manual of the Geology of India, the division of

the Kadapahs of southern India into Papaghni, Cheyair, Nallamalai

and Kistna,1 appears comparable with the division of the Upper

Vindhyans into Kaimur, Rewa and Bhander; whether intentionally

or not, an impression is conveyed that the Kadapahs and the overlying

Karnuls stand in very much the same relation to one another as the

Lower and Upper Vindhyans, instead of which it is only the Karnuls

that correspond with the Vindhyans, whether upper or lower is at

present uncertain and immaterial, while the Kadapahs include three

or four unconformable systems equal in importance to the Vindhyans,

one of which, the Cheyair, equivalent to the Bijawar (also called

Gwalior) of the northern part of the Peninsula, is a system vastly

older than the Vindhyans.

In the following note upon the diamond-bearing zone of Panna, an

attempt has been made to distribute the Vindhyan strata of Bundel-

khand according to the plan above outlined (PI. 23).'

Regarding the exact correlation of the smaller subdivisions of Bun-

delkhand as shown in this diagram with those of other regions, various

points still remain doubtful that can only be elucidated by extending

the present surveys.

1 Second ed., p. 78,

s This diagram had already been printed when the above note was written.

In accordance with the nomenclature adopted by the Geological Congress, the term

subsystem or series might be substituted for the term group which, hitherto, has

been used by the Geological Survey of India to denote the major divisions of a

system. 1 have avoided using the word Stage or stage, which sounds to me some

what out of place when applied to unfossiliferons rocks.
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INTRODUCTION.

THE State of Panna consists of a number of more or less dis

connected territories stretching over the length and breadth of

Bundelkhand. Consequently, the geology of Panna is practically the

geology of Bundelkhand.

The late Mr. H. B. Medlicott is the author of the most complete

work yet written on the geology of that province (Memoirs, Geological

Survey of India, Vol. II, pages 1—95, i860).

Detailed geological maps on the scale of one inch to the mile

including the whole of Bundelkhand were prepared by the late

Mr. W. L. Willson during the years 1873 to 1877.

These maps have never yet been published. The essential

features of the geology of Bundelkhand can be recognised on the map

illustrating Mallet's monograph of the "Vindhyan Series" (Memoirs*
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Geological Survey of India, Vol. VII, part 1). From the time of

Willson's survey up to the date of my visit to Panna, Bundelkhand has

not been examined by any other officer of the Geological Survey except

on the occasion of a visit by the late Dr. King, who gave a short report

on the diamond mines.

I saw the mines at the end of March and during part of April

I9°5- This is the best time of the year for observing some of the

most interesting and important workings, those connected with the

diamantiferous conglomerate near the town of Panna, at the base of the

Lower Rewa division of the Vindhyans. A certain number of gems

are extracted from a second conglomerate situated in the uppermost

beds of the " Upper Rewa " and these are actively worked only

during the rainy season (July to September) and just after.

CHAPTER I GEOLOGICAL DIVISIONS.

IN the territories constituting the Panna State, there is a well-

. marked correspondence between physical and
1—Physical features. , . , . r , , J .

geological features, such as characterises a

region that has been for a long time subjected to the simple action

of denudation.

Bundelkhand consists of two very different regions : a northern

one which is mostly a comparatively low-lying granitic plain, and a

southern more elevated tract consisting of sedimentary rocks amongst

which sandstones predominate or at least form a very large propor

tion. A contour line drawn at an altitude of about 800 feet would

almost exactly coincide with the geological boundaries between the

crystalline and sedimentary formations. The boundary between

these two geological formations follows the northern escarpment of

the southern upland. The granitic plain varies in altitude from

about 700 feet along the foot of the scarp to about 500 feet some

50 miles further north, where the granitic surface gradually sinks

beneath the alluvium of the Gangetic plain. Except very locally

where that rock is perhaps more compact than usual, the granite

proper seldom rises into hills, but the granitic plain is traversed

at intervals by abrupt wall-like ridges, which are veins consisting

of quartz. This vein -quartz resists denudation far more successfully

than ordinary granite, and, consequently, stands out in ridges, just

for the same reason as the southern upland has maintained a higher

level than the general surface of the granitic plain, because the
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sandstones that enter so largely into its constitution also resist

denudation far better than granite.

The following formations are met with in

2.— List of geological r, ....
formations. Panna territory :--

7. Recent and sub-recent alluvium, soil, and calcareous

tufa.

6. Laterite.

5. Deccan Trap.

4. Lameta.

3. Vindhyan.

2. Bijawar.

1. Archaean.

The oldest of these, the Archaean (1), which consists entirely or

nearly so of the granitic formation just mentioned, is confined, as

already explained, to the lowland of northern Bundelkhand. The

Vindhyan formation (3) forms all the upland of southern Bundelkhand,

the Bijawar (2) intervening locally between it and the granite. The

only important outcrop of Deccan Trap (5) in the Panna State is in

the westernmost district, in the neighbourhood of Baxwaho. It also

plays a subordinate part in some small but conspicuous hills rising

above the highest portions of the broad Vindhyan sandstone ridge to

the south-west of Panna. In these hills it is associated with Laterite

(6). The lateritic formation is widely spread over southern, or Upper,

Bundelkhand, either in the form of compact masses forming more or

less extensive flat-topped hills, or else disseminated in varying pro

portion in the shape of nodules through the surfac e soil. The pro

portion is sometimes so great that the soil becomes a lateritic gravel.

Ordinary alluvial soil (7) of varying thickness occurs over a great

portion of the broader river-valleys, and occupies large areas both in

the southern part of Bundelkhand (especially in the broad, flat valley-

plain known as the " Haveli "), and in northern Bundelkhand, where

it gradually merges into the Gangetic alluvium.

Another sub-recent formation of some importance is the calcar

eous tufa which has accumulated in some of the river-gorges.

So far as regards the Panna State, the Bundelkhand Granite

constitutes practically the whole of the Archaean

i.—The Bundelkhand . , , . . ... ,
system. A short description of this formation

has been published by the late Mr. H. B.

Medlicott (Mem., Geol. Survey of India) Vol. il, pages 49-50). I
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liave only incidentally examined these rocks and cannot add much

information to that obtained by my predecessor.

The Bundelkhand granite is a medium to coarse-grained typical

granite consisting of quartz, felspar, principally of the orthoclastk

variety, and hornblende. The great prevalence of orthoclase felspar

in large cleavable crystals, usually pink in colour, gives the rock its

characteristic appearance. The quartz is whitish or bluish-grey and

translucent. The hornblende is of a dark colour; it is not very

abundant. Other minerals are found but sparingly.

The uniformity of the granitic outcrop is diversified by the great

quartz reefs already alluded to as a conspicuous physical feature in

northern Bundelkhand. They form a system of abrupt almost recti

linear ridges bearing approximately north-east. Another interesting

feature of the granitic area consists in a second set of numerous

linear dykes of basic igneous rock, many of which intersect the direc

tion of the great quartz-veins approximately at right angles. These

dykes appear to represent a period of volcanic activity contemporan

eous with the Bijawar system. In southern India, similar dykes

of the same age occur in great abundance in the neighbourhood of

diamond-bearing deposits similar to those of Bundelkhand, an asso

ciation which suggests some possible genetic relation.

In the neighbourhood of the Dhasan (Dessaun) river, a region

4,-Posslble represen. which is physically, though no longer politically,

tatives of the Aravalli a part of Bundelkhand, there are some rocks

Schists. which, from the short descriptions available,

appear to include representatives of series older than the Bundel

khand granite and belonging to the system known as Aravalli or

Dharwar. Typical representatives of this ancient series do not seem

to extend eastwards into the region occupied by the independent

States of Bundelkhand. Nevertheless, I noticed that near Pathar

Chauki, on the road from Panna to Shahghat, the rocks immediately

underlying the Lower Vindhyans, which have been mapped as

Bijawar by Mr. Willson, do not appear to be very typical of that

formation. They consist, where I saw them, of a thin-bedded,

faintlybanded quartzose rock of a whitish or greyish tint recalling

to some extent the jaspers of the Bijawar system, but with an

appearance which is more that of vein-quartz than of jasper. The

outcrop of these rocks is very narrow. Only a small fringe of the

formation is visible between the overlying Vindhyans and the under

lying granite. I have not observed their junction with the granite,
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nor have I met with any description of this junction. It would be

interesting to examine it if it is anywhere visible, for this would

probably decide whether the age of the rock is Bijawar or Arivalli ;

in the former case, the basement bed would be, no doubt, a conglo

merate resting upon a denuded surface of the granite, while if the

rocks belong to the Arivalli system, the junction should be of the

transitional character peculiar to the contact of an intrusive rock with

the older rocks into which it has been injected, for the Ardvalli strata

are older than the intrusive Bundelkhand granite.

In the exposure near Pathar Chauki the quartzose or jaspery

layers are separated by micaceous films whose appearance suggests

more the Arivalli than the Bijawar system.

The dip of these rocks is very high, over 450 to the south. Such

high dips are everywhere characteristic of the Arivalli formation.

The great outcrop of ancient sedimentary rocks situated south,

south-east and south-west of Bijdwar, a con-

^S.-The Bijawar forma- siderable portion of which is situated in Panna

territory, constitutes the type area of the Bijawar

formation. For a detailed account, reference may be made to

Mr. Medlicott's Memoir already quoted (Mem., G. S. I., Vol. II, pp. 35

-48.)

I have not visited the area and cannot therefore add anything to

the description. According to Mr. Medlicott's Memoir and Mr.

Willson's map, the system consists of a basal sandstone succeeded by

a massive limestone overlaid by shales interbedded with subsidiary

limestones, jaspers and basic volcanic rocks. The caves near Dargama

appear to be situated in the Bijawar limestone.

The jasper beds of the Bijiwar are sometimes of a bright red

colour due to the admixture of a varying amount of haematite. These

red haematitic jaspers have a ribboned appearance due to the rapid

alternation of layers of varying colour and composition, not unlike

that of some very typical " ribboned schists " of the Arivalli and

Dharwar systems, in which the proportion of iron is often so great

that they become valuable iron ores. This high percentage of iron is

sometimes met with in the Bijdwar formation itself, for instance near

Gwalior, where rich iron ores are interbedded with rocks of that age.

The famous iron ores of Bijawar are, however, of a different nature,

and appear to occupy areas of faulting or crushing, of the same nature

as the iron ores found near the Narbada in the " Dhar forest " area.

These fault rocks often consist of a breccia whose matrix is a
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mixture of silica and haematite of a brilliant red colour very similar in

appearance to the bright red interbedded jaspers.

The Bijawars were extensively disturbed before the deposition of

the Vindhyans which rest upon them quite unconformably. Their

denudation supplied the Vindhyans with a vast amount of material,

the bright red pebbles derived from the bedded jaspers and fault-

breccias being particularly conspicuous in some of the Vindhyan

conglomerates.

The following table gives the constitution of the Vindhyan system

in Bundelkhand, grouped in accordance with the

classification outlined in the preceding paper :—

6.—The Vindhyans.

 
Approximate

thickness in feet.

Upper Bhander sandstone

Z
Ed

M

2

IT.
V.
o

2 « *
5 s <
h 2 >
> a

Rewa

division.

Kaimur

division.

Palkua

division.

Semri

division.

Sirbu shales . . .

Lower Bhander sandstone

Nagode limestone (sometimes with subsi

diary shale band in upper portion)

Ganurgarh shales

f Upper Rewa sandstone, with diamantifer

ous conglomerate in uppermost bed

Jhiri shales, with diamantiferous conglo

merate at base, ocasionally with inter

calation of subsidiary sandstone, shale

and limestone, also at base .

f Thinner-bedded upper

Kaimur sand- \ portion

stone. 1 Thicker-bedded lower

V, portion

Kaimur conglomerate

Kaimur shales ....

fTirowan limestone .

Palkua shales ....

Dalchipur sandstone, with conglomerate

v at base . . . .

[Semri shales .....

Semri limestone ....

Semri sandstone, with a variable amount

of siliceous shales, and a basal conglo

merate .....

500

800 to 1,000

o to 150

250

250

500 to 600

400

200

300

80

o to 150

O tO 1 20

250

o to 90

70

60

100 to 250

These subdivisions have been represented on the diagram, PI. 23.

This diagram shows the great importance of the sandstones which

amount to about two-fifths of the total thickness of the formation.

The main topographical features of the region are due to them.

Conspicuous escarpments are formed by the three principal sandstone

masses. The intervening shales and limestones usually form lower

valleys largely covered with alluvium. Owing to their great thickness



268 Records of the Geological Survey of India. [VOL. XXXIH.

it is the Lower Bhander strata that form the widest valley, a broad,

elevated plain known as the " Haveli," remarkable for the highly-culti

vated rich alluvium that covers it. The sandstone ridges have the

usual shape assumed by a stratum with gentle dip, that is, a precipitous

scarp on the side away from the dip, and a long dip-slope, nearly

coinciding with the dip of the rock, extending from the crest of the

escarpment up to the margin of the plain occupied by the softer over

lying shales and limestones.

The Lower Vindhyan or Son series was originally known in Bundel-

khand as the " Semri system " and is described

So!.'7eri0errVlndhyi,n0r ;n gr^t detail, under that name, by H. B.

Medlicott in the Memoir already referred to.

It contains the following subdivisions :—

Palkua division

Tirowan limestone.

Palkua shales.

Dalchipur sandstone.

Dalchipur conglomerate.

{3. Semri shales.

2. Semri limestone.

1 . Semri sandstone.

Compared with the remainder of the Vindhyan formation, the Lower

Vindhyans are much more irregular in their mode of occurrence.

This is partly because they rest upon an irregular surface of previous

denudation, partly because, as mentioned in the preceding paper, they

had already been disturbed and denuded to some extent before the

deposition of the succeeding members. Not only is the Kaimur divi

sion unconformable to the Lower Vindhyans, but within the Lower

Vindhyans themselves, the Palkua division is unconformable to

the Semri. The Semri division, the lowest of all, was deposited upon

an irregular and sloping surface of granite and shows therefore

the greatest inequalities of original distribution. Before the deposition

of the Palkuas, it was corrugated by earth-movements into shallow

troughs and ridges, the Palkuas being then laid down mostly in the

troughs. The whole series was again disturbed and denuded in the

same manner before the deposition of the Kaimurs. The uppermost

member, the Tirowan limestone, suffered most from this denudation

and is therefore singularly irregular in its distribution. For the full

detail of the distribution of these rocks, reference must be made

\o the very complete account given by Medlicott in his Bundelkhand
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Memoir (pages 6—31) of which no more than a short summary can be

yiven here.

The Semri sandstone, like all the other succeeding members, but

more so than any of them, is limited in a north-western direction by

the original sloping surface of the granite upon which it was deposited j

this limitation being further increased by pre-Kaimur disturbance

and denudation. Consequently, in some of the outliers that stretch

beyond the main line of escarpment, such as the detached hills of

Ajaigarh and Rajgarh, the Kaimurs rest directly on the granite sur

face, while in the main scarp and specially in the deep valleys that cut

back through it, the Semri sandstone and various succeeding members

of the Lower Vindhyans intervene.

An easily accessible outcrop of the Semri sandstones is crossed by

the road from Panna to Shahghat, the best exposure being at the

waterfall near Pathar Chauki. The lower part of the section consists

of a hard siliceous rock of cherty nature more like an indurated shale

than a sandstone, in thin irregularly rugose and warped laminse, whose

aggregate thickness amounts to some 150 feet. They are overlaid

by about 30 feet of thick-bedded, highly indurated quartzitic sandstone

forming a distinct ledge in advance of the Kaimur scarp. It is

this ledge which causes the waterfall at Pathar Chauki.

At the base of the whole series, beneath the cherty laminated

layers, there is another harsh sandstone in relatively thick beds, but

of very small aggregate thickness. It is often conglomeratic, owing

to the presence of small scattered pebbles of grey or whitish quartz.

It does not contain red pebbles like those of the Kaimur conglomerate.

It is exposed in the road-side of the Shahghat road, at some dis

tance below Pathar Chauki, resting upon the highly contorted jaspery

rocks which have already been alluded to as possible representatives

of the Aravalli system.

Owing to the overlaps and irregularities already mentioned, the

Semri limestones and shales and the Dalchipur sandstone are not

exposed in the Shahghat road section : the Palkua shales directly over

lap the Semri sandstones. The Semri limestone and shales outcrop at

irregular intervals from the gorge of the Pasania river south of

Chitrakot up to Saigarh in Bijawar territory. (Some small discon

tinuous outcrops occur also further west near Bajno, and near

Hirapur, north-west of Baxwaho.) The shales arc remarkable for

their coal-black colour which has several times caused them to be

mistaken for coal, and for the presence of large lenticular limestone
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concretions. Amongst the Semri strata in the valleys of the Bagain and

of the Ranj, Medlicott mentions the occurrence of a peculiar quartzitic

sandstone of a greenish colour and intensely hard, of a texture almost

resembling that of jasper. Pebbles and boulders derived from this

material are frequently met with in the diamantiferous conglomerates

at the base of the Rewa shales, where they are locally known under

the name of kansya.

The Dalchipur subdivisions, constituting the lowest beds of the

Palkua division, are absent from the eastern part of the Lower

Vindhyan outcrop. They do not commence until Chopra, a locality

situated about 10 miles south-east of Bijawar, and their outcrop runs

from there westwards, mostly outside the limits of independent Bundel-

khand. East of Chopra, the Palkua division does not contain any bed

older than the Palkua shales : consequently, in the eastern exposures,

the Palkua shales rest directly upon the Semri shales when both

are present in the same section. For a detailed description of the

Dalchipur sandstones and conglomerates, reference may be made to

Medlicott's work.

The characteristics of the Palkua shales are very well described

by Medlicott in the following terms : " The character of this rock is

peculiar and constant : very fine, grey, weathering or bleaching

white, generally thinly laminated, having a foliated aspect, often

intensely hard almost approaching to jaspidification, generally break

ing into angular subcubical pieces."

In the section already referred to along the Shahghat road, good

exposures of the Palkua shales may be seen between Bakchor Chauki

and Pathar Chauki.

The uppermost member of the Palkua division, the Tirowan lime

stone, is exposed at more or less irregular intervals from Tirowan up

to the upper part of the Barano river south of Bijawar. It is usually

a compact limestone, very regularly bedded. As already explained,

its extent is greatly restricted owing to the double unconformity and

overlap of the Palkuas with the Semris below and the Kaimur

above.

The remainder of the Vindhyan system is usually known as

8.-Upper Vlndhyans. " UPPer Vindhyan-" "s subdivisions have

been described in great detail by F. R. Mallet

in " The Vindhyan Series " (Memoirs of the Geological Survey of

India, Vol. VII, part 1). These subdivisions are singularly constant

jn their characteristics along enormously developed outcrops, ex
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tending for hundreds of miles. Massive beds of fine-grained building

stones are largely developed amongst the Upper Kaimur and Upper

Bhander sandstones, in which valuable stone-quarries have been

opened out at many places. Flaggy beds and false-bedding are very

persistently developed in the Upper Rewa sandstone. The Upper

Vindhyan shales consist of thin beds with very smooth and regular

surfaces of parting, in which argillaceous and micaceous cr sometimes

calcareous layers alternate with arenaceous ones or thin layers of

sandstone. Ripple-marks and rain-drop marks are frequent. A thick

series of limestones occurs in the midst of the Bhander shales. It

constitutes an important source of lime and is largely worked for

that purpose at Sutna.

While the main features of the Upper Vindhyan divisions are so

remarkably constant, the minor subdivisions exhibit local differences

of the same kind as those noticed in the Lower Vindhyans, only

less abrupt. Subsidiary bands occur in the western part of the outcrop

which are not found to the east, and vice versa. For instance, the

subsidiary limestone, shale and sandstone that accompany the lower

diamantiferous conglomerate to the east of Itwa and separate the Jhiri

shales from the Kaimur sandstone become extinct in a western direction,

so that, at Panna, the Jhiri shales are separated from the Kaimur sand

stone merely by the thin layer of diamantiferous conglomerate. Similar

instances may also be observed in the Bhander series : for instance,

at Sutna and Nagode, the Sirbu shales rest directly upon the Nagode

limestone, but at Gonour and further west, subsidiary bands of shale,

limestone and sandstone (Lower Bhander sandstone) are intercalated.

The variations in the character of the Kaimur conglomerate are

interesting as indicating the proximity of an ancient coast-line close to

the present northern border of the Vindhyan formation. It has been

noticed by Medlicott that in the outliers and spurs north of the main

line of escarpment the pebbles constituting the Kaimur conglomerate

are much larger than in the deep valleys, like that of the Ken, that cut

back a long way south of the main scarp. This increased coarseness

of the conglomerate in a northern direction indicates the proximity of

its original limit.

Details concerning the diamantiferous conglomerates will be given

in a subsequent chapter.

It is only in western Bundelkhand, in the neighbourhood of Bax-

9.-Lameta, Deccan Trap waho> that the volcanic rocks of the Deccan

ndLaterite. Trap period (upper Cretaceous) are extensively
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developed. Formerly they far exceeded their present limits and

extended eastwards into Baghelkhand as is shown by the occurrence

of massive deposits of laterite.

Sometimes these masses of laterite rest upon unaltered basalt of

the Deccan Trap. This is frequently the case in the great spread

of Deccan Trap that extends west of independent Bundelkhand into

the Damoh district. A thin remnant of Deccan Trap occurs beneath

the laterite of some hills south-west of Panna, one of which is repre

sented in the section, PI. 24. *

These flat-topped hills, usually of limited extent, whose upper por

tion consists of laterite are often observed rising above the extensive

dip slopes of the great Vindhyan sandstones and resemble in general

outline, outliers of the next succeeding Vindhyan division. On closer

examination, however, they are found to consist largely and sometimes

entirely of laterite. In the latter case, the laterite rests immediately

upon the surface of the Vindhyan sandstone. Otherwise there may

intervene a sandstone formation belonging to the Lameta system,

overlaid by basalt belonging to the Deccan Trap. A typical hill of

this sort rises on the surface of the Kaimur dip-slope at Ranipur,

four miles north-east of Panna. Others also, situated on the Kaimur

sandstone surface, occur further east, in Patarkecher territory. On

the Rewa sandstone siope there are a number of conspicuous hills of

this kind south-west of Panna. Further east they occur at frequent

intervals and acquire considerable importance in the neighbourhood of

Semaria and of the falls of the Tons.

The Lameta formation is usually a rather loose sandstone indu

rated only in its uppermost layers as a contact effect of the overlying

Deccan Trap. Besides the remnants of this series mentioned in the

neighbourhood of Panna, there is a considerable outcrop near Bax-

waho, which is the commencement of an extensive spread of this rock

stretching through the Damoh and Saugor districts.

Typical bauxites occur in the laterite of the hills south-west of

Panna, but they are too small in extent and too remote from any

sources of water-power to be of economic value. It would be worth

while ascertaining whether any bauxite occurs in the large spreads of

laterite in the neighbourhood of the falls of the Tons.

In addition to these outcrops of massive laterite which have pre

served their continuity even since early Tertiary times, remnants of

the former covering of Deccan Trap occur scattered all over southern

Bundelkhand in the shape of laterite nodules of various size scattered
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in varying proportion through the ordinary surface soil or alluvium.

When consisting exclusively or nearly so of laterite nodules, these

superficial accumulations constitute the lateritic gravels that are prin

cipally used for road-making.

These include alluvium, soil, and some super-

recenHoraatJoa!>r 8Ub" ^c'a^ formations such as calcareous tufa.

Except in the northern part of Bundelkhand which includes the

southern edge of the Gangetic alluvium, true alluvium exists only in

the neighbourhood of river-beds, from whence it passes by insensible

gradations into the soils formed directly by the surface decomposition

of the rocks. The moment that these decomposition products are

transported to some distance by water, they partake of the nature of

alluvium, so that it is not always easy to mark out very definitely the

difference between alluvium and soil.

The calcareous tufa is deposited by river-water holding in solution

a small amount of carbonate of lime which it re-deposits on evapora

tion. The greatest masses of calcareous tufa are formed where

the evaporation of water is greatest, as in the spray of waterfalls.

Usually these calcareous tufas are porous or very fine-gained, but

sometimes, as at the waterfall near Pathar Chauki, the rock is

remarkably crystalline in texture. The limestone, in formations of this

kind, is always very pure, and quite free from grit. Lime used for

preparing " pan "* is manufactured from it.

Calcareous concretions constituting the well-known " kankar" are

abundant in certain kinds of soil, particularly in the "black soil"

from the Deccan Trap.

CHAPTER II ECONOMIC PRODUCTS.

PART I DIAMONDS.

SECTION I —STRATIGRAPHY AND MINERALOGY.

THE Bundelkhand diamonds occur primarily, so far as actual

working is concerned, in some of the Vindhyan

^ < a. conglomerates, together with other pebbles
I.—Constitution of the 6 ' * **

principal dlamantiferous derived from the Bundelkhand granite, and the

conglomerate. Bijawar and Son (Lower Vindhyan) series. The

1 A combination of betel-leaf, areca-nut and other condiments, with lime, much

esteemed in India and other Eastern countries,
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pebbles from the granitic area consist of vein-quartz derived from

the peculiar quartz-reefs that traverse the granite. Those from the

Bijawar consist principally of jasper pebbles, amongst which the red

ones are particularly conspicuous. The local name by which these

jasper pebbles are known is silt. I heard the name applied to pebbles

of grey banded jasper, but omitted to ascertain whether it belongs

to the red ones as well. I fancy that these are merely spoken of as

" red pebbles. " There are numerous pebbles of a green vitreous

quartzite derived from the Lower Vindhyans and locally known under

the name of kdnsiya eRtfwr or kdnsya ^rt^rr. Medlicott was

informed that diamonds have been known to occur inside such

pebbles, but was unable to confirm the statement.1 I noticed that the

workers reject these pebbles without fracturing them when engaged

in breaking up the conglomerate and in washing its fragments.

There is, however, a notion current amongst them that the presence

of numerous pebbles of kdnsya is a favourable indication of the

presence of diamonds. Supposing this to be really the case, the

connection may be merely fortuitous. As it is, the workers also

stated that the presence of jasper pebbles is a favourable indication.

Perhaps it merely comes to this, that the coarser the conglomerate,

the more chance there is of discovering large gems, the comparative

abundance of larger diamonds in the coarser conglomerates being a

consequence of the high specific gravity of the gem, combined with

the sorting agency of water. The same explanation should account

for the presence of other heavy minerals besides diamonds in the

same conglomerate. Fragments of heavy minerals such as galena

are frequent and must have been derived from the disintegration of

some metalliferous veins, occurring in the same region as the original

home of the gem. The absence of any other gems besides diamonds

indicates therefore that no other precious stones occur within the

area from which the diamonds were originally derived.

In the midst of the conglomerate, there are sometimes cavities

of an inch or more stained all round with iron hydrates, and

representing probably some mineral rich in iron that has been decom

posed and removed by solution. The cavities thus formed often

contain well-formed crystals of quartz.

'Mem., Geological Survey of India, Volume II, page 71. Manual, 1st ed.,

pages 84, 92 ; [2nd ed., page IOI.
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In the neighbourhood of Panna the diamantiferous conglomerate

. _. ,. ... rests directly on the uppermost surface of the
2.—Stratigraphies! po- ... . • rr

siflon of the principal Kaimur sandstone, at the base of the Rewa shales.

Berate."'6""18 COng'°' In fact' il seParates the Kaimur sandstone from

the Rewa shales. It is a fairly compact rock

containing the pebbles above mentioned in an arenaceous ground-mass

The local name for it is mudda. The conglomerate is not absolutely

continuous. There often occur patches, 2 or 3 feet in extent, where

the shale rests directly upon the Kaimur sandstone without any inter

vention of conglomerate. Its thickness also varies, seldom exceeding

two feet. Sometimes the pebbles extend from this arenaceous layer

into the shale above. There is then a layer of conglomerate consisting

of pebbles in a shaly matrix, overlying the true mudda with indurated

sandstone matrix. Sometimes this shaly conglomeratic layer does

not rest directly upon the indurated arenaceous one, but is separated

from it by a layer of shale or of thin-bedded flaggy rather friable

sandstone. The latter is observed about one mile east of the Panna

mines, at Chiina, where it is sometimes as much as four feet in

thickness. These friable shaly conglomerates are known locally under

the name of kakru, which is a term applied to any; loose material

containing diamonds, whether it be a Vindhyan shale or a recent

alluvial soil.

Further east from Panna, in the neighbourhood of Itwa, the posi

tion of the diamantiferous conglomerate differs slightly from that

observed near Panna. Instead of resting directly upon the upper

surface of the Kaimur sandstone, it is separated from it by some 20

or 25 feet of shale and limestone. A subsidiary band of sandstone,

about 20 feet thick, overlies the conglomerate, and underlies the

Jhiri shales (see PI. 23). It probably represents a more developed

facies of the subsidiary sandstone separating the mudda and kakru at

the Chuna pits. This interpretation is rendered very probable by the

occurrence at Birjpur, 4 miles east of Itwa, of a diamantiferous cong

lomerate at the upper surface of this subsidiary sandstone, bearing

the same relation to the sandstone below ana to the Jhiri shales

above as the kakru at Chiina.

The presence, at different levels, of at least two separate diamanti

ferous layers, at Chiina and perhaps at Birjpur, disposes of the diffi

culty referred to by Medlicott as to the stratigraphical position of

the diamond-bearing stratum. Under the impression that there existed

but one diamond-bearing layer, he was obliged to suppose that the
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layer, although continuous, gradually rose through the section be

tween Panna and Birjpur. As a result of this interpretation, Medli-

,cott was led to regard the occurrence of the conglomerate as inevi

tably restricted within narrow limits, a consequence that does not

necessarily follow from the more precise information now available.

In order to reach the diamantiferous conglomerate, pits are sunk

through the overlying strata, often to a depth of more than 50 feet.

These constitute the workings in which the greatest amount of in

genuity has been displayed, and that have consequently attracted most

attention and have been most frequently described, often under the

name of " deep workings. " Although the deepest workings do belong

to this class, depth is not a distinctive characteristic, for near the edges

of the outcrop, the depth is, naturally, much less, and may be less

than that of some alluvial excavations belonging to quite a different

class of workings. It is difficult to find a convenient term that will

express concisely this form of workings without using some circum

locution such as " workings of the conglomerate in situ. " Though

not a very satisfactory term, I shall, for the sake of brevity, call them

" direct workings."

All the other workings have been generally grouped together as

" superficial workings," a term which is also inappropriate, as some

of the pits are nearly 30 feet in depth, and because this classification

groups together workings respectively differing in character.

In the neighbourhood of Panna and the country west of it, the

occurrence of the diamantiferous conglomerate at the upper surface of

the Kaimur sandstone and just beneath the Rewa shales has consider

ably assisted the extraction of the gems contained in it. As the

shales weather more easily than the underlying conglomerate, there is

a tendency for the conglomerate to become exposed over considerable

areas all along the edge of the shale outcrop. All over these exposed

areas it decomposes very slowly into a loose sand or gravel containing

the pebbles and the gems, from which the latter can be extracted with

a minimum amount of trouble and expense. The moment that the

conglomerate has thus been loosened, it is subjected more or less to

the transporting agency of water. This may not necessarily be the

direct influence of a stream, but the effect of rain is sufficient to

spread to a certain distance along the direction of slope, the gravel

resulting from the disintegrated conglomerate. Before reaching an

I. Mem., Geological Survey of India, Vol. II, page 70.
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actual river-bed where the pebbles become part of the alluvium, they

become mixed to a variable extent with superficial soils and lateritic

nodules, forming a loose layer of diamantiferous gravels spread over

the decomposing outcrop of the original Vindhyan conglomerate, and

known locally as kakru, though differing essentially from the material

known by that name in the Vindhyan shales, with which it has

nothing in common save that it is imperfectly indurated and contains

diamonds.

The most typical workings of this class are those of Bhowanipur,

near Kandla Tal, at Panna. A very large proportion of the older

workings were of this class, and it is likely that a considerable

proportion of this easily-worked class of deposits has been exhausted.

The name " shallow workings " is quite applicable to them, and they

will thus be referred to in the following pages. They might also

be called " surface workings. "

Finally, these loosened materials come more directly under the

influence of eroding forces, and become transported into the true

alluvial formations. As soon as the elements of the conglomerate

have been loosened, they become, as already explained, slightly

transported by the agency of rain. Thus, in the superficial diggings

above mentioned, where the slope of the surface of the ground is

somewhat less than the dip of the stratification, the unweathered

Vindhyan conglomerate is sometimes found beneath the detrital

kakru, showing that the latter is not strictly in the position which

it occupied before the pebbles weathered out of their matrix. In the

southernmost part of the Bhowanipur field, there may even be a

fair thickness of shale between the Vindhyan conglomerate and the

diamantiferous kakru. This diamond-bearing gravel, re-distributed

by the mere effect of rain-wash upon the exposed Vindhyan rock,

does not spread, however, to any great distance from the original

outcrop. At ashort distance further south, the soil no longer contains

any pebbles derived from the Vindhyan conglomerate, and no longer,

therefore, any diamonds, but merely lateritic nodules, pebbles or

boulders of Vindhyan sandstone (mostly from the Upper Rewa

sandstone) and flakes of Vindhyan shale.

When the diamantiferous conglomerate becomes subjected not

merely to atmospheric disintegration, but also to denudation proper, a

different order of things sets in : the sorting power of running water

once more comes into play. The pebbles find their way into alluvial

deposits of limited extent, restricted to the neighbourhood of river
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courses, but in which the peb

bles have become sorted accord

ing to size and specific gravity.

Some of these alluvial gravels

constitute therefore a valuable

ground for gems, both on ac

count of their friability and ease

of working and on account of the

increased relative proportion

which the gems sometimes ex

hibit as a result of the selecting

agency that has transported

them. Diggings of this nature

may be conveniently spoken of

as "alluvial workings.'' They

need not necessarily be " super

ficial " workings, because the

diamantiferous gravel is often

covered by a considerable thick

ness of alluvial soil, beneath

which the gravel has to be

reached through pits that may

be as much as thirty feet deep,

deeper therefore than many of

those which I have classified as

" direct workings/' and to which

the term " deep workings " has

generally been restricted in

former descriptions.

In these alluvial gravels, the

diamonds lie amidst the various

kinds of pebbles derived from

the original conglomerate, toge

ther with nodules of laterite.

Owing to the position of the

outcrop of the diamantiferous

conglomerate, along the dip-slope of the Kaimur
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sandstone, the pro

ducts of its disintegration may be carried either southwards further

down the dip-slope, or northward alo ng the gorges that break through

the scrap of the Kaimur. In the former case, just as in the above
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mentioned instance of the re-distributed kakru, only in a much greater

degree, they lie superposed on a horizon which is newer than the one

of the Vindhyan diamantiferous conglomerate from which they were

originally derived. A shaft sunk at the same spot would strike the

original conglomerate after traversing a certain thickness of shales

as at III in the diagram, fig. 1. The workings of Ganeshpur belong

to this class. In the second instance, the alluvial conglomerate rests

upon rocks older than the diamantiferous conglomerate of the Vindhy-

ans. By sinking a boring, however, deep, the original Vindhyan

conglomerate would never be met with (IV in the same diagram).

Workings of this type are those of the Bagain valley. The relations

between all these different classes of workings are shown on the above

diagram.

All the above descriptions refer to the conglomerate situated at

the base of the Revva shales, but there is strong

3.—Second dlamanti- reason to believe that a second one occurs at a

ferous conglomerate . . .

higher horizon, but in a very similar manner,

overlying the Rewa sandstone, at the base of the Bhander shales.

The workings in this particular case belong exclusively to the types

II (Sakeriya, Tindini, Durgapur, etc.) and IV (Udesna) of the diagram

just referred to. Owing to the absence of any workings correspond

ing in type with I, I had no opportunity of seeing the actual conglo

merate, and it would not be possible to discover it without a much

more extensive survey than the present circumstances allowed. In

the absence of such observations it might appear possible at first

sight that the diamonds should occur in an alluvial formation either

modern or of Lameta age, in which they would exist as pebbles

derived from the disintegration of the Lower Rewa conglomer

ate. But the altitude of some of the workings such as those of

Sakeriya, which is greater than that of the greatest portion of

the outcrop of the Lower Rewa conglomerate and their situation

with respect to that outcrop preclude the possibility of such a

derivation by means of any kind of drainage compatible with the

present geographical conditions or with topographical conditions

resembling the present ones, such as we know did exist in Lameta

times. Moreover, if the pebbles on the Upper Rewa dip-slope were

really derived from the Lower Rewa diamantiferous conglomer

ate, we should expect to find the diamonds in company with the

same pebbles as occur in that older conglomerate. This, however,

is not at all the case, for both in the workings of type II on the

Upper Rewa dip-slope, and in those of type IV in the gravels of the
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rivers draining that area, the large pebbles accompanying the

diamonds consist exclusively of vein-quartz. The presence of this

vein-quartz is of interest as confirming the conclusion that the

gems have originated in the Bundelkhand granite area, but the

absence of the jasper and quartzite pebbles, so abundant in

the Lower Rewa conglomerate, makes it quite evident that they

do not re-present a re-distributed product of that conglomerate. The

presence of the quartz pebbles from the Bundelkhand granite area

and the absence of the Bijawar or Lower Vindhyan fragments,

indicates that both the latter formations, which were still exposed

and subjected to denudation at the commencement of the Rewa

period had, at the end of the Rewa time, become completely con

cealed, or nearly so, by the encroachment of the ocean, and the

accumulation of sediments.

There seems to be no doubt, therefore, of the existence of this

second conglomerate, and its capabilities are worth testing more

thoroughly than has been done so far, as they may considerably

extend the area over which the gems can be worked remuneratively.

All that can be asserted regarding the origin of the diamonds is

that they are derived from the Bundelkhand

•he diamonds'6 0rigin °' gramte area» thejdisintegration of which furnished

the materials that now make up the Vindhyan

sandstones. The pebbles of the Lower Rewa conglomerate are

derived partly from the quartz reefs of the Bundelkhand granite,

partly from the Bijawars and Lower Vindhyans. Fragments derived

from these two sedimentary formations are absent from the Upper

Rewa conglomerate which only contains pebbles of vein-quartz.

These quartz pebbles derived from the granite area are therefore

the essential associates of the diamonds, and the original home of

the gem must be one of the rocks of the granitic region, either the

granite itself, or its quartz reefs, or the basic dykes.

It is interesting to compare the conditions in Bundelkhand

with those of the diamantiferous zone in southern India. In both

instances the gems occur in conglomerates of Vindhyan age, in close

proximity to a crystalline granitic or gneissic area traversed by

innumerable basic dykes of Bijawar age. In both instances strata

of the Bijiwar system (known as Cheyair in southern India), locally

intervene between the Vindhyans and crystallines, and it is remark

able that in neither area have any diamonds been met with in the

Bijdwar sandstones or conglomerates, though their materials have

been derived from the same crystalliues as the Vindhyans. It is, of
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course, possible that derived diamonds do exist in the Bijawar conglo

merates, but have been overlooked. Yet the absence of diamond

workings in that formation and their presence in the Vindhyans in two

areas so far apart as Bundelkhand and southern India seems more

than a coincidence, suggesting that the diamonds are not older than

the BijaAvar, which supposition, coupled with their evident derivation

from the crystalline area, points to the basic dykes of Bijdwar age

as their possible nidus. This is, of course, nothing more than a

suggestion, but it may serve to indicate in what direction future

investigations might be conducted.

The reputed richness in diamonds of the Panna conglomerate

when it contains numerous pebbles of the Lower Vindhyan green

quartzite known as kansya, if definitely confirmed, does not, of course

imply any genetic relation. It would simply signify that the consti

tuents of these portions of the conglomerate were derived from a

spot where the particular green quartzite occurred close to an expo

sure of richly diamantiferous rock, and that both were simultaneously

denuded. But the truth of this association within the conglomerate

is not well established, and even if it were, our knowledge of the

ancient physical conditions of the area is still too imperfect to follow

up this clue.

From a crystallographic point of view, the Panna diamonds belong

exclusively to a few modifications of only one

of the Panna diamonds! form, the " hexakis-octahedron," the most com

plex form of the cubic system. Some specimens

have, at first sight, the general appearance of a simple octahedron and

have been described as such, but, on closer inspection, a shallow six-

sided pyramid is invariably detected modifying each of the triangular

octahedral faces. Amongst the Bundelkhand diamonds, no other

crystalline form is ever found in combination with the hexakis-

octahedron.

The varieties met with are :—

1. The hexakis-octahedron with all axes equally developed.

2. The same form elongated along an axis of ternary symmetry.

3. The same form unsymmetrically developed, with a curiously

tapering termination.1

4. Hemihedral crystals approaching the hexakis-tetrahedron.

5. Twins, formed by the interpenetration of two hexakis-

tetrahedra.

1 In Bauer's " Precious stones " there is an excellent representation of this

singular form (fig. f, p. 121 of the English edition).
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The faces are always regularly curved, but the degree of curvature

varies, so that, in some crystals, the six-sided pyramids developed

on each face of the octahedron are sufficiently shallow to allow the

octahedral outline to remain distinct, while in others they are so

convex that the crystals exhibit an almost globular habit.

Out of a total of 220 crystals, I counted : 86 that exhibited the

regular shape (1), of which 40 approached closely the octahedron,

while the remainder were more globular ; 78 showing the form (2),

that is, elongated along an axis of ternary symmetry ; 5 showing the

distorted form (3) ; 40 hemihedral specimens ; and 1 1 twins.

This gives in percentage:—

(0 39'°9

U) 3545

(3) 227

(4) 1818

(5) 5 '00

Etch figures are sometimes met with either in the shape of triangu

lar or else of hexagonal pits. They may occur on crystals where the

faces of the hexakis-octahedron form very shallow six-sided pyramids

upon each face of the fundamental octahedron, but in no single

instance have I observed that an actual octahedral face is developed

to receive the cavities.

The crystals are remarkably perfect. In spite of the rough treat

ment to which the conglomerate is subjected when artificially, broken

up, one seldom observes a broken or cleaved specimen. Out of 241

specimens, I found only 21 cleaved or broken ones, that is less than 9

per cent. The surface of the crystals, in the majority of cases, is beauti

fully smooth, indicating very little wear since the diamonds were removed

from their original matrix. Out of 199 specimens, I counted 136 of

which the surface was highly lustrous, 33 in which it was smooth

without the same degree of lustre, 25 in which it was frosted, and 5

in which it was rough.

This gives the following percentages :—

Lustrous ......... 68-33

Smooth ......... 16-58

Frosted ......... 12-56

Rough 2-51

When the crystals are examined with a lens, the frosted surface

is found to be due to the presence of numerous very shallow triangu

lar etchings all over the crystal faces. The rough crystals when

examined in the same manner are found to be irregularly pitted, the

pits being usually triangular, but much deeper than when the surface

appears merely frosted.
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These differences in the appearance of the crystals do not seem to

bear any relation to the situation where they occur. Smooth crystals

are found in abundance in both the Lower and Upper Rewa con

glomerates, and they are just as abundant in the alluvial workings as

in the " direct " ones, the short distance over which they have travel

led to be transferred from the original Vindhyan conglomerates to the

alluvial gravels being evidently too insignificant to affect such a hard

mineral. The rough and frosted specimens occur indifferently in all

situations.

In colour the majority of the diamonds are either of a brilliant

white such as is very seldom met with in South African gems, or are

of that still more beautiful blue-white which is quite unknown amongst

South African specimens. The outer surface of crystals with a colour

less interior is sometimes of a very pale straw-yellow which disappears

when the gem is cut, as it only affects a thin film on the outer surface.

The same is the case with some crystals of a very beautiful pale

sea-green of exquisite delicacy, which are known as banspat or

"bamboo leaves." Such green crystals when cut are perfectly white,

but are almost more beautiful in their uncut state. They are very rare.

I saw only three amongst 241 diamonds. But greenish crystals of a

far less pleasant hue are fairly numerous, and are, commercially, of

inferior value because the colour extends more or less through the

crystals.

Some of the crystals are of various shades of brown, sometimes

very deep, though opaque-black ones have never been observed.

These brown crystals are of little value. They are known in the

vernacular as matta.

Out of 235 crystals, I found : 167 white ones ; 40 brown ones, out

of which 14 were very pale, 2 very dark, and one nearly black ; 14

green ones, of which 3 were of a particularly luminous hue affecting

only the outer surface, 10 pale-green or only greenish, and 1 yellowish-

green ; 7 yellow ones, out of which 3 were pale-yellow, and 2 of a

clear honey-yellow ; 6 grey ones, out of which 2 were pale-grey or

only greyish, and 2 bluish-grey ; one stained with haematite which had

penetrated along cracks through the crystal.

This gives the following percentages :—

White 71-06

Brown ......... 17-02

Green 5-95

Yellow 2-97

Grey 255

Stained with haematite '42
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The average weight deduced from 240 stones is 0*63 rati or 0*59

carat, the Panna rati weighing 0*9418 carat.1 Fifty-nine of these

stones weighed one rati and above ; 181 weighed less than a rati.

There were amongst them :—

Per cent.

3 stones weighing from 4 to 5 ratis, or . . . . 1-25

3 „ „ less than 4 but over 3 ratis, or . . 1*25

8 „ „ „ „ 3 ». .» 2 .. or • • 3*33

45 » » » » 2 » >• 1 rat" or • • 1875

i » or • • >3"33

149 .. » .. >• £ >• rat'» °r • • 62-08

Judging from the number of stones collected during the three first

months of 1905, the mines yielding the largest number of gems are

the alluvial workings at Ganeshpur, but the stones are of very small

size, averaging only 0^27 rati. Those from the alluvial workings of

Kalianpur are still smaller. The alluvial workings that give the best

yield, as regards quantity and a good average weight, are those of

Itwa.

Of the " direct " workings, those at Shahidan near Panna are by

far the most productive. The workings at Bhowanipur give at

present the best return amongst the " surface" or " shallow" workings.

Five working centres yield stones averaging over a rati. These

are: Srinagar, Bhowanipur, Chhota Manakpur, Chdnha and Shahidan.

With the exception of Chhota Manakpur, which is alluvial, these are

all " direct " or " surface " workings and are all situated within a radius

of 3 miles1 from Panna. The neighbourhood of Panna seems to

be therefore, so far as can be judged from these figures, the richest

part of the field.

I am unable to say whether the Upper Rewa conglomerate yields

gems as large as the Lower Rewa pebble-bed, as I have only seen

three small stones derived from that upper conglomerate, two from

Sakeriya and one from Maharajpur (Udesna).

The majority of crystals are, as above stated, of a beautiful water

„ „ . . and lustre, and very seldom clouded or flawed.
6.—Defects. _, . '

Their commonest defect, from which very few

1 In these figures, I have taken the weight of the carat at 205 milli

grammes. A crystal purchased at Panna, and stated to weigh 2' 15 rati (2 ratis

3 biswas) was found, by means of a chemical balance to weigh o"4i5l grammes.

This would give the Panna rati a value of I93'07 milligrammes, or 0^941 8 carat.

I was told at Panna that the ratio of the rati to the carat is- the carat weigh

ing, according to this information, 22 biswa or pi rati, which would give the rati

a weight of i86-36 grammes or 0*909 carat,
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are entirely free consists in the presence of " spots," which are black

opaque inclusions of jagged outline. Owing to this defect a large

number of the stones are unfit for the European market, though they

are saleable in India.

Out of 58 stones weighing over a rati, I saw only 24, less than

half therefore, which were free from inclusions, or in which these

could only be detected with a lens and were of too small a size to

detract much from the value of the stone.

SECTION II.—METHODS OF EXTRACTION.

The most detailed accounts that have been published concerning

the mining operations in the Panna diamond

I.—Classlllcation of .< t • , ,, . .. ,
workings zone are tnose °' vanous travellers in the early

part of the nineteenth century. The descriptions

of Franklin 1 and of Jacquemont J are particularly accurate, and have

been partly reproduced in the works of Medlicott3 and Ball*. The

latter author's account is largely based upon some observations of

Medlicott and of Hackett, neither of whom, however, witnessed the

extraction of the ore, as they had left the field before the miners had

reached the diamond bearing layer. When I reached Panna towards

the end of March 1905, the diamond-bearing layer had already been

uncovered in some of the pits. The methods of extraction that

I witnessed are evidently just the same as those observed by Franklin

and by Jacquemont some 80 years ago, and even at an earlier date

by some of their predecessors ; but in the light of the geological

knowledge since acquired it may be of interest to give a detailed

account of my observations, especially as I had the opportunity of

watching the operations throughout all their principal stages.

In order to describe the present methods of working, and thus

gain some idea of the possibility of improving them, it will be conve

nient to make use of the classification outlined in the previous pages,

that is " direct " workings which seek the diamantiferous conglomerate

beneath its covering of shales; "shallow" or "surface" workings

upon the conglomerate either exposed at the surface through removal,

1 On the Diamond Mines of Panna in Bundelkhand. Asiatic Researches,

Vol. XVIII, Part I, p. 100 (1829).

1 Voyage dans I'Inde pendant lesannees 1828 a 1832, Vol. I, p. 399 (1841.)

B Mem., Geol. Surv. of India, Vol. II, p. 65 (i860).

4 pconomic Geology, p. 39 (1881).
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by denudation, of the shales, or concealed under a small thickness of

alluvium; lastly, "alluvial" workings.

The following are the principal localities that have yielded

diamonds, the arrangement of the lists being in each case from west to

east:—

/.— Workings connected with the older conglomerate.

Direct Workings.

Shahidan .... Panna State.

Chunha ..... Do.

Kali5npur (abandoned) . . . Do.

Khameria ..... Charkari State.

Shallow (Surface) Workings.

Maraia . Panna State.

Bandi Do.

Bhowanipur Do.

Harduapur . Do.

Srinagar Do.

Ogra Do.

Manakpur . . . Do.

Simra . Bijawar State.

Dia .... . Chobpur State.

Majgawan . Patarkechar State

Alluvial Workings.

Majgama Panna State.

Old Panna . Do.

Chhota Manakpur Do.

Kalidnpur Do.

Gancshpur . Do.

Radhapur .... Do.

Hardua .... Do.

Ranipur .... Charkari State.

Patti .... Do.

Bajaria .... Do.

Babupur .... Panna State,

Itwa ..... Do.

Birjpur (partly " shallow ") . Do.

Seha, etc. .... Chobpur State..

Jhanda ....

Banari ....

Do.■

Patarkechar State,
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I have not ascertained the exact nature of the following workings :

Sirswa, Maharajpur and Gehera near Itwa ; Bhim Pahar near Birjpur ;

Bardhai near the Bisraumganj road.

//.— Workings connected with newer conglomerate

Shallow Workings.

Sakeriya

Tindini

Mohra

Durgapur

Singhpur

Jhanda

Panna State.

Do.

Do.

Do.

Do.

Kothi State.

Alluvial Workings.

Udesna ..... Panna State.

Naigawa ..... Kothi State.

We 6hall examine first, the " direct workings, " that is, the ones

formerly described as " deep workings," secondly, the " shallow work*

ings," thirdly, the alluvial diggings.

It is the workings for extracting the mudda from beneath a

covering of Lower Revva shales that give occa-
2.— Direct workings; . . . , ^. r* , .

extraction of the ore. sion for the most complex operations. Cylindri

cal pits are excavated varying in width from

18 to 35 feet. The deeper are also the narrower, the reason being to

avoid excessive labour. It is advantageous, according to the method

pursued, to make the pit as wide as possible, but on account of the

limited period during which work is practicable, if the excavation were

started with too wide a diameter at those places where the conglo

merate lies at a great depth, there would be no chance of reaching a

sufficient depth during the short season when this work can be carried

on. The instruments used are picks and shovels. The excavated

materials are rapidly removed in small baskets which the women and

children pass from hand to hand. They are dumped down in the

immediate neighbourhood of the pit, and these accumulated heaps of

debris and rubbish cause a vast amount of confusion which constantly

increases. So long as the depth of the pit remains moderate, the

descent is provided for by reserving steps around its walls, in the

same manner as is usual in excavating a deep well for water. When

the depth reaches some twenty feet, the approach to the floor of the

pit is by means of an incline, the lower part of which, if the depth is
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greater still, is usually tunnelled. The picks and shovels above-

mentioned are sufficient for excavating the superficial soil and boul

ders, often consisting of the rubbish heaps of previous excavations,

and the soft shales and interbedded thin sandstone layers. They

also suffice for extracting the pebbly bands with shaly matrix

which either overlie directly the mudda, or are separated from it

by means of a few layers of shaly sandstone flags, and are also

sufficient to extract the latter as well. But the conglomerate

itself which has a hard sandstone matrix cannot be excavated

by this means. To facilitate its extraction, recourse is had to the

following method : the surface of the conglomerate is cleared and

a wood fire lighted upon its surface, which is allowed to burn for

several hours. The effect of thus violently heating the surface of

the stone is to render it somewhat friable and to develop cracks

parallel with the bedding. Thus treated, the upper part of the

conglomeratic layer becomes fissile and can be detached in large

irregular horizontal slabs. When the fire has burnt out and these

slabs have sufficiently cooled down to be handled, they are lifted

by means of the same picks as were used for excavating the pit.

When these do not suffice for detaching the slabs, recourse is had

to pointed chisels used as wedges, and hit with common-shaped

heavy-headed hammers. Each piece, as it is lifted out, is carefully

examined to see if it does not show any conspicuous diamond, and

is then consigned to a heap of mudda fragments, for further treat

ment to be described hereafter. It often happens that the effect

of the fire is only sufficient to scale off a small thickness, perhaps 2 or

3 inches of the mudda. As the conglomerate often reaches a foot

or more in thickness, this is but a fraction of its total amount,

and, to detach the remainder, the same operation is repeated as many

times as is necessary to reach the underlying unproductive sand

stone. When the mudda has thus been entirely lifted off the floor

of the pit, radiating galleries are driven to uncover it from below the

mass of shales surrounding the space that has been opened out. The

waste materials from these galleries are not carried out of the mine,

but heaped up on the floor of the pit, from which the valuable con

glomerate has already been removed. Fires are lighted in these

galleries and the conglomerate flaked off in the same manner as in

the circular open area of the pit. When the diamond ore has been

extracted from these galleries, they are filled in with stone slabs and

rubble so as to support the roof and allow other galleries to be driveq
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by their side. By this means, an area far more extensive than that

directly uncovered by the pit is made to yield its material. It is, in

fact, a rudimentary form of mining.

Wherever the conglomerate lies at 20 feet from the surface or more,

it is situated below the saturated water-level of the soil, except late in

the dry season. This is why the excavation of many of the pits is

not commenced before March, and it is in the brief interval between

this and the rains that the remunerative material can be extracted.

According to the information kindly furnished by the Panna Darbar,

the work in the Shihidan mines, all of which belong to the " direct "

type, does not commence till October. In the case of one particular

mine, that of Lalla Ram Sukh, the work was commenced on the 16th

of November. When I saw this mine at the end of March, the excava

tion of the pit was already complete and most of the conglomerate

had been removed from the floor. Lateral galleries had already been

commenced. In many other instances, the excavation at that same

period had been hardly commenced, and it is evident that the work

could not have begun before the beginning of March or the end of

February at the earliest. The depth of the water-level and that of the

conglomerate, both of which are known to the miners from previous

experience, no doubt settles the date at which it is desirable to commence

work at each particular spot. In order to gain time, it is customary to

commence excavating the pits before the level of saturation has sunk

below that of the diamond-bearing conglomerate, and a " persian

wheel, " worked by bullocks, or if the percolation is very slow, merely

turned by hand, is used to drain the surplus water. This method

allows the removal of the shaly conglomerate layer or kakru even if it

is still below the water-level. The well-known illustrations of the late

Mr. Schaumburg depict the mines at this particular stage.1

For the extraction of the mudda, the water-level must eventually sink

sufficiently below its surface in order to make use of the ordinary method

of heating the surface with a wood fire. In many of these pits the

shales exhibit curious V-shaped folds which have been described by

Jacquemont and by Medlicott, the exact origin of which it is difficult

to account for.

At Shahidan, I understand that the shale is known to the workmen

as malwa ; but in other localities this term is applied to the lateritic

gravel.

1 \n " L'Inde des Rajahs " by Rousselet, and in Ball's Ecomomic Manual.
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Even in the deepest of these "mines," the shales are sufficiently

compact to stand without any artificial support in the vertical walls of

the pit so long as work continues, that is, until the rains set in. But as

soon as they become soaked by rain-water, they begin to collapse and

the rubbish accumulated all round the pit also soon falls in and ob

literates the excavation. A second pit may be sunk the following

year by the side of the first one and the material excavated from it

thrown into the half-filled former pit, thus completing its obliteration.

In the Shahidan field, this has been so often repeated, and the work

has been carried on in such an irregular manner, that it has now become

impossible to tell for certain if any particular spot has previously been

worked. Wherever one may attempt excavations in the Shahidan field,

the ground is sure to consist, in part at least, of artificially disturbed

material.

I understand that the workers call this made-ground pur&o. The

undisturbed material that has never been excavated is called jamdra.

As an example of these "direct" workings, the following section

has been measured in Lalla Ram Sukh's mine, already referred to

Thickness.

Soil intermixed with numerous large rounded

boulders of sandstone, to a certain extent

artificially disturbed and redistributed by

previous mining operations . . ■II1

Broken up disturbed shale . . . l' 6"

Shale striped red and green, soft and friable . 11' 11"

Friable green or mottled sandstone . ■ o' 7"

Shale striped red and green .... 3'

Kakru, mudda and Kaimur sandstone.

The following particulars were kindly communicated by the Panna

Darbar regarding this mine :

"The excavation of the mine commenced from 16th November

1904.

" 2. Ten men and fifteen women were employed for the excavation

up to February 1905. Afterwards the number of labourers was re

duced to eight men and eight women, and they will work up to June

1905 so far as excavation is concerned.

"The monthly wage for each man is R6 and that for each woman

>sR3.

" 3. The same number of labourers, that is, eight men and eight

Total depth

from surface.

11

12* 6"

24' 5"

25'

28'
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women, will be employed for the surface operation of breaking the ore,

washing it and searching for diamonds till the end of the rainy season,

or till such time as the searching is completed.

" 4. The quantity of fuel required for breaking the hard mudda is

about 4 cart-loads. This varies greatly in different mines, as it de

pends chiefly upon the nature of the mudda to be broken up.

" 5. Total cost of tools (pick-axes, spades, hammers, baskets, etc.)

R30 required for the working of a mine like the one referred to

above ; these articles are provided by the man who owns the mine, and

not by the labourers. "

The mudda in this mine was seldom more than 2 to 3 inches in

thickness and was wanting over some portions of the area. It

invariably passed upwards into a layer of kakru with shaly matrix.

When I first saw the pit on the 24th March, the conglomerate had

not yet been entirely removed from its floor. Some short galleries

had just been started. These had been extended to some considerable

distance about a month later, and the rubbish from these excavations

had been heaped on to the floor in the middle of the mine.

If we go further north than the pit from which the above section is

described, the mudda is found at a much smaller depth owing to the

southerly dip of the strata that causes the conglomerate itself to out

crop a little further north, the actual outcrop being, however, seldom

visible otherwise than in artificial excavations owing to the great

thickness of alluvial soil that occupies the plain extending between the

Kaimur dip-slope and the Rewa scarp. In the pits that I examined

in this northern part of the field, the total depth down to the

mudda was only 15 feet, of which the upper 6 feet consisted of

undisturbed alluvial buff-coloured soil. This part of the field did

not seem to have been previously disturbed and contained none of the

artificial ground known as purdo. In these pits the conglomerate is

much coarser than in the one first described. It is a foot or

more in thickness and contains boulders of kansya of as much as

one foot. It is in one of these pits that I was shown the Bijawar-

like jasper which is known as silt. Pebbles of the typical red jasper

are found in all exposures of the mudda. Lumps of galena and the

ferruginous-looking cavities lined with quartz crystals described in

a previous paragraph are frequently found in this part of the

conglomerate.

The diagrams, PI. 25 and 26, represent the section and plan of

a mine situated in another part of the Shahidan field, where the
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water-level , at the time of my visit, had not yet sunk below the

horizon of the diamantiferous conglomerate.

The galleries driven from the floor of the mine are always very

short and tortuous, scarcely more than 10 feet in length, and pro

bably, in the aggregate, do not do more than double the area directly

uncovered by the pit. Therein lies the main defect of the present

system of working, the sinking of so many deep pits, every year,

being quite out of proportion with the result obtained. Except

where the conglomerate comes very near the surface and is overlaid

directly by alluvium, or else by shale which has been broken up and

decomposed owing to its proximity to the surface, the shale layers,

as seen in the mines just described, and in many others, are quite

compact enough to form a sound roof to the galleries, and the con

glomerate could certainly be extracted by systematic mining, while the

drainage of the mines by means of adequate pumps, would allow the

work of extraction to proceed all the year round.

At the locality called Chuna or Chunha which is situated east by

north of Shahidan, the galleries are somewhat more important than

at Shahidan. I saw one which was directly reached by an incline,

without the previous sinking of a shaft, and was 6 feet in breadth,

and the same in height. The shales as seen in this gallery are more

compact than at Shihidan. Another broad gallery, perhaps 60 feet

in length or more, started from the first one and extended up to a

shaft previously sunk. It is in these works that I observed that the

mudda and kakru are separated by a variable thickness of sandstone

layers, forming irregularly bedded slabs. This flaggy sandstone is

locally known as chaoni and its aggregate thickness may reach

4 feet.

In one of these pits the kakru was 6 inches thick and very

friable. Beneath it were 2 or 3 feet of semi-shaly, semi-sandy chaoni,

then the mudda. The mudda is well exposed in another mine close

by. It is the one just mentioned, which has an unusually extensive

development of underground galleries. There the mudda is over a

foot in thickness, the chaoni much reduced. The pit just mentioned

is about 22 feet deep, of which more than half is very "kankary"

alluvium full of nodules of carbonate of lime, which I was given to

understand to be the origin of the name " Chuna."

Not more than 600 feet from the Chuna pits, in a northerly or

north-easterly direction, the Kaimur sandstone is exposed in the

river-beds, the overlying shales and, to a great extent, the mudda
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having been entirely removed by denudation. Along its continua

tion eastwards of Chuna, the outcrop has been extensively burrowed

for about another 900 feet. From there, however, up to Kalianpur,

there is no indication of any more working, at least not along the

line I traversed. About half a mile west of Kalianpur, flaggy sand

stone layers, belonging to the shale group are found in a river-bed.

There are no indications of working, though the mudda no doubt

exists at a moderate depth.

Formerly the mudda was reached at Kalianpur in pits of con

siderable depth, up to 60 feet. These workings have long since been

stopped, and the only ones carried on at present in that locality are

alluvial.

The mines in the neighbourhood of Itwa in which the diamanti-

ferous layer was obtained from the roof instead of from the floor of

the galleries, and which have been described by Medlicott and Ball,

are no longer worked at the present day-

In order to extract the gems from these conglomerates whether

. „ . „ friable kakru or compact mudda. they have to
3.—Surface operations. ... , , . . ,

be broken up so as to separate the pebbles that

constitute them, and among which the diamonds are scattered.

The fragments of the shaly kakru are easily disintegrated by

lixiviation in water. In this way the constituent pebbles are loosened

from their matrix, but still remain embedded in the thick mud which

this clayey matrix forms by the admixture cf water. The gravel has

therefore to be washed before being searched for diamonds. For the

purpose of washing the gravel, it is customary to excavate, in the

stiff alluvial clay, that occupies the surface of the ground in most of

the diamond fields, groups of pits consisting of two rectangular ones,

about 6' x 4' x 2' and one circular one, about two feet in diameter

and two in depth. The alluvial clay, once it is wet, is usually

sufficiently impervious to hold the water needed in the washing

operations, which are often conducted in pits thus simply excavated

without any further preparation ; but at other times, the pits are lined

with flags of Vindhyan sandstone, so as to avoid an undue admixture

of alluvial clay during the washing of the kakru. The rectangular

pits are half-filled with the broken up kakru which is completely

immerse ! in water, the disintegrated shaly matrix thus assuming the

consistence of mud. One man stands in each of the pits, and churns

the mass, so that the particles of mud should be completely loosened

from the pebbles. When this has been done sufficiently, the resulting
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gravel is lifted out in baskets, which are repeatedly dipped in the

circular pit so as to wash away the mud from the sand grains and

pebbles. Clean water from an earthenware vessel is finally poured

over the baskets to remove the last traces of mud. The contents of

the baskets are then evenly spread over a smooth and clear area

where, after drying, they are carefully turned over and over by hand

and searched for diamonds. For searching, the spread out material

is gradually scraped together in a heap by the palm of the hand

being at the same time diligently watched for any gem that may be

uncovered in so doing. The heap thus gathered together is again

spread out, and the operation repeated many times.

As to the mudda, before it can be similarly treated, it has to be

broken up into small fragments. This is done in circular pits about

6 feet in diameter and 3 feet in depth. The conglomerate fragments

are piled up in the pits and are repeatedly broken by the blows of

sledge hammers from two men standing in the pits. The sledge

hammers are of the ordinary shape, and it is to be noticed that the

broad sides of the hammer head appear to be much more largely

made use of than the narrow ends. The process is continued until

the fragments are sufficiently small to be treated in the same way as

kakru. The depth of the circular pits prevents any fragments from

being lost by flying away from the breaking floors. It is remarkable

that in spite of this rough treatment, the diamonds seldom appear to

be broken. Such an accident will probably only happen in the very

rare event of the hammer actually hitting a crystal. In most cases the

effect of the blows must be merely to dislodge the diamonds from

their matrix.

At no stage of the operation is sifting of any sort had recourse to.

Only the conspicuous large pebbles or fragments of kansya or jasper,

or fragments of unproductive Vindhyan sandstone are thrown aside

when they happen to be noticed. One would think that some inex

pensive form of sifting would make the search easier. The unequal

size of the grains spread out on the searching floors must be an

obstacle to this operation.

It is to be noticed that these surface operations are not confined

to the period of excavation. Indeed it is after the rains have com

menced that the heaps of conglomerate extracted from the mine

during the dry season are most actively treated in this way, first,

because the abundance of water greatly facilitates the progress of

this work, and also because during the dry season every available
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hand is turned to the work of excavating. When the work of exca

vating is finished, the same labourers turn their attention to the

surface operations.

I have defined as "shallow workings," or "surface workings,"

^ sh those that seek the more or less disintegrated

a ow workings. surface Q{ the diamantiferous conglomerate where

it crops out from beneath the Rewa shales.

In these shallow workings the details of the process are essentially

the same as those just described except that the excavating opera

tions are reduced to a minimum. There is no need for heating the

surface of the mudda which is rarely present in a compact and un-

disintegrated form, and even then has been to some extent decom

posed and softened by surface water.

The following observations were made at some of these "surface"

or "(shallow " workings.

Bhowanipur.—At the time of my visit, the most actively worked

amongst these shallow diggings were those at Bhowanipur, near a

group of two tanks known as Kumla Tal, immediately west of Panna.

The position of the mudda is exactly the same as at Shahidan, that

is resting immediately on the upper surface of the Kaimur sandstone,

but the shale is not seen in the excavations because the diggings are

at the very edge of the outcrop of the mudda from which the over

lying shales have oeen entirely removed by denudation. Upon the

undisintegrated mudda there rests immediately the decomposed

material from the weathering of neighbouring portions of the same

conglomerate situated a little further up the dip-slope, and spread by

rain-wash, as explained in a previous paragraph. This redistributed

loose material is called kakru. In some other pits this kakru con

sisting of the broken up weathered remains of the mudda rests directly

upon ordinary Upper Kaimur, the original mudda having been

entirely disintegrated. This kakru consists largely of small pebbles

of laterite, together with broken fragments of shale and sandstone

and pebbles from the original mudda. It is usually overlain by a

certain thickness of alluvium. It is carefully excavated even from

amongst the interstices between the weathered portions of the sur

face of the Upper Kaimur sandstone and searched for diamonds.

Narduapur. — The workings at Harduapur, a little further east

along the outcrop (between Shahidan and Bhowanipur) resemble those

of Bhowanipur, only there usually still exist a few layers of shale on

the top of the mudda. The small pits are only about 6 feet deep with
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variable amounts of soil and of shale resting on the mudda. The

superficial layers full of laterite are not searched for diamonds. The

only portion that is searched is the broken material resting on the

mudda either directly or with the intervention of a small thickness of

shales.

Srinagar. — The workings to the north and north-east of Hardua-

pur are known as Srinagar. They form the continuation of the super

ficial outcrop beyond Harduapur. Here, at Srinagar, the mudda has

been entirely removed by denudation. More than 8 feet of detrital soil

rests upon the denuded surface of the Kaimur sandstone. Not only

does the lowest layer, resting directly upon the sandstone surface,

constitute a productive kakru, but there may be another productive

layer situated a little higher up.

The section, Fig. 2, represents a pit where the working had just

been stopped at the time of my visit (these workings being excavated

chiefly during the rains).

Most recent por

tion of alluvial

soil.

Gravel consist

ing mainly

laterite pebbles

it- 1

of <

Kashmir sand

stone.

 

Superficial soil
. I* 0*

i, gravel . . o' 6

Unproductive layer . o' 8"

" Kakru "

Unproductive layer

" Kakru "

r 4*

3' 5'

I' ft'

Fig. 2 —Section of a pit at Srinagar.
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Gravel consisting mainly „

of laterite pebbles.

The section consists of the following strata :—

Thickness of Total

layer. depth.

„ . , .. ( Superficial soil . i' o" i' o"

Most recent alluvial soil . \
L „ gravel 0 6 1 6"

f Unproductive layer o' 8" 2' 2'

) Kakru . . 1' 4" 3' 6"

I Unproductive layer 3' 3' 6' 9"

^Kakru . 1' g" 8' 6"

Kaimur sandstone.

The productive layers contain, in addition to the little laterite

grains and pebbles, a certain number of fragments of shale or shaly

sandstone.

Ogra.— The workings called " Ogra " are situated north of the

Shahidan mines. They are along the continuation of the Snnagar out

crop, further west. The mudda is sometimes seen in situ, but with

out any remnants of shale. The ground appears to have been turned

up over and over again, and the locality is probably to a great extent

exhausted.

On account of the ease with which operations are conducted in

workings of this class, they are probably largely exhausted. Yet a

number of localities probably remain where, through ignorance of the

geological lie of the stratum, the outcrop has not been detected and

the diamantiferous layer remains intact under an insignificant cover

ing of alluvial soil.

On account of the weathered condition of the mudda, there is no

need for the troublesome process of calcining its surface before extrac

tion, even when it has escaped complete disintegration and reduction

to gravel. At least there is no need for this operation at Bhowanipur.

I omitted to enquire whether such a process is ever carried out at

Harduapur or Ogra, where the compact conglomerate also remains in

situ. In all other cases, the diamond ore is always a loose detrital

gravel, a kakru. After extraction, this is treated in exactly the same

manner as has been described for the kakru occurring within the lower

Rewa shales. Owing to the shallowness of the workings, and the

ease of reaching the productive layer, the parts of the field occupied

by " shallow workings," present even a more confused appearance,

if possible, than that in which the conglomerate is reached by the

deeper "direct" workings. Unlike the latter workings, in which

the presence of water renders work impossible during the rains, the
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superficial detrital deposits are worked mostly during the wet season

when water is everywhere available for washing the diamantiferous

gravel.

It has already been explained that through the continuation of the

processes connected with denudation, the gravel

5.—Alluvial work- weathered out of the conglomerate ultimately

ings" finds its way into true alluvial deposits, which

can be worked with success along the banks and in the very beds of

existing streams.

I got a clear view of these alluvial deposits at the following

localities :—

Kalianpur.

Ganeshpur.

Radhapur.

Chhota Manakpur.

Itwa.

Kalianpur-—The Kalianpur workings are near the confluence of a

small stream coming from Kalianpur village, with the Ranj river.

The constitution of the alluvium in the shallow pits is as follows :—

Thickness of Total thick-

layer.

Soil with one intermediate band of laterite

and shaly pebbles I' 4*

Laterite pebbles o' 8"

Soil 1' 10"

Kakru 2' 2"

Broken shale.

l' 4'

2' o"

3' io"

6' o"

Soil with one intermediate £3*

band of laterite and shale

pebbles.

Laterite pebbles

Soil.

" Kakru."

Broken shale.

o 0 a o ^

* 0 'O • fl

o » * 0 ,

I' 4'

o' 8'

1' io"

2 2"

 

Fig. 3.—Section of a pit at Kalianpur.
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The section, Fig. 3, represents the constitution of the alluvium in

the shallow pits. The kakru consists of fragments of shale and

rounded sandstone pebbles embedded in mud.

Ganeshpur.—The Ganeshpur workings are along the left bank of

the Ranj river, a little lower down than the Kalianpur ones. The

river at this place flows between deep alluvial banks, so that the pits,

although entirely through alluvium, may, nevertheless, be over 1 2 feet

depth. (See section. Fig. 4.)

♦• . . . . •

' C- . O e

Pebbly soil o' 11"

Ordinary 8' 8*

alluvial soil,

buff-coloured-

" Kakru " 2' 6"

consisting

largely of shale

fragments.

Vindhyan shale.

Fio. 4—Section of a pit at Ganeshpur.

The thickness of the layers is as follows :—

Thickness Total

of layer. depth.

Pebbly soil o' it" o' 11"

Ordinary alluvial soil, buff coloured . . 8' 8" 9' 7*

Kakru consisting largely of shale fragments 2' 6 12' 1"

Vindhyan shale.

Rddhdpur,—The workings on the right bank of the Ranj river,

opposite Ganeshpur, are known as Ridhapur and resemble those of

Ganeshpur.

Chhota Manakpur.—Workings of the same nature are found at

Chhota Manakpur, west of the Bisramganj (Ajaigarh) road, along

streams draining the plateau which, on the map, is shown as carrying

a village called Kodaia, but which, I understand, is now known as Bara
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Manakpur. A large area occupied by the weathered remnants of the

mudda, and similar to such areas as Sn'nagar and Ogra, is worked

during six months (beginning with the rains) all about Bara Manak

pur. It appears to be, now, largely exhausted. The redistributed

material from these weathered surfaces forms again a kakru layer in

the alluvium of the rivers draining it, resting, however, on denuded

Kaimur sandstone, not on Rewa shales.

Bandi.—Conditions similar to those of Bara Manakpur and Chhota

Manakpur also exist at Bandi, where the workings only take place dur

ing the rains and are now languishing.

Htrapur.—Alluvial workings similar to those of Ganeshpur and

Radhipur, etc., were formerly carried on in the Kuria river near Hfra-

pur, W. S. W. of Panna, but have now been abandoned.

Old Panna.—The workings in the valley of the Kuria river near

Old Panna are also alluvial, but are situated on a horizon lower than

that of the original mudda.

Itwa.—Formerly there were " direct " workings at Itwa, which

have been described by Medlicott and by Ball. The only workings

that are now actively carried on in that locality are alluvial. Those

that I saw are along the river that flows past Maraia into Itwa and

are situated above Maraia. The depth of alluvial soil is considerable.

The first pit that I saw is 25$ feet deep. Of this amount, 18 feet are

above the water-level, the remaining 7$ feet under water. Below this,

again, comes one foot of kakru, the diamond-bearing gravel mixed

with lateritic pebbles. Another pit 20 feet deep had just reached the

water-level, and required another io$ feet before reaching the dia-

mantiferous gravel, making it much deeper therefore than many of the

"deep " mines at Shahidan.1

There is no mechanical appliance for lifting out the water from

these pits. It is removed simply by earthenware vessels handed up

from below. In one pit I saw a tunnel leading from the floor of the

pit and communicating with a small inclined channel to drain the pit

into the river-bed close by.

1 I was given to understand that the laterite pebbles associated with this

alluvial kakru are known as chila. Franklin and Jacquemont refer the word

chila not to a particular kind of rock, but to superficial workings in general. It

may be that the word properly belongs to the laterite pebbles and is consequently

applied to the workings containing such pebbles, all of which workings are more or

less of the alluvial class.
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These workings are situated principally on the dip-slope of the

Upper Rewa sandstone, and extend from Sakeriya

6.—Workings con- near Panna to Jhanda and Naogaon near Kothi.

nected with the Upper ,„ ., , ■
Rewa conglomerate. A" tnese belong to the same type as the

"shallow" workings on the Kaimur dip-slope.

As there was no work in progress at the time of my visit, I did not

ee any exposure of the undisturbed conglomerate. The excavations

are carried on only during the rainy season. I only saw one pit, which

was specially excavated at Sakeriya, in order to give me some idea of

the formations met with.1

The section observed was as follows (Fig. 5) :—

" Malwa,"

mostly laterite.

« » , » > . • »i

' Kakru.'
4

a *> ft I* II"

Upper Rewa

sandstone.

 

Fig. 5—Section of a pit at Sakeriya.

1 hickneas Total

of layer. depth.

Maliua, mostly laterite pebbles . • i' It" r n"

Kakru I' 11" 3 10"

Upper Rewa sandstone.

1 The workings referred to by Medlicott (Mem. G. S. I., Vol. II, p. 73) are

not situated at Sakeriya itself, but north of that village, in the gorge of a river

which cuts across the Rewa scarp and flows from Sakeriya to Udesna. The pits

described by Medlicott are situated about half-way between these two localities

and are alluvial workings, the gems being derived from the disintegration of the

Upper Rewa conglomerate exposed near Sakeriya. 1 he workings at Sakeriya

proper are those referred to by Medlicott in the following words : " Above these

deep pits which are never far from the stream, and well up on the slope of the

Rewah sandstone, are chila diggings in thel surface Interitic gravel."
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The kakru consists of soil, fragments of Vindhyan sandstone, and

pebbles of vein-quartz.

On the opposite side of the same pit, the kakru is not overlaid

immediately by lateritic soil, or malwa, but there intervenes a curious

accumulation of irregularly bedded, friable, bright-coloured sandstone

known as chanchar ^qfar- Many of the boulders of weathered

Vindhyan sandstone, boulders which perhaps existed as detached

blocks at a period as old as the Deccan Trap, have now become quite

friable, and, in the disturbed and ill-exposed walls of the small pit, one

cannot entirely escape the suspicion that this friable sandstone may

be simply accumulated fragmentary slabs of Vindhyan sandstone that

has become friable. At the same time, the bedding appears too dis

tinct to be in all certainty a mere accumulation of Vindhyan fragments,

and one is led to the conclusion that it is either a recent semi-indu

rated alluvial sand, or, possibly, a remnant of the Lameta group, in

which latter case the underlying kakru would necessarily be partly

of Lameta age, which attribution is by no means improbable, since

the geographic conditions in those days were very similar to those

prevailing at present. (See section, Fig. 6.)

Soil.

 

" Chanchar."

" Kakru."

Vindhyan sandstone.

 

Fig. 6—Another part of the pit represented in Fig. 5.

The diamonds are sold by auction, at Panna, at the beginning of

. „ each month. In the case of stones of less than
7.—Disposal. ... ... ...

o ratis in weight, the owner obtains three quar

ters of the price and the State one quarter. After the highest bid,

the original owner has the option of buying the stone at that figure.

Stones of 6 ratis and over are the property of the State, The finder

in thjs case gets one quarter of the value.
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It follows from the above account that, in order to obtain the

„ „ diamond-bearing conglomerates or gravels, the

8.—Suggestions re- . , t . . i • • ,
gardlng the possibility entire column ot strata overlying them is removed.

of increasing the: present This is equivalent to quarrying away the entire

outturn of the mines. . 1 •

formation, sometimes as much as 60 feet thick,

from above the diamantiferous layer, though the actual productive

layer thus laid bare is scarcely ever more than 2 feet thick and often

only a few inches. Moreover, owing to the want of care in the

method pursued, it may be safely asserted that the material is quar

ried twice over, as every mine has to be started through the accumu

lated rubbish of previous excavations.

The method is probably the only practicable one in the case of the

alluvial deposits, and, with respect to the " shallow workings," it is

certainly the most advantageous one, provided that the work be sys-

tematised, and not carried on at hap-hazard as it is at present. But

with regard to the deep workings of the " direct " type, which must

eventually become the most extensive ones to the final exclusion of the

two other classes, which will be the first to attain exhaustion, the waste

of labour in removing material to a depth of close upon 60 feet must

be excessive. That the work should be remunerative with such a

system, or rather want of system, seems a fairly conclusive indication

that the present outturn and profit could be bettered by a more

economic method.

The constancy of the Vindhyan conglomerate over a considerable

area is one of the favourable features of the case. The present work

ings are situated at small distances from one another all along the out

crop and have probably originated at each locality from chance dis

coveries, the workings having spread until the flooding of the pits or

other material difficulties prevented them from advancing any further

in any particular direction. In some instances where attempts have

been made to reach the conglomerate through pits situated at some

distance from any workings, the work has had to be discontinued

before reaching a sufficient depth, owing to the influx of water. A

few inexpensive trials will suffice to verify the regularity of the

diamond-bearing capacity of the conglomerate.

At all events, there are some places, such as Shahidan, Bhowani-

pur, Kalianpur, where the diamantiferous bed certainly forms a

regular stratum, and where it could be mined like any other material

' occurring in regular layers, such as coal. A shaft should be sunk fur

ther from the superficial outcrop than the present pits. In order to
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reach the diamantiferous conglomerate, the depth of such a shaft at

the foot of the Rewa scarp would have to be about 200 to 250 feet.

About half-way between the foot of the scarp and the limit of the out

crop, the depth would be about half that amount, that is, about 100

feet. It might be advisable to commence work with a shaft of about

that depth in order to minimise the initial expenditure. The shaft

would then constitute the deepest portion of the mine, and the work

would proceed by galleries driven up the dip-slope. By this method,

parts of the field could be attacked that have never before been

touched. The drainage of the mine would be pumped from its

lowest level, that is, from the shaft.

It is difficult to estimate the cost of working by this method

because this diamantiferous conglomerate is very different from all

other diamantiferous deposits in other parts of the world, so that the

workings in other places, such as South Africa or Brazil, can furnish

no point of comparison. The only form of mining that resembles the

one I propose, is coal-mining. I have attempted to form an idea of

the probable cost by considering that of mining in the Bengal coal

fields. I am indebted, for the following figures, to the kindness of

my colleague, Mr. Simpson, Mining Specialist, Geological Survey of

India :—

Cost of well-regulated colliery in Raniganj coal-field, Bengal

{by E. S, Wood, Esq., Bengal Coal Co.).

Cost per ton.

Coal-getting .

Under-ground labour

Surface labour .

Stores . t

Workshops 1

Repairs . .

K a. p.

o 14 6

030

026

036

020

o 1 6

Calcutta Agents

1 14 6

060

246

In order to compare this cost with the probable cost of extracting

the diamond ore by systematic mining, it is useful to find out the cost
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per cubic foot instead of per ton. The item " Calcutta Agents" can

be neglected, as it would not occur in the proposed diamond mining,

so that it is sufficient to regard Ri- 14-6 as the cost per ton, making

the cost per cubic foot R 1-2-3 on the supposition that the density

of the coal is i-4.

The extraction of a cubic foot of the diamantiferous conglomerate

will cost much more than the above figure, first, because the rock is so

much harder than coal, and, secondly, because, as its thickness seldom

exceeds one foot, it is necessary to excavate a certain amount of

unproductive material in order that the galleries be 3 or 4 feet high,

sufficient for the men to work. Therefore, to uncover and extract an

amount of conglomerate occupying one square foot in plan, it will be

necessary to remove a column of strata of about 4 cubic feet in bulk,

of which 3 feet or more may consist of shale, the remainder of conglo

merate. If the cost per cubic foot were the same as for coal, the

work would cost about 4 annas 9/2 pies per square foot of conglo

merate, regardless of its thickness. The shales are very easily

removed and the cost of excavating them is probably not greater

than in the case of coal. But the cost of removing the conglomerate,

and that of the surface operations, is greater in the case of diamond

ore than in the case of coal.

It will not be possible to use in an under-ground mine the present

method of heating the surface of the stone to detach the conglomerate,

which must be either blasted or wedged, whichever proves to be more

convenient and economical. This is a cost which does not occur in

Indian coal-mining, and it is difficult to reckon how much must be

added per superficial square foot on that account. At the same

time, there should be a slight difference in favour of the diamond

mines in that the excavated shale need not be raised out of the mine,

as it is of no value and can be used for filling up the worked-out

galleries.

In the neighbourhood of Itwa, where shales underlie the conglo

merate which is therefore situated at the roof of the galleries, wedging

would be easy and inexpensive.

It will probably be safe to assume that the above figure should be

doubled, raising the total cost per square foot of conglomerate to 9$

or 10 annas.

It remains now to find out whether more than nine or ten annas

worth ot gems can be expected on the average from every square

foot of conglomerate. The following figures kindly communicated by



306 Records of the Geological Survey of India. [Vol. XXXIII.

the Panna Darbar represent the total output for a period of one year,

of the " direct " workings at Shdhidan :—

Statement showing the total outturn of the group of Shdhidan

minesfor the year 1904.

Serial

No.
Months.

No. of

Diamonds.

Weight.

Price.
Ratis. Biswas.

H a. p.

682 8 01 January ....

February ....

9

'5

16

10

12

14

24

35

29

13

10

13

16

1

1 '5 959 8 0

1,448 6 6

659 3 3

459 6 6

982 10 9

919 6 9

M37 2 9

t.303 5 3

547 6 6

183 3 6

37' 8 9

3

4

3

6

28 8

7

8

"3

11

19

24

41

33

12

6

8

3

■ 0

16

8

11

3

0

8

10

9

10

September . . . •

October ....

November ....

December ....

11

12 9

Total

Diamonds weigl

196 228 16 9,952 12 6

I February ....

ing 6 R

1

1

1

atis and

31

above.

s

18

4,396 0 0

207 0 0

1,079 0 0

2 6

3 September .... 8 6

Total

GRAND TOTAL

3 46 12 5,682 0 0

•99 375 8 15.634 12 6

During the period which this list refers to, the average number of

the Shahidan mines was about 20. From the dimensions of the shafts,

and the area occupied by the radiating tunnels, I am probably not far

wrong in assuming that the average area uncovered in each of these

mines is about 4o'x4o', that is, 1,600 square feet. Distributing over

that area the total value of the diamonds raised, it would give an

average of 8 annas per square foot, which could not pay according to

the above calculation. Possibly, however, my data are not sufficiently

accurate. It is difficult, nevertheless, to detect the flaw in this

estimate, for in considering the case of Lalla Ram Sukh's mine,

regarding which I have obtained accurate information, I find that the



PAKT 4.] VREDENBURG : Patina Diamonds. 307

cost of mining, according to the present method, is at least 9 annas

per square foot. According to the current regulations the State's

share is one quarter of the value of gems below 6 ratis in weight.

Therefore, the expenses could not be covered unless the average value

of the gems were 1 2 annas per square foot, and in order to give any

thing like a margin of profit, it would have to be much greater still,

probably Ri.

Lalla Ram Sukh's mine has been described in a previous section of

this chapter (pages 290-1). Its diameter is 35 feet, and, taking into

account the galleries driven round it, the total area of conglomerate

uncovered cannot be less than 1,600 square feet.

The expenses gathered from the above-quoted figures would be

about as follows :—

R

Ten men at R6 for 2 J- months .... 150

Fifteen women at R3 for 2 J months

Eight men at R6 for 9 months

Eight women at R3 for 9 months .

Cost of tools ....

II2\5

432

216

30

94°'5

This gives a cost of more than 9 annas per square foot. I neglected

to ascertain the cost of the wood used as fuel for breaking up the con

glomerate. It amounts probably to R8 or Rio. With sundry other

unforeseen expenses, the cost may be reckoned at something between 9

and 10 annas per square foot.

Applying this information to that contained in the previous list,

there are some more points deserving careful attention. Deducting

the proportion allotted to the State, that is, one-fourth of the value with

regard to diamonds of less than 6 ratis, and three-fourths with regard

to those of that weight and above, we find that the value obtained by

the miners was R8,884-8. On the other hand, if there were 20 mines

worked at an average cost of R500, this would imply a total expendi

ture of R 1 0,000, leaving the miners the losers by over R 1,000. The

average of R500 which was stated to me must be about correct, for, in

the cost given for Lalla Ram Sukh's mine, the expenditure under

the head of surface operations alone comes to nearly R300 and must

recur practically to the same amount in every other mine. The only

item subject to any great variation is that regarding the actual excava

tion. In this one particular instance it amounts to R652I. In some

of the mines it must be much less, but in many others it must be much
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more, either on account of the greater depth of the pit, or owing to

the necessary installation of a "persian wheel." Therefore the

average of R500 cannot be at all over-estimated. This being so, it

follows that, if I have not been completely misinformed regarding

the number and importance of the mines, the figures, as they stand,

imply working at a considerable loss. Whatever' may be the chances

of an occasional big find and their influence in encouraging a gambling

spirit amongst the workers, it seems incredible that a whole community

should deliberately continue, year after year, to work this area at

such a serious loss. Unless, therefore, some of my data are quite

incorrect, it must necessarily follow that some of the gems are diverted,

and that the persons responsible for these abstractions are not the

actual labourers, but their employers. This conclusion is a matter of

importance in connection with any scheme for working on a more

extensive scale, showing, as it does, that it is not the actual labourers

who are most to be feared in this respect. Moreover, as will be easily

understood from the details given in the previous chapter dealing with

the extraction of the gems, there is not much opportunity of finding

any gems during the actual work of excavation, as they mostly turn

up during the subsequent operations.

So far as can be estimated from a consideration of these data, we

may regard 12 annas as the minimum value of the superficial square

foot of the diamond conglomerate. On an average, the present cost

of working appears to be about the same, per square foot, as what I

have regarded as a probable estimate for systematic mining. Only it

must be kept in mind that, in the latter case, the cost will not be

greater at 300 feet depth than at 30, and, therefore, it will be possible

to open out an area out of all proportion with the small field acces

sible by the present method.

If a shaft is sunk at the foot of the " Rewa'' scarp, it will have to

be about 250 feet deep in order to reach the diamantiferous conglo

merate. In order to restrict initial expenditure, there is, however, no

reason to start with such a deep shaft. As I have already remarked,

a point can be selected where the depth will not be more than 100

feet. At any point situated half-way between the Upper Rewa scarp

and the northern boundary of the Lower Rewa shales, or limestones,

the conglomerate may be expected at about that depth.

Beyond the Rewa scarp, that is, on the Upper Rewa dip-slope, a

shaft, in order to reach this conglomerate, would have to traverse the

whole thickness of the Rewa sandstone, which- would add enormously
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to the cost. The area that can be profitably worked is, therefore,

practically coincident with the outcrop of the Revva shales. The con

glomerate is known to occur as far as Bambia on the eastern side and

Kishengarh to the west, a length of about 65 miles. It is not certain,

however, that it is diamantiferous for the whole of that extent. But

it may be fairly assumed that it is so throughout the area included

between the easternmost and westernmost diamond mines, that is,

from Majgama in Paterkechar territory, east of the valley of the Bagain,

up to another locality also called Majgama in Panna territory, 12

miles south-west of Panna. Between these limits the area under

which the diamantiferous layer could be reached by shafts of less

than 250 feet is over a hundred square miles, and this estimate must be

nearly doubled if the layer maintains a sufficient proportion of gems

up to Kishengarh and Bambia.

The matter is so clear that there seems no reason why the work

should not be undertaken by the State. Further prospecting cannot

disclose anything new. The only preliminary work to be undertaken

is that of making a few excavations. If these yield satisfactory results,

a moderate capital should suffice to start systematic work. After

careful consideration, I am of opinion that it is essential, for the success

of the enterprise, to secure from the very commencement, and for a

certain number of years at least, the services of a fully qualified and

experienced European mining engineer, one with a knowledge of coal

mining, which is the only sort of mining that can be compared to the

present one. A competent engineer of this kind might be obtained at

a salary of R 1,000 a month. In the Bengal coal-fields the cost of

sinking a shaft is about R40 per foot for depths between 100 and 500

feet. One year, or, at most, two years, of systematic trials should be

amply sufficient to settle the possibility of remunerative working.

Various improvements in the surface operations, such as the use

of mechanical crushers, or of mechanical appliances for sorting the

material according to specific gravity, would, no doubt, readily suggest

themselves to a competent engineer. The surface operations could,

no doubt, be improved and systematised so as to necessitate far less

handling than is at present needed. I have already mentioned that in

the actual extraction of the conglomerate the chances of finding gems

are very small. It is therefore the surface operations that more par

ticularly need strict supervision, though the employment of women

and children entirely precludes the possibility of such severe measures

as are practised in the South African mines. The women and
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children are often more skilful than the men in picking out the stones,

and I believe it is a well-recognised principle in the employment of

Indian labour to attempt to combine the work of men and women and

children, thus enabling all the members of one family to assist one

another in gaining their livelihood. Systematising the work will

allow better supervision and will minimise the chances of peculation.

A certain amount of loss is inevitable in an enterprise of this sort,

but in countries like India coercive measures like those of South

Africa cannot be resorted to, and it is only by infinite patience and

tact that this difficulty can be dealt with. There should be a better

chance of ultimately obtaining this result if the State are the employeis

than if the workings are leased to an outsider.

Until something is decided regarding the systematic development

of the ore, it would be most inadvisable to interrupt any of the workings

at present in progress. They should be restricted, however, to the

area which is worked at present, and no fresh area should be opened

out. But it is essential to keep the work going so as to preserve a

nucleus of skilled workers. A plan of the works in their present

state should be surveyed and kept up to date every following season,

so as to avoid working the same areas twice over.

Regarding the " shallow " workings, it is most important that at

places like Bhowanipur, that are actively worked, some method should

be immediately imposed upon the workers, to avoid the enormous

amount of waste that must otherwise ensue.

The area which is at present worked has been treated so irregu

larly that there is probably not much chance of improving it. But

immediately south of the portion riddled by shallow pits, no further

work should on any account be permitted, unless it conforms to

a systematic plan.

AREA THAT HAS BEEN

IRREGULARLY EXCAVATED

N

proposed trench for i90s

7Se^

 

AREA RESERVED FOR 1908

pIG. 7—Plan of portion of proposed systematic writing at Bhowanipur.
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I would suggest that, south of the

area that has been irregularly bur

rowed, a regular trench, of convenient

width, say, 10 to 20 feet, should

be excavated, and the material carted

away. The miners themselves can

dig this trench, as they will thereby

uncover the diamantiferous layer, but

it might be advisable to cart away

the rubbish at the expense of the

State, as this will not recur in follow

ing years. Once this has been done,

no further work should be allowed,

except along a strip of land parallel

with the open trench. This open

trench will constitute a convenient

dumping ground for the rubbish from

the excavations in progress. In this

way a clear face will always remain,

and the work can continue, year after

year, in a southerly direction by the

removal of successive slices, until the

depth becomes so great that under

ground mining would be more remu

nerative (see diagrams Figs. 7 and 8).

The searching floors and washing

troughs might be congregated round

certain definite spots, which might

make them more permanent and might

be a convenience to the workers,

while facilitating supervision. I would

suggest to sift the material with wire

screens, as it seems to me that it

would facilitate searching for gems if

the particles were more uniform in size.

With regard to the alluvial work

ings, it is scarcely possible to suggest

much improvement on account of the

inevitable irregularity of their mode

of occurrence. They should, however,

be surveyed like the other workings,

as, in this case too, there is always a

danger of useless and unprofitable

expenditure from attempting to works

the same area twice over as the sites

of old pits get forgotten.
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PART II.—MINERAL RESOURCES OTHER THAN DIAMONDS.

The State of Panna contains a considerable exposure of the Kaimur

sandstone which yields building stones of supe-
l.-Bulldlng stones. . } 6 . r

nor excellence wherever it occurs in India. It

is divisible into two groups, a lower one consisting of thick-bedded

sandstones often of great hardness, and an upper one of thinner-

bedded strata. It is this upper one which is the most useful, for it

contains beds so flaggy that they can be used as slabs, and others of

greater thickness up to 3 or 4 feet. The grain is even, the material

compact, and yet not so hard as to be difficult to work. The colour

of this rock is white or very pale yellow, sometimes faintly streaked

with pink. In the lower thick-bedded subdivision the colour is of a

pale buff and often very uniform. In other parts of India the Kaimur

sandstone is seldom so colourless as in Bundelkhand. The reason is

probably that in Bundelkhand it has been derived mainly from the

disintegration of the Bundelkhand granite, a rock which yields a very

pure siliceous sand, almost entirely free from ferruginous matter. In

other parts of India the Kaimur sandstone has often been derived

from rocks that are more ferruginous than the Bundelkhand Gneiss,

and, as a consequence, their colour is often of various shades of red.

In addition to numerous modern buildings, the Kaimur sandstone

of Bundelkhand furnished the materials of which are built those gems

of mediaeval art, the famous temples of Kajraha. The most beautiful

of all the larger temples, the one nearest the tank and called sometimes

temple of Chatur Bhuj, and sometimes temple of Lachman, appears to

have been built entirely with the hard sandstone of the lower subdivision.

The ancient quarries from which it was obtained appear to have been

situated at the outlying hill of "Jhanna" (PI. 24). It is probably

the extreme hardness of this stone that accounts for the wonderful

state of preservation of its exquisite carvings, although this temple is

not far from 1,000 years old. The next large temple to the north of

this one is only slightly less elaborate, and seems also to have been

all built of choice material. In both these temples, the material is of

uniform quality and colour. In the other temples this better quality

of sandstone has been used only for the more choice carvings. For the

plain parts of the work, and for pillars, cornices, friezes, running

ornaments, the thinner-bedded varieties either overlying or underlying

the thicker-bedded ones have been laigely drawn upon. Hence many

of the ornaments are not nearly so beautifully preserved as in the two
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temples first mentioned. Many of the blocks are conglomeratic.

Blocks of different colours, white, yellow or striped with red, were

originally placed in irregular juxtaposition. But all the parts most

exposed to the rain have become black, while the vertical portions and

those better protected have taken with age a uniformly golden tint

which makes them appear quite similar in general appearance to the

material of the two temples first mentioned. I mention these parti

culars because the distinguished archaeologists who have lately

examined these temples appear to have been under the impression

that they were all uniformly built with this yellow sandstone, and

decided that in some restorations which it is proposed to undertake

only a coloured sandstone should be used that would match the present

appearance of the temples. The Panna Darbar have been much

exercised in attempting to find a suitable material. Beds approaching

the requisite colour are seldom met with, and then only in patches, or

of less than the requisite thickness, or too hard, or otherwise unsuit

able. It should therefore be mentioned that no extensive mass of

sandstone could be found recalling the beautiful golden tint now

exhibited by the temples. This is only a superficial patina which the

stone has acquired with age : the original colour of the stone disclosed

by removing this film is invariably much paler.

The iron ores are of two kinds: the lateritic ones consisting of

j haematitic nodules scattered through the lower

clayey portion of certain kinds of laterite, and

the ore occurring in connection with the Bijawar strata which is a

ferruginous breccia. They have been described by Medlicott in the

Memoir already referred to, and by Ball in the Economic Manual of

the Geology of India. They are still smelted to a small extent in

charcoal furnaces, but 1 doubt whether the iron industry can ever be

revived in India by smelting according to the native methods, simply

because iron is a material now produced on such an enormous scale

that the very narrowest possible margin of profit has been reached, and

its production is remunerative only where there is an exceptional

combination of favourable circumstances and when the work is carried

out on an enormous scale. To try to smelt iron on a small scale at

the present day is probably equivalent, from an economic point of

view, to attempting to prepare galvanised or corrugated iron, or lead

pipes, or soda-water bottles on a small scale and by manual labour.

The result would be so imperfect, and the profit so small, that not even

he low-wage-earning population of India could live by it,



3 1 4 Records of the Geological Survey of India. [VOL. XXXIII.

Ir addition to the calcareous tufa of the river-gorges which is, to

some extent, worked for lime at the present day»

the Bhander limestone which outcrops all along

the " Haveli " valley contains inexhaustible stores of material identical

with that exploited in Rewa by the Sutna Lime Company.

Allusion has already been made to the ferruginous laterite largely

. developed in the State, which constitutes an

excellent material for road-making. Some of the

ochreous clays associated with it are used as pigment.

G. 1. C. I". O.—No. 5 D G. Survey -30-fi-ofi.



 

Part 3.—Note on the progress of the gold industry In Wynaad, Nilgiri district. Notes on

the representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna

districts. Senarmontite from Sarawak.

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest

on Bombay Island.

Vol. XII, 1879.

Part 1.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of

Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang

and Spiti. On a recent mud eruption in Ramri Island (Arakan). On Braunite, with

Rhodonite, from near Nagpur, Central Provinces. Palaeontological notes from the

Satpura coal-basin. Statistics of coal importations into India.

Part a.—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur,

Jabalpur district. A geological reconnaissance from the Indus at Kushalgarh to the

Kurram at Thai on the Afghan frontier. Further notes on the geology of the Upper

Punjab.

Part 3.—On the geological features of the northern part of Madura district, the Pudukota

State, and the southern parts of the Tanjore and Trichinopoly districts included within

the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from

Trichinopoly district,' collected in 1877-78. Notes on the genus Sphenophyllum and

other Equisetacea:, with reference to the Indian form Trizygia Speciosa, Royle (Sphe

nophyllum Trizygia, Ung.). On Mysorin and Atacamite from the Nellore district. On

corundum from the Khasi Hills. On the Joga neighbourhood and old mines on the

Nerbudda.

Part 4.—On the 'Attock Slates' and their probable geological position. On a marginal

bone of an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar,

Punjab. Sketch of the geology of North Arcot district. On the continuation of the road

section from Murree to Abbottabad.

Vol. XIII, 1880.

Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari

basin in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts,

being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil

fishes from Ramri Island andthe Punjab. Note on the fossil genera Noggerathia, Stbg.,

Nfiggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks

of Europe, Asia, and Australia. Notes on fossil plants from Katty war, Shekh Budin, and

Sirgujah. On volcanic foci of eruption in the Konkan.

Part 3.— Geological notes. Palasontological notes on the lower trias of the Himalayas. On

the artesian wells at Pondicherry, and the possibility of finding such sources of water-

supply at Madras.

Part 3-—The Kumaun lakes. On the discovery of a celt of palaeolithic type in the Punjab.

Palscontological notes from the Karharbari and South Rewah coal-fields. Further notes on

the correlation of the Gondwana flora with other floras. Additional note on the artesian

wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the

Arakan coast on iath March 1879 and in June 1843.

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford

of an extreme climate during a portion of that period. Useful minerals of the Arvali

region. Further notes on the correlation of the Gondwana flora with that of the Aus

tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The re-

soils of Upper India. Note on the Naini Tal landslip, 1 8th September 1880.

Vol. XIV, 1881.

Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring

districts, being fifth notice of the geology of Kashmir and neighbouring territories. Note

on some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the

South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic

rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants.

Travelled blocks of the Punjab. Appendix to ' Palaeontological notes on the lower trias

of the Himalayas.' On some mammalian fossils from Perim island, ia the collection of the

Bombay Branch of the Royal Asiatic Society.

Part 2.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gond

wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records,

and the raining record office of Great Britain ; and the Coal and Metalliferous Mines



 

Acts of 1872 (England). On eobaltite and danaite from the Khetri mines, Rajputana ;

with some remarks on Jaipurite (Syepoorlte). On the occurrence of line ore (Smithaonite

and Blende) with barytes, in the Karnul district, Madras. Notice of a mud eruption in the

island of Cheduba.

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North

west Himalayas. On a fish-palate from the Siwaliks. Palaeontological notes from the

Hazaribagh and Lohardagga districts. L'n described fossil carnivora from the Siwalik hills

in the collection of the British Museum.

Part 4.—Remarks on the unification of geological nomenclature and cartography. On the

geology of the Arvali region, central and eastern. On a specimen of native antimony

obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggia-

pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Nate on the section

from Dalhousie to Pangi, vid the Sach Pass. On the South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vot. XV, 188a.

Pari 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth

notice of geology of Kashmir and neighbouring territories). On aome Gondwana laby-

rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North-west

Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds in

India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from

Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Darjiling

district; (2) arsenical pyrites in the same neighbourhood; (3) kaolin at Darjiling (being

3rd appendix to a report on the geology and mineral resources of the Darjiling district

and the Western Duars). Analyses of coal and fire-clay from the Makum coal-field, Upper

Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to

the production of gas, made April 29th, 1881. Report on the proceedings and result of

the International Geological Congress of Bologna.

Part 3.—General sketch of the geology of the Travancore State. The Warkilli beds and

reported associated deposits at Quilon, in Travancore. Note on some Siwalik and

Narbada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the

Mand rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwan

district. Central Provinces. On borings for coal at Engsein, British Burma. On

sapphires recently discovered in the North-west Himalaya. Notice of a recent eruption

from one of the mud volcanoes in Cheduba.

Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh

on the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite

from the Western Ghats, Bombay. On the traps of Darang and Mandi in the North

western Himalayas. Further note on the connexion between the Hazara and the Kashmir

series. On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal

field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the

Henzada district.

Part 4.—On a traverse across some gold-fields of Mysore. Record of borings for coal at

Beddadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the

Kistna.

Vol. XVI, 1883.

Part 1.—Annual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciana,

Koninck). On the geology of South Travancore. On the geology of Chamba. On the

basalts of Bombay.

Part i.—Synopsis of the fossil vcrtcbrata of India. On the Bijori Labyrinthodont. On a

skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the

manufacture of iron, in the north-eastern part of the Jabalpur district. On laterite and

other manganese ore occurring at Gosulpore, jabalpur district. Further notes on the

Umaria coal-field.

Part 3.—On the microscopic structure of some Dalhousie rocks. On the lavas of Aden.

On the probable occurrence of Siwalik strata in China and Japan. On the occurrence of

Mastodon angustidens in India. On a traverse between Almora and Mussooree made in

October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near

Laour, in Sylhet.

Part 4.—Palawntological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur.

On the altered basalts of the Dalhousie region in the North-western Himalayas. On

the microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology

of Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khaila(
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Jaintia, and North Cacliar Hills. On native lead from Maulmain and chromito from the

Andaman Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba

Island, Arakan. Notice.—Irrigation from wells in the North- Western Province* and

Oudh.

Vol. XVII, 1884.

Part 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mud

banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam

and other caves in the Kurnool district. On the geology of the Chuari and Sihunta

parganas of Chamba, On the occurrence of the genus Lyttonia, Waagen, in the Killing

series of Kashmir.

Part a.—Notes on the earthquake of 31st December 1881. On the microscopic structure of

some Himalayan granites and gneissose granites. Report on the Choi coal exploration.

On the re-discovery of certain localities for fossils in theSiwalik beds. On some of the

mineral resources of the Andaman Islands in the neighbourhood of Port Blair. The

intertrappean beds in the Deccan and the Laramie group in western North America.

Pari 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from

the Peshawar Valley to the Salt-range. On the selection of sites for borings in the

Raigarh-Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces.

The Turquoise mines of Nishapflr, Khorassan. Notice of a further fiery eruption from

the Minbyin mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field,

south-west Khasia Hills. Additional notes on the Umaria coal-field.

Part 4.—On the Geology of part of the Gangasulan paxgana of British Garhwal. On

fragments of slates and schists imbedded in the gneissose granite and granite of the

North-west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water

anchorages of the Travancore coast. On auriferous sands of the Subansiri river,

Pondicherry lignite, and phosphatic rocks at Musuri. Work at the Billa Surgam caves.

Vot. XVIII, 1885.

Part I.—Annual report for 1884. On the country between the Singareni coal-Geld and the

Kistna river. Geological sketch of the country between the Singareni coal-field and

Hyderabad. On coal and limestone in the Doigning river, near Golaghat, Assam.

Homotaxis, as illustrated from Indian formations. Afghan field notes.

Part 3.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of

the Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelui

Antiquus, nobis ex Falc. and Caut. MS.). On the Geology of Chamba. On the pro

bability of obtaining water by means of artesian wells in the plains of Upper India.

Further considerations upon artesian sources in the plains of Upper India. On the

geology of the Aka Hills. On the alleged tendency of the Arakan mud volcanoes to

burst into eruption most frequently during the rains. Analyses of phosphatic nodules and

rock from Mussooree.

Part 3.—On the Geology of the Andaman Islands. On a third species of Merycopotamus.

Some observations on percolation as affected by current. Notice of the Pirthalla and

Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British

Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthquake

of 30th May 1885. On the Bengal earthquake of 14th July 1885.

Part 4.—Geological work in tbe Chhattisgarh division of the Central Provinces. On the Bengal

earthquake of July 14th, 1885. On the Kashmir earthquake of 30th May 1885. On the

results of Mr. H. B. Foote's further excavations in the Billa Surgam caves. On the

mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite.

Vol. XIX, 1886.

Part t.—Annual report for 1885. On the International Geological Congress of Berlin. On

some Palaeozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the

Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan

and Persian Field notes. On the section from Simla to Wangtu, and on the petrologi-

cal character of the Amphiholites and Quartz Diorites of tbe Sutlej valley.

Parti.—On the Geology of parts of Bellary and Anantapur districts. Geology of the Upper

Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive

rocks from the Central Himalayas. Preliminary note on the Mammalia of the Karnul

Caves. Memorandum on the prospects of finding coal in Western Rajpu tan a. Note on

tbe Olive group of the Salt-range. On the discussion regarding the boulder-beds of the

Salt-range. On the Goudwana Homotaxis.
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Part j.— Geological sketch of the Vizagapatam district, Madras. Preliminary note on the

geology of Northern Jesalmer. On the microscopic structure of some specimens of the

Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat

district, C. P.

Part 4.—On rhe occurrence of petroleum in India. On the petroleum exploration at Kh.itan.

Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3,

Turkistan. Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island,

Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza

valley, Upper Burma.

Voi. XX, 1887.

Part 1.—Annual report for 1886. Field-notes from Afghanistan t No. 4, from Turkistan to

India. Physical geology of West British Garhwal; with notes on a route traverse

through Jaunsar-Bawar and Tiri-Gnrhwal. On the geology of the Garo Hills. On some

Indian image-stones. On soundings recently taken off Barren Island and Narcondam.

On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the

Salt-range, Punjab.

Part 3.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the

Lower Narbada Valley, with remarks upon their geological age. Field-notes : No. 5—to

accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On the

microscopic structure of some specimens of the Rajmahal and Deccan traps. On the

Doleritc of the Chor. On the identity of the Olive series in the east with the speckled

sandstone in the west of the Salt-range in the Punjab.

Part 3.—The retirement of Mr. Medlicott. Notice of J. B. MushketofFs Geology of Russian

Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and

Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Note on the

•Lalltpur' meteorite.

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of

the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the

western portion of the District of Raipur. Notes on Upper Burma. Boring exploration

in the Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Meta-

morphism, with reference to the foliation of the Himalayan Gneissose Granite. A list and

index of papers on Himalayan Geology and Microscopic Petrology, published in the

preceding volumes of the Records of the Geological Survey of India.

Vol. XXI, 1888.

Part t.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya.

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

pelago. Memorandum on the results of an exploration of Jessalmer, with a view to the

discovery of coal. A facetted pebble from the boulder bed (' speckled sandstone ') of

Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained

by trawling off Colombo.

Part a.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The

Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks

of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and

Mehowgale coal-fields, Kashmir.

Part 3.—The Manganese Iron and Manganese Ores of jabalpur. 'The Carboniferous

Glacial Period.' The sequence and correlation of the pre-tertiary sedimentary forma

tions of the Simla region of the Lower Himalayas.

Part 4.— On Indian fossil vertebrates. On the geology of the North-west Himalayas. On

blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. On some mica

traps from Barakar and Raniganj.

Vot. XXII, 1889.

Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in

South India. (Second notice.) On the Wajra Karur diamonds, and on M. diaper's

alleged discovery of diamonds in pegmatite near that place. On the generic position

ot tne so-called Plesiosaurus Indicus. On flexible sandstone or ItacoIumKe, with special

reference to its nature and mode of occurrence in India, and the cause of its flexibility.

On Siwalik and Narbada Chelonia.

Part 3.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. The

'Carboniferous Glacial Period.' Notes on Dr. W. Waagen's ' Carboniferous Glacial

Period.' On the oil-fields of Twingoung and Berne, Burma. The gypsum of the Neha]

Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of

Jabalpur and of Umaria.

Part 3.—Abst-act report on the coal outcrops in the Sharigh Valley, Baluchistan. On the

discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range.
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Geological notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobalt i-

ferous Matt from Nepal. The President o( the Geological Society of London on the

International Geological Congress of t888. Tin-mining in Mergui district.

Part 4.—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the

Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous

iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the Rajmah.1l

hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the

local distribution of important minerals, miscellaneous minerals, gemstones, and quarry

stones in the Indian Empire. Part 1.

Vol. XXIII, 1S90.

Part 1.—Annual report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the

Pectoral and pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate

icmains from the Nagpur district (with description of a fish-skull). Crystalline and

metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section IV. On the

bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast.

Part 2.—On the most favourable sites for Petroleum explorations in the Harnai district,

Baluchistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at

Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper

Burma). A description of some new species of Syringosphxridx, with remarks upon their

structures, &c.

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin

Railway between Shaxigh and Spintangi, and of the country between it and Khattan

(with a map). Report of a journey through India in the winter of 1888-89, by

Dr. Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields

of Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). Further

Note on Indian Steatite. Provisional Index of the Local Distribution of Important

Minerals, Miscellaneous Minerals. Gem Stones, and Quarry Stones in the Indian Empire

(continued from p. 286, Vol. XXII).

Part 4.—Geological sketch of Naini Tal ; with some remarks on the natural conditions

governing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird

Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during

season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The

Deep Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine,

Hazara (with two plates).

Vol. XXIV, 1891.

Part t.—Annual report for 1890. On the Geology of the Salt-range of the Punjab, with a

re-considered theory of the Origin and Age of the Salt-Marl (with five plates). On veins

of Graphite in decomposed Gneiss (Latente) in Ceylon. Extracts from the journal of a

trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in

Rajputana, and of the Saline efflorescence called 1 Reh ' from Aligarh in the North- Western

Prorinces. Analysis of Dolomite from the Salt-range, Punjab.

rart 3.—Preliminary Report on the Oil locality near Moghal Kot, in the Sherani country,

Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of

the Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note on

the reported Namseka Ruby-mine in the Mainglon State. Note on the Tourmaline

(Schorle) Mines in the Mainglon State. Note on a Salt-spring near Bawgyo, Thibaw

State.

Part 3.—Boring Exploration in the Daltongunj Coal-field, Palamote (with a map). Death of

Dr. P. Martin Duncan. Contributions to the study of t lit Pyroxenic varieties of Gneiss

and of the Scapolite-bearing Rocks.

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling

Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a

map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two

plates).

Vol. XXV, 1892.

Part 1.—Annual report for 1891. Report on the Geology of Thai Chotiali and part of the

. Mari country (with a map and 5 plates). Penological Notes on the Boulder-bed of the

Salt-range, Punjab, Sub-recent and Recent Deposits of the valley plaint of Quetta,

Pishin, and the Dasht-i-Bedaolat; with appendices on the Charnans of Quetta ; and the

Artesian water-supply nf Quetta and Pishin (with one plate).

Part 3.—Geology of the Safed K<5h (with 3 plates of sections). Report on a Survey of the

Jherria Coal-field (with a map and 3 section plates) (out of print).

Part 3.—Note on the Locality of Indian Tscheffkinite. Geological Sketch of the country

north of Bhamo. Preliminary Report on the economic resources of the Amber and Jade

mines area in Upper Burma. Preliminary Report on the Iron-Ores and Iron -Industries

of the Salem District. On the Occurrence of Riebeckite in India. Coal on the Great

Tenasserim River, Mergui District, Lower Burma.
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Part 4.—Report on the Oil Springs at Mogha! Kot in the Shirani Hills (with 3 plates).

Second Note on Mineral Oil from the Suleiman Hills. On a New Fossil, Amber-tike

Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the

Salt-range.

Vol. XXVI, 1893.

Part /.— Annual report for 1892. Notes on the Central Himalayas (witfi map and plate).

Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence

of Burmite, a netv Fossil Resin from Upper Burma. Report on the Prospecting Opera

tions. Mergui District, 1891-92.

Pari 1.—Notes on the earthquake in Baluchistan on the 20th December 1892 (with 2 plates).

Further Note on Burmite, a new amber-likefossil resin from Upper Burma. Note on Ike

Alluvial deposits and Subterranean water-supply of Rangoon (with a map).

Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous

Fossils from Tenasserim (with I plate). On a deep Boring at Chandernagore. Note on

Granite in the districts of Tavoy and Mergui (with a plate).

Part 4.— On the Geology of the country between the Chappar Rift and Harnai in Baluchistan

(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Vailey with

special reference to the Tendau-Kamapying Coal-field (with two maps). On a Magnetite

from the Madras Presidency containing Manganese and Alumina. On Hislopite

(Haugbton) (with a plate).

Vol. XXVII, 1894.

Part I.—Annual report for 1893. Report on the Bhaganwala Coal-field, Salt-range, Punjab

(with map and 3 plates).

Pari 3.—Note on the Chemical qualities of petroleum from Burma Note on the Singareni

Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on the

Gohna Landslip, Garbwal (with 5 plates and 3 maps).

Part 3. — On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih

(Karharbari) Coal-field, with notes on the labour and methods of working (with 3 maps

and 8 plates of sections). On the Occurrence of Chipped (?t Flints in the Upper Miocene

of Burma (with a plate). Note an the Occurrence of Velates Schmideliana, Chemn.,

mnd Provelates|grandis, Sow. Sp. in the Tertiary Formation 0/ India and Burma (with 3

plates).

Part 4-— Note on the Geology of Wuntho in Upper Burma (with a map). Preliminary notice

on the Echinoids from the Upper Cretaceous System of Baluchistin. On Highly Phos»

phatic M ica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a

Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry, Same early allusions

to Barren Island; with a few remarks thereon. Bibliography 0/ Barren Island and

Narcondam,from 1884 to 1894; with some remarks.

Porta.—On the importance of Cretaceous Rocks of Southern India in etiolating the gengra-

phical conditions during later cretaceous times. Report on the Experimental Boring for

Pttroleum at Sukkur from October 1893 to March lSg$. The development and Sub

division of the Tertiary system in Burma.

Part 3.—On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology

of tkt Tochi Valley. On the existence of Lower Gondwanas in Argentina.

Part 4.— On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact

Effects. On some outliers of the Vindhyan system sooth of the Sone and their relation

to the so-called Lower Vindhyans. Notes on a portion ,/ the Lower Viodhyan area of

the Sone Valley. Note on Dr. Fritz NobTLInc's paper on the Tertiary system in

Burma, in the Records ef the Geological Survey of India for l8gs, Part t.

Vol. XXIX, 1896.

Pari t.—Annual report for 1895. On the Acicutar inclusions in Indian Car-nets. On the

Origin and Growth of Garnets and of their hticeopegmatitit intergrowths in Pyroxenit

rocks (with 1 plate).

Part ».— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills,

and other localities near Salem, Madras (with 2—6 plates). Preliminary notes an some

Corundum localities in the Salem and Coimbatore districts, Madras (with 7—9 plates).

On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On the

papers by Dr. KossmaT and Dr. Kurtz, and on the ancient Geography of " Gondwama'

land." Notes from the Geological Survey of India.

Part 3.—On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey

of India,

Part 4-— Report on the Steatite mines, Minbu District, Burma. Further notes on the Lower

Viodhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological

Survey of India.
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Vol. XXX, 1897.

Part 1.—Annual report for 1806. On some Norite and associated Basic Dykes and Lava-

flows in Southern India (with plates I to II). The reference of the genus Vertebraria.

On a Plant of Glossopteris with part of the rhizome attached, and on the structure

of Vertebraria (with plates III to V).

Part a.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the

Geologital Survey of India.

Part 3.—Note on Flow-structure in an Igneous dyke (with plate XI). Additional note on

the Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavationi

for corundum near Palakod, Salem District (with plate XIII). Report on the occurrence

of coal at Palana village in Bikanir State (with plate XIV). An account of the geolo

gical specimens collected by the Afghan-Baluch Boundary Commission of 1806 (with plate

XV). Notefrom the Geological Survey of India (with plates XVI and XVII).

Part 4.—On Nemalite from Afghanistan. On a quartz-barytes rock occurring in the Salem

District, Madras Presidency (with plate XVIII). Note on a worn femur of Hippopotamus

irravadicus, Caut. and Falc, from the Lower Pliocena of Burma (with plates XIX and

XX). On the supposed coal at jaintia, Baxa Duars. Percussion Figures on micas.

Notes from the Geological Survey of India.

Vol. XXXI, 1904.

Part /.— Prefatory Notice. On a deposit of copper ore near Komai, Darjeeling District. Note

on the Zewan beds in the Vini District, Kashmir. Report on the coal deposits of Isa

Khel, Mianwali District, Punjab. Report on the Um-Rileng Coal-beds, Assam. Note on

a sapphirine-bearing rock from Vizagapatam District. Miscellaneous Notes. Assays.

Part a.— Lt.-Genl. C. A. McMahon, F.R.S. Note on Cyclolobus Haydeni, Dianer. The

Auriferous Occurrences of Cbota Nagpur, Bengal. On the feasibility of introducing modern

methods of Coke-making at the East Indian Railway Collieries, with a supplementary

note by the Director, Geological Survey of India. Miscellaneous Notes (out of print).

Part 3.—The Upper Pala-ozoic formations of Eurasia. Note on the Glaciation and History of

the Sind Valley. On the occurrence of a Species of Halorites in the Trias of Baluchistan.

Notes on the Geology and Mineral Resources of Mayurbhanj. Miscellaneous Notes (out

' of print).

Pari 4.—The Geology of Upper Assam. The Auriferous Occurrences of Assam. On a

curious occurrence of Scapolite from the Madras Presidency. Miscellaneous Notes. Index

to Volume XXXI.

Vol. XXXII, 1905.

Part 1.—Review of the Mineral Production of India during the years 1898—1903.

Part 2.—General Report of the Geological Survey of India for the period April 1903 to Decem

ber 1904. Preliminary Note on the Geology of the Provinces of Tsang and 0 in Tibet

(with plate 7). The occurrence of Bauxite in India.—Miscellaneous Notes (out of print).

Part 3-—Notes on an Anthracolithic Fauna from the mouth of the Subansiri Gorge, Assam

(with plate 8). On the occurrence of Elephas Antiquus (Namadicus) in the Godavari

Alluvium. With remarks on the species, its distribution and the age of the associated

Indian Deposits (with plates 9—13). The Triassic Fauna of the Tropites- Limestone of

Byans. On the occurrence of Amblygonite in Kashmir. Miscellaneous Notes (out of

print).

Part J —Obituary notices of H. B. Medlicott and W. T. Blanford. Preliminary Account of the

Kangra Earthquake of the 4th April 1905 (with plates 14 and 15). Index to Volume

XXXII.

Vol. XXXIII, 1906.

Part 1.—The Mineral Production of India during 1904. Pleistocene Movement as indicated

by irregularities of Gradient of the Narbada and other Rivers in the Indian Peninsula

(with plates 1—4). On Recent Changes in the Course 'of the Nam-tu River, Northern

Shan States (with plate 5). Note on the Natural Bridge in the Gokteik Gorge (with

plates 6—91. Notes on the Geology and Mineral Resources of the Narnaul District

(Patiala State). Miscellaneous Notes.

Part 2.—General Report for 1905. The Lashio Coal-field (with plates 10 and 11). The

Namma, Man-sang and Man-se-le Coal-fields ( with plates 12 and 13). Miscellaneous

Notes.

Part 3.—Notes on the Petrology and Manganese-Ore Deposits of the Sausar Tahsil, Chhind-

wara District, Central Provinces (with plates 14—20). Notes on the geology of parts of

the valley of the Kanhan River in the Nagpur and Chhindwara Districts, Central

Provinces (with plate 21). On Manganite from the Sandur Hills (witb plate 22)

Miscellaneous Notes.

The price fixed for these publications is I rupee each part, or a rupees each volume.
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The publications of the Department include—

Palvkontoloqia Indica, arranged in series, and sold in parts which are priced at ^ annas

(6 pence) per plate.

Memoirs, Vols. I—XXXVI, including the larger papers on geological subjects.

Records, Vols. I—XXXI 1, including the shorter papers and annual Reports from 1868 to

1905, sold in parts, price one rupee each.

Manuali, Guides and Maps.

A complete list of the contents of these publications can be obtained by application to the

Registrar, Geological Survey of India, 27, Chowringhee Road, Calcutta. Indexes to the

Genera and Species described in the PaUeontologia Indica up to 1891, to the Memoirs,

Vols. I XX, and to the Records, Vols. I—XXX, have been printed for sale.
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INDEX TO VOLUME XXXIII.»

Subject. Page.

Actinolite in Chhindwdra district .

Aden, salt-production of, in 1903 and 1904

Mohan deposits, Persian Gulf area

Aftershocks of Kangra earthquake

Agate in Chhindwara district

Ajaigarh hill ....

Ajmer-Merwara, asbestos in .

, mineral concessions granted in 1903 and 1904

— , principal mineral products of

Akyab, petroleum production in 1903 and 1904

Albite in Chhindwara district

Alesur, crystalline limestone at

, garnet-bearing micaceous quartzite at

, graphic granite at .

, hornblende-schist at ...

, manganiferous crystalline limestone at

, quartz-felspar-rock at

, serpentinous crystalline limestone at .

——, tourmaline-quartz-pegmatite at

Allanite in Chhindwara district

" Alluvial workings" for diamonds in Bundelkhand

Alluvium in Chhindwara district .

Almandite in Chhindwara district

Alum, production in 1904

Aluminous laterite in Central India

Alwar quartzites, in Narnaul

Amarkantak

Ambajhiri, crystalline limestone near

, trap near . . .

Amber, production in 1904 .

, value of production in 1903 and 1904

Amphibole in Chhindwara district .

Amphibolite in Chhindwara district

Analyses of Northern Shan States coal

Andesine in Chhindwara district .

Andradite in Chhindwara district

1 S3, 192, 199,

215.

18.

114.

84.

215, 226.

269.

20.

32-

31-

id.

168, 177, 179, '94.

210, 215.

198.

187.

177-

184.

200.

178.

204 —206.

178'

193' 207, 15.

278, 298.

162, 224.

168, 172, 184, 199,

206, 207, 215,

218.

20.

108.

56.

40.

223.

222.

20.

3- „
167, 183, 202, 204,

215, 218.

167, 186, 218.

138—140, 151.

156.

172, 188, 193, 215.

215.



ii INDEX.

Subject.

Ankerite in Chhindwara district ....

Annual Report for 1905 .

Anorthite in Chhindwara district . . .

Anticlines, hypothetical, to account for accumulation of

tocene gravels . . .

Antigorite in Chhindwara district ....

Antimony ores from the Northern Shan States

Apatite in Chhindwara district ....

pleis

Aravali schists in Bundelkhand

series, in Narnaul

Archaean rocks of Chhindwara district

Aristocystis in Naungkangyi beds

Assam, analyses of coals from

, coal-production of, 1903 and 1904

, limestone-production of, 1904

, mineral concessions granted in, 1903 and 1904

, petroleum-production in 1903 and 1904

, principal mineral products

Asbestos in Ajmer-Merwara

Attock district, coal-production of, in 1904

Aubert, C .

Augite in Chhindwara district

Azurite at Sleemanabad

Badbada nala, serpentinous crystalline limestone in

Baghelkhand, gypsum at Satna ....

Bahrain series, Persian Gulf

Bakchor Chauki, Palkua shales near

Bakhtiyari series, Persian Gulf area

Balaghat district, manganese-ore production in 1903 and

, rocks of . . .

Baltistan, gold-washing in

Baluchistan, analyses of coals from . . .

, chromite-production of

, coal production of, 1903 and 1904

, mineral concessions granted, 1903 and 1904

, principal mineral products of

Kambanag cliff, Halorites-timestone of

Bandi, diamond workings near Panna

BAnspat, green diamonds

Baraigaon ....

Barakar iron-works

Barite at Sleemanabad

Basalt in Chhindwara district

■ in Nagpur district

1904

Basic dykes of Bijawar age .

Bather, F. A., on cystideans from Shan States

Page.

MS-

172, 194, 210.

39

203.

234-

164, 181, 182, 185,

187, 189, 190,

198, 200, 207,

216.

265.

56'

79, 8o, 162

74-

246, 247.

6, 8.

21.

22.

16.

22.

20.

8.

229.

163,215.

62.

201.

233-

112.

270.

"3-

14.

216.

12.

246, 247-

5-

6, 8.

*3-

23.

76.

300.

283.

221.

12, 23.

62.

I63, 225—227.

222, 227.

265

74-



INDEX. Ki

Subject.

Bawlake State, tin-production of, in 1903 and 1904

Behar, saltpetre refineries in, during 1904

Belgaum district, manganese-ore in

Bellarpur colliery, output for 1904

Bengal, analyses of coals from

, coal-production of, 1903 and 1904

gneiss in Chhindwdra district

gneiss in Nagpur district

, mica exports of, in 1903 and 1904

, mineral concessions granted in, 1903 and 1904

, principal mineral products of

, salt-production of, in 1903 and 1904

Berar, alluvial plain of ...

Betwa series .....

Betwa stage, name proposed by E. Vredenburg

Bhandara district, manganese-ore production in 1903 and

', rocks of .

Bharkum, manganese-ore deposit in

Bhewgarh ......

Bholghati meteorite, fall of .

Bhowanipur, diamond workings near Panna

Bichua, almandite gneiss in .

, crystalline limestone in

, manganese-ore deposit in

, plagioclase-hornblende-schist

, spessartite-pegmatite

, tourmaline-granite .

Bijawar, basic dykes of ...

Bijawar, iron ore ....

Bijawar, State, diamond localities in

Bijawar, System in Bundelkhand .

, relation to Vindhyans

Bijnor district, gold-washers in 1904

Bikaner, coal-production of, 1903 and 1904

, fullers' earth in .

Biotite in Chhindwara district

1904

in Hdzaribdgh district

Birjpur, diamantiferous conglomerate at

Blanford, Dr. W. T., on alluvium of Narbada,

Purna. .......

Blanford, W. T

Blyth, T. R. . . . .

Bombay, mica-exports through, in 1903 and 1904

, mineral concessions granted in, 1903 and

— , principal mineral products of .

, salt-production of, in 1903 and 1904

Borax, production of Ladakh, 1904

Borgaon, trap boundary near

Borings in Narbada alluvium

Tapti, and

1904

Page.

19.

'9.23-

99-

246, 248.

6.23-

224.

224.

»5-

24.

23-

18.

37. 3S.

Si9-
88.

14.

216.

2'3

221.

73-

295-

1 72, 206.

199-

208, 212.

184.

179.

176.

265.

266, 313.

90.

266.

260, 267.

11.

6,8.

20.

167, 176, 178—

182, 186, 213—

215.223.

235-

275-

34, 35. 4o.

221.

63-

15.

25-

24-

18.

90.

222.

34-



iv INDEX.

Subject, Page.

Bose, P. N., geology of Narnaul district (Patiala State)

Bos namadicus .....

Bouli, trap near ....

Braunite in Chhindwara district .

. in India ....

Broach .....

Brongniart, A. . .

Brown, J. C., appointment of

Building stone, Bundelkhand

■, in Chhindwara district

■, Narnaul district

, production of, in 1904 .

Bundelkhand, granite

, physical and geological features of

, VVillson's survey of

Burir Hill, almandite gniess on

, crystalline limestone on

, hornblende-schist near

, manganese-ore deposit near

, pegmatites near

— , plagioclase-hornblende-schist on

, silicified pegmatite on

Burma, analyses of coals from

, coal-production of, 1903 and 1904

, crystalline limestones of .

, gold-production for 1903 and 1904

, jadeite production, 1903 and 1904

, limestone-producticn of, 1904

, mineral concessions granted in, 1903 and 1904

, ores of antimony, copper and lead from the Northern

Shan States .....

, petroleum production in 1903 and 1904

, pliocene fossils from Nangoon

, principal mineral products of

_ —, progress of survey works in

— , sa,lt-production of, in 1903 and 1904

Byans, 7Vo/nr«-limestone of

55-

+5-

222.

168, 175, 210, 211,

215, 227.

229.

37-

192.

70.

312.

227.

60.

20.

263, 264.

263.

256, 262.

206.

199-

184.

208, 212.

176.

184.

174.

246, 247.

6, 8.

79, 169, 170.

10.

»3-

21.

26.

234.

16.

157-

»5-

102.

18.

76.

Calcareous sandstone in Chhindwara district

in Nagpur district

schist in Chhindwara district

tufa in Bundelkhand

Calciphyres in Chhindwara district

-, origin of

Calcite, Chhindwara district, Sleemandbad .

223—227.

224, 227.

221, 223.

273-

79. 167-170, 190,

192—194, 197,

212, 214, 2l6,

223.

168, 169.

I65» I67. 169-I72.
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INDEX. V

Subject.

Calcite and dolomite, criteria for distinguishing

Camarocrinus in Nyaungbaw beds

Carboniferous rocks, Persian Gulf area .

Carcharias sp. ...

Cassiterite in Hizaribagh district

granulite from the Hazaribagh district, Bengal

Central India, analyses of coals from ....

, coal-production of, 1903 and 1904

, diamond-production of, 1903 and 1904

, manganese-ore production in 1903 and 1904

, manganite and pyrolusite from Gwalior .

, progress of survey-work in

Central Provinces, analyses of coals from

, coal production of, 1903 and 1904

, fluorite in quartz-porphyry from Sleeman

abad, Jubbulpore district
——■ ■, geology of ; see Chhindwara district

■ , iron-smelters in 1904

, manganese-garnets of

, manganese-ore deposits of ; see Baldghat

Bhandara, Chindwara, Jabalpur and

Nagpur districts.

, manganese-ore production in 1903 and 1904

— ■ -, mineral concessions granted in 1903 and

1904

, notes on the Petrology and manganese-ore

deposits of the Sausar Tahsil .

, principal mineral products of .

, progress of geological work in .

, rocks of ; set Balaghat, Bhandara, Chhind

wara, Nagpur, Nimar and Raipur districts

Cerussite from the Northern Shan States

Cervantite from the Northern Shan States

Ceylon, crystalline limestones, cipollinos and pyro.xenic

gneisses of . . . . ■ .

Chalcedony in Chhindwara district

Chalcopyrite from the Northern Shan Statesfrom Sleemanabad

Chanchar, mining term in Bundelkhand diamond tract

Chandgarh, pre-trappean erosion at

Chaoni, mining term in Bundelkhand diamond tract

Chappatand, biotite from

, cassiterite from

■ , hornblende from

, magnetite from

, oligoclase from

, orthoclase from

, quartz from

Charkari State, diamond localities in

Cheyair system, identity with Bijawar

Chert in the Chhindwara district .

23^-

Page.

195. 196.

75-

I a *j

157-

23S.

235-

252.

6.

9, 10.

14.

229, 232.

104.

246, 252, 253.

6.

62—64.

12.

208.

14.

28.

•c .

"
')

159—220.

27.

109.

234-

234.

80, 169, 196, 218.

173. 174. 215.

234-

62.

302.

165.

292.

235-

235-

235-

235-

235-

235-

235-

90.
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vi INDEX.

Subject. Page.

Cherty limestones in the Chhindwara district

Chhindwara, crystalline rocks of . . «

Chhindwara district, geology of the Kanhan ri

, list of minerals in

• , manganese-ore deposits of

, mining leases granted .

, petrology of the Sausar Tahsi

, prospecting licenses granted

Chhota Manakpur, diamond workings near Panna

Chihi, mining term in Bundelkhand diamond tract

Chlorite in Chhindwara district

Chobpur State, diamond localities in

Chonarodite in Chhindwara district

Chromite, production during 1903 and 1904 .

, value of production in 1903 and 1904

Chrysocolla from the Northern Shan States

■ at Sleemanabad .

Chuna, diamantiferoui conglomerate at

, diamond mines near Panna .

Cipollinos in Chhindwara district .

Clough, C. T.

Coal, analysis of Northern Shan States .

consumption on Indian railways, 1903 and 1904

, Daltonganj, analyses of

, exports from India in 1903 and 1904

, Giridih, analyses of

, Gondwana, analyses of

, Indian, supplementary report on .

, Indian, ultimate analyses of

, Jherria, analysis of

, Lashio, Northern Shan States

, Mohpani, analyses of .

, Northern Shan States .

production in 1903 and 1904

, Raniganj, analyses of .

, Singareni, analyses of .

, Tertiary, analyses of .

, Umaria, analyses of

, value of production in 1903 and 1904

, Warora, analyses of .

Coalfield, Man-Sang, Northern Shan States

, Man-Se-Le, Northern Shan States

< , Namma, Northern Shan States

Cole, G. A. J.

Coomaraswamy, A. K.

Copper ore, Narnaul district

, Northern Shan States

. , Sleemanabad .

Cornigal—see Kurnegalle.
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221—228.
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207—214, 218.

28.

159—220.

299

300.
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79, 167, 169, 170,

217.

236.

138—140,151,156.
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117.
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86, 117, 125.

5-

248, 249, 250.

253-

247. 248.
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252, 253.

144-
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125.
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101,

58.
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INDEX. VII

Subject. Page.

Cotter, G. de P., appointment of .

., deputation to Central India, 1905-06 .

Course of Nam-tu R., Northern Shan States, changes in the

Cretaceous rocks, Persian Gulf area ....

Crystalline limestones in Chhindwara district

Crystalline limestones in Nagpur district

Crystalline limestones, origin of .

Cullis, C. G

Daltonganj, analyses of coals from

Daltonganj coalfield, output for 1903 and 1904

Datta, P. N

, on coalfields of N. Shan States .

, deputation to Central Provinces, 1905-06

, geological work in Central Provinces

—, notes on the geology of pans of the valley of

the Kanhan river in the Nagpur and Chhind'

wara districts, Central Provinces .

■ , work in the Nagpur Museum . .

Deccan Trap, Bundelkhand ....

, Chhindwara district .

-, Nagpur district

-, nature and origin of

-, with interbedded rhyolites, favagad

Delhi meteorite, fall of

Delhi series, in Narnaul . .

Deogarh

-, trap near . .

Dessaun—see Dhasan.

Devi, analysis of manganese-ore from

, black crystalline limestone from

, calciphyre from . .

, crystalline limestone from

, manganese-ore deposit at .

, quartz-pyroxene-gneiss from

, trap near ....

Dhari waterfall ....

DhaVwar district, goldfields in

■, manganese-ore in

Dhasan river, Aravalli schists of .

Dhuan-Dhara waterfall

Diamantiferous conglomerates of Bundelkhand

——^——— in Upper Rewa series

Diamonds, Bundelkhand .....

70.

116.

46.

111.

79, 80, 1J7—173,

188, 190, 192,

195—206, 212—

214, 216—218,

221—224 227.

222,-223, 227.

168-171.

196.

252.

7-

162— 164, igl,

193, 194, 207,

210, 214.

117, 126.

116.

109.

221.

73-

271.

79, 162—165, 173,

175, 218, 221,

222, 724, 226.

221, 2*2, 224, 226.

I07.

78.

73-

56.

221.

222.

209.

201.

KJ2.

I98.

208, 212, 213.

I90.

222.

?7-

<;l.

99.

265.

41.

»73-
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261.



viii INDEX.

Subject.

Diamonds, Bundelkhand, crystallographic characters

, defects

, disposal by auction

-, list of localities

-, methods of extraction

-, physical characters

-, surface operations for searching

Diamonds, Panna State

, probable origin in Southern India

■—, probable origin of Bundelkhand .

■ , production of, in 1903 and 1904 .

, value of production in 1903 and 1904

Diamond-working in Bundelkhand, cost of .

, defective system of

, suggestions for improved

methods ......

Diener, C, on //a/on'ri'e.'-limestone in Kumaon

, on Pishin Trias

, on 7Vo/«'fej-limestone of Byans

Diopside from the Chhindwara district

" Direct workings " for diamonds in Bundelkhand

Dolerite in the Mansang coalfield

Dolomite, Chhindwara district . ...

-, Sleemandbad ....

-, and calcite, criteria for distinguishing

Dudhdra, crystalline limestone near

Dudhara Hill, biotite-felspar-quart-schistz from

, manganese-ore deposit near .

——, muscovite-granite on

Dudhara, rose-quartz on . .

Kalan.biotite-schist from

•, chert at ...

■ , serpentinous crystalline limestone from

Dunstan, Prof. W. R., supplementary report on composition

of Indian coals ......

Dykes, basic, of Bijdwar age ....

Earthquake of April 4th, 1905 ....

Economic features of Northern Shan States coalfields

EUphas namadicus {antiquus) ....

Elle3, G. L., determination of graptolites from Northern Shan

States ....

Emys s«. .

Epidote in Chhindwara district

Page.

281.

284.

302.

286.

285.

282.

293-

88.

280.

280.

9, 10.

3«

3°7-

3°3-

308.

76.

75-

76.

167, 170, 171, 18S,

189, 198, 206.

215,217.

276, 287.

•45-

167, 170, 171, 202,

205, 215, 217,

218.

62.

195. «96-

222.

182.

208, 214.

176.

176.

182.

174.

201.

241.

265.

8i.

122, 141, 152, 156.

35-

74-

>57-

167, 172, 181, 184,

185, 188, 189,

191—193, 197,

206, 207, 215.



INDEX. IX

Subject.

Essonite in Chhindwara district

Exploring licenses granted, 1895— 1904

Exports of Indian coal, 1903 and 1904 .

of kerosene in 1903 and 1904

of saltpetre in 1903 and 1904

Falconer, on alluvial deposits of Narbada and Godavari

Farndale-Williams, F. ......

Felspar in Chhindwara district . . . . .

/'eMesre^a-limestones, Northern Shan States .

Fermor, L. L.

—, appointed Curator ....

, on cassiterite-granulite from the Hazaribagh

district, Bengal . ....

, on fluorite in quartz-porphyry from Sleeman

abad, Jubbulpore district

, on gems from the Tennevelli district, Madras .

, on the occurrence of gypsum in the Vindhyan

series at. Satna . . .

■ , on the petrology and manganese-ore deposits

of the Sausar tahsil, Chhindwara district, Cen

tral Provinces .....

, on manganese-ore deposits

, on manganite from the Sandur hills

, on origin of calciphyres .

—, on Pavagad hill .....

, on ores of antimony, copper and lead from the

Northern Shan States .

Finlay, C. K.

Fish teeth from Irrawaddy series at Rangoon

Fluorite from Sleemanabad, Jubbulpore district

Foote, R. B.

-, on alluvium of Kistna

Fossils from Narbada

, in Chhindwara district

, pliocene, from Rangoon

, Tertiary, in Lashio coal

Fullers' earth in Bikaner and Jaisalmer

Gadag goldfield .....

Gadarwara boring ....

Gaimukh, analyses of manganese-ores from

, manganese-ore deposit at

Galena from the Northern Shan States

, Sleemanabad....

Ganeshpur, diamond-workings near Panna

Ganges alluvium ....

Page.

167, 172, 199,215.

32-

8, 9.

«7-

19.

34-

129.

163, '67, '72. "74,

176—218 (pas

sim), 223, 225.

103.

•57» 223> 227, 228.

71-
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62.
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233-

•59-

95-

229.
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234-

157-
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20.
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234.

62.
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X INDEX.

Subject. Page.

Canjam district, manganese-ore deposits in

Garhwal, gold-washers in 11,0+

Garnet, Chhindwara district

• Narnaul district

Tinnevelli district

Gehra nala, serpentinous crystalline limestone in

Gems from the Tinnevelli district .

General Report for 1905

Geology of part of Chhindwara district

of the Kanhan river

of part of Nagpur district

Ghoda Hill, green earth near

Ghondi nala, crystalline limestone near .

, hornblende-schist in

, manganiferous crystalline limestone

Ghoti, analyses of manganese-ores from .

-, manganese-ore deposit near

Giridih, analyses of coals from

Giridih coalfield, output for 1903 and 1904

Glauconite in Chhindwara district

Gneisses in Chhindwara district .

Gneissose-granite in Chhindwara district

Godavari district, graphite-production of, in 1903 and 1904

Gold, in the Nizam's Dominions .

, production of, 1903 and 1904

, value of production in 1903 and 1904

Gold-dredging in the Irrawadi river

Gold-fields of L'harwar district

Gold-washing in 1904 ....

Gokteik bridge, origin of

Gondwana coal, analysis of

Gondwana coal-production in 1903 and 1904

Gorge of Lower Narbada .

of " Marble Rocks " .

Gowari Warhona, actinolite-schist near

, analyses of manganese-ores from

, calciphyre at .

, crystalline limestone at

- , manganese-ore deposit at ,

, serpentinous crystalline limestone at

, silicification of pyroxene at

Granite in Chhindwara district

Granitoid gneiss, in Narnaul

97-

11, 12.

166, 167, 179, i?o,

187-189, 191—

!93. »99. 2°4.

206, 207, 2« 3,

215.

59-

235-
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234-

65.

221—228.
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221—228.

164.

198.

184.
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209, 213.
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252, 253.
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164.

79, 167, 173. 176,

179—182, 187,

213, 214, 218,

221.

181.

12.

93-

10.

3. 10.

25, 26.

Si

ll.

49, 81.

248.

5. 7-

37-

41.

183.

209, 214.

192.

203.

207, 208, 214, 228,

170, 201— 203.

174.

79, i£6, I7S—I79.

186.

SO-



INDEX. xi

Subject.

Granulites in Chhindwara district

Graphite, production in 1903 and 1904 .

, value of production in 1903 and 1904

Green earth in Chhindwara district

Green quartzite known as kdnsya from Semri division

Gwalior, manganite from

, pyrolusite from

Gwalior State, salt-production of, in 1903 and 1904 .

Gwalior system, identity with Bijawar

Gypsum, in the Vindhyan series at Satna

Gypsum, production of, in 1904 ....

Hackett on alluvium of Narbada ....

Hallowes, K. A. K., appointment of . .

————— , deputation to Singhbhum, 1905-06

Halorites in Pishin Trias

Halorites-Mmeslone of Bambanag, C. Himalayas .

Handia ....

Han Tan, Lashio coalfield . . .

Haraiya meteorite, find of . . .

Harda ........

Harduapur, diamond-workings near Panna .

Harker, A. ....

Hatat series, Persian Gulf area ....

Hatti gold mine, ......

——————■ , production in 1903 and 1904

Hausmannite in India .....

Haveli series .......

stage, name proposed by E. Vredenburg

valley

Hayden, H. H., superintendence of head-quarters' office

work in the Nagpur Museum

Hematite in Chhindwara district ....

Hindubagh, chromite deposits of . . .

Hippuritic limestones, Persian Gulf area

Hirapur, diamond-workings near Panna

Ho-hko, Mansang coalfield ....

Ho-hko-nam-hpalc-lOn, travertine deposits at .

Hokut—see Gokteik Gorge.

Holland, T. H

, general report for 1905

, mineral production of India in 1904

, on salt in Sambhar lake .

Hornblende in Chhindwara district

in Hazaribagh district

Hormuz series, Persian Gulf area

Hpa-so, Namma coalfield

Page.

79, 167, 179, 180,

213.

12.

3. 12.

164, 215.

270, 274, 281.

229, 232.

232.

18.

200.

233-

20.

34-

70.

116.

75-

76.

37. 40, 43-

122.
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40.

295-

196.

110.

94-

11.

229.

259-

88.

259, 268.

66.

73-

188.
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112.
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146.

52-

186.

65-
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100.

167, 170, 180, 181,

184-190, 193,

198, 215, 218.

235-
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137-



xii INDEX.

Subject.

Hsenwi, Northern Shan States ....

Hsipaw, Northern Shan States ....

Hsukwe, Lashio coalfield .....

Hsumhsai Sub-State, Ye-U Circle, antimony-ores from

Hutti—see Hatti.

Hyderabad, coal-production of, 1903 and 1904, gold-production for 1903 and 1904

Idocrase in Chhindwara district

Ilmenite in Chhindwara district

Imp rls of kerosene in 1903 and 1904

of salt in IQ03 and 1904 .

Indian Manganese Company

Iron-ore, Bijawar

, Chhindwira district

, Narnaul district

, production of, in 1903 and 1904

, value of production in 1903 and 1904

Iron pyrites, impregnating fossil bones

Iron-smelters in the Central Provinces .

Irrawaddy series, fossils from . .

, near Rangoon .

, vertebrates in

Irregular erosion of lametas

Itwa, constitution of Lower Rewa series at

, diamond-workings at

, diamantiferous conglomerate at

Jabalpur . .

abalpur district, fluorite in quartz-porphyry from Sleeman-

abad

, manganese-ore deposits in

Jackson, G. H. B. . . . . . .

Jadeite, exports from Burma, 1903 and 1904 .

, production of, in 1903 and 1904 . . . .

Jadestone, value of production in 1903 and 1904

laisalmer, fullers' earth in .

Jaithgarh, lametas near

, strike of schists near .....

Jakiwara, lametas near .......

, waterfall near .......

ambon, C. .........

ammu hills, coal in .......

Jasper, haematitic, of Bijawar . . . . .

"habua State, manganese-ore deposits in ...

, manganese ore production in 1903 and 1904

Jhanna hill .........

jherria, analyses of coals from ......

Page.

125-

46, 125.

118.

234-

6.

10.

192, 215.

167. 181, 185,

188—190, 215.

17-

19.

208, 214.

266, 313.

207.

57-

1 2.

3. 12.

'57-
12.

157-

74-

74-

164, 165, 226.

256, 271.

300.

275-

40.

62.

98

235-

13-

«3-

3i-

20.

224.

223.

225.

223.

235-
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266. 274

98.

14-
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INDEX.

Subject.

Jherria coalfield, output for 1903 and 1904

Jhiri shales .....

Jodhpur State, gypsum-production of

Page.

7-

256, 257.

20.

Kachi Dhdna, analyses of manganese-ores from

, biotite- gneiss (gneissose-granite) at

, graphic granite at .

, manganese-ore deposit at

pegmatite near

VindhyansKadapah rocks of Southern India, relation to

Kaimur sandstone in Bundelkhand

Kaimur series, uncertain classification of

Kajalwani, gneiss near

——^— , pre-trap denudation near

Kajraha temples, building materials of .

Kakru, a form of diamantiferous conglomerate

Kalianpur, diamond-workings near Panna

Kangra earthquake of April 4th, 1905

Kanhin river, amphibolite in

, geology of

—, scapolitized quartz-pyroxene -gneiss near

KArisya

Kara Hill, limestone near

, pre-trap erosion near .

, quartz-pyroxene gneiss at

Karkh meteorite, fall of

Karnul system, identity with Vindhyans

Kashmir, coal production of, 1903 and 1904

Kdsigondri Hill, pre-trap erosion on

Kathiaw&r, rhyolites and basalts in

Kawng-hkam, Mansang coalfield

Kelod, boundary of metamorphics near

Ken series... .

, name proposed by E. Vredenburg

Khairi (Khairi Burosa)—see Sahanwdri.

(Khairi Tygaon), manganese-ore near

, microcline-quartzite near

—————— , rose-quartz near

Khandesh, alluvial plain of .

Khanozai, chromite deposits of

Khapa, dip of schists near .

Khost, analyses of coals from

Khost colliery, output for 1903 and 1904

Kistna, alluvium of ...

Kodadongri, quartz-pyroxene-gneiss at .

Kodur manganese-ore mines . .

Kohdt, salt-production of, in 1903 and 1904

Kolar, occurrence of secondary augite in schists of .

Kong-pan, Namma coalfield ....

209, 210.

181.

177.

172, 207—210, 227.

179.

260.

312.

257-

223.

226.

312.

275-

298.

81.

186.

162, 221—228.

191.

270, 274, 281.

165.
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189.
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260.

6, 8.

164, 165.

78.
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222.

258, 259.

88.

228.
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41.

190.
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18.
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xiv INDEX.

Subject.

Kothi State, diamond localities in

Kowtha, trap at .

Kudum, casts of fossils near

, trap boundary near

Kumla Tal, diamond-workings near Panna

Kunglom, Man Se-Le coalfield

Kurmakra, calciphyre and pyroxenic-gneiss near

Kurnegalle (Cornigal), mineral aggregates at

Kyanite, Chhindwara district

Narnaul district

Kyaukphyu, petroleum-production in 1903 and 1004

Kyu-hsai, Man Se-Le coalfield ....

Labour in Indian coal-mines, 1903 and 1904

Labradorite in Chhindwara district

Lacroix, A. ... ...

Laddkh, borax-production of, 1904

Ladda coalfield, production in 1903 and 1904

l^akhanwara, analyses of manganese-ore from

, manganese-ore deposit at

, serpentinous crystalline limestones

Lametas in Chhindwara and Nagpur districts

silicification of the

Lameta system in Bundelkhand

Lashio coal, analyses of

, economic features of

Lashio coalfield .

Laterite, aluminous, in Central India

, in Bundelkhand

LaTouche, T. D., deputation to Burma, 1905-06■, on geology of Northern Shan States

, on the Gokteik natural bridge

, on I^ashio coalfield .....

■ , on road-metal in Upper Burma .

, on changes in the Namtu river . .

, and Simpson, R. R., The Lashio coalfield,

Northern Shan States . . . .

Lead-ores at Sleemanabad .......

—— from the Northern Shan States . . . .

Lemberg's solution and test ......

Page.

Letkopin coal-mines, Shwebo district .

Letpandaw, Mong-Lung Sub-State, Kainggyi Circle, copper-

ores from .........

Licenses, mineral, granted, 1895—1904

Limestone in Bundelkhand ......

90.

222.

226.

222.
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152.

223.

169.

215.

59-

16.

'53-

163, 167, 172, 181,

188—191, 215.

80, 169, 191, 195,

196, 205, 218.
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173. «74-
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122, I23.
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86, 117.
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86, 117.
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INDEX. XV

Subject.

Limestone in Chhindwara district

in Nagpur district

in Narnaul district

production of Assam, 1904

Limnaa, in Lashio coal

Lindgren, W.

Lodhikhera, dip of schists near

Lodhikera, gneiss near

. , lametas near

Loi-kang, Man Se-Le coalfield

Luquer, C. M.

Lydekker, on Narbada fauna

Mach, Baluchistan, coal-output in 1903 and 1904 .

Maclaren, J. M., on manganese-ore in Belgaum .

. , on manganese-ore in Dhdrwar .

, on the Gadag goldfields .

■ , on the Wondalli goldfield

Madras, gems from the Tinnevelli district .

, manganese-ore production in 1903 and 1904

, manganite from the Sandur Hills ■

, mica-exports of, in 1903 and 1904 .

, mineral concessions granted in 1903 and 1904

, principal mineral products of .

, salt-production of, in 1903 and 1904

Magnesite, production for 1904 ....

, value of production in 1903 and 1904

Magnetite in Chhindwara district

in Hazaribdgh district

Mahabaleshwar, manganese-ore near

Mahaldura, granitic gneiss near .

Mahcinadi, irregularities of gradient of .

Maharkund, crystalline limestone near .

, dip of schists near

Maindi, calciphyre near

, quartz-pyroxene-gneiss near

Makrana, production of marble at, 1904

Makum coalfield, cutput for 1903 and 1904

Malachite, from the Northern Shan States

at Sleemandbdd ■

Maleygaon, schists neir

, scapolitized quartz-pyroxene-gneiss from

Mallet, F. R.

, classification of Vindhyans

Malwa, mining term in Bundelkhand diamond tract

Minbhum district, gold-washers in 1904

Mandi, salt-production of, in 1903 and 1904 .
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Subject. Page.

Manganese, Narnaul district

Manganese-bearing rocks in ChhindwaVa district

Manganese-garnet in ChhindwaVa district

Manganese-ores, analyses ofin Chhindwara district

-, classification of .

-, of India

in Nagpur district

-, origin of

Mangnaese-ores, production in 1903 and 1904

, value of production in 1903 and 1904

Manganese-ore deposits, associated crystallines

———— ■ of ChhindwaVa district

Manganese-oxide impregnating fossil bones

Manganese-oxides at Sleemanbad

Manganiferous limestones in ChhindwaVa district

-in Nagpur district

Maganiferous pyroxene in Chhindwara district

Manganite in Chhindwara district

from Gwalior ....

from Ilfeld, Germany .

from Mysore ....

at Ramandrug, Sandur Hills

from the Sandur Hills

Man Paw, Mong Tung Sub-State, lend -ores from

Man-sang coalfield .....

—■ , dolerite in the

Mans6, Northern Shan States

Man-se-le coalfield

Marble, Chhindwara district

, Nagpur district

, Narnaul district

production at Makrana, 1904

Rocks ... . .

Martite in Chhindwara district

Maskibandof Dharwar rocks

Matta, brown dianonds ....

Mayurbhanj State, iron-ore in

Medlicott, H. B., alluvium of Narbada, etc. .

, classification of Vindhyans

, geology of Bundelkhand

Medlicott, J. G., irregular gradient of Narbada

Meionite in Chhindwara district

MekraVi series, Persian Gulf area .

Mel Amathur, gems from ....

Mergui district, tin-production in 1904 . : .

Metalliferous veins at Sleemanabad
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Subject.

Metamorphic and crystalline series in the Chhindwara district

Mianwdli district, alum-production of, 1904 . ,

Mica, Chhindwara district . ......

, exports of, in 1903 and 1904

, Nigpur district ....

, Narnaul district ....

, value of production in 1903 and 1904

Mica-schists, Nagpur district

, in Chhindwara district

Microcline in Chhindwdra district

-, in HdzaYibagh district

Microperthite, in Chhindwara district . . . . .

Middlemiss, C. S., deputation to Central India, 1905-1906

■ * ', on geological work in Central India .

-, on Kingra earthquake of April 4th, 1905 .

, on origin of Deccan Trap .

Miliolite in Persian Gulf area ......

Mineral concessions granted, 1895—1904 .

in each province, igo3 and 1904 .

Mineral-production of India during 1904 .

Mineral statistics, annual issue of .

Mining leases granted, 1895— 1904 .

Mohgaon, lametas near . . . . .

Mohpani, analyses of coals from . . . ' .

Mohpani colliery, borings in connection with, through Narbada

alluvium . . ' .

— output for 1903 and 1904 .

Mokhair

Mong-Pa, Lashio coalfield ....

Mong Ting, Namma coalfield

Mong Yai, N. Shan States

Monograptus in Zebingyi beds

Monotis salinaria in Pishin Trias

Mudda, a form of diamantiferous conglomerate

Multan-i-mitti ......

Muscovite in ChhindwaVa district

Myitkyina district, amber-production of, 1904 .

— ^— , jadeite-production in 1903 and 1904

Mysore, gold-production for 1903 and 1904 .

——, manganite in ...

Nagpur district
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INDEX.

Subject. Page.

Nagpur district, basalt in .

. , Bengal gneiss in

- —, calcareous sandstone in

, cherty lirriestone in, crystalline limestone in

, Deccan Trap i n .

-, dip of schists in .

-, geology of part of

-, iametas in •

•, limestones in

-, manganese-ores in

-, manganese-ore production in

marble in

, metamorphics of

, mica in

, mica-schists in

■ , mining leases granted in

•- , piedmontite in

, prospecting licenses granted

, quartz in

» , quartzites in .

, rhodonite in

, rocks of

, schists in . .

, spessartite in

Nagpur museum, arrangement of .

Naini Tal district, gold-washers in 1904

Nakta river, trap near

Nakun, Namma coalfield .

Naleng, Lashio coalfield

Namaklang, Mansang coalfield

Nam-hkam, Lashio coalfield .

Nam-H6r stream, Man-Se-Le coalfield

Namhsin sandstones, age of .

Namhsum, Mansang coalfield

Nam Lawng river, N. Shan States

Namma coalfield . . .

, geology of .

Namma river, N. Shan States

Nammawhsom, Namma coalfield .

Nam Pawng river, N. Shan States

Namsang stream, Mansang coalfield

Namsaw, Hsipaw State, lead -ores from

Nam-Tawng stream, Man-Se-Le coalfield

Nam-tu river, change in the course of

Nam-yau river, Lashio coalfield

Nanamhpa, Mansang coalfield

Nanan, Namma coalfield .

Nandia, trap boundary near

Nanio Mansang coalfield

1903 and 1904

222, 327.

224.

224, 227.

227.

222, 223, 227.

221, 222, 224, 226,

227.

223, 224.

221—228.

221, 222, 224—227.

224, 227.

23, 95.
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28.

200.
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222, 227.

187, 222, 227.
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216.

222, 223.

200, 208.
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222.
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148.

118.
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117.

150.
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INDEX.
xix

Subject.

Napeng series, age and distribution of . .

Napha, Lashio coalfield •

Narbada, Pleistocene geology

Narbada alluvium, origin of deposit

Narnaul district, geology and mineral resources of

Narukot Stale, manganese-ore in, .

Nasik . • • •

Native gold-washing in 1904 . . .

Natural bridge, Gokteik Gorge

Naungkangyi beds, age of ._ . . .

Nam-ma R., travertine deposits on the .

Nam-tu R., N. Shan States, recent changes in the course of

Nawng-Mawn, N. Shan States ....

Nesbit, J., explanation of natural bridge, Gokteik Gorge

Nimar district, pre-trappean erosion

Nizam's Dominions, analyses of coals from ;| .

Noetling, F •

Northern Shan States, coal of ... .

, geological work in

, ores of antimony, copper and lead from

Nummulites, Indian, described by E. Vredenburg

Nummulitic rocks, Persian Guft area

Nurunga, cassiterite from . . • .

, microcline from .

, orthoclase from

Page.

Nyaungbaw beds, age of

Ochre in Panna State

Ogra, diamond-workings near Panna .

Oldham, Dr. T., classification of Vindhyans . _

-, on alluvium of Narbada and Godavan

Oligoclase in Chhindwara district

in Haz^ribagh district

Oman series, Persian Gulf area

Opal in Chhindwara district

Orthoclase in Chhindwara district .

in Hazaribagh district

at Sleemanabad

Oxyrhina pagoda, Noet.

Paitan . . • . • • •

Palaeozoic, Lower,.fossils lrorn Shan States

Palkua division . . •

Palkua shales . . • •

Panch Mahals, manganese-ore in .

Pang-nga, Namrra coalfield _
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XX INDEX.

Subject.

Panghtikam, Man Se-Le coalfield

Pangri—see Sitapar

Panna, diamantiferous conglomerate at

Panna, diamonds

Panna, old, diamond-workings at

Panna shales, so-called

Panna State, geology of . .

———— , production of ochre in, 1904

Pardi, crystalline limestone near .

Pascoe, E. II., appointment of .

Patarkechar State, diamond localities in

Pathar, trap near

Pathar Chauki, calcareous tufa near

, Palkua shales near

■ - , Semri sandstones at

, supposed Aravalli schists near

Patiala (Narnaul district), geology of

Paumondi nala, pegmatite near

Pavagad hill, rhyolites and basalts of

Pegmatite in Chhindwara district

Pemganga ....

Penghtawn, Mansang coalfield

Pengshai, Namma coalfield . ■

Persian Gulf, geological work in .

Perthite in Chhindwara district

Petroleum, exports of, in 1903 and 1904

, imports of, in 1903 and 1904

, production in 1903 and 1904

• , value of production in 1903 and

Piedmontite in Nagpur district

Phlogopite in Chhindwara district

904

Pilgrim, G. E., on Elephas antiquus ....

■, on fossils from Ganges alluvium

, on fossils of the Irrawaddy series from Rangoon

, geological work in the Persian Gulf

Pishin district, T'riassic rocks in .... .

Page.
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203.

275-

88,261.

300.

256, 257.

261.

21.

223.

70.
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222.
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260.

55-

179.

78-

166, 173—180,

186, 218,221.
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150.
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109.

177. 215.
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3-

200.

167, 170, 171, 203,

205, 206, 215,

217.

35-

44-

73. 157.

109.

75-

Plagiociose in Chhindwara district ....

Planorbis in Lashio coal

Plateau limestones, N. Shan States .

Pleistocene movements in Peninsular India .

Pohlig on Elephas namadicus ......

Poregghat, crystalline limestone and quartz-pyroxene-gneiss

near ........

-, scapolitized quartz-pyroxene-gneiss . . .

Powagarh hill—see Pavagad hill

170, 181, 184, 185,

189, 190, 194,

198, 206, 207,

215.

120.

103.

33. 80.

35-

223.

191.



INDEX. XXI

Subject.

Prehistoric implement in alluvium of Goddvari

of Narbada

Production of minerals, 1904

Proditctus-Wmestones in Shan States

Provincial production of coal, IQ03 and 1904

Prospecting licenses granted, 1895 —1904

, 1903 and 1904

Psilomelane in Chhindwdra district

India ....

at Ramandrug, Sandur Hills

Punjab, analyses of coals from

, coal-production of, 1903 and 1904

, gold-production for I903 and 1904

, mineral concessions granted in 1903

, principal mineral products of .

Purao, mining term in Bundelkhand diamond

Pyrite at Sleemandbdd

Pyrolusite in Chhindwdra district

from Gwalior

■■ in India ....

at Rdmandrug, Sandur Hills

Pyroxene in Chhindwdra district . .

id 1904

tract

Page.
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34-
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6.

32-

22— 32.

168. 175, 210, 215,

228.

229.

229.

247.
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10.
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30.

289.

62.

168, 215, 232.

232.

229.
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167,

i74

170—172,

184—186,

189-194, 198,

199, 202—204,

215—218.

80, 167 — 169, 194,

221.

Pyroxenic gneisses in Chhindwdra district

Quartz (rose) in Chhindwdra district

Juartz geodes in Chhindwdra district

Juartzites in Chhindwdra district

in Ndgpur district

)uarlzite known as kdnsya

Juartz-porphyry dykes at Sleemandbdd

Juartz-pyroxene-gneisses in Chhindwdra district

euartz-veins in Bundelkhand granite . ' .

uetta-Pishin district, chromite-production of

Rddhdpur, diamond-workings near Panna

Raichur Dodb, goldfield in the .

Railways, consumption of coal on, 1903 an'd 1904

Raipur district, dolomitic limestone from

Rai Sahib Mathura Prasad. ' . ' .

Rajegaon, crystalline limestone near ' . " .

176, 215.

173. '74-

79, 167, 187, 221,

222, 227.

187, 222, 227.

270, 274, 281.

62.

167, 169, 170, 181,

188—192, 197,

216, 223.

263, 265.

5-

299.

93-

9-

197.

208, 212.
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xxii INDEX.

Subject.

Rajgarh hill

Rajmahal coalfield, output for 1903 and 1904

Rajputana, coal-production of, 1903 and 1904

Ramakona, schists near . . .

, pegmatite rear .

, tremolite-actinolite-schist near

Ramandrug, manganese-ores at .

Rangoon, pliocene fossils from . .

Raniganj, analyses of coals from .

Raniganj coalfield, output for 1903 and 1904

Ran pet amphibolite at .

, basalt at ....

, schistose biotite-gneiss near

Rau, Sethu Rama, deputation to Central India, 1905-06

, discovery of aluminous laterite .

•, discovery of inter-trappean fossils

Rau, M. Vinayak, deputation to Sind, 1905-06

Reed, F. R. C, on Lower Paleozoic, Shan States .

Renard, A. .......

Report, General, for 1905 .....

Reptilian teeth from Irrawaddy series at Rangoon .

Rewa series, uncertain classification of • .

Rewa State, gypsum at Satna ....

Rhine, irregularities of gradient of . . .

Rhinoceros deccanensis . . ,

Rhodochrosite, Chhindwdra district . . .

Rhodonite, Chhindwara district

Rhodonite in Nagpur district . . •

Rhyoliles in Pavagad hill . . ,

River terraces in Nam-tji valley .

Road-metal in Chhindwara district . ,

in Upper Burma . .

Rock-crystal in Chhindwdra district .

Rock-salt production in 1903 and 1904 . ,

Rose-quartz in Chhindwara district . .

Rubies, production of, in 1903 and 1904 .

———, value of production in 1903 and 1904

Rutile, Chhindwara district ., Narnaul district . . . .

Sahanwdri, quartz-pyroxene-gntess near

Sakeriya, diamond-workings near Panna

Salem, magnesite production of, 1904,

Salt, imports of, in 1903 and 1904

, production of, in 1903 and 1904 .

, value of production in 1903 and 1904

Saltpetre, exports in 1903 and 1904

Page.
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INDEX. xxiii

Subject.

Saltpetre, production of, in 1903 and 1904

, value of production in 1903 and 1904

Salt Range, coal-production in 1903 and 1904

, salt-production of, in 1903 and 1904

Salt resources of Sambhar lane .

Sambalpur ......

Sambhar Lake, salt resources of

Sandstone in Chhindwdra district

Sandur Hills, manganite from

Sapphirine in Tinnevelli district .

Sarha (Sarda) Hill, biotite-schist on

Satara district, manganese ore in

Satna, Rewah State, gypsum at .

Satnur, crystalline limestone near

, lametas south of ...

, trap boundary near

Sausar, lametas near ....

tahsil, petrology and manganese-ore deposits of

, trap boundary near

Saussurite in Chhindwdra district

Scapolite in Chhindwdra district .

Schists in Chhindwdra district

, in Ndgpur district ....

Scott, H. Kilburn ......

, Sir J. G., explanation of natural bridge, Gokteik

Se-En, N. Shan States

Seismographs, installation of

Selkirk, W. . .

Semri, green quartzite known as hhnsya

division ....

limestone

— sandstone....

shales ....

system ....

Serendibite in Tinnevelli district .

Sericite at Sleemandbdd

Serpentine in Chhindwara district .

Serpentinous limestones in Chhindwdra district

Shahghdt, supposed Aravalli schists near . .

Shdhidan diamond mines, near Panna .

" Shallow workings " for diamonds in Bundelkhand

Shan States, lower Palaeozoic fossils

, Northern, coalfields of

• geological work in

Shwebo district, coal-output in 1903 and 1904 .

Shwemyinde hill, basalt of . . . . ,

Gorge
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XXIV INDEX.

Subject.

Silt, jasper pebbles from Bijawar formation

Silurian volcanic rocks, S.-E. of Lashio .

Silyari, dolomitic limestone from

Simpson! R. R., deputation to Assam, 1905-06

, on coalfields, N. Shan States, see La Touche, T. D.

, on the Namma, Man-Sang and Man-Se-Le

coalfields, Northern Shan States, Burma.

Sind, salt-production of, in 1903 and 1904

Singareni, analyses of coals from . .

Singareni colliery, output for 1903 and 1904

Singhbhum district, gold-washers in 1904

— ■, manganiferous iron-ore in

Singu oilfield, output of, in 1903 and 1904

Sirbu shales, gypsum in the

Sitapar, analyses of manganese-ores from

, manganese-ore deposit at

, pyrolusite pseudomorphous after manganite

, serpentinous crystalline limestone near

Skeats, E. W. . .

Slate, production of, in 1904 ■ .

Sleemandbad, minerals at

Smeeth, W. F

Smith, A. M. Gow

Son series ......

Sor Range, output of coal in 1903 and 1904

Spessartite in Nagpur district

Spessartite and spessartite-bearing rocks in Chhindwara

district .........

Sphene in Chhindwdra district

Spinel in Chhindwara district

in Tinnevelli district ....

Srinagar, diamond-workings near Panna

Statistics, mineral, annual issue of

Stibnite from the Northern Shan States

Stilbite in Chhindwara district

Stone, production of, in 1904

Sugum, crystalline limestone near

Sukakheri boring .....

Suplaw, N. Shan States ....

" Surface workings " for diamonds in Bundelkhand

Syriam, near Rangoon, pliocene fossils from .

Taimurdoh, crystalline limestone near .

Tangyan, N. Shan States ' .

Page.
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209, 212.
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207, 214.

25S, 259, 268.
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INDEX. XXV

Subject.

Tapti alluvium, origin of deposit .

Ta-ti ferry, Nanvtu river at

Tavoy district, tin-production in 1904 .

Ta-Yau, Lashio coalfield ....

Teliadeo, trap near .....

Tentaculites in Zebingyi beds

Terraces, alluvial, in Nam-tu valley

Tertiary coal, analyses of *

• , production in 1903 and 1904 .

Tertiary foraminifera described by E. Vredenburg

Tertiary rocks, Lashio coalfield .

, Persian Gulf area

Tetrahedrite, Sleemanabad

Theobald, W

Tinkhera, trap boundary near

Tin, production of, in Burma, 1903 and I904 .

Tin-ore, value of production in 1903 and 1904

Tinnevelli district, minerals from .

Tipper, G. H., deputation to Baluchistan, 1905-06

, promotion of

Tirowan limestone .....

Titaniferous magnetite in Tinnevelli district .

Tons series ......

Tourmaline in Chhindwara district

in Tinnevelli district

Travancore, graphite-production of, in 1903 and 1904

, graphite production of, 1904

Travertine in the Gohteik Gorge

Travertine deposits on the Namma river

Tremolite in Chhindwara district .

Trias, Bambanag cliff, Kumaon .

, Byans, Kumaon . .

, Persian Gulf area

, Pishin district, Baluchistan

Trionyx sp.

7>0*t'res-limestone of Byans . .

Tufa, calcareous, in Bundelkhand

Ultimate analyses of Indian coals. .

Umaria, analyses of coals from ......

Umaria colliery, output for 1903 and 1904 .
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(Explanatory skeleton)

 

Kig.l— 17-68— X38 (See p.174)

(a) The bands are the original parting planes of the pyroxene preserved in silica.

(b) Veins of very fine-grained quartz in which the original structure is obliterated

except for the fragmentary remains fcj tc).

 

Fig.2— 17 74—Nicols crossed— x 27 (See p.174)

fa) Farts of one original quartz individual.

(t) ., ., felspar .,

!fl Original felspar.

(d) Secondary, very fine-grained, quartz mosaic.

(t) Other original quartz individuals.
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Fig. 2

I,. L, Fermor, I hotomicrograph.
Hem rose &" Sons Limited. Ptrky.
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(Explanatory skeleton)

 

Kig. I— 16064— Nicols crossed— « 38 (See p. 201)

Calcitc showing twinning planes lal and cleavage planes ibi both marker) oui by

manganese-ore dust. Where lal shows white there is no manganese-ore.

 

Fig.2— 16 052— » 38 (See p. 202)

lal Amphibole. lb) Vein of calcite with serpentine along

edges.

Ic) Veinlets some entirely serpentine and Id) Pyroxene very much veined by thin

some with a central band of serpentine strings and with little

calcite. patches of colourless amphibole in

places.
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(Explanatory skeleton)

 

Fi|». I— 16-951— Nicols crossed— » 68 (See p. 202)

(c) Calcite.

Ipl Pyroxene.

Is) Serpentine.

 

Fig.2— 16954—Nicols crossed— x 38 (See p. 204)

(c) Calcite. (s) Serpentine.

fpt Pyroxene. fcp) Spinel
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Fig. 2

1 . L Fermor, Pho'omicrograph- Btmrett i- Sam Limited, forty.
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IExplanatory skeleton )

 

Fig. I— 16 958—Nicols crossed— * 38 (See p.20.r>)

ici Cnleite.

(ch)Stis) Cbondrodite Ich > veined wilh serpentine ls>.

Ich J Cbondrodite.

Id) Dolomite

 

Fig. 2— 16 946— Nicols crossed— x 6S (See p. 206)

'apt Apatite. If) Felspar (shaded ).

Ill Calcile. la) Quartz.

lei Epidote (stippled). (q.c) ft (c.qj Quartz-calcite, & calcite-

qu.irtz micropegniatite.
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Fig. 2

L. L, Femior, Photomicrograph. Bemrose &• Sons Limited, Derby,
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H. 11. W. Garrick, Photo. licmiose Ltd., Derby. Ent>

A PSILOMELANE GEODE LINED WITH MANGANITE NEEDLES.

(A). PYROLUSITE PSEUDOMORPHOUS AFTER MANGANITE.

(B). (Behind specimen) PSILOMELANE PSEUDOMORPHOUS AFTER MANGANITE.

Natural Size.
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