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ERRATA AND CORRIGENDA TO PART I.

e Ixv, line 16, jor into re((d in.

Ixviii, line 3, jor fsomorphous read isomoiphous.

Ixxx, line 4 from bottom, jor pyroxenes rexid pyroxene.

line 16, jor rocs read rocks.

16, line 9, ajter pp. read 240.

26, line 1 of table, jor (Ca,Mg,Mn)SO read (Ca.Mg.MnjSiOg.

28, last column of table. Ttli figure, jor 6- read 6-5.

32, first column, for Dicknsonite read Dickensonite.

33, first column, jor 4H2.O read 4H2O.
55. last line but one, jor 79 read 70.

70, second column of table, for 63 59 read 63-22.

91, line 12, jor thousand read thousands.

93, last line, jor thsee read these.

96, line 9 from bottom, jor Lorsa read Lorca.

100, table, column 2, jor 01 read 010.

101, line 5, jor the second is read in.

106, line 9, jor 98 read 100.

122, line 12, for 11 read V
126, line 4, jor bisecrix read bisectrix.

line 10, jor intertitial read interstitial.

127, line 13, jor N9Mn(SiO)2 read NaMnCSiOg)^.

129, line 2 from bottom, jor c read a.

133, hne 12 from bottom, jor 2N?Fe'(Si03)2 read 2NaFe'"(Si03)

last line, jor Mauselieus read Mauzelius.

1.34, line 17. jor £ v c read Z ^ c.

jor 2511 read 251'1.

line 22, jor c c read z ^ c.

159, line 24, jor finding not succeed in read not succeed

finding.

183, line 12, jor read ^.

195. line 28, jor figures read figure.

198, line 17, hehveen means and an insert of.

199, line 2 from bottom, jor Dharwar read Dharwars.

211, line 8 from bottom, jor cp read or.

229, line 9, jor R read R".





ERRATA AND CORRIGENDA TO PART 11.

Page 241, line 5, for Siliwjira read Silewada.

line 23, for Sabiithu reM Subiithu.

„ 242, line 9, jor Khigerimudia rend Khijeriinudia

.

„ 253, line 10 from bottom, for Kotakarra read Kotakarra.

„ 267, line 5 from bottom, jor O2 read 0.

280, line 20, between have and the insert been.

,, 340, line 14, for presence read present.

,, 365, line 23, for are read is.

,, 367, line 11, for Konugaon read Kanugaon.

„ 372, line 16, for uch read Such.

,, 376, last line, for ftriking read striking.

„ 381, line 29, for distrit read district.





ERRATA AND CORRIGENDA TO PART HI.

Page 425, line 10, for Bhoj read l^lioja.

,, 435, line 23, for Vij ianimpuram read Viziarumpuram.

„ 436, line 14, for Garragh:it read Garaghat.

„ 442, line 17, for Kannivihalli read Kannevihalli.

„ 443, bottom of table, for 1902 read 1892.

„ 459, hist column, for 2,617 rend 22,617.

„ 463, tenth name, for Donnavapeta read Dannanapeta.

„ 470, 3rd column, for 9,23 reofl 9,2.33.

„ 476, line 15, for Bengali read Bengal.

„ 477, line 22, for Tumsar read Tumsar.

„ 494, line 2, from bottom, for per ton paid or read paid per

ton for.

„ 495, line 18, for silics read silica.

,, 501, table 56, column 4, for A.4 read A.46.

„ 503, table 59, column 11, for 0-112 read OllS.

13, for Gu-ma read Gud-ma.

table 60, column 2, first qnality is 40-90.

„ 509, last line, for non read iron.

,, 512, table 70, column 3, for Mang?.nife-us read Manganifer-

ous.

column 4 & 5, for Belgum read Belgaum.

colimin 12, second figure is 7-08.

column 13, 'put brackets round -f^ and |-|.

„ 513, table 70, column 6, ,, ,, ^•
,, 514, table 71, column 6, last quantity is 0-13—017.

„ 517, table 72, column 8, for Cartbage read Cartbagena.

„ 519, table 74, column 1, for Mositure read Moisture.

„ 520, table 76, column 3, under Panama, for 0-2 read 0-28.

„ 522, last line, for Bislampur read Bistampur.

,, 533, line 5 from bottom, for to a read ton.

„ 567, line 16, for method read methods.

„ 576, line 9, for travelling read traveling.

line 22, for floor read floor.

„ 589, inset, for Phosphorous read Phosphorus.

„ 604, line 19 f^r rhodonity read rhodonite.

„ 605, line 3, fjr calculation read calculations.





ERRATA AND CORRIGENDA TO PART IV.

(This jjart has been checked for numerical errors only.)

Page 624, line 16, for H 0 read 0.

,, 635, line 1, for Talevedi read Taleviidi.

„ 638, line 4, for 3-28 read 8-23.

„ 657, line 6, for Al4(MnO) read Al4(Mn05)3.

line 15, for MnjMnO read Mn-y MnO^.

„ 763, heading for balaghat : jamrapani read bhandara :

ASALPANI 1.

„ 823, line 11, for SiO read SiOg.

„ 830, line 16, for Mn02 read MnO (4-86).

,, 869, line 4, figure is 0-35.

„ 894, 'ine 1, table at bottom, for 21°F. read 2l2°F.

„ 959, line 20, for 0., read 0.

,, 979, As early as 1869 at bottom of page 978 belongs to the top of

page 979.

„ 989, line 2, Cne figure is 2.

,, 1019, table, column 6, for 10. read 10 00 ; for 0 3 read 0 43 ; for

n-5 read 0 05.

cciumu 5, for !• read 1-00.

,, 1031, line J», .or I reaa i.

„ 1050, table, column 2, for 1-290 read 12-90.

,, 1056; line 5 from bottom, for -25 read 0-25.

„ 1057, line 4, for FegOa read Fe^Og.

„ 1091, line 12, for NaMnOg read Na4Mn05.
line 20, for P 0^ read PSQS.

,, 110], table, column 4, for 1,956 read 1,965.

„ nil, line 27, between to and inch insert 1.

„ 1141, line 4, for Fc^O read V^i^^-
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MANGANESE-ORE DIlPOSITS OF INDIA.

PART IV.

DESCRIPTION OF DEPOSITS.
CHAPTER XXIX.

Andaman Islands, Baluchistan and Bengal.

Andaman Islands—Balvchisidn.

Bengal—Burdwan—Gangpur—Hazaril agl',—Kalahanrli—Manbhum—Monghyr

—

Morbhanj^Puri—Singhbhum—Tvventy-four Pargaiias.

Andaman Islands.

Mr. G. H. Tipper of the Geological Survey of India has foimd oxide

of manganese—probably pyrolusite—in nests in a brownish quartzite of

pre-Tertiary age. The locality is west of the Balmi creek, Stewart

Sound, North Andaman Island. The occurrence is of no possible econo-

mic value.

Baluchistan.

A piece of manganese-ore was foimd by Mr. G. H. Tipper near the old

lead workings of Shekhran, 27°53'—66°28'," 14 miles north-west of Khozdar
in Jhalawan. The specimen is mammillatcd concretionary psilomclane,

with calcite deposited in the cavities and to a certain extent incrusting

the psilomelane. It seems probable that this ore formed part of the gan-

gue of the lead-ores, which occur in veins traversing hard blue Upper
Liassic limestones.

During 1907 work was started at a locality situated at the foot of

the Pab Hills in Las Bela State, Kelat Agency, some 70 miles from

Karachi, by the Pabb Syndicate, Karachi, of which Messrs. Beaumont
& Co. are agents. Fifteen tons of ore is the output for that year.

B 2
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Bengal.

Burdwan District.

No manganese-ores have been found in this district, but many of the

iron-ores are manganiferous.

Some analyses of manganiferous limonities and hematites by H.

riddington, published in 1833,1 shew percentages of manganese oxide

varying from 150 to 16*00. In one case the oxide is stated to be the

red oxide (Mn304), and probably it is this form nf the oxide that is

given in all the analyses.

No. 1, No. 6, No. 7,

Between No. 4, Mai Paolta Deser
Jamde and Chaiti. Kanowa. Gerh.
Sukraj.

Water and carbonic acid 8 -.50

Water . . .
6-0 7-0 6-0

Silei (Si02) 4-'00 4-50 7-90 3-75

Alumina (AI2O3) .... 4-75 1-75 0-60 0-50

Carbonate of lime .... 5-15 3-35

Lime ...... 0-bo 0-50

Phosphate of iron .... Trace 0-90

Oxide of manganese (? Mn304) 1-55 16 -00 10-252 1-50

Peroxide of iron (Fe203) 68-00 74-00 86-00

Deutoxide of iron {? Fe304) 76-'00

Total 99-95 99-60 99-75 99-15

Metallic iron ..... 55-0 47-0 51-8 60-2

It is evident from the figures that the above analyses are only approxi-

mations as regards the numerals after the decimal point.

I have been unable to find the position in the map of the above vil-

lages, except that Jamde may be the same as Jamdah, and Deser Gerh

the same as Dishargarh.

Analyses of iron-ores from Barakar given by P. C. Gilchrist and E,

RileyS shew from a trace up to 2*78 per cent, manganese protoxide,

whilst two analyses of the pig made therefrom by the Bengal Iron and

Steel Company show 0-69 and 0-97 per cent, respectively of manganese.

1 Asiatic Researches, XVIII, pt. 1, pp. 171-177. (18.33); Glean. Sci., I, pp.
295-298,(1829).

2 Stated in the original paper—probably by a slip—to be manganese.
3 Iron, XXVIII, pp. 476 8. (1886) ; Jovr. Iron Sted InH.. 1886. No. II. pp. 622-

624.
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One analysis of Barakar iron-ore by C. R. von Schwarz i shews 2"6 per

cent. MnO. Mr. F. L. Schwenk of the Bengal Iron aiul Steel Company,

Limited, has kindly furnished the following figures as representative of

the iron-ores obtained round Barakar :

—

Average. Limits.

Manganese........ If 1 4 to 2-5
Iron ........ 45 41 to 48
Silica 14 to 20
Phosphorus 1 to

1

V

The Barakar ores are obtained, of course, from the division of the

Damudas known as the Ironstone Shales.

Of the other ores used by this company, those from the Adjai valley,

Santal Parganas, contain up to 3 per cent. Mn ; those railed from Kus-

taur, Bengal-Nagpur Railway, in the Manbhum district, mtder 01 per

cent. Mn ; and those from Barabhum, Bengal-Nagpur Railway, in the

same district, 0-3 to 1-3 per cent. Mn.

Gangpur State-

Manganese-ore has been reported as occurring 10 miles westwards

from Bamra station, Bengal-Nagpur Railway, in Gangpur State ; but I

have no details of the occurrence.

The deposit is held by Madhu Lall Doogar of Calcutta and is said

to be of considerable size. An analysis of a large specimen from here

by Mr. V. G. Spiera of Kamthi showed :

—

Dried at 100° C.

Manganese . . . . , . . . . 54 37
Silica . . . . ... . . .1-50
Phosphorus . . . , . 0-072

Some specimens collected from this deposit have been sent to ihe

Geological Survey. They show good trapezohedral spessartite garnet

and also braunite crystals, and seem to point to the extension of the

gondite series as far as Bengal

Hdz^ribagh District.

In the metamorphic rocks of this district occur irregular beds of dark
yellowish-brown massive garnet, sometimes of considerable thickness.

1 Journ. Iron Sied Inst., 1886, No. I, p. 225 ; abstracted from Gcstcrr. Zeits. Berg

Siitknw., XXXIII, (1886).
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This rock, which was named ' calderite ' by H. Piddington, was analysed

by Mr. Tween and found to be a lime-iron garnet containing traces of

mangauese.l One specimen, however, from Katkamsandi, 12 miles

north-west of Hazaribagh, of dark brown or black colour and resinous

lustre, with a specific gravity of 3*65, was analysed by Piddington^ and

found to be a manganese-iron garnet containing 21 per cent, of MnO.
On account of the ratio of protoxide to peroxide being quite wrong for a

garnet, Mr. F. R. Mallet^ throws doubt on the accuracy of this analysis,

not thinking it probable that ' calderite ' varies to such an extent as the

analyses of Tweeu and Piddington indicate. In support of the fact in-

dicated by Piddington's analysis that some varieties of calderite are very

manganiferous, may be mentioned a specimen recently received at the

(geological Survey Office from Mr. J. W. Bollard of Kharagdiha. It

was coiiected by Lim at Sirsia, 5| miles S. E. of this place and is a massive

rock composed of a mixture of a resin-brown garnet (presumably calde-

rite) and a bright green pyroxene (coccolite of Mallet) with specks and

veinlets of galena probably introduced by metasomatic replacement.

The garnet reacts strongly for manganese and the pyroxene feebly so,

and under the microscope the pyroxene is seen to be of a pale bluish

colour, probably due to its manganiferous character. For further re-

marks on calderite see pages 182 to 185.

Kalahandi State.

Along with iron-ore on a hill near Olatura, Dr. T. L. Walker 4 found

Some A'ery manganiferous varieties containing up to 41 "03 per cent,

manganese. Mammillary concretions containing cobalt were found.

An analysis of one specimen gave the following result :

—

Insoluble in HCl. 29-41

Mn calculaterl as MnO 43-30

BaO
FeoOa 7-84

? CoO 0-82

Loss on ignition ....... 10-46

Constituents of the soluble portion not determined . 3-66

100-00

Metallic ffianganese 27-37

1 F R. Mallet, Mineralogy, p. 89, (1887).

2 Jour. As. Soc. Beng., XIX, p. 147, (1850).

8 Mineralogy, p. 90.

i 31em. Geol. Surv. Ind., XXXIll, pt. 3, p. 20, (1902).
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J

MONGmrR disteict. O'lT

The value of this ore would uot, however, lie in its manganese, but in

the cobalt contents; and although this constituent is not high enough in

the specimen analysed to be worth treating for its extraction, yet ores

containing higher percentages of cobalt may exist in the neighbourhood.

The rocks of this hill are said by Walker ^ to resemble in many re-

spects those classified as Dharwa'rs.

M^nbhum Distriet.

V. Ball in his account of the minerals of Maiibhum 2 gives some
analyses of rocks and minerals by Ormsby. One of these, a porphyritic

gneiss, shows 0-8-i per cent. Mn304 ; and another, of potstone, 0"G-1 per

cent. Mn304. The localities for the specimens analysed are not given.

See also p. 615.

Monghyr District.

A few years ago Babu Baidyanath Saha3 found largo loose blocks of

mangane.se-ore at the foot of the Katnowa or Kutowa Hills and also iu

the hill itself. These hills are situated north-west of the block hut between

Gidhaur and Jamui Stations, East Indian Railway. He reports that

the quantity available is quite small and that a sample assaved by Babn
Hem Chandra Dutt of the Albert College, Calcutta, yielded 28-26 per

cent, of manganese with a little barj^a. Three specimens collected by
Baidyanath Saha are in the collection of the Geological Survey.

One of these (19-201), from the Kutowa Hills, 4 miles S. S. E. of

Jamui, is dull blue,black manganese- ore with an exterior weathering

in a pisolitic manner. The streak is darlc brown, so that the ore is prob-

ably very high in iron. A second specimen (19-202) from the satue

locality is similar to the above, but is reniform in shape, showing that

the ore is probably of concretionary origin.

A third specimen (19 "194) from Pandipahari Hills, 4 miles S. "W-

of Jhajha Station, E. I. R., consists of detrital laterite composed of

angular fragments of quartz cemented by somewhat manganiferous

iron oxide. The rock looks blackish because a thin coating of this

cement covers nearly all the quartz grains.

Morbhanj State.

Traces of manganese-ore were found by Mr. P. N. Bose in lafcerite

close to banded blackish quartzites near Kuliana.4

1 Mem. Geol. Surv. Ind., XXXIII, pt. 3 p. 19, (1902).

2 Mem. Q. S. I., XVIII, pp. 103. 105, (1881).

3 MS. of an unpublished thesis, for M. A. degree of Calcutta University, entitled
' On a peculiar type of breccia of the Monghyr district.'

4 Eec. G. 8. I ;XXXI, p. 170, (lilC4).
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Puri District.

Amongst some specimens of building stones received from the Dis-

trict Engineer, Khurda, two blocks of somewhat decomposed khondalite

from Khijerimudia, 3 miles south of Jatni, shew spots and streaks of

soft brownish black manganese oxide ; whilst a specimen of ferruginous

laterite fiom Bhomitika, 2 miles east of Jatni, shows dark brownish black

manganiferous spots.

Singhbhum District.

In January 1905 I spent a few days in this district examining some

^. ^
deposits of manganese-ore that had been recently

prospected near Chaibasa by Messrs. Hoare, Miller

& Co., and Messieurs Jambon and Cie., both of Calcutta. Since

then these firms have relinquished practically all their interests and the

Madhu Lall Doogar Mining Syndicate of Kamthi has obtained the

concessions. Prospecting in other parts of the district has resulted in the

discovery of other occurrences of manganese-ore, amongst them that on

Leda Hill found by Mr. R. Saubolle working on behalf of Messrs.

Martin & Co., Calcutta. In January 1908 I was able to visit Leda

Hill, and Tutugutu, near Chaibasa, not previously examined. The

remarks in the following paragraphs refer to the deposits of the

Chaibasa area, unless otherwise stated.

Most of the localities for manganese investigated by the prospectors

of the above firms were originally discovered by V. Ball,l who men-

tions the occurrence of iron-ores ' in a number of lodes and veias which

occur in the sub-metamorphic rocks in the neighbourhood of, and to the

west of, the town of Chaibasa Many of them, however, give great

promise of being rich in manganese.' He notices a ' well-marked ridge of

this manganiferous ore mixed with vein quartz south of Chaibasa and east-

40rth-eastof Purana Chaibasa,' and a somewhat similar outcrop of brown

hematite near Tjagia, some of this ore being rich in manganese. The

two firms first mentioned took out prospecting licenses in August and

September, 1904, respectively, and carried out a considerable amount of

surface excavation in the form of pits up to 10 feet deep, and shallow

trenches. This enabled me to form a very good idea as to the mode of

occurrence and origin of these ores.

1 Mem. G. S. /., XVIII, pp. 146, 147, (1881) ; also ' Manual of Geology of India,'

Part lU, p. 328.
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The rocks with which these deposits are associated are what Ball

^ J

calls sub-metaniorphics, and are shown on the map
° accompanying Mr. Maclaren's paper on ' The Auri-

ferous Occurrences of Chota Nagpur, Bengal,' as Dharwars.i As seen

just to the south of Chaibasa, where the majority of the deposits are

situated, these rocks consist of unctuous clay-slates and sericite-phyl-

lites
;
purplish sandstones, quartzites, and grits, which are often of the

nature of greywackes ;
together with red and pink jaspers and jaspery

quartzites. These rocks are traversed by abundant veins of white

quartz, which often appear to form irregular masses, and frequently

show druses lined with quartz crystals. These rocks have a strike aver-

aging north-east, with a gentle to steep dip to the north-west side ; but

in many places where the greywacke sandstones and grits—which

seem to be here the bottom beds of the group—rest on the underlying

granite, they are either gently rolling or quite horizontal. Consequently

the bottom beds of the Dharwars often occur as outlying patches on

the underlying granite.^

The granite is a whitish rather fine-grained rock containing a bronze-

brown mica. It is in places of much coarser grain and occasionally tra-

versed by pegmatite veins, and seems itself to be a true igneous granite.

A series of well marked epidiorite dykes traverses the granite in various

directions, but usually in a N. 30° E. direction in this neighbourhood.

The manganese, and iron-ores are found in a number of irregular

Mode of occurrence ridgy hillocks Composed of limonite and psilomelane,
of the ores.

^j^j^ Sometimes pyrolusite and red ochre. The

limonite is the commonest of these minerals and is usually ocbreous

and soft, with abundant scattered remains of jasper, quartz, or sericite
;

but it is sometimes hard and compact ; whilst it often occurs as layers of

radiate structure coating cavities, and having an outer shining, black,

pimply, or botryoidal, surface. Some of these limonitic outcrops seem

to be practically free from visible manganese oxides, but others show
scattered patches and veins of psilomelane, which in some places pre-

dominates over the iron-ore ; in one outcrop near Matkamhatu, to be

noticed below, the rock is practically all psilomelane, with some pyro-

lusit ', and with limonite in places. The psilomelane that occurs thus

1 Bee. G. S. I., XXXI, PI. 5, (1904).

2 The but slightly metamorphosed character of these sandstones and grits and
their gently rolling disposition would be more consistent with a Kadapah than a
Dharwar age for them ; but I think that in this case we have to deal with some
Dharwar sediments that have escaped being much folded and have therefore been but
slightly metamorphosed.
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is cavernous, of irregular shape, and often botryoidal and concretionary :

in many places it contains rounded patches of pale pink jaspery quartzite

simulating pebbles, but really the remains of an original band of jasper,

the larger portion of which has been replaced by oxide of manganese.

Much of the ore on being broken shows tiny specks of white quartz, while

other pieces show remains of white silky-looking sericite—looking like

talc at first sight—and at times fragments of sericitic slate and phyllite.

Besides the above-mentioned irregular deposits of lateritic aspect,

the manganese-ore occurs in some places, as at Tekrasai, Tutugutu,

and Bistampur. in bed-like layers from one to six inches thick, the ore

then being sometimes very fine-looking compact psilomelane. With these

layers are also associated the cavernous, botryoidal, or concretionary ores,

the whole making up a manganiferous layer, which is in places as much
as two or three feet thick. The ores in this bed often show remains of

quartz and sericite and invariably I'est on horizontal or nearly horizontal

purpUsh sandstones and grits.

Judging from the evidence obtained, both in the field and from the

^
microscopic examination of the specimens coUect-

" ' ed, there can be little doubt that these manganese-

and iron-ores have been formed by the percolation of solutions contain-

ing manganese and u"on, which have replaced indiscriminately whatever

rock was at the surface ; the rocks seen to have been thus replaced are

slates, sericite-phyllites, jasper, vein-quartz, and purpUsh felspathic

sandstones and quartzites, the two latter to a much less extent than the

former. Where the rocks he at a moderate or high angle the result of

this alteration seems to have been a cavernous cindery-looking lateritic

rock (laterifoid—see page 381) : where the dip is horizontal or very small,

the manganese has often formed a well-marked bed-like layer, usually

where a thin layer of slates or phyllites rested on the purplish felspathic

grits and sandstones ; the latter rocks not being as a rule much affected,

although they are sometimes limonitized at their outcrops.

The iron is doubtless in part a concentration product resulting from

g f th
weathering and denudation of the rocks under

manganese. consideration, but the source of the manganese is

not so apparent. As none of these rocks when

unaltered seem to be notably manganiferous, it is probable that the

manganese has been brought in solution to its present position.

Considering the complete parallelism between the mode of origin of

the Chaibasa ores and those of the Jabalpur district, and the fact that

the associated rocks are in both cases Dharwars, one would expect the
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Chaibasa manganese to have been derived from micaceous hematites

containing manganese, as in the case of the Jabalpur ores. And although

I noticed no iron-ore, other than lateritic, near Chaibasa, yet such

micaceous-hematite schists may exist in the neighbourhood— if not

exposed, then concealed by alluvium or lateritic outcrops. It is

interesting to note that such rock, identical in every lithological

character with that of Jabalpur, has been found by Mr. C. .4ubert in

the Dharwar area of Singhbhum at Hakigora Hill near Kalimati, about

30 miles east-north-east of Chaibasa.

l

As these ores often occur on the tops of hillocks, it seems probable

, ^ that they were formed before the present contours
Time of fonn.ition '

of the ores. of the country were carved out, or perhaps during

the process of weathering and denudation of the

rocks to their present shape.

Considering the above facts, it is not surprising that these ores are

Commercial value ^^^J patchy and irregular in their mode of distri-

of the deposits, and bution, and it is not to be expected that more than
analyses of the ores.

^ thousand tons of manganese-ore will ever

be collected from all the localities combined.

The samples taken by me—which were analysed by Messrs. J. & H. S.

Pattinson, and are inserted in the following pages in the accounts of the

respective deposits—show the following range and average values for

the various constituents :

—

Analyses of manganese-ores and manganiferous iron-ores from Singhhhum.

Samples. Hand-specimens.

KaturB of ores. Manganese-ores, Manganiferous iron-ores. Manganese-ores.

Number of analyses. .3 3 3

Limits. Mean. Limits. Mean. Limits. Mean.

54-47
0 18
0-07
0-31
0-42

Manganese .

Iron ....
Silica

Phosphorus
Moisture

46-89—48-08
1- 22— 6-10
2- 45— 8-30
0-27— 0-42
0-55— 0-80

47-66
2-90
4-63
0-34
0-63

4-23—20-66
25-60—41-30
14-70—18-10
0- 35— 1-18
1-00— 1-40

11-84
34-97
16-46
0- 74
1- 17

50-66—57-14
0 05— 0-35
0-05— 0-10
0-29— 0-32
0-35- 0-45

1 Since I wrote this I have seen the deposits of Sandur and Mysore and I now think
that, although the manganese may have been derived from micaceous hematite, yet the
small amount of manganese probably present in the other Dharwar rocks, such as the
phyllites, may have been sufficient for the purpose, after concentration by circulatirg

waters.
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From the above it will be seen that the ores can be classified into man-
ganese-ores of fairly good quality, except for phosphorus ; and very

siliceous manganiferous iron-ores. The quantity of either obtainable is,

however, small ; and considering all the features of the case, it seems im-

probable that these occurrences can be turned to profitable accoimt for

export purposes, except possibly at times of very high prices, such as

obtained in 1907. Should it be foimd possible, however, to use the

ores locally under circumstances in which phosphoric ores are not

objectionable—such as in the manufacture of basic steel—in which the

manganiferous iron-ores could also be turned to account, then these

occurrences might be profitably worked.

The output figures given for this district for 1907 are
Outimt. p 11

as follows :

—

Long tons.

Gitilpi 1,30-4 t Madliu Lall Duugar Mining
Tutugutu 2,229) Syndicate.

Kalenda ..... 400 Jambon & Cie.

3,933

But this includes 1,000 tons estimated as the output fcir years

previous to 1907, mainly 1906.

During 1907 the Madhu Lall Doogar Mining Sjoidicate is said to

have railed some 1,600 tons of manganese-ore from Chakardharpur

Railway Station, Bengal-Nagpur Railway ; of this 300 to 400 tons

were obtained from Gitilpi and the remainder from Tutugutu. The

average manganese contents was not, however, greater than 40 per

cent., and it is doubtful if the sum realized for this ore can have paid

expenses. The ores that I saw lying at the railway station and

Tutugutu, were not selected and dressed to the quality of the

stocks I sampled in 1905 ; had they been, the quantity of ore won
wovdd have been very much less.

In addition to the analyses given above I have 13 analyses of hand-

specimens of ores from this area, kindly supplied by Mr. C. Aubert.

The limits and average value of each of the four principal constituents

are shown in the following table :—

Analyses of manganese-ores from the Chdibdsd area, Singhbhum.

Limi ts. Mean.

39 91 to 01 24 52 16

0 64 to 11 89 4 11

0 70 to 17 56 6 62
0 06 to 0 55 0 25
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The following is a list of most of the localities for mauganeae-orc

icnovm in this district :

—

^ List of localities.

1. Purana Chaibasa.

2. Kamarhatu.

3. Matkamhatu.

4. Tekrasai (Tekrahatu).

5. Gitilpi.

G. Kalenda.

7. Tutugutu.

8. Bistampur.

9. Lagia.

10. Leda Hill.

Besides the deposits given in the foregoing list, several other occur-

rences of manganese-ore have been reported from different parts of the

district ; but the information received has not been sufficiently exact to

warrant their mention here. The first six of these deposits were, in 1905,

included in the concession held by Messrs. Hoare, Miller & Co., and No. 8

in that of Messieurs Jambon & Cie. At present (February, 1908) most of

the concessions have, I believe, been relinquished, the Madhu Lall Doogar

Mining Syndicate still holding Tutugutu, and Messrs. Martin & Co., Leda

Hill : concessions are also held, I believe, hy various people for the country

immediatel)^ around Leda Hill. All the above deposits are within an

eight miles' radius to the south and west of Chaibasa, except Leda Hill,

which is near Goilkora Railway Station, Bengal -Nagpur Railway.

Chaibasa is 16 miles from Chakardharpur, Bengal-Nagpur Railway,

and the Chaibasa deposits are at distances of 1 to 8 miles from

Chaibasa. The deposits will now be dealt with in order.

1. Purana Chaibasa.

The ores of this locality are mentioned by Ball {supra, p. 618) ; they

are limonites in which manganese-ore is very scarce, and the ridge in

which they occur is partly in

—

2. Kamarhatu.

3. Matkamhatu.

Half a mile east-south-east of the village on the east side of the main

road to Chaibasa, there is, on the top of hillocky ground, the best outcrop

of manganiferous limonite seen by me in this district. In one place there
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is a well-marked outcrop in which limonite is scarce, the rock being

chiefly psilomelane, with some p}Tolusifce. It is of the usual cavernous

lateritic type and shows in places remains of sericite. This very mangani-

ferous portion of the outcrop has a length of 70 paces, is 50 feet wide and

rises to perhaps 15 feet above the remainder of the midulating hillocky

groimd on which it occurs. A sample of ore from here gave the following

partial analysis (by Messrs. J. & H. S. Pattinson) :-

Sample No. A. 36.

Manganese peroxide (Mn02) . . . . . . .29 -60

Manganese protoxide (MnO) . . . . . . . 2'53

Ferric oxide (re203) 36-57

Baryta (BaO) 0-79

Silica (combined) . . . . . . . . .5-08
Silica (free) 11-50

Phosphoric oxide (P2O5) . . . . . . . .1-61
Combined water (H 0) . . . . . . . . 5-70

Moisture at 100°C l-QO

This is equivalent to :

—

Manganese (Mn) 20-66

Iron(re) 25-60

Silica (total) 16-58

Phosphorus . . . . . . . . . .0-70

Irregular outcrops of limonite, in places very manganiferous, stretch

for 200—300 yards to the south-east, and then continue E. 35° N. along

the south-east edge of the north-east one of the four hillocks shown on

the 1-inch map of this area. The limonite here is sometimes very good,

but also frequently very siliceous. A sample taken all along these

outcrops yielded the following results (J. & H. >S. Pattinson) :

—

Sample No. A. 37.

MnO 5-94

MnO 0-60

re203 59-00

BaO 0-26

Si02 (combined) . . . . . . . . .6-35
SiC2 (free) . . . 11-75

P2O5 2-75

H2O (combined) 7-90

Moisture at 100°C 1-40

This is equivalent to :

—

Manganese . . . . . . . . .
.4-23

Iron 41-30

Silica (total) 18' 10

Phosphorus . ^ . . . . . . .1-18
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From this it will be seen that the ores of this locality are siliceous and

highly phosphoric manganiferous iron-ores.

There is still another outcrop of very manganiferous limonite situated

J mile or so S. .'55^ E. from Matkamliatu village and striking N. 155° E.

It is on the west side of the road.

4. Tekrasai (Tekrahatu).

Half a mile almost due north of the village is the principal excavation

made by Messrs. Hoare, Miller & Co. It is on low ground and has revealed

a nearly horizontal bed of ore restmg on purple quartzites. The section

seen in one place was as follows:

—

1'8" ore, including a 1 to 2 inch band of vein quartz.

6" purplish jaspery quartzite veined with psilomelane.

5* lavender slate replaced by ore in places.

l'6"-f decomposed purplish sandstone.

4'1" total.

The ore band varies from I'S" tol'O" in thickness and is composed of

layers of psilomelane J to 1 inch thick, sometimes very good, but usually

showing included siliceous remains. Some of the ore is cavernous and

botryoidal. This bed of ore could be tracer! only over a small area and

must thin out in all directions. Perhaps 10-15 tons of ore had been col-

lected, and from the heap that contained the best ore—the others required

much cleaning—a sample was taken, which gave the following partial

analysis (J. & H. H. Pattinson):

—

Sample No. A. 33.

Mn02 no -31

MnO 5-51

FegOs 1-74
BaO 4-47
Si02 (combined) 3-50
SiOo (free) 4-80
P2O5 0-99
Arsenic oxide (As O5) ........ 0-033
H2O (combined) ......... 3-50
Moisture at 100°C 0-55

This is equivalent to :--

Manganese 48-08
Iron ........... 1-22
Silica (total) 8-30
Phosphorus . . , . . , ^ . , .0-43
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' Complete analyses, with descriptions of three pieces of psilomelaae

from this locality are given on pages 100, 107 and 108. I give here

the commercially significant part only :

—

Number of specimen. A.380 A. 381 J.917

Manganese ........ 50 GC 55-61 57 14

Iron ......... 0 15 0-05 0-35

Silica . . ...... 0 05 0-05 0-10

Phosphorus ........ 0 32 0-29 0-30

Moisture ........ 0 45 0-45 0-35

The comparatively high amounts of oxides of cobalt, nickel,

copper, and zinc, in these specimens are, however, worth directing

attention to.

5. Gitilpl.

A furlong or more S.E. of the Tekrasai excavations are two more of

these limonite hillocks, of which the western is in Tekrasai and the east-

em and more important one in Gitilpi village limits. They are separated

by some 200 yards of level groimd through which runs an epidiorite dyke

with a N. 25° E. strike. The western hillock does not contain much good

limonite, most of the latter showing the usual siliceous and sericitic re-

mains ; it also contains a small amoimt of psUomelane. The eastern

hillock is really a low ridge running E. 40° N. and rising at its east end to

about 30 or 40 feet above the surroimding fields. It does not show

limonite throughout its length, but in the middle the purplish quartzite

(elsewhere presumably underlying) covers the ridge. As before the

limonite shows remains of jasper, quartz, and sericite, with the cavities

often lined by radiate limonite. A little psilomelane is also present.

A sample taken along the outcrop gave the following partial analysis

(J. & H. S. Pattinson) :—

Sample No. A. 34.

MnOss '-''•SI

MnO 1-30

Fe203 54-28

BaO 0-85

SiOg (combined) 8 -.TO

SiOz (free) 6-20

P0O5 0-81

HgO (combined) . c 8-00

Jfoisture at lOOT. . . . . • . . . - MO
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This is equivalent to :

—

Ma!igancse . . . . . . . . . . 10-(')2

Iron .... 3800
Silioii (total) 14-70

I'hosj.liorus . . . . . . . . . .0-35

Round the base and slopes on the N. W. side of the N. E. end of the hil-

lock, psilonielane crops out in force for some 50 yards and predominates

over the limonite. A pit dug here almost at the foot of the hillock sho(\'ed

a depth of two to three feet of the lateritic rock resting on a thin stratum

of quartzite fragments and this on a much kaolinized granite of medium
grain^ which in places included patches of hornblendic rock and epidote ?

This seems to indicate that this hillock is an outlier of Dharwar sand-

stones and quartzitos resting on the granite, and that the Dharwars have

been lateritized at the outcrop.

Some 5 tons of ore had been extracted here ; it was mostly botryoidal,

mammillated, or columnar, in structure, and apparently of good quality,

at least as regards the manganese content. A sample yielded the follow-

ing partial analysis (J. & H. S. Pattinson):

—

Sample Nn. A. 35.

MnOg 70 01

-VlnO . . . 4-85
Fe^O 8-71

BaO 3-84
Si02 (combined). . . . . . . . . . 1 • .'"i.T

Si02 (free) . 0-90
P2O5 0-79
H2O (combined) 4-20

Maisture at 100°C 0-55

This is equivalent to :

—

]\Ianganese . . . . . . . . . .48-01
Iron (MO
Silica 2-45

Phosphorus . . . . . . . . . .0-35

About h a mile N.E. of these hillocks I saw, in January 1908, another

series of excavations to the west of the road. In one place over an area

of Several square yards, a single horizontal layer of manganese-ore averag-

ing I inch, and ranging from i ':o 2| inches in thickness, is said to have

been fotmd at 1 J feet below the su/face. The material that was jjointed

out as the underlying rock consisted of pinkish grey jasper and vitreous

IV c
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quartzite, the former being perhaps an altered form of the latter. Fur-

ther east purplish sandstone-quartzites come to the surface and are being

converted iiito a waddy laterite, films and layers of which extend down-

wards along the joint planes and also along the bedding planes.

6. Kalenda.

A few pits near the road, where it passes between Kalenda and its

tola or hamlet, Tunglui, had been filled up ; but I was told that they all

showed ore resting on the usual purplish felspathic sandstone. Some
pieces of somewhat tabular psilomelane that I picked up were said to

have come from a bed about a foot thick. Where the ore crop])ed out it

was the usual mixture of limonite and psilomelane.

7. Tutugutu.

This deposit is situated about 1^ miles due south of Tutugutu village

on the low ground immediately to the north of a low ridge of the purplish

sandstone-grit, with vein quartz, both of them lateritized in places. It

has been actively vrorked by the Madhu Lall Doogar Mining Syndicate

during 1907, with the despatch to Chakardharpur, about 22 miles distant,

of over a thousand tons of manganese-ore.

The sections visible in the cuttings open iii January 1908 showed, in

some places, the lateritoid mixtures of manganese- and iron ores with

residual patches of phyllites, jasper, sandstone-grit, and vein-quartz,

according to the rock that had been replaced. In one place a network

of psilomelane has penetrated vein -quartz in all directions, so as to con-

vert it into a sort of breccia, consisting of angular patches of quartz in

a net-work of psilomelane. Tn other places sections are seen showing up

to 5 feet of slates and phyllites, usually gently rolling, with intercalated

beds of manganese-ore varying from J up to 6 inches thick, 1 to 2 inches

being the most usual thickness. These ore-layers are often seen to thin

out lenticularly, and also often contain residual remains of the slaty

rocks ; so that there is little doubt that chey are the result of replacemer.t

of the slates, aiul are not original sedimentary ore-beds deposited at the

same time as the sediments from which the slates were derived.

The total amount of ore available from both the lateritoid and the

interbedded ore-layers cannot be large, whilst its quality must be low.

Nevertheless, this seems to be the largest deposit yet found in the Chai-

basa area, with the possible exception of Bistampur.
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8. Bistamoup.

This village is tho one marked as Matagota on the map, the latter

village being more to the south. The ore occurs in a group of low hills

situated i to ^ mile W. N. W. of the village and known as Tumang Buru.^

The hills are composed of an outlier of sandstones and grits resting on a

basis of the usual fine-grained granite ; in places sericite-phyllite seems

to cap the grits. In many places the rocks have been converted into man-

ganese- and iron-ore, especially the former, and as the bedding of the

rocks is about horizontal the ore tends to form a bed, which over one

small area about 80 yards long and 80 broad often reaches a thickness of

two feet. At this particular spot, which is on a plateau-like piece of

ground just to the N. W. of the S. E. hillock on the map, perhaps 20 tons

of ore had beeii extracted from a series of shallow pits and trenches. The

ore was largely very fine-looking bluish psilomelane with scattered specks

of pyrolusite ; but some of it showed abundance of residual sericite. A
sample of ore taken from these heaps was analysed by Messrs. .J. & H. S.

Pattinson with the following residt :

—

Sample No. A. 38.

MnOo 65-81

MnO 6-84

1-95

BaO 1.3-76

Si02 (combined) 0-10

Si02 (free) 3-05

P2O5 0-62

H2O (combined) 4-60
Moisture at 100°C 0-80

This is equivalent to :

—

Manganese 46-80

Iron 1-37

«ilica (total) 3-15

Phosphorus . . . . . . . . . .0-27

From the west end of this plateau there rises a hill, somewhat higher

than the others, composed of sericite-phyllites with vein-quartz ; some

pits on its slopes exposed a layer of tabular manganese-ore overlain bv
debris of white vein-quartz, resting on the phyllites, and obviously

derived from them by replacement.

1 Bum is the Kol word tor Hill.



G30 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [TaRT IV :

On a small plateau-area to the north of this phyllite hillock a further

quantity of botryoidal and cavernous ore was exposed, resting on prac-

tically horizontal quartzite.-;.

As will be judged from the above, this occurrence is probably the best

yet found ni the district ; but probably not more than a few hundred tons

of ore of the above quality coidd be won by working the whole of the

manganiferous area here ; whilst the railw ay at Chakardharpur is

some 24 miles distant. Bi.stampur being 8 miles south of Chaibasa.

9. Lagia (Lajia).

According to Ball some of the iron-ore here is rich in manganese.

This locality is about 7 miles west by a little south from Chaibasil.

10. Leda Hill.

Leda Hill is situated in Government Reserved Forest about 2| miles

S. by a little W. of Goilkora station, Bengal-Nagpur Railway. It rises

to 2,077 feet above sea-level and perhaps 1,000 feet above Goilkora.

The top of the hill is nearly half a mile long and has a general N. W.-

S. E. strike. Manganese-ores were first discovered here by Mr. R.

Saubolle, prospecting on behalf of Messrs. Martin & Co., in 1907.

This firm has since obtained the prospecting license for the occurrence,

and has opened up a series of 28 pits and trenches, v/liich I v/as able to

exanune in my visit to the hill in January 1908. The rocks of the hill

as seen in the outcrops and exjiosed in these trenches consist of alter-

nating quartzites and slates, traversed in places by vein-quartz.

Their strike usually varies from N. N. W. to N. N. E. with dips varying

from 45° to vertical to the west side ; but there are exceptions to the

above figures. Almost everywhere these rocks have been partly replaced

by oxides of iron and manganese at the surface with the production

of the rock I have designated iateritoid. This consists of mixtures of

iron-ore (limo iite and sometimes hematite) and manganese-ore (chiefly

psilomelane) and usually shows residual patches of either quartzite

or slate, or of lithomarge formed by the alteration of the slate. The

pits and trenches show that manganese-ore that seems to be fairly

good at the surface passes down in a few feet into partly replaced

rock. Hence the ore is of superficial origin and, as far as can be judged

from the pits and trenches, of very limited quantity at any one spot.

Such ore as there is, moreover, frequently contains remains of the rocks

from which it has been derived by replacement. I have not seen any

analyses of the ores froni this hill, but I should say they v.ould tend to
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be very siliceous. As regards quantity, it is possible tiiat a fair amount
could be collected over the whole of the hill ; but the expense incurred in

excavating it would ])robably render it unj)i'ofitable to work the occur-

rence for export, except perhaps at times of high prices such as prevailed

during the earlier parts of 1907.

It must be remembered, however, that in dep'.^sits of this tyj)e the ore

tends to be of the highest grade at the surface ; and if the deposit has been

subjected to much denudation since its formation, it is probable that the

best portions of the ore have been denuded away. In this case they would

probably be foimd on the slopes of the hill ui the form of talus. If any

attempt be made to work this occurrence attention should be directed to

the ore in situ on the west side of the hill, where it seems to be of the

best quality, whilst the talus accumulations should be examined especially

on the western slopes.

In mode of occurrence and origin and its situation on the top of a hill,

this deposit bears a great resemblance to many of those in Mysore. It

differs from those of the Chaibasa area 'jnly in situation and the somewhat

different lithological characters of the rocks that have been icplaced.

An interesting feature of this occurrence is the cavernous character

of the altered rocks revealed in some of the pits. Thus one pit showed

slates irregularly replaced by manganese oxide and themselves softened

and lithomargic. In this were some large flat cavities extending irregu-

larly for some feet and even yards along the strike of the rocks, but only

a foot or two wide at right angles to the dip planes. These cavities

seem to have been formed by the solution or washing away of the

decomposed slate, leaving the concretionary manganese-ore projecting

into the cavities.

The 24-Parganas.

Mr. T. Munro of the Port Commission has brought to my notice a very

interesting occurrence of manganese-ore. I have unfortunately not been

able to visit the place myself. This occurrence is all the more surprising

because the locality for the ore is in the Gangetic alluvium in the portion

of Lower Bengal known as the Sundarbans. The actual locality is

the Silver Tree G.T.S. station, which lies on the east shore of the Hughli

at a point not quite 3 miles in a straight line N. 17° E. of the telegraph

station at Mudpoint. A little below the Silver Clif? obelisk are very

numerous small pisolites scattered on the shore just above high-water
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mark for some hundred yards along the beach. The pisolites have prob-

ably been washed up to their present position by the tide, for they also

occur in situ in the blue clay of which the shore is here composed and can

be seen projecting in bimches from the clay all the way between the

high.and low-water marks. In this blue clay there are bits of the roots

and twigs of plants, as well as small concretionary tubes. The way in

which the concretions of manganese-ore have been formed is not known,

but is a point of great interest and worth determination. The pisolites

from this locality are all very much of one size, namely about 0 2

inch in diameter. Mr. Munro tells me that such small bodies also occur

in great num1>ers scattered on the surface of the ground near the

Mudpoint telegraph station. Here, however, they are much smaller than

at the Silver Tree G.T.S., averaging about s ^^^^ diameter.



CHAPTER XXX

DESCRIPTION OF DKPimTi^ -continued.

Bombay Presidency.

Kcly umi -Rijapur— Dharwar— Dharwar (.San^li)—Narukot— l'alan])iir— I'aneh

.Mahals;— Hiljj)ii)la— Ratnagirl—Satara.

Belgaum District.

Manganese-ores have been found in this (hstrict in rocks of both tlie

Kaladgi and Dharwar Series. The known occurrences are as follows :

—

1. Munnikerri, in Kaladgi rocks.

2. Bhinigad

3. Talevadi >• in Dharwar rocks,

4. Nersa )

of which Nos. 3 and 4 are of possible economic value.

In the Return of Mineral Production for 1891, page 5, manganese-ore

is reported to occur in the trap rock (probably the Deccan Trap) of this

district, but no authority for this statement or details of the occurrence

are given.

1. Munnikerri.

Lieutenant (afterwards Captain) T. J. Newbold^ says, in 1840,

that he found manganese-ore ' in the sandstone of the Southern Mahratta

Country ' between Kaladgi and the falls of the Ghatprabha river near

Gokak. He later^ specifies the locality as Munnikerri about 26 miles

W. by a little S. of Kaladgi, where ' close to a small pagoda, the sand-

stone at the S. W. flank of the ridge near the edge of the overlying

trap is penetrated with a vein of black manganese, associated with

iron, about three inches broad. '3 The 'sandstones' are quartzites

belonging to the Lower Kaladgi Series and the ' trap ' is the Deccan

Trap.

1 Mad. Journ. Lit. Scl, XI, pp. 45, 245, (1840).
^ Journ. As. Soc Beng., XIV, p. 275, (1845); reprinted in 'Western India,'

p. 352, (1857).

3 Loc. cil., p. 276.
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2. Bhimgad.

In 1874:, Mr. R. B. Foote,i late of the Geological Survey of India,

found, near the east gate of the fort, a considerable quantity of a dark

blackish-brown powder

'accumulated on the surface of the dolt>nute from which it had evidently been
weathered out. The limestone, the face of which was greatly concealed by vege-

tation, was here darker in colour tlian in the main mass of the mountain. The
mode in which the black mineral occurred in the original rock was not clear. ..'

An analysis by Mr. Tween of this ore, which is apparently a very

impure wad, showed it to consist of :

—

Water and organic matter ...... 14-6

Oxide of iron and a little alumina .... 22-0

Binoxide of manganese . . . . . .20-0
Insoluble 44 -S

101-4

\?hiie an analysis of the dolomite, also by Mr. Tween, showed :

—

Water and organic matter ...... 4-0

Carbonate of lime . . . . . . . .56-4

Carbonate of magnesia . . . . . .34-8
Oxide of iron with a little alumina and manganese . . 3-G

Insoluble 2-2

101-0

Judging from the second analysis, it seems as if this wad is a resi-

dual crust ieft on the surface of the dolomite when the carbonates of

calcium and magnesium are dissolved away by meteoric waters ; it is

possible that the manganese was originally contained in the dolomite

as the carbonate. The dolomite was included by Foote in his gneissic

series. Tliis was, however, previous to the establishment by him in

18882 of the Dharwar Series; and Mr. J. M. Maclaren, late of the

Geological Survey, who visited this area in 1904-05, has added, under

the name of the Castle Rock Band, 3 a fourth to the three main bands of

Dharwar rocks already distinguished by Foote in this part of India. The

dolomites of Bhimgad, and the limestones and schistose rocks of Tale-

vadi and Ncrsa, are mapped by Maclaren as forming part of this band.

1 sMem. Geol. Surv. hid., XII, pp. 56, 259, (1876). Bee. Oeol. Surv. Ind., VII,

p. 125, (1873).
2 Rec. Geol. Surv. Ind., XXI, p. 41, (1888).

3 Ibid., XXXIV, p. 96, (1906).
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;3. Talevedl.

In 1901, mangano.se-oros were discovered by Mr. T. B. Kantliaria

at Talevildi village on the Kelil ghat, some .'H to 4 miles 8. E. of Bhim-

gad and the same distance from the frontier of the Portuguese territory

of Goa. The concession was taken by Mr. Kantharia to MessifMirs

Jambon and Cie. of Calcutta. A large number of pits were sunk by Mr.

D. T. Frizoni, on behalf of this firm, which subsequently (1906) sold

the property to Mr. C. P. Boyce of Belgaum.

According to Mr. Maclaren, who visited this locality early in 1905.

„ , , when the deposits had been well opened up, the
Alrde of occun-cme

• , /, ^ v ikoa
and origin. manganese-ores occur in a deposit oi laterite 15-20

feet deep. This laterite passes downwards into

quartz- so hist overlying a slightly manganiferous limestone. Both these

latter rocks form part of the Castle Rock Band of Dharwars and are

nearly horizontally disposed, but have been subjected to a horizontal

pressure that has developed in the quartz-schist a foliation having a

north-easterly dip. Three specimens of the rocks brought from here

by Mr. Maclaren are :

—

(1) friable fine-grained sericitic quartz-schist.

(2) fine-grained biotite quartz-schist

;

(3) fine-grained grey limestone with bands of darker colour. It

is not dolomitic, gives a decided reaction for manganese, and contains

abundance of quartz and nests of minute mica scales.

The manganese-ore occurs only in the laterite as hard, more or less

spherical, concretions, which are sometimes as much as 3 feet in dia-

meter at the surface. They decrease in size and hardness with depth,

imtil, where passing into the decomposed schist, they are very few in

number and only 2 to 3 inches long. Fig. 22, on page 384, taken from

a paper by Mr. Maclaren in the Geological Magazine,^ illustrates the

mode of occurrence of the manganese-ore. The ores are chiefly psil-

omelane with some pyrolusite and wad, and are associated with limonite

and ochres. They are often cavernous and of concretionary shapes.

The two preceding paragraphs were compiled from the notes and

specimens of Mr. Maclaren before I had visited the locality myself.

This I was able to do in December 1907. The pits had then in most

cases become weather-stained and somewhat obscured as compared

with their fresh condition ac the time of Mr. Maclaren's visit. Work

1 Vol. Ill, Dec. V, p. 538, (190G).
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was still going on in some, however, and in these the sections were of

course fresh. I did not see all that Mr. Maclaren records, but generally

speaking, I agree with his description, and with the theory of the origin

of the laterite of this locality by the metasomatic replacement of the

rocks at the surface, as put forward in his jiaper in the Geological

Mcuiazine} The laterite here covers a considerable area, and the

manganese-ore is very irregularly distributed throughout it. In

some places the laterite is quite free from manganese-ore, whilst in

others it consists almost entirely of manganese-ore. In spite of the

large area over which the laterite of this locality is spread, so that it

seems necessary to designate it 'high-level laterite,' yet I do not think

it is necessarily of the same origin as the high-level laterite of the Cen-

tral Provinces and Satara, nor that Mr. Maclaren's theory as to its

origin is applicable to all high-level laterite. I think rather that the

occurrence of manganese-ore at this locality is to be classified with those

occurrences in other parts of India, such as Mysore and Jabalpur, that

I have found it advisable to distinguish by the term 'lateritoid' to avoid

confusion with the true high-level laterites. In fact the Talevadi oc-

currence may be regarded as a connecting link between the true lateri-

toid occurrences of Mysore and other parts, and the true high-level lat-

erites. As in Mysore, some of the nodules of lead-like psilomelane

have an outer shell of wad, from which, into the psilomelane, there

seems to be a gradual passage.

I must notice, however, that the lateritic rock of this locality does

not all seem to have been formed at the same time. Thus in one place

where work was being carried on ac the time of my visit there seemed

to be a considerable body of ore. As exposed it was 24 paces long in an

N. 30° E. direction, 11 paces broad, and 8 feet deep. This mass seemed

to be practically all manganese-ore, except for patches of laterite in

it here and there. The ore consists of psilomelane (both lead-like and

dull grey) and wad, the former predominating. At the N. E. end of

the working this ore-body gives place to laterite containing masses of

psilomelane up to 6 and 9 inches in diameter. This ore is mostly hard

bright grey psilomelane of considerably better quality than the ore in

the ore-body. These included pieces of manganese-ore look in fact as

if they are older than the enclosing laterite, and as if they are being

corroded by the latter in the same way as I have noticed in the Sandur

deposits (see page 1029). Of this I could not be certain, however. But

5 Vol. Ill, Dec. V, pp. 636-547.
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if it be the case, then the explanation may be that, since lateritic mangan-

ese-ores are as a general rule of better (lualitv the nearer the surface

they lie, these included pieces may have been derived from the denuda-

tion of the upper part of the ore-body noticed above and cemented to-

gether by a second generation of laterite formed by percolating waters.

This cementing laterite is chiefly ferruginous, but contains a little wad

and a few thin veinlets of psilomelane that must be regarded as an in-

tegral part of it, formed perhaps from those ])arts of the included man-

ganese-ores noticed above as having been corroded away.

Mr. C. Aubert has kindly supplied me with the analyses of various

hand specimens from this neighbourhood shown in the following table.

They were made by Dr. Pearson of London.

Analyses of manganese-ores and manganiferous iron-ores from Talevddi.

1 2 5 6 8 9 10 11 12 13 14

.AI:u.K'iic-c> 48-28 35 03 8 23 12-84 40-73 39-91 38 68 31-20 48-16 51 42 53 48 60-85

Iron 7-58 16 15 51 88 47-22 13-77 14-37 18 38 17-05 8-82 4 96 2 13 0-10

Silica 1-80 1 40 2 70 1-85 2-50 1-80 1 40 1-50 0-70 0 70 1 55 0-66

Pii' sp ii nis 0-05 041 0 025 0-021 0 054 0-029 0 152 0-054 0017 0 027 0 Oil 0-119

I was able to examine specimens that were said to be duplicates of

those the analyses of which are given above. The mineral composition

of these specimens was as follows :- -

No. 1.—Manganese-laterite.

No. 2.—Cavernous psilomelane -with limonite being replaced by psilomelane.

No. 3.—Limonite and psilomelane mixed.

No. 5.—Sample analysed was made up from two pieces, one of which was very
hard limonite, while the other was cavernous manganese-laterite, composed of

pyrolusit?, psilomelane, and yellow ochre.

•No. 9.—Compact dull psilomelane with occasional cavities.

No. 10.—Very cavernous and sooty psilomelane with a little pyrolusite.

No. 11.—Similar to 10, but without pyrolusite.

No. 12.—Dull psilomelane with ferruginous spots.

No. 13.—Massive psilomalane with a thin ferruginous coating.

No. 14.—Dull hard psilomelane with minute crystalline specks.
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These 12 analyses give the following range and mean values for the

several constituents :

—

Limits. Mean.

Mc;ui ex-

cluding

Nos. 3

and 5.

Manganese ..... 28 to (iO 85 39-07 44-77

Iron ...... 51 88 to 0 10 16-87 10-33

Silica ...... 0 65 to 2 70 1-55 1 -40

Phosphorus ..... 0 Oil to 0 119 0 0-12 0-045

It will be seen from these analyses that the manganese and iron

contents of the ores are very variable, the percentage of iron increasing

as that of manganese decreases, so that the total of the two constituents

lies between 48 and 61%, averaging 56. In the fourth column above

are given the mean values of the various constituents, excluding the

analyses of Nos. 3 and 5, which, being evidently nearer iron-ores than

manganese-ores, would not be despatched with the latter. This column

may therefore be taken as giving roughly the composition of the ores

that would be mined at Talevadi ; and considering the unusually small

amounts of silica and phosphorus and the proximity of the locality to

the port of Mormugiio, it is probable that ore of such quality would find

a ready market. It is evident, however, from the descriptions of the

specimens given above that the appearance of the ore may be very

deceptive and that two equally rich-looking pieces of psilomelane may
differ widely in their manganese contents. Thus, Nos. 9 and 12 do not

differ much in their physical appearance, both being dull varieties of

psilomelane ; and yet No. 9 showed on analysis 39 per cent Mn and

18 per cent Fe, while No. 12 showed 51 per cent Mn and 5 per cent Fe.

Hence, to ensure the despatch of a fairly uniform product, it is evident

that careful analytical work would be necessary.

Although the ore is probably of sufficiently good quality to be mar-

ketable and the total quantity available is not inconsiderable, yet the

manganiferous nodules are so irregularly distributed in the laterite—as

shown by the large number of sections exposed in the various pits—that

this occurrence can be only doubtfully regarded as a paying proposition.

Probably in times when the price per unit of manganese rules high

(one shilling and over) these nodules could be worked at a profit ; while



CiJ.vi'. XXX.] HELGAUM : NERSA. 639

witli prices as low as ninepence a unit it might be foiiiul necessary to

close down the workings.

I understand from Mr. Boyce that the following may be regarded

Ominit and lah uir. as the output figures for the Taleviidi deposits :

—

Year. Oin))ut in tons.
Average daily niiiiiber of

people employed.

1904-^

1905)
600 12.")

1901) 234 48

1907 . 500

A road has been constructed by Mr. Boyce from Talevadi to Tinai Ghat

Railway Station, Southern Maratha Railway, 12 miles distant, with the

gradient mostly in favour of the load, to facilitate the carting of the ore.

From tliis station 144 tons of ore were railed to the port of Mormugao

during 1907, but up till the end of the year no ore was shipped. The

figures in the third column above are taken from the Annual Reports

of the Chief Inspector of Mines in India. The labour employed is local.

An interesting feature of the Talevadi deposits is the occurrence of

the hydrated aluminium oxide, gibbsito,! in
Gibbsite.

association with manganese-ore. Such an associa-

tion is, as far as I know, unique in Indian laterites.

4. Nersa.

In 1904-05 Mr. Maclaren also visited Nersa about 5 miles in a

straight line S, W. of Khaniipur Station, Southern Mahratta Railway. A
few pits, the deepest of which reached only lo feet, had been sunk by

Mr. C. P. Boyce of Belgaum on a small hill h a mile N. of the village.

The manganese-ore takes the form of more or less horizontal thin bands

in a soft decomposed rock from which it can easily be extracted. The

original character of this rock cannot be stated with certainty, but it

was probably a purplish micaceous clay-schist of the Dharwar Series.

Owine to the small amount of work done, Mr. Maclaren was imable to

form any opinion as to the value of the property or the origin of the ore.

40 tons of ore were extracted in 190.").

IL. L. Fermor, Rec. G. S. I., XXXIV. p. 167, (1906).
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Bijapur District.

Although no deposits of manganese-ore of economic value have up to

the present been found in this district, yet, if one can judge from the writ-

ings of the various authors quoted below, manganese- ores must be

somewhat widely distributed throughout the district, both in laterite and
in the quartzites and limestones of the Kaladgi series. In all cases the

manganese-ore is probably of superficial origin.

Ingleswara.

Newbold 1 says that manganese veins ' were seen subsequently in the

laterite of Ingleswara,' and later^ that ' among the lateritic debris '
' at the

base of the laterite clifi's S. W. of Ingleswara,' intermingled with blocks

of limestone passing into chert, ' are interspersed numerous nodules of a

black cineritious looking mineral, containing cavities filled with an

impure, earthy, brown manganese.' 3 Ingleswara is between Hippargi

and Bagewadi and S. E. of Bijapur.

Bagalkot and Kaladgi.

A few years later Lieutenant A. Aytoun, in a paper on the geology

of this area,* says that iron-ores are abundant in most parts of the

district and that ores of manganese occur associated with the iron-ore.

' The limestone at Bagulkot has veins of manganese, but this metal is more

frequently met with amongst the sandstone in veins of quartz.' On
another page'^ he gives a section showing the undulations passed over in

crossing from Bagalkot to Kaladgi and says that ' nearly the whole of this

tract abounds in iron and manganese-ores, never seen in veins m situ, but

covering large spaces from broken up veins.' Regarding a valley on the

further side of a low range of hills to the south of Bagalkot, Aytoun6 says

that it is ' covered with soil through which debris of iron-schists, iron-

and manganese- ores, and quartz are profusely scattered,' while near the

Kaladgi bazar he found a ' great deal of red ferruginous gravel, with

occasionally a consolidated block of laterite coated with manganese, which

appears as a bluish-black efflorescence on the surface of the block. '7 He

1 Mad. Jour. Lit. ScL, XI. p. :45, (IS^O).

2 Jotir. An. Sue. Bcvcj.. XIII. p. KKl-'. (1844), and ' Western India." p. 82,

3 Also mentioned in Jour. Roy. As. Soc, VIII, p. 234, (184(i).

4 Tran.-i. Bomb. Ge g. Soc, XI, p. 33, (1854) ;
• Western India." p. 380. (

18.'-,7).

!> [hid., p. 4() and p. 390, ies])ectively.

« Ibid., p. 4!t and p. 392, .,

"

7 Ibid., p. 54 and p. 395,
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further writes that ' vast quantities of iron-ore and manganese' are here

and there scattered over the undulations in the east portion of the

Kaladgi vaUey ' and finally amongst his hst of minerals mentions

' perlomelane ' (psilomelane) and pyrolusite as being found in great

abundance in the elevated tract between Bagalkot and Kaladgi. ~

The foregoing quotations indicate the occurrence of manganese-ores in

great abundance in this district ; but Mr. R. B. Foote who mapped this

region some years later, refers to Aytoun's paper and observes that the

pyrolusite and ppilomelane said to be so common ' were only observed by

me in very small quantities as films or tliiu coatings or minute veins in

laterite and hematite fragments.'*^ Mr. C. Aubert informs me that

he has recently (1905) found a few scattered nodules uf manganese-oro

about 3 miles east of Bc4galkot.

Dharwar District.

It is only quite recently that ores of manganese have been

definitely asertained to occur in this district outside the boundaries of

the Sangli State. According to the ' Return of Mineral Production in

India for 189],' page 5, such ores occur in the trap-rock (presumably

Deccan Trap), but no information with respect to this supposed

occurrence is available. In 1904, however, the late Mr. A. M. Gow
Smith found manganese- ores at Tawargatti, Nagargali, and Kumbharde.

Although the Sangli State is included in the Dharwar Agency, yet

for convenience of reference its manganese-ore deposits v.'ill be treated

in a separate section (page 642).

The manganese-ores, as at present knowi. of both the Dharwar

district and the Sangli State, are of little or no economic value. They

occur either directly on the outcrops of limonite-banded jaspery quartz-

ites of Dharwar age, as nests, strings and incrustations, or as nodules

in laterite overlying Dharwar rocks. The occurrences of the Dharwar

district lie on the Dharwar-Shimoga Band of Dharwars, while those

of the Sangli State lie on the Danibal-Chiknayakanhalli Band of Foote,

re-named the Gadag Band by Mr. Maclaren.4

1 Trail-:. Bomb. G"o;;. So-., XT, p. 54 and p. 395, respectively.

2 Ibid., ]>. 57andp. ;VJ7, respectively.

:5 • The tk'i)logic;il Featurc.'i of the .South Mahratta Country, etc' 3Ie>i'. O S.I , XII,

p. 31. (lH7t>).

4 Rcc. Geol. Siirv. Ind., XXXIV, p. 97, (1906).
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1. Tawargatti.

This locality was visited by Mr. J. M. Maclaren in 1904-1905. Accord-

ing to him the deposits are situated about i mile east of Tawargatti

Station, Southern Mahratta Railway, along a N. N. E.—S. S. W. ridge

lying immediately south of the railway line. The railway cutting

exposes a good section of the rocks, showing the banded hematitic

quartzites of the Dharwar series resting directly on the fohated granite,

the dip of the rocks being easterly. As the granite approaches the

junction it apparently becomes a regularly bedded rock, the explanation

probably being that the bedded portion represents an original arkose. In

the cutting the banded limonitic quartzite shows no manganose-ore, but

merely a manganese staining. From the railway cutting to the S. S. E.

are a number of old workings probably for road metal. Four or

five holes had been sunk (probably by Mr. Gow Smith) to a depth of

10 to 11 feet, but none of them disclosed good ore.

The specimens brought from this locality by Mr. Maclaren show

that the manganese-ore, in the form of pyrolusite and psilomelane,

occurs only as nests and linings to cracks in the quartzite and as partial

replacements of this rock. The quartzite is a very fine-grained jaspery

variety interbanded with massive compact liraonite. indistinguishable

from some of the banded limonite-jaspers of the Jabalpur district.

The occurrence has no economic value.

2. Nagargali.

This locality also was visited by Mr. Maclaren, who says that the

manganese occurs in nodules of lateritic character ; these have, together

with their matrix (probably ordinary ferruginous laterite), been used for

road making. As no development work had been undertaken, the value

of the deposit could not be ascertained. I do not know the exact position

of the manganese-ores.

Dharwar District (Sangli State).

(S'rr Pluli i:].)

Amongst the earliest records of the occurrence of manganese-ore

in India, are those relating to the range of hills, known as the Kappat

Gudda, in Sangli State.

A Brahman youth, by name Trimulrow, a pupil of the Rev. Dr. Wilson

of Bombay, visited these hills in March, 1839, and
' gave an account of his trip in the Oriental Christian

Spectator for July, 1839. Trimulrow did not succeed in visiting the local-
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ity of the ' coal ', which was amongst other minerals reported to occur in

these hills, but a specimen procured for him was pronounced by the editor

of the above Journal to be an ' iron ore, probably containing some plum-

bago.'^ This mineral, which the natives had designated iddali kallu, or

charcoal-stone, was no doubt the same manganese-ore that, being called

kolsd ka patthar by the natives, led Newbold 2 to visit the locality, which

is in the hills about 2 miles east of Chik-Vadvati village (Chick Wodoorti

of Newbold).
' At the baso of some of the blackest masses, tlie guides pointed out partially

obliterated excavations wliicli the old inhabitants of the village stated to me had
been mad? by the agents of Hydcr and Tippoo3,'

no doubt under the same mistake as to the nature of this

'charcoal-stone'. So that the first manganese mining in India of which

we have any record was probably unwittingly carried out at this locality

towards the end of the eighteenth century for the Mysorean princes

Haidar Ali and Tipu Sultan. That the black mineral found was really

manganese-ore was shewn by Lieutenant J. Braddock 4 who tested

Newbold's specimens. Newbold says that ' the formation of the

adjacent hills is mica, hornblende, and a chloritic schist, passing in

their upper portions, into sihceous ferruginous schists and a lateritic

rock' ^. On page 213 he says that the black mineral is ' more or

less blended with siliceous and argillaceous matter' 6^ while elsewhere

he mentions the occurrence of manganese-ore ' in the laterite area

capping the granitic and hypogene rocks of the Kupputgode range '.

The occurrence of manganese-ores in these hills is also mentioned

in the Bombay Gazetteer.^

Early in 1903 Mr. T. B. Kantharia, attracted by Newbold's report,

went to Chik-Vadvati and on behalf of the Bombay Company, Limited,

obtained a prospecting license for manganese. In 1905, Mr. J. M.
Maclaren visited the area, and supplied me with notes and specimens, on

which, together with the short account given in Mr. Maclaren's paper
' Notes on some Auriferous Tracts in Southern India '9, the following

1 Newbold, Jour. Ro;j. As. Soc, VII, p. 204, (1843).
2 Mad. Jour. Lit. Sci., XI, pp. 44-40, {1840);Joi<r Roy. As. Soc, VII, pp.212.

214, (1843).

3 Jour. Roy. As. Soc, VII, p. 212, (1843).
4 Mad. Jour. Lit. Sci., XI, p. 51, (1840).
5 Same as 2, p. 214.

6 Ibid., p. 213.

7 Jour. As. Soc. Beng., XIII, p. 995, (1844).
8 Vol. XXII, Dharwar T'istrict, p. 25, (1884).
9 Rtc. Geol. Surv. Ind., XXXIV, p. 128, (1905).
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descriptions are based. As tlie result of their prospecting operations

the Bombay Company, Limited, came to the conclusion that manganese-

ore does not exist at Chik-Vadvati in paying quantities.

The manganese -ores of the Sangli State are found at many points

on the outcrops of the banded hematitic or limonitic

p
quartzites that form one of the members of the band
of Dharwar rocks running N.N.W.—S.S.E.

through Sangli, Bellary, and Mysore. This band was originally desig-

nated the Dambal-Chiknayankanhalli Band by Foote, but has been

re-named the Gadag Band for reasons given in the above-mentioned

paper, page 97. Accompanying this paper is a beautiful map, on the

scale of 1 inch= l mile, of the portion of this band lying in Sangli State.

On this map will be found the various localities for manganese men-

tioned below. The nearest railway station to this area is Gadag on

the Southern Mahratta Railway. The village of Chik-Vadvati is 9 miles

in a straight line S.S.E. of Gadag.

Chik-Vadvati and Kelup.

The manganese-ores appear ' to be best developed along the ridge

Iving immediately east of the Chik-Vadvati valley. The rocky outcrops

of the ridge as far north as the fault line shewn on the map are stained

plack with manganese oxides The chief locality lies in a

small gorge in the hills two miles east of Chik-Vadvati'. The containing

rock is a banded hmonitic jaspery quartzite, striking N.N.W.—S.S.E.

and identical in every way with some of the rocks of the manganese

area of the Jabalpur district. The dip of this quartzite band is not

evident. But the country on either side of the ferruginous band, which is

a soft fissile chloritic schist, is seen to dip at about 40° to the E.N.E.

The Bombay Company, Limited, prospected this locality for a period

of 2 years (1903 to 1905) and sank over 30 pits along the outcrop within

a distance of 1 mile. The deepest, of 50 feet, was sunk in a old working

of 10 feet in depth, in cleaning out which some pieces of broken pottery

were discovered. The other main work was the driving of two levels

—70 to 80 feet long—through soft decomposed schist until the ferru-

ginous quartiite was reached, at a depth of 15 to 20 feet below the surface.

The Bombay Company, Limited, has kindly suppUed assays, carried out
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by Major T. W. Collis Barry, I.M.S., of 10 of the best samples taken from

10 different pits. The assays show the following limits and mean :

—

Limits. Mean.

Manganese peroxide (MnOo)' ..... 30-77—60 86
19-45— .-58 18 31-6

Ferric oxide ........ 19-0 —30 2
Iron ......... 13-3 -25 3 l()-8

Siliceous residue ....... 7 -31 19-2
i

It is seen from this that even the best ores are much too siliceous and

low in manganese to be of any value, except possibly where a very silice-

ous ferruginous manganese-ore might be desired. The quantity of ore

available was also found to be very small, so that, as already mentioned,

the Bombay Company, Limited, finally decided that the ore does not

exist in paying quantities.

Mr. Maclaren's specimens show that the ores both at Chile-Vadvati,

and at Kelur immediately to the S.E., consist of pyrolusite and

psilomelane, intimately associated with banded hmonitic jaspery quartz-

ites, from which they have been formed by gradual replacement. Under

the microscope this replacement is seen to take place by the gradual

extension of a network of veins of manganese-oxide through the very

fine-grained quartz mosaic. These veins gradually increase in thick-

ness, reducing the enclosed areas of quartz to smaller and smaller dimen-

sions, until the replacement may become complete. This stage is, how-

ever, not usually reached and it is the residual quartz patches that

account for the large siliceous residue returned in the assays given

above. Vein-quartz is replaced in the same way (see Plate 13, fig. 3).

The occurrence and mode of origin of these ores is in fact practically

identical with that of the manganese-ores of the Jabalpur district, and
consequently, as in the latter area, the ores

—

(1) are very irregular and patchy in their distribution,

(2) occur only at or close to the surface, 'j

(3) are of very variable quality,

(4) are usually of too low grade to be used for export purposes.

1 It is probable that the manganese was determined as peroxide. It does not neces-
sarily follow that it was all present in this form in the ore.

D 2
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Hamigi.

Similar manganese-ores occur on the same ridge farther south towards

the Tungabhadra river. From the hill above the temj^les on the river

east of Hamigi, pieces of psilomelane of fairly high manganese contents

.may be broken off, but the deposits appear to be of no importance.

Specimens brought by Mr. Maclaren from Hamigi consist of concre-

tionary psilomelane of concentric structure, evidently formed by the

replacement of the jaspery quartzite ; while specimens collected by

Mr. Kantharia between Chik-Vadvati and the Tungabhadra river consist

of pyrolusite, psilomelane, and wad.

Shirhatti.

The late Mr. A. M. Gow Smith told me that some pieces of manganese-

ore were found on the surface of fields to the S.W, of Shirhatti.

N^rukot State, Rewa K^ntha Agency.

{See Plate 17.)

A specimen of manganese-ore from near Jambughoda, collected by

^. ^ the late Dr. W. T. Blanford, caused me to visit this

locality. On arriving I found that manganese-ore

had recently been discovered by a native prospector in a small hill that

rises to some 150 feet above the surrounding plains and is locally known

as Ghod-dungri. It is about 2 miles north by west from Jambughoda

and is situated witliin the boundaries of the village of Jothvad, being

about half a mile north of this village just to the east of the road leading

from Jambughoda to Dadiapura. The hill is shown on the 1-inch map
of this area as running due north and south ; but the south end really

runs up as a low spur from the S.W. to join the central mass, and

the north end runs away due north as another low ridge. This hill is

composed of an intenselv folded series of banded
Mode of occurrence. . . , , ., . . , .

gneissic rocks, the strike of which conforms more or

less with that of the hill ; the dips are usually to the west side of this

strike, but sometimes point to the east side. Although there is no man-

ganese-ore of economic value at this locality, yet this hill is of extraordi-

nary interest on account of the variety and beauty of the minerals and

rocks composing it and of the relations of these rocks to the surrounding

granite . This mass of banded rocks rests on a basis of porphyritic biotite-

granite, which occupies all the low-lying ground surrounding the hill

and sends out apophyses that traverse the gneisses of the hill. Around
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the edge of the hill fragments of the gneisses are seen as isolated inclu-

sions or xenolitlis in the granite. The photograph, reproduced in

Plate ]7, fig. 1, shows a very line example in which all the fragments

included in the granite consist of manganiferous rocks and manganese-

ore.

The field evidence thus shows that these gneisses are older than the

granite, and that the latter probably passes right under the gneisses of

the hill.

It seems probable that the alteration of manganese silicates to man-

Timo of -utcruion
ganese-ores took place before the intrusion of this

of luangimeso-silicatcs granite, which has picked up and 'fossiUzed', as it

were, both the unaltered and partially-altered

manganese-silicate-rocks, and the completely formed manganese-ore.

There can be little doubt about the Archaean age of this granite ; it is

probably contemporaneous with the Bimdelkhand granite. Hence in

this one particular locality we can, with a fair amount of certainty, fix

the period during which the manganese silicates suffered chemical alter-

ation with production of manganese-ores as Archaean.

These gneisses consist of bands of a large variety of rocks composed

Minerals found.

Cbaicopyrite

Quartz.

Braunite.

Calcite.

Felspars

i'yioxencs

Hornblende.

Garnets

Scapolite.

Zircon.

Epidotes

Tourmaline.

Micas

of various combinations of the following minerals :

—

(in one rock only).

fOrthocIasc.

i Microcline.

j^PlagiocIase.

( Several species, including diopside, wollastonite, rh do-

^ nite and other manganese-pyroxenes.

r Spessartite.

•< A red garnet.

C A pale-brown garnet.

fEpidote.

(.PiPiedmontifco.

f Manganese-micas.

i
Sphene.

Apatite.

Biotite.
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There is a great variety of manganiferous rocks

Rocks found
amongst these gneisses, but the following are the

chief types :

—

1. ri/roxene-spcssartite-quartz-rock (pyroxene-gondhe), often with calcite. The
pyroxene may be rhodonite, a yellow or a colourless pyroxene.

2. Spessartite-quartz-rock (gondite), with apatite.

3. Apatite-pyroTene-spessartite-qvarfz-rock.

4. Apatite-spessartife-piedmontUe-rock with some felsjotir.

5. Calcite-spcssortiie-quarfz-rock.

6. Mica-pyroxene-microcline-quartz-manganese ore-rock. The mica is a man-
ganiferous one with the following pleocliroism :

—

a = pink ;

13 = pale green ;

t = orange.

The pyroxene has the following pleochroism :

—

n= pink

;

b= lilac;

£= blue;

this is the blanfordite type.

7. Crystalline limestone with spessartite, quartz, microciine, and apatite.

8. Crystalline limestone with spessartite, piedmontite, and rhodonite (?).

9. Wollastoniie-apatite-calcite-qtiartz-spessartite-rock.

At one spot a vein-like cavity was found traversing one of the pied-

montite-bearing rocks. In this were found some small but well-formed

crystals of piedmontite with measurable faces (see page 190).

Several of the above rocks are of great interest. This remark applies

especially to No. 4, on accovuit both of the large amount of apatite it

contains and because of its beauty when viewed in thin slices imder the

microscope. In several of these manganiferous rocks apatite is so plen-

tiful as to constitute almost J or J of the rock.

These manganiferous rocks are, of course, often blackened, owing

to the partial conversion to manganese-ore, usually braunite.

The principal non -manganiferous rocks are the following :—

]. Epidote-kornblende-quartz-rock, with sphene, apatite, tourmaline, wollasto-

nite, and chalcopyrite.

J. Scapolite-garnet-pyroxene quartz-rcck, with calcite and apitito.

'.}. Q uartz-felspar-woUastonitt-pyiozent-rock.

4. Quarlz-garnet-pyroxene-rock.

5. Microcline-biotite-quartz-rock.
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All the above rocks, both inanganiferous and non-manganiferous,

are banded and usually fine-grained with granulitic structures.

The granite-veins or apophyses that pierce the gneissic rocks are very

interesting ; for they often contain various mangaui-

ferous minerals, which were no doubt formed by the

absorption of materials from the gneisses when the granite was intrud'id.

One vein, consisting of felspar (intergrowths of microcline and oligoclase)

with a little interstitial quartz, contains an abundance of accessory mmer-

als. One of these is a pyroxene showing the blanfordite type of pleochro-

ism, and a second is a prismatic hair-brown mineral that microscopic-

ally shows all the characters of sphene, but has the rather mi-

usual type of pleochroism peculiar to the manganiferous variety of sphene

—greenovite. As it reacts for titanium and very slightly for manganese

it probably is greenovite.

North Kanara District.

In I'JOi the late Mr. A. M. Gow Smith reported the find of several

deposits of manganese-ore in the area just north of Supa. They mav be

divided into i blocks :—

1.—In Virkhol, Konada (15° 16—74° 34') and Kalavahal.

2.—In Aveda, Badgund, and Konada (15° 18'—7-L° 37').

3.—In Puseli.

4.—In Shingargaon.

According to Mr. P. N. Bose, who prospected this area in March and

April 1906 on behalf of Mr. P. Gow, administrator of the late Mr. Gow
Smith's estate, there is in this area to the north and north-east of Supa a

large expanse of the Dharwar Series. Banded hematitic quartzites form

well-defined ridges running in a N.—S. direction, roughly parallel to

the strike of the rocks, whilst in the low ground between the ridges phyl-

lites and other softer rocks are met with. These rocks are probably a

continuation of the Castle Rock Band of Dharwars seen at Talevadi and

Bhimgad. Highly granitoid gneisses are foimd to the north of the

Dharwars in the neighbourhood of Shingargaon and Kodalgaon.

The manganese-ores consist of pyrolusite and psilomelane and are of

lateritic (lateritoid) origin, resting on the outcrops of the Dharwar rocks
;
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the occurrence and mode of origin of the ores is similar to that of the

ores of the Jabalpur district, Central Provinces, as described by Mr. Bose

in Rec. G. S. I., XXI, pp. 71-89 and XXII, pp. 216-22G.

Specimens of these ores were brought to the Geological Survey Office

by Mr. Gow. They were from Puseli, Shingargaon, and Virkhol, and

consisted of psilomelane, often concretionary in s'hape, and usually mixed

with a certain amount of pyrolusite. One piece (from Puseli) contained

little patches of what may be manganite. In several of the specimens

limonite was associated with the psilomelane. Two pieces, from Virkhol,

showed respectively :—(1) a quartz- schist (or else a quartzite), now very

friable, and largely replaced by psilomelane so as to form a sort of breccia

;

and (2) a piece of quartzite banded with limonite, with both of these

now largely replaced by psilomelane so as to produce the usual brecciate

or network appearance. Another specimen was a beautiful piece of

stalactitic limonite. Analysis shows that these ores, like those of Tale-

vadi, are very variable as regards their manganese and iron contents,

whUe the silica and phosphorus are uniformly low, ranging 0*25 to 2 "63%
and 0-03 to 0-08% ,

respectively.

The result of the prospecting work was to show that although mangan-

ese-ores are fairh' widely distributed in this area, yet they are not to be

found in any quantity at any one spot. Where a good surface indication

was found, the ores were found, when the outcrop was dug into, to pass

into unaltered rock below.

During 1907 very active prospecting has taken place in this district,

and I believe a large number of claims have been taken up. But I have
'

no information as to the quality and quantity of the ores found.

Palanpur^State.

Some specimens collected in this State by Babu Baidyanath Saha,

include :

—

(1) Seme brownish jaspery quartzite with secondary psilomelane,

from 2 miles north of Rohu station, Bombay, Baroda and Central India

Railway, and

(2) A rock composed of manganese-garnet (in trapezohedral crystals),

tourmaline, orthoclase, and quartz, from Hoshanpur near Chitrasam

station.
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Panch Mahals District. .

(Sep. Plate. 17.)

The only mention I have found of manganese-ore in this district is one

by the late Dr. W. T. Blanford, who says 'near

Soorajpoor quartzite-sandstone is met with associ-

ated with bands of impure magnetic iron, for the most part earthy, and

containing much manganese', i Consequently I visited this locality

in February 190") on my way to Jambughoda, in the Nsirukot State,

and the following account is based on observations then made.

I found, however, that I had been forestalled by Mr. T. B. Kantharia,

who had had his attention drawn to Blanford 's account by a reference in

the Records, G. S. I., and who had some 2 weeks previously explored the

ground to the south of the road. The occurrences I visited are the ones

he discovered. Mr. Kantharia took his find to Mr. ¥. A. H. East of Cory

Bros. & Co., Bombay. In spite of the rather unfavourable accoimt I

was able to give Mr. East about the occurrences, judging from the out-

crops, he formed a small syndicate, wliich spent some money on opening

up the most promising occurrence (I believed this is the one I have

called A) ; this was afterwards formed into a limited company entitled

' The Shivrajpur 83'ndicate, Limited,' in 1905, for an account of which

see page 427. The operations of this company have revealed the

presence of a body of ore of large size, so I am told. Moreover several

others of the outcrops seen by me are said to have been found to

correspond to much better ores below.

To facilitate the transport of the ore a mono-rail has been constructed

to connect the deposit with Champaner Road station, Bombay, Baroda

and Central India Railway, some 17 miles distant.

The output of this company up to date has been as follows :

—

Year. Long tons. "

,

1906 7,286

1907 19,689

In Jime 1907 another company entitled ' The Bamankua Manganese

Company, Limited ' with Messrs. Shaw, Wallace & Co., of Bombay, as

agents, was floated to work a deposit situated on Bamankua Hill some 3

mUes north of the deposit being worked by the Shivrajpur Syndicate, Ld.

1 M»m. 0. S. I., VI, p. 341, (1869).
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This company began to export during 1907, and up to the end of

the year extracted 2,428 tons of ore.

The rocks near Sivarajpur (' Soorajpoor ' of Blanford and
' Sioraipur ' of map) consist of siliceous slates, of-

Geology. ^ , , , ! ,
ten sericitic and calcareous, and or very nne-gramed,

often jaspery, quartzites. The slates are usually some shade of grey in

colour, while the quartzites are, as a rule, either white, purplish, or

reddish, and are often banded with limonite, probably of secondary

origin.

The strike is somewhat variable, but usually varies from E.S.E. to

S. E.; but as the direction of cleavage of the slates is also E. S. E., it tends

to obscure their true dip and strike. These rocks belong to the Champaner

group of Blanford ; and on looking over his collection of Champaner rocks,

I find, included amongst them, in addition to those mentioned above, a

specimen of schistose micaceous hematite with little pimples on the

schistosity planes due to scattered octahedra of magnetite. This rock is

indistinguishable from one variety of the schistose micaceous hematites

of the,Tabalpur district
;
taking into consideration both this and the fact

that the slates and quartzites (often jaspery and limonite-banded) of this

area are likewise very similar to those of the Jabalpur district, there can

be but little doubt that the Champaner rocks must belong, like those of

Jabalpur, to the Dharwar system. Blanford himself says that he only

bestowed the name ' Champaneer or more correctly ' Champaner '
, on

this group of rocks as ' a temporary and local name '
; and now that it is

possible in the light of more recent investigations to correlate the

Champaners with their equivalents in other parts of India, the Dharwars,

it will be convenient to dispense with the term ' Champaner ' in favour of

the more generally used ' Dharwar '.^

In a somewhat hasty examination of the hills immediately to the east

of Sivarajpur, and stretching thence about 2 miles south, I foimd that

manganese-ores are of frequent occurrence in this neighbourhood, usually

occurring on the tops of the hill-ridges, which rise to 200 to 300 feet

above the plains.

1 By the rules of priority the word ' Dharwar ' should be discarded and ' Champiner '

used instead : for Blanford introduced the term ' Champaner ' in 18C9, (
Mem. G. S. I.. Vi,

p. 20f!) ; while Foote did not establish hi.s Dhdrwdr system till 1886 (Bcc. G. S. I., XIX.
p. 98). Owing, however, to the frequent use of the term ' Dharwar ' in Indian geoiofrieal

literature and the rare us" of the term ' Chanuiauer'. it would be in the highest degree

iacoaveuient to make this change (see page 283).
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The accompanying sketch-map shows the spots at which I found these

ores ; a careful examination of the hills to the east and north would doubt-

less reveal many more such occurrences, such as that now being worked by

the Bamankua Manganese Co.

+ Local ities .for Mang&nesa-ore

Figi 38.—Map of the Sivaraj[)ur iuangi!u-*e urea.

The manganese-ores are, as far as I could tell from the field evidence

Origin of the ores.
the study of microscope sections, of superficial

origin resulting from the replacement—more or less

complete—of the Dharwar quartzites (and sometimes of the slates) by
oxides of manganese. These ores, like those of the Jabalpur and Singh-
bhum districts, are, in consequence, very irregularly distributed

; and at
none of the outcrops examined by me did there seem to be any evidence of
the existence of ore in quantity sufficient to be of much economic import,
ance, with the possible exception of the occurrence (A) to be noticed below.
Since the opening up of some of the occurrences—I believe of A and others
on the same ridge—is said to have shown the presence of large quantities
of ore to a depth of 40 feet, with no signs of its lessening in quantity at that
depth, and since the ores often contain a certain quantity of braunite (see
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page 657), it is possible that in addition to the ore formed by superficial

replacement there is some representing origmal manganiferous sediments

since compacted ; but of this I have seen no evidence myself. And con-

sidering the large bodies of manganese-ore in the Sandur Hills that have
been in all probability formed by superficial replacement, it does not seem
improbable that all the ore of Sivarajpur has been formed in the same way.

If so, then it must not be expected to continue of good quality below a

depth of, say, 100 feet, if so far. Moreover, the ores are as a rule very

impure owing to the presence of small residual patches of the original

quartzite or slate that have escaped replacement.

With regard to the source of the manganese that gave rise to the man-

Souice of the ganesc-bearing solutions by the percolation of which
mangrtnesc. the replacement of the quartzites and slates must
have been brought about, it is probable that it lies in the Dharwar rocks

themselves, as, for example, in the form of an midiscovered bed of slightly

manganiferous hematite, or even in the slates, which no doubt contain

traces of this element.

The ores consist of pyrolusite, and what looks like psilomelane at rirst

Mature and quality sight, the latter ore being by far the commoner. On
of the ores.

close examination this latter ore is seen, however, to

contain minute shining specks suggesting the presence of braunite. That

braunite is present is shown by the complete analysis of a hand-specimen

given on page 656, and also by the partial analyses of samples on pages

657 to 660, for in these also the silica has been separated into fre and

combined. In the bulk samples the braunite ranges from 8 to 24 per

cent, and in the complete analysis of a hand-specimen it is 42 per cent.

The ores are often very impure owing to the presence of small residual

patches of the original quartzite or slate that have escaped replacement

;

but such ores would of course be rejected in working the deposits.

The limits and average values of the constituents of commercial value

in the samples taken by me are as follows :

—

Limits. Mean.

Manganese . . . .

'

30-20 to 49-35 41-68

Iron .... 3-05 to 6-25 4-07

Silica (total). 2-80 to 40-65 19-M

Phosi)horus 0-16 to 0-25 0-20

Moisture at 100°C. 0-30 to 0-40 0-35
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The figures given in tlie last column cannot, however, be taken as re-

presenting the average of the ore worked, because they include figures for

deposits giving high amounts of silica that have naturally been left alone

by the miners. The two analyses A. 45 and A. 46, pages 657 to 659, more

nearly represent the quality of the ore exported. Mr. East informs me
(December 1906), that the average ore despatched runs about :

—

Manganese ........ 52

Silica 4 to 6

Phosphorus . . . . . . . .0-17

Messrs. Shaw, Wallace & Co. of Bombay have furnished me with the fol-

lowing analyses of Bamankua ores, by Messrs. J. & H. S. Pattinson of

Newcastle, representing :

—

1. 'The main reef hard Ore.'

2. ' The float Ore at the foot of the hill.

'

3. ' Soft Ore from a part of the hill.'

1. 2. 3.

Manganese ...... 56-65 55-59 5006
Silica ...... 5-30 2-85 3-30

Phosphorus ..... 0-189 0-170 0-258

Messrs. Shaw, Wallace & Co. remark that it is hardly hkely that ore of so

high a manganese percentage will be mined throughout, and that an

average of 48 to 50 per cent, is hkely to be obtained by ordinary fair

selection.

As already mentioned, my examination of the Sivarajpur outcrops in

Economic value of their virgin condition did not lead me to form a very
the deposits. favourable opinion as to their economic value, especi-

ally for working at times of low prices. All that I could say was that it

would be necessary to open up the deposits a little, before it could be

definitely stated that any of them had much economic value. I am told

by Mr. East that, as the result of such development work, the existence

of very large quantities of ore has been proved, and that many of the

outcrops of manganese-ore—apparently of little value as judged from

their outcrops, on account of the presence of abundance of quartz or other

impurity—have been found to contain much less foreign matter below

the surface, and to consist to a considerable extent of merchantable ore.
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Sivarajpur.

Brief notices will now be given of the more interesting occurrences of

Description of de- manganese-ores as seen before they were opened
posits. up.

At the point marked A on the sketch-map, there was, on the north side

of the top of the ridge, quite a large mass of psilome-

lane forming a cliff 17 feet high and 36 feet measured

in a downward-sloping direction along the strike, whichis W. by N. This

mass of ore seemed to be at least a yard thick, and possibly much more
;

wherever chipped it was found to consist of a beautiful compact metaUic

grey psilomelane, containing minute braunite specks. This was the finest

mass of ore of presumed superficial origin that I had then seen

anywhere ; and the only deposits of this origin I have since seen that

surpass it in size are Kumsi and those of the Sandur Hills.

A picked specimen of ore from here of specific gravity 4'25 was

analysed by Messrs. J. & H. S. Pattinson with the following result :

—

Specimen No. A. 607.

Manganese peroxide

Manganese protoxide

Ferric oxide

Alumina
Baryta
Lime .

Magnesia
Potash .

Soda .

Combined silica

Free silica

Suly)hur

Fhdsplnji-ic iixid

Arscnii' iixiik'

Cobaltous oxide

Nickelous oxide

Cupric oxide

Lead oxide .

Zinn oxide

Titanic oxide

Chlorine

Fluorine

Combined water

Moisture at 100°C.

Carbonic oxide

60-30

17-13

600
119
0-79
1- 3-2

0-94

2-27
0-23

4-20

2-70

0-021

0-366

Nil.

Nil.

Nil.

0-02

Nil
0-05

0-04

Nil.

Nil.

2-00

0-60

A'(7.

100-167

Manganese . 51-40

Iron 4-20

Silica (total) 6-90

Phosphorus . . . . . . . . 01 60
SpeciSSc gravity 4-25
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The analysis can be recalculated into terms of its mineralogical com-

position as follows :

—

Apatite ....
Braunite (containing 6-00 re203)

I'silomclane, composed of :

—

.\l4(Mn()
)

HngMnOs
Ca2Mn05
M<r2.Mn05

Na4Mn05
('u2Mn05
Zn2Mn05
H4Mn05
Mn2Mn05

Quartz
Sulphur

TiOa .

Moisture

0-84()

42- 17

2!)!)

lOG
1-61

2- 14

3r)l

0-42

om
0-08

7-71

3.T81

53-36

Oxygen unused

53-36

2-70

0021
0-04

0-60

99-737

0-43

100-167

From this it will be seen that the specimen consisted of about 42 per

cent, of braunite and 53 per cent, of psilomelane, with small amounts of

other constituents.

A little further to the east along this ridge there was, at the point B,

another outcrop, this time consisting of psilomelane and pyrolusite with

much residual quartzite, sericitoid slate, and vein quartz. The photograph

(Plate 17) shows this outcrop. A sample taken all along the top of the

ridge, starting from A and going east as far as the bend to the north,

consisted mainly of psilomelane with some pyrolusite. A partial analysis

by Messrs. J. & H. S. Pattinson gave the following result :

—

Manganese peroxide

Manganese protoxide

Ferric oxide .

Baryta
Silica (combined)

Silica (free) .

Phosphoric oxide

Arsenic oxide

Water (combined) .

Moisture at 100° C.

Sample No. A. 46.

71-87

5-06

8-92

1-22
0-80

2-00
0-58

0-055

3 00
0-35



658 MA^TGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT TV :

This is equivalent to :

—

Manganese . . . . . . . . 49 3.'>

Iron 6-25

Silica (total) 2-80

Phosphorus ... .... 0-253

On the south and east edges of the top of the hill C, some very fine-

grained, often jaspery, quartzites of red, pink, grey, white, and dark

Ijrown tints, crop out. Apparently interbedded with them are bands of

psilomelane, which, though evidently only replacement products, often

attain a state of great apparent homogeneity and purity. They vary

from 1 to 6 inches in thickness, averaging 2 to 4 inches, and often

sweep round and join so as to enclose lenticular patches of quartzite, as is

shown by the accompanying sketch copied from the cross-fracture of a

block of this rock.

Fig. 39.— Quartzite partly replaced by manganese-ore.
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A sample taken both from the loose fragments occurring on the N. W.
slopes of the hill and from the outcrop was partially analysed by Messrs.

J. and H. S. Pattinson with the following result :

—

Sample No,

Manganese peroxide

Manganese protoxide

Ferric oxide .

Baryta
Silica (combined)

Silica (free) .

Phosphoric oxide

Water (combined).

Moisture at 100° C.

This is equivalent to :

—

A.45.

Manganese
Iron

Silica (total)

Phosphorus

G4-10

1018
10-26

3-84
2-45

4-75
0-.362

2-00

0-35

48-41

3-60

7-20

0-158

On following the strike of the rocks of tho hill C in an E. S. E. direction,

manganese-ore fragments are seen right down the slope ; and then, on

rising again up the small valley occupying the angle where the main range

bends from S. S. W. to west, several large outcrops of impure manganese-

ores are to be found.

Pyrolusite is not as a rule as plentiful in these hills as psilomelane
;

but at the point D there is an outcrop of pyrolusite about 7 paces wide and

10 paces long on the strike (E. 35° S.). An outcrop sample taken here,

and containing a little psilomelane in addition to the pyrolusite, yielded

on analysis :

—

Sample No. A.44.

56-80

3-61
4-85
1-25

Manganese peroxide

Manganese protoxide

Ferric oxide .

Baryta
Silica (combined)

Silica (free) .

Phosphoric oxide

Water (combined).

Moisture at 100° C.

MO
24-70

0-512
1-90
0-30

This indicates the presence of nearly 25 per cent, of residual, quartz

and is equivalent to :

—

Manganese ......
Iron ... ....
Silica (total)

Phosphorus .......
IV

38-77

3-40

25-80

0-223
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:

Where the road from Champaner to Jambughoda cuts through these

^ . od on
(at point E on map) a very instructive

section—doubtless the one seen by Blanford. It

consists of alternating quartzites and sandy slates very much folded, so

that in the course of some 250 yards several anticlinal and synclinal folds

are to be seen. The quartzites are fine-grained, compact, pinkish, yellow-

ish, and white, break with a conchoidal fracture, and have mostly been

more or less replaced by manganese oxide deposited from solution percola-

ting along the bedding and joint planes
;
consequently the exteriors of the

various blocks are blackened to a depth of from ?, to 3 inches, whilst the

quartzite inside is sometinies decomposed and friable, and sometimes

almost quite fresh. The blackened rock may be either soft or hard ; in the

latter case it has a dark grey fine-grained appearance. A microscope

section of the latter shows that it really consists of a net-work of oxide

of manganese sweeping round and enclosing remains of the separate tiny

quartz grains composing the quartzite. Fig. 1 of Plate 10 shows a

photo micrograph of the junction between a part of the rock that has

not been darkened by the manganese oxide, and a part that has been

completely blackened.

On the rising ground just to the south of this road section a series of

specimens could easily be collected showing a gradation from a quartzite

with a few black manganiferous spots, through black manganiferous

quartzites with residual patches of unblackened quartzite, to the wholly

black rock. As might be expected, this impregnation and replacement

by manganese oxide has proceeded to different depths in different places.

On the north side of the road on the top of the hill F is another outcrop

of quartzite and manganese-ore. A sample was taken of the latter, partly

from the outcrop and partly from the debris scattered on the 8. E. slopes

of the hill. The majority of pieces of ore were pyrolusitic in nature and

some of them contained a little residual quartzite. The sample pelded on

analysis (J. & H. S. Pattinson) :

—

Sample No. A. 47.

Manganese peroxide

Mangane.se protoxide

Ferric oxide .

Baryta
Silica (combined) .

Silica (free) .

Phosphoric oxide .

Water (combined) .

Moisture at 100° C.

43-98

3-09
4-35
0-33
1- 9.5

38-70

0-40
1-95

0-40
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This indicates the presence in the sample of nearly 39% qnav(55 : it is

equivalent to :

—

ATangrtnoso ........ .'JO-^d

Iron ^0^J

vSilica t'i-6r.

Phosphorus . . . . . . 0174

In addition to the manganese-ores, there are to the found in several

places blackened or manganized slates. Of such
• • places the following may be particularized :—(1) the

stream bed immediately west of hill 690 ft. and (2) the points where the

road crosses two water-courses just to the west of Jaban.' Thin slices of

these manganized slates examined under the microscope show that the

blackening is due to their impregnation by manganese oxide in the form

of thickly scattered minute granules or dust.

R^jpipla State.

The Gaaetteer2 records a trace of manganese in an analysis of some

iron slag found as large mounds to the W. of Limodra about 25 miles

W. of Nandod in Raipipla.

Ratnagiri District.

Manganese -ores are said to occur in the trap rock—the Deccan Trap

—of this district, 3 but no authority for this statement is given. Mr.

B. G. Shastree 4 gives a description of an iron-ore from near Malvan

containing a trace of manganese. Malvan is on the metamorphic and

crystalline rocks.

Satara District.

The occurrence of manganese-ores in this district was first brought

to the notice of the Geological Survey of India by
History. q p s^j-^giyf,^ reported on the manganese-

ores of the Mahabaleshwar plateau on behalf of Messrs. McLeod
and Co. of Calcutta. This firm kindly allowed me to peruse and

make use of Mr. Wright's report. I must here record my indebtedness

to Mr. K. C. Cowasji of Mahabaleshwar, who kindly showed me the more
important of the localities where manganese-ores had been found.

1 In Narukot State immediately over the boundary.
2 Bombay Gazetteer, Vol. VI, p. 11, (1880).
3 Return of Mineral Production in Indi;i for 1901. p. 4S.

i Jour. Uoiiih. ,4s-. Soc. I, p. 435. (1844).

IV K :i
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The rocks of this district consist of horizontally-bedded flows of

basaltic and amygdaloidal lavas belonging to the

main body of the Deccan Trap formation. This

covers a vast expanse of the surface of Western India, and, except for

some points W. of Nasik, reaches its highest elevation above sea-level on

the Mahabaleshwar plateau, the culminating point of which is Sindola

(4,713 feet). This, with the exception of the point near Akola already

mentioned, is also the highest point on the Deccan Trap portion of the

Western Ghats, i.e., north of the South Kanara district. Owing no doubt

to the excessive rainfall during the south-west monsoon, Nature's de-

nuding agents acting on the traps have excavated in them deep valleys.

Those radiating from the Mahabaleshwar plateau are like deep notches

in its edge and are often 2,000 feet and more below the general level of

the plateau, which is often bounded by stupendous cliffs descending

very steeply in a series of stepped vertical scarps. The highest points

of the Mahabaleshwar and Yeruli plateaus, and of other elevated tracts

in the district, are capped by patches of laterite, of no great thickness,

which possibly once formed a more or less continuous sheet.

The manganese-ore occurrences of the foUow-
Localities.

jj^g localities were examined by me :

—

1. Lingmala,

2. Bhekauli, *

3. Chikhli,

4. Yeruli
;

but in addition to these Mr. Wright reports manganese-ore from the

following localities :

—

5. Metgotar,

6. Awkali,

7. Malusar,

8. Sindola,

9. Tekowli,

10. Kas and neighbourhood.

Manganese-ore has also been found by Mr. H. Wallinger of Satara near :

—

11. Khanapur.

All the localities named are on the Mahabaleshwar plateau, with the

exception of No. 4, which is on the YeruH plateau near AVai ; No. 10, which

is about 16 miles S. S. E. of Mahabaleshwar and 12 miles west of

Satara ; and No. 11, which is in the south-eastern corner of the district,
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In every case the manganese-ore seen was concretionary psilomolane

Modo of occuirenco of botryoidal and other shapes. These concretions
and origin. ^vere either lying loose on the surface, or were con-

tained in 1 to 3 feet of reddish or brownish clayey soil, resting imme-

diately on crumbly beds of soft greyish or reddish trap containing decom-

posed felspar phenocrysts and a copper-coloured micaceous mineral.

It is a curious fact that, with one doubtful exception,! nowhere was

any trace of manganese-ore seen associated with the laterite so abundant

at both Mahabaleshwar and Yeruli. The soil containing the manganese

concretions was in every case situated at a slightly lower level than, and

not far from the edge of, the base of the laterite cap.

2

There can be no doubt that the laterite, often very aluminous, of

this district, has been derived in past times, at least in part, by the

chemical alteration of beds of lava similar to those now immediately

underlying the laterite. This process has consisted in the main of a

concentration of oxides of iron, aluminium, and titanium, and of a

removal of silica. Judging from the evidence of the mansanese-ores

occurring in the laterite of Belgaum, Bidar, and Jabalpur, the tendency,

when a rock becomes lateritized, is for any manganese it contains to

segregate into veins, patches, and nodules, in the laterite. In this case

the manganese, which the traps no doubt contain in small quantities, 3

has, instead of being concentrated in the laterite, apparently been

removed, and the question arises as to whether the psilomelane

concretions occurring in the above-mentioned manner may not

indicate the destination of this manganese. The psilomelane nodules

of Chikhli contain little specks of a soft greenish material similar to

that occurring in the underlying decomposed crumbly red trap ; this

indicates that the soil arises from the direct decomposition of the traps

and that when the other constituents are removed by meteoric agencies

the manganese segregates in the residual ferruginous yoil, no doubt using

portions of the trap as nuclei. With the access of more and more man-
ganese, such portions of the traps as become enclosed in the manganese-

1 In a little ravine near the Yenna Falls I found a pebble of possible lateritic origin
composed of pisolites of wad— averaging i to J inch, but ranging up to nearly 1 inch, in
diameter—set in a red ferruginous clay.

2 The heights above sea-level of the various occurrences of manganese-ore, as taken
with an aneroid, varied between 4,050 and 4,350 feet.

3 As an exceptional example of manganese occurring in the traps, I may mention
a lavender-coloured earthy lava from the Mahableshwar-Pratapgad road, mile-stone
84, containing abundance of heulandite and of included fragments of .scriiaceous lava.
Some small dark blackish fragments included in this lava give a decided reaction for
manganese-ore, on fusion with nitre and fusion mixture (28 53 in Eock Register).
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ores imist suflter gradual replacement, which in all but the case of Chikhli

has become complete. The manganese forming these nodules has there-

fore perhaps been derived :

—

1. Partly by concentration during decomposition and removal of

the basaltic lavas.

2. Partly from solutions bringing it from the laterite masses.

The laterite cap must once have covered the ground where the man-

ganese now occurs ; and it becomes a question as to whether these so-

called ' soils ' ai'e really such, formed by decomposition of the traps at the

surface posterior to the removal of the laterite cap ; or whether they

existed beneath the laterite as a stratum intervening in places between

the laterite and the traps, and serving a locus for the deposition of the

manganese removed during the formation of the laterite.

As already mentioned all the ores found were psilomelane of concre-

:N'ii ure and quality tionary origin. I took samples of the ores from
of the ores. the four localities visited. These were analysed

by Messrs. J. and H. S. Pattinson of Newcastle, and the results are in-

serted under the respective localities. The limits and mean of these

analyses are as follows :

—

Limits. Mean.

Manganese ....
Iron .....
Silica .....
Phosphorus ....
Moisture .....

37-58 to 45-62

4--10 to 9-25

2-90 to 4-75
0- 036 to 0-098
1- 70 to 2-^0

40-79

6-94

3-75

0- 067
1- 99

From this it will be seen that the ores are low grade manganese-ores
; but

they are, except for their low manganese, of good quality, being low in

both silica and phosphorus.

The combined silica shown in the analyses does not indicate the pre-

sence of braunite ; it is probably due to the presence of residual portions

of siliceous material from the traps, such as was noticed in the ore oi

ChikhU. The large amounts of combined water are also noticeable.

Judging from the foregoing figures, there is no doubt that manganese-

ores of fair quality are to be found at several points
Ecouoiuic vn!uc.

^^^^ Mahabaleshwar plateau, and doubtless also

in iniiiiy other parts of the Western Ghats where similar conditions pre-
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vail. Their mode of origin, however, holds out no hope of manganese-

ores ever being found in sufficient quantity at any one locality to pay

for extraction ; and certainly no such spot has yet been found.

It is interesting to note that the Dhavads of Mahabaleshwar, who
by caste are iron-smelters, although they no longer

Waial or iniilwi. pjy their profession, recognize the difference be-

tween manganese- and iron-ore, and have two separate words to describe

the former—namely waral and mulwi. According to the two Dhavads
who accompanied me, they used to smelt a certain pro})ortion of manga-

nese-oie with the iron-ore. If this be the case the resulting iron must

have been similar to that of Ghogi-a in the Jabalpur district and of quite

a different character to the ordinary native soft iron. I would suggest

this as an interesting point, worth investigation by a future visitor to

Mahabaleshwar with more time at his disposal than I had.

A few notes on the localities visited will now be given.

1. Llngmala.

After leaving the Panchgani-Mahabaleshwar road at mile-stone 72

and going about | mile south along the road to the Lingmala forest

bungalow, a small stream-bed is found crossing the road. A few yards

upstream a pit had been dug ; this showed a section 13 feet deep of red

clay containing fragments of laterite and very decomposed earthy lavas

and also a few small botryoidal nodules of psilomelane, which were

found to within 4 feet of the base of the section. In a little ravine in

the trap near the Yenna Falls were seen several loose pieces of

shiny botryoidal psilomelane ; a sample collected partly from these

and partly from the concretions in the pit gave the following partial

analysis :

—

Sample No. A.48'

Manganese peroxide . . . . . . 56 "57

Manganese protoxide . . . . . . 2-36

Ferric oxide . . . . . . . . 13-21

Baryta 4-86

Silica (combined) . . . . . . . 3-30

Silica (free) 0-15

Phosphoric oxide ....... 0*082

Water (combined) . . . . . . .
''25

Moisture at 100>= C 2 50
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This is equivalent to :—

Manganese 37- 'iS

Iron 9 '2.5

Silica (total) 3.45

Phospliorus 0-036

2. Bhekauli.

Two pits were seen just west of the Satara-Mahabaleshwar road at

about 29 J miles from Satara. As usual the manganese-ore nodules

occurred in laterite soil resting on a crumbly decomposmg trap. A fairly

large number of psilomelane concretions of curious botrj'-oidal shapes

had been collected into small heaps ; a sample taken from these show-

ed :

-

Sample No. A. 50.

Manganese peroxide . . . . . . .62*78
Manganese protoxide . . . . . . .2-85
Ferric oxide 6-28

Baryta 2-66
Silica (combined) . . . . . . . .2*75
Silica (free) 0-15

Phosphoric oxide . . . . . . . .0-168
Water (combined) ....... 7-40
Moisture at 100°C 2-00

This is equivalent to :

—

Manganese .

Iron

Silica .

Phosphorus .

3. Chikhli.

About 4 miles S. by E. from Mahabaleshwar, and a little west of

Chikhli village, is a fiat piece of ground at a level of about 4,100 feet,

with small elevations or hills of laterite rising from it. A large number
of small psilomelane concnjtions were found scattered on the surface,

and a pit put down in one place showed 1 to 2 feet of brown clayey soil

containing nodules of manganese-ore together with some laterite frag-

ments. This rested on crumbly altered red trap containing (1) spots

of a soft greenish-white stuff, corresponding, 210 doubt, to original amyg-

dular infilUngs ; and (2) soft white phenocrysts that were probably

once felspar. The manganese-ore when fractured shows, as already

noticed on page 663, tiny specks of a substance very similar to the green-

ish-white amygdular material. This is the locality at which I saw the

41-89
4-40
2-90
0-073
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most ore
;
and, as the following analysis of a sample taken here shows

also that which yields the highest grade ore :

—

Sample No. A. 51.

Manganese peroxide . . . . . . . 68 • 76

Manganese protoxide . . . . . . .2-79
Ferric oxide 7-14

Baryta 2-99

Silica (combined) . . . . . . . . 3-90
Silica (free) ......... nil.

Phosphoric oxide . . . . . . . .0-14
Arsenic oxide ........ 0-023
Water (combined) ....... 3-70

Moisture at 100" C 1-70

This is equivalent to :

—

Manganese ......... 45-62

Iron 5-00

Silica 3-90

Phosphorus 0-060

4. Yepuli.

The Yeruli plateau consists of Deccan Trap lavas, but has standing

up from it three elevations, which are flat-topped and capped with

laterite. On the plateau to the S. E. of the most easterly of these

laterite caps, and about | mile east of the village of Yeruli, is another

occurrence of manganese-ore. As usual the ore is found in 1| to 2

feet of red clay resting on crumbly grey trap. The manganese-ore seems

to have formed as pisolitic concretions in the clay. These are sometimes

isolated, but, by the union of several of them, botryoidal aggregations

are formed. Flat concretions also occur at times.

A sample taken here was analysed by Messrs. J. and H. S. Pattin*

son with the following result :

—

Sample No. A. 52.

Manganese peroxide . . . . . . .58-04
Manganese protoxide . . . . . . .1-80
Ferric oxide . . - 13-00

Baryta 2-63
Sihca (combined) . . . . . . . .4-70
SiUca (free) 0-05
Phosphoric oxide ........ 0-225
Water (combined) 6-50

Moisture at 100°C 1-75

This is equivalent to ;

—

Manganese 38-08
Iron 9-10
Silica (total) 4-75
Phosphorus 0-098
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A piece of black magnetic slag sent by Mr. K. C. Cowasji to the

Geological Survey was found to be manganiferous. It was picked up

in a field at Yeruli, and is probably another indication of the fact that

manganese-ores were formerly made use of in this district in iron-smelting

(see page 665).

11. Khanapup.

Three small concretions of psilomelane, found on the surface of a

low hill 4 miles east of Khanapur, were forwarded to the Geological

Survey Office in 1905 by Mr. H. Wallinger, Assistant Superintendent

of Police, Satara. From specimens obtained from a pit dug there, it

seems that these concretions were lying on the surface of lateritic rock

free from manganese-ore.
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DESCRIPTION OF DEFimTB—contmued.

Burma and Central India.

Burma—Aiuhcist—Hantha-wadi—Magwe—Mergui— Myingyan— H uby Minos
—Sagaing— Salwin Hill Tracts— Taung-ngu—Tavoy.

Central India—Bhopal Dliar—(Jwalior—Indorc—Jliabua— Hcwaii.

Burma.

4mherst District.

O'Riley ^ says that manganese-ore occurs as ' grey oxide ' in the
' secondary formations ' pierced by the Thaungym and Gj'aing (Gyne)

rivers. Mr. H. Thompson also records the occurrence of manganese-
ores in this district.

2

Hantha-wadi District.

Whilst exploring the post-tertiary strata for coal at Insein (Engsein)

6 miles from Rangoon, ' nodules and bands of a hydrated peroxide of

iron containing manganese ' were found throughout the sui'face bed of

sand.

3

Magwe District.

Concretions consisting principally of oxide of manganese were found
either at Yenangyaung or further up the Irrawadi river,* the report

quoted not being clear on this point. This occurrence is possibly in

the Fossil Wood Group.

Mergui District.

Manganese-ores have been recorded from several localities ; but

none of these occurrences has yet been shown to be of economic value.

The large deposit of wad that Captain Tremenheere reported finding in

1 Joiirn. Ind. Archip., Ill, [>. 733, (1849).

2 Letter No. 440-4S-11, dated 15tli March 1895, to the Revenue Secretary to the
Chief Coiuniissioner, Burma, p. 3.

3 Romanis, Rec. Geol. Surv. Ind., XV, ]). 138, (1882).

* Romanifi, Report ou the Yenanchaung Oil-wells. Rangoon, p. 2. ( 1884).
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1841 1 in the basin of the Great Tenasserim River was shown by Mr.

Piddington 2 to contain no manganese, and to be almost wholly carbon-

aceous. 3 In the Museum there is a specimen from Mergui, of psilome-

lane with limonite. Dr. Mason 4 says that manganese-ore occurs on

some of the islands of the Mergui Archipelago, while Dr. J. Anderson

collected specimens of impure manganese oxide, chiefly psilomelane,

from Gna Islet, Padau Bay, King Island, in this archipelago.

5

Some specimens of tin-store from Kumong, Maliwun, sent to the

Geological Survey office for assay by Mr. T. W. H. Hughes, were found

to contain large quantities of iron, manganese, and tungsten, derived

from the wolfram mixed with the cassiterite.6

Myingyan District.

Mr. E. H. Pascoe, of the Geological Survey of India, in a paper about

the Kabat Anticline, near Seiktein, in this district, writes :
7

—

' Tn the extreme north of this fold, water-worn blocks and pebbles of a hard, im-

jnire, detrital limestone occur in the stream-beds and on the summits and slopes of

the hills. This interesting rock consists largely of bryozoan and foraminiferal tests,

the material of which has been replaced by brown oxide of manganese, while their

interstices and the space immediately surrounding them are commonly occupied

by ferric oxide. Fragments of brachiopods, pelecypods and gastropods are fre-

quent. Another prominent feature, is the occurrence of fragments — possibl}' peb-

bles—of a felspathic sandstone, consisting of clear angular grains of felspar, often

of large .size and frequently showing twin-lamcUation, with more or less accessory

quartz, cemented together by oxide of manganese, which has in all probability

replaced calcite, since this mineral formed the cementing material in a few cases.

One pebble of a fine sandy clay was observed. The general cementing material of

the rock as a whole is calcite, but there is so much manganese that the rock is

quite dark in colour.'

The age of these rocks is presumably Miocene, but possibly Pliocene,

Ruby Mines District.

Professor J. W. Judd,8 in describing the pegmatites of this area,

says 'Epidote is often found developed along the cracks of these ortho-

1 Jour. As. Soc. Beng., X, pp. 852-3
;

Cal. Jour. Nat. Hist., Ill, pp. 5r)-.56, (1843) ;

Sel. Rec. Beng. Gori., VI, pp. 12-13,(1852).
2 Jour. As. Soc. Beng., XVI, pp. 309-371, (1847).
3 See also Mallet's Mineralogy, pp. 10 and 11, (1887).
i The Natural Productions of Burmah, p. 48, (1850).

5 Mallet's Mineralogy, p. 01, (1887).

6 Bcc. Geo . Surv. Ind., XXIV, p. 135, (1891).

7 Bee G. S. I., XXXIV. pp. 248, 249, (1906).
8 Phi. Trans. Boy. Sot. London, Yol. 187 A, p. 197,(1896).
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clases, and in one instance {viz., in a specimen collected on the road

between Mogok and Momcit), the epidote has the pecuHar colour and

pleochroism of withamite, due, no doubt, to the fact that it contains

some manganese.'

Sagaing District.

Among some minerals received from Ava and forwarded by Major

Burney, Mr. J. Prinsep' found a sample of black oxide of manganese

with an earthy fracture and shining black mammillated surface. No-

thing is known as to the mode of occurrence of this ore.

Salwin Hill Tracts.

Wad has been noticed in thin films coating the rocks in the neigh-

bourhood of Yetagon, a few miles above Yimbaing, a large village on

the Salwin, about 70 or 80 miles from Maulmain.2

Taung-ngu District.

According to Mr. Theobald^ irregular tabular masses and botry-

oidal nodules of manganese-ore occur in some of the beds of sandstone,

of the Fossil-wood Group, forming the low range of hills dividing the

Yayuay and Saing Chaung from the Sit-taung river. An analysis by

Mr. Tween showed 28% of manganese oxide.

Amongst some specimens of laterite forwarded in 1906 to the Geo-

logical Survey Office by Mr. F. J. Branthwaite, Officiating Conservator,

Tenasserim Circle, Burma, was one collected by Mg. Shein, Deputy

Ranger, Gwethe Range, Taung-ngu Division, on low land, the exact

locahty not being specified. This particular specimen cannot be regard-

ed as a true laterite, but rather as sand or sandstone cemented by oxide

of manganese. In places where the sand is not cemented by manganese

oxide the grains are held together by interstitial clayey matter.

Tavoy District.

Captain J. Low 4 says that ' manganese exists in considerable quan-

tities ' in this area, the exact locality not being clearly stated ; but it is

1 Jozir. As. Soc. Bcng., I, p. 15, (1832).

2 R. Romanis' Report on Minerals of Tenasserim, 28th July 1885. Quoted in

Mallet's Mineralogy, p. 62, (1887).

3 3Iem. Geo',. Surv. hid.. X, p. 267, (1873). ,

f Jour. Roij. As. Soc, III, p. 49, (1836). ^t0f
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possibly a low rocky ridge described as running parallel to the Tavoy
river for some miles. There is in the Museum a specimen of ferrugin-

ous manganese-ore that is partly psilomelane. Mr. Theobaldl once

obtained near Henzai an impure earthy cobalt containing manganese,

but could learn no further particulars beyond the locality.

Central India.

Bhopal.

In 1907, the Private Secretary to Her Highness the Begum of P.hopal

forwarded some specimens to the Geological Survey that were found to

consist of psilomelane. My colleagues Messrs. A. M. Heron and H.

C. Jones subsequently examined the occurrence and the following is

taken from their accomit of it. The ore was found during the excavation

of a tank about 500 yards N. E. of Kanugaon, a village 2 miles west

of Bhopal town. It occurs in the lower part of the surface soil as irre-

gular nodules up to 6 inches across. These have apparently weathered

out of the Lower Bhander Sandstone (a division of the I'^pper Viiidhy-

ans) beneath. This rock here contains several bands of conglomer-

ate, in which, and in the sandstone, the psilomelane forms irregular

patches. The psilomelane also occurs as dendroid films in the sandstone,

and, to a small extent, as a cementing material in the conglomerate.

Patches of limonite are also found, and this mineral is sometimes mixed

with the psilomelane. In the immediate vicinity of the excavation the

rock, wherever exposed, shows some of these structures, but they were

not seen elsewhere in the neighbourhood. No commercial value is

attached to this occurience : for the ore loose in the soil is small in quan-

tity, whilst it is even more scattered in the rock.

The Dhar Forest.

In the outlying portion of the Dhar State known as Nimanpur or the

Dhar Forest, as well as in Indore State, Central India, and the Nimar

district of the Central Provinces, the sandstones and conglomerates of

the Lameta formation rest on a peneplain of Bijawar and Archaean rocks.

In this area the Bijawars consist principally of limestones, with '|uartz-

ites, slates, and curious breccias, which are probably fault-breccias and

hence, although in the Bijawar formation, probably of later age, prob-

J Bee. Geol Surv. Ind., VI, p. 95, (1873).
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ably post-ViiuUiyan. They arc usually very siliceous and have been re-

ferred to by Bhinford' as ' honistone-broccias.' The Bijawar rocks

steemed to have been lateritiz^^d at the surface in pre-Lanieta times by a

process analogous to that by which the post-trappean laterites have

been formed. This pseudo-lateritc has been designated 'porous breccia'

bv Mr. Vredenburg, and is composed of angular fragments of quartz,

hornstone, quartzite, etc., set in a soft porous, loamy, matrix. Tn

many cases this porous breccia has probably been formed directly from

the hornstone or chert-breccias ; but it is not certain that this is always

the case, and that other rocks, such as siliceous limestones, may not have

given rise to some of the porous breccias. The lowest I^ameta beds

probably consist sometimes of this porous breccia rearranged by water,

so that it is often impossible to decide where the latter ends and

the Lametas begin. The ^irgillaceous-sandy matrix of this breccia is

often found replaced by manganese oxides (pyrolusite, wad, or psilome-

lane), so as to yield a breccia of angular fragments of white quartz,

etc., set in a black matrix of manganese oxide.

The Lameta sandstones and conglomerates, where porous, have also

often been impregnated by oxides of manganese, and where the sand

grains and pebbles were originally set in an argillaceous matrix, the latter

has often been replaced by psilomelane. No cases have yet been

fomid of undoubted original manganese oxide in the Lameta rocks.

The following is a list of the occurrences of manganese in this

State :

—

1. Hill 925 feet, Kanar.

2. Ratagarh.

3. Hill 888 feet (S.-W. of)'.

4. Katotia.

5. Pola Khal.

6. Kheria Kund.

7. Pan Kuar.

Of these Nos. 1 and 7 were foimd by myself, and the remainder by Mr.

Vredenburg. None of them are of any economic value,

1. Hill 925 ft., Kanar

In a small stream.-bed draining down to the east, from hill A 925,

which lies about 1 mile east of Kanar on the Kanar River, is a small

1 Mem. G. S. I., VI, p. 198, (1869).
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deposit of manganese-ore. The manganese occurs in the form of patches

of pyrolusite in a breccia composed of pieces of white quartzite up to 6

inches in diameter set in an ochreous matrix, which seems to be decom-

posed limestone. Possibly this is a case of a Bijawar breccia of lime-

stone and quartzite decomposed at the surface with tlie introduction

of pyrolusite, since the predominant rock round the occurrence is Bija-

war limestone. But as there is Lameta sandstone resting on the Bija-

war limestone close by, it is just possible that this rock is of Lameta age.

1 had a small trench dug across the nala ; this showed that at a depth of

2 feet the manganese-ore became scarce, the breccia of quartzite in a

yellow matrix still persisting (17-338, 17-433, 17-592, and 17-593).

2. Ratagarh.

In a tributary of the Kanar at Ratagarh Mr. Vredenburg found a

solitary boulder, which when broken open v/as found to consist largely of

a beautiful dark grey silky mineral occurring in divergent plume-like

tufts, and showing the structure known as cone-in-cone. The mineral

itself is too hard for pyrolusite, and too soft for psilomelane. Hence it

is not improbable that it is a very finely fibrous variety of hollandite
;

but it would need a complete analysis to decide this.

Katagarh is not marked on the 1-inch map of this area. It is the

name of a camping place on the east bank of the Kanar River, about 7

miles east of Katkut, and i a mile S. E. of the hill marked on the map as

A 818 (16-462).

3. Hill 888 ft. (S. W. of).

Some manganese-ore was found by Mr. Vredenburg at a point in a

nala 1-6 miles W. S. W. of the point A 888 on the 1-inch map. The

specimen brought is wad, very calcareous in places, and perhaps the re-

sult of the surface replacement of Bijawar limestone (16 458).

4. Katotia.

In a tributary of the Katotia Khal, at a point E. S. E. of

Katotia, Mr. Vredenburg found a manganiferous and ferruginous sand-

stone with a calcitic cement (16-504).

5. Pola Khal.

In the nala Ijdng to the N. E. of the village of Pola Khal Mr.

Vredenburg found a considerable amount of basernent conglomerate and
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conglomeratic grit of the Lamcta formation with tlie matrix of the peb-

bles and sand grains replaced by manganese-ore, mainly psilomelane.

In some places the itianganese-ore had assumed curious concretionary

forms. A sample of conglomeratic grit and sandstone, with the man-

ganiferous cement, and weighing about .10 lbs., was analysed by me with

the following result —
Sample No. M.l.

Mn02 28-84

MnO 2-66

Fe203 •'"V21

AI2O3 2-83

BaO 6-84

Siliceou.s residue ........ .'iO'.SS

P2O5 004
CoO 0-27

NiO 0-56

H2O (combined) 2-50

Moisture at 100°C . O'TS

100-85

Manganese 2029
Iron .......... .3-6.5

Phcspborus . . 0016

The ore is evidently of no value. After eliminating the siliceous residue

from the analysis, the remainder corresponds in composition with psilo-

melane (16-459, 16-460, 16-464, and 16-465).

6. Khepia Kund.

To the north of Kheria Kund in the large tributary joining the right

bank of the Ghorapachar river about 4i miles north of Katotia Mr. Vre-

denburg collected some specimens of mixed wad and yellow ochre, some-

times very calcareous. The localities are on the slate division of the

Bijawars (16-4,38 and 16-461).

7. Pan Kuan

This is the name of a camping place situated about 6 miles alone the

road from Kotkhera to Palasi along the northern edge of the Dhar For-

est. It is marked on the 1-inch map as ' wklt.', and is about 6 miles east

of Kotkhera. About | mile down the nala running south from the well

a tributary joins the right bank. About 200 yards up this tributary

there is an exposure of Biiawar limestone, the steeply sloping surface of

1 Rec. G. S. I., XXXI, p. 48, (19J4).

7
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which is in one place coated with very good pyrolusite. This pyrohisite

is evidently the result of the replacement at the surface of the limesfcone

and has extended to a depth of about 2 to 3 inclies only. In one place

there is conglomerate of pieces of this pyrolusite cemented together bv

tufa (see Plate 15) (174B2 and 17-587).

Gwalior State.

Mr. F. R. Mallet ^ records a specimen of manganite received some

years ago from the Political Agent at Gwalior and presumably obtained

from that neighbourhood. Mr. C. A. Racket found psilomelane

associated with limonite at Gangar north of Niraach 2, while in 1902-

1903, Mr. K. D. Kulkarni found some impure psilomelane on a hill

I mile south of Behat, 35 miles east of Gwalior. This would be on

the Gwalior (Bijawar) series. Also ' Pitter von Schwartz found red

iron ore from this district to contain 66 per cent, metallic iron
;

the ore also contained manganese's

Indore State.

The only parts of this State in which manganesc-ores are known

to occur are the country roimd Katkut, lying to the west of the Dhar

Forest, and near Bhamar in the Nimawar pargana of Indore , they were

found b}' rne in the field season of 1902-1903. The occurrences are either

in the Lametas or the porous breccias associated wth the Bijawar rocks,

for which see the accoimt of the Dhar occurrences. None of these oc-

currences are of any possible economic value ; and in fact they can hardly

be dignified with the name of ore.

The following is a list of the occurrences :

—

1. Near Katkut.

2. The Kanar River.

3. Rarel.

4. Bhamar.

1. Near Katkut.

At a point about 3 miles N.E. of Katkut, a small tributary flows

east to join the Kan^r River, which marks the boundary between Indore

territory and the Dh^r Forest. The rocks exposed in this ndl^ for about

1 Geology of India, Pt. IV, Mineralogy, p. 59, (1887).
2 Ibid., p. 61.

» Iron, XXVIII, p. 477, (188G) ; and J. I. S. I., No. II of 1886, p. 621.
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4 jiiilo up from rhe junction with the Kandr are Bijawar limestones with

associated breccias. Tlieso breccias an^ often decomposeci, so that in-

stead of being chert- or iiornstone- breccias, as they are when fresh, they

are bettor described 'as sandstone-breccias'. Fiuther west these Bii^-

war rocks are overlain by Tjametas, and as a part of the breccias may
have been rearranged at the time of deposition of the Tjametas. it is diflfi-

cult to determine the precise age of these breccias. In one place the

breccia contains a considerable quantity of scattered wad v\'ith a littlf

psilomelane in places.

Near the edge of the Ijametas, fragments of manganiferous varieties

of Lameta rocks are rather common in the nala. Amongst those found

were Lameta grits, partly cemented by red oxide of iron, and partly by

psilomelane ; and clay largely converted into a mixture of wad and li-

monite, probably by replacement. The manganiferous grit was also

foimd w in the Lametas, when this formation was reached (17'40.S,

17-434, 17-435, 17-590 and 17-591).

2. The Kanap Rivep.

In the Kanar River at a point about 3J miles E.N.E. of Katkut,

and opposite the ' stone quarries ' and A 831 shown on the 1-mch map,

there is a good exposure of the porous siliceous breccias, associated with

Bijawar limestone. In places the sandy matrix is replaced b}^ black

oxide of manganese, usually taking the form of wad, wth the production

of a breccia composed of angular fragments of white quartz-rock

set in a matrix of wad (17-410, 17-594 and 17-595).

3. Barel.

In a tributary of the Kundi nala about 3| miles south-east of Kdtkut

there is an exposure of Bijawar rocks, one band of which is a yellow and

wliite siliceous breccia, which is more sandy in one place, then containing

manganese oxide (17-598).

4. Bhamar.

The three foregoing occurrences are m the portion of Tndore lying to

the west of the Dhar Forest. Bhamar, on the other hand, lies in the

Nimawar pargana of Indore on the eastern side of the Dhar Korest and

Chandgarh. Bhamar is about 7 miles N.N.E of Chandgarh

village. The manganese occurs as black impregnationr, in breccia of dark

reddish colour, with whitish quartzite, and associated with Bijawar

rocks (17-400).

f2
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Jhabua State.

The first mention of the occurrence of manganese-ore deposits in this

State is contained in the ' Review of Mineral Pro-
^ duction in India for 1896 ', page 48 ; it seems that

the occurrence had been known for some time, the mineral being sup-

posed to be black oxide of copper ; to coiifirm this a specimen was sent

by the Political Agent of the Bhopawar Agency to the Reporter on

Economic Products, when the true nature of the mineral was discovered.

A prospecting license for this State was obtained by Messrs. Kiddle,

Reeve & Co. of Bombay in May 1902 ; a mining lease for the

Kajlidongri deposit, the only one on which any serious work has yet been

done, was taken out in June 1901-. The first recorded output of ore was

6,800 tons in 1903 ; the following table shows the figures to date :

—

Year. Long tons.

1903 ........ 6,800

1904 11,564

1905 30,251

1906 50,073

1907 35,7^3

The manganese-ore deposits at present known lie to the W.N.W.
and N.W. of Meghnagar station, Godhra-Ratlam Railway. This

area has never been geologically mapped, but a brief visit has sho^vn

^ J

me that the rocks probably belong to the Ara-
' valli System, being doubtless a southward exten-

sion of the main outcrop of these rocks in Rajputana. They consist of

chloritic, talcose, and sericitic, slates, phyllites, and schists, of quart-

zites of various colours, schistose grits and conglomerates, crystalline

limestones often dolomitic, and of augen-gneisses, granites and pegma-

tites, the two last-named being of younger age than the preceding and

probaWy intruded into them after the folding of the Aravallis. The

general strike of these rocks near Rambhapur and Kajlidongri is N.N.W.,

and, owmg to the sharp folding of these rocks about axes parallel to the

strike, the dips may be towards fither tht- east or the west side of the

line ot strike. One would think from the 1-inch map of this area that

the country is extremely rugged. This is not the case ; but it is cut

up by numberless small ravines into a large number of small hillocks and

mounds partly put vmder cultivation by the Bhils, and partly covered

by a thin jungle of small trees and bushes,
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The folk)wing deposits have been located in this area :

—

I Kiijlidongri

2. Rambhapur

3. Amhlinal

4. Talai

5. Tuindia

G Pitol

7. Nagankheri-Mandli

and will be dealt with seriatim. Of these deposits, Nos. 1 and 2 were

examined by me in 1905, and Nos. 3 to 7 by Messrs. H. Walker and
A. M. Heron in 1907. Of these only Kajlidongri, and possibly

Ranibhapur, have any considerable economic value, as far as I am
aware.

1. Kajlidongpi.i

(See Plates 18 and 19.)

This deposit is situated 5 miles to the W.N.W. of Meghnagar

Mode of occuiicnce Station, Godhra-Ratlam Railway, to which it has
of the ore. been connected by a 2-foot gauge tramway (con-

verted later for steam traction), which also passes across the Rambha-
pur deposit. The ore-deposit is about 1,000 yards long and forms a

long, low, rounded ridge or mound, which has a general strike of N. 30°

W., and rises to about 60 or 70 feet above the water-courses on either

side of it. As is shown in the sketch-plan (Plate 19), this deposit has been

exploited^ by a series of surface cross-cuts and open quarries, the latter,

which are mostly not indicated on the plan, lying on either side of the

central ridge of the ore-mound. In additioii to facilitating the com-

prehension of the structure of the ore-deposits, these cross-cuts afford

convenient passages for tram-lines. The sections seen in these cross-

cuts are shown in Plate 19. The manganese-ore occurs intercalated

with black and red vitreous quartzites as a ' bed ' about 20 feet thick
;

but instead of dipping straight to the deep, as seems usually to happen

in the deposits of the Nagpur-Bakighat area, this ' bed '
ir. kept at the

surface by a series of folds, so that a larger proportion of the ore than

usual is available for quarrying. The diagrams on Plate 19 show to a

large extent what is actually visible in the cros.?-cuts, but there are

many parts in which the structure of the ore-body is not clear ; this has

1 The name means ' sooty hill '

.

2 This description, and the sections and plan given in Plate 19, refer to the deposit
as it was at the time of my visit in January 1905.
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been interpreted as well as possible and as a result it will be seen that

while cross-cuts Nos. 3, 3A, and 7, indicate that the western edge of

the ore ' bed ' is turned up, 4 and (5 indicate that it is turned down and

presumably goes below the surface to some depth. Roth 3 and 4, how-

ever, the only two cross-cuts illustrated that show the eastern side of

the deposit, agree in showing that this edge is turned up and consetjuent-

ly does not go to the deep. If only half a dozen cross-cuts had been

made at regular intervals right across the deposit it would have been

possible to estimate the quantity of ore in it with fair accuracy. Even

now a rough estimate can be made. From cross-cuts 3 and 4 it is seen

that a width of some 250 feet of the deposit measured along the folds

of the ore-band lies within 50 feet of the surface. Taking the average

thickness of the ore-band as 20 feet, of which 10 feet can be reckoned

as merchantable ruanganese-ore, the remainder being quartzite and

poor ore, the length of the deposit as 1,000 yards, the average specific

gravity of the ore as 4, and assuming that cross cuts 3 and 4 fairly re-

present the whole deposit, the total quantity of merchantable ore lying

within 50 feet of the surface can be estimated as :

—

1,000 X 3 X 250 X 10 X 62 5 X4 «o7 non f ti • •

=: 837,000 tons. llus is

2240

probably considerably above the mark ; for it is not likeh^ that

cross-cuts 3 and 4 do fairly represent the whole deposit.

The ' coutitry ' consists of silky, silvery, and often crinkled, phyllites

(sometimes slates or schists), with usually a thick-
Country

.

^^^^ sandy rocks between them and the ore-band.

These phyllites usually owe their characters to layers of sericitic mica
;

but as they sometimes contain talc instead of sericite and at other times

contain both minerals, and it is not possible to tell the character of any

piece of the rock from merely looking at it, they have all been grouped

together as sericitoid ^ phyllites. The sandy rocks between these and

the ore-body are usually of some shade of lavender or lilac, and very

friable. They have sometimes, where more argillaceous, assumed a

slaty character, and in one place in cross-cut 3, where they have been

subjected to intense pressure in some very sharp folds, have been

converted into sericitoid phyllites, on the cleavage planes of which

little prisms of piedmontite have developed where the pressure has been

the most severe (see Plates 18 and 19).

1 Meaning that the glistening mineral is like sericite, though not always actually

sericite.
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Fig. 1 -intense FOLDING IN MANGANESE-ORE AND SANDY SLATES
KAJLIDONGRI, JHABUA STATE, CENTRAL INDIA.

Photogr;ipli.^d \,\ L. L. Fermor. Bemio.sf. Collo., Derhy.

Fig, 2.-QUARRYING MANGANESE-ORE AT KAJLIDONGRI.
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Judging from the examples of spessaitite-bearing rock partly altered

to maii>rancse-ore, and of manganese-ore containing

residual spessartite, so oiten seen m the parts ot

the deposit north of the waist, it seems probable that the portion of the

ore-body north of the waist has been formed, at least in part, by the

chemical alteration and replacement of the manganese-silicate-rocks

of the gondite series.

In view of the apparent absence of spessartite and rhodonite in the

part of the deposit south of the waist, we must conclude either (A) that

the alteration and replacement processes were more complete here, so

that no trace of these silicates is now left
;

or, (B) and perhaps more

probably, that this part of the deposit was not sufficiently metamor-

phosed for the development of manganese silicates to take place. In

the latter case the part of the deposit south of the waist probably con-

sists partly of original fairly pure manganese-oxide sediments since

compressed, and is partly a replacement deposit formed at the expense

of the quartzites from materials brought either from the part of the de-

posit north of the waist or from buried portions of the deposit.

As evidence for B it may be mentioned—see also the sections, Plate

19—that in many parts of the deposit, especially south of the waist, the

manganese-ores and quartzites are interbedded, suggesting that they were

deposited as alternating layers of sand and manganese oxide. Only a

portion of these manganese-oxide layers can be original, however; for

1. The bands of ore and quartzite are not usually continuous for

any distance, a band of ore giving place to quartzite and

vice versa.

2. Many examples can be found of the gradual replacement of the

quartzites by manganese-ore, the change being first noticed

in the appearance of spots of manganese-ore in the quartz-

ite.

3. Residual nodules of quartzite, like those seen at Balaghat, can

be found in places in the manganese-ore bands

—

e.(j., in

cross-cut 4— ,
indicating that these bands have arisen by the

replacement of an original quartzite band.

Numerous fissures—probably formed during the folding of these

rocks—have been filled with vein deposits, which contain such minerals

as hoUandite, barjd^es, and arsenates.
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The winchite-bearing rocks were no doubt formed during the folding

bs' the metamorphism of impure calcareous sediments containing a

certain proportion of manganese.

Interesting points to notice are the abundance of apatite and the pres-

ence—though usually in small quantities—of felspar, in the spessartite-

and rhodonite-bearing rocks.

In Plate 19 is shown a rough sketch-plan of the deposit for the pur-

Nature and 11 ua- pose of indicating the position of the various cross-

lity of the ores. cuts. At about A there is a constriction or waist

to the ore-mound, and it is a curious fact that the ore is of two different

characters north and south of this waist. That south of the waist is

mainly a very fine-grained mixture of psilomelane and braunite with no

signs of spessartite or rhodonite
;
according to Mr. H. J. Winch, the

manager of the deposit, the ore shipped from this part of the deposit

(in 1905) has the following average analysis :

—

Limits. Me in.

Manganese ......
Iron .......
Silica.......
Phosphorus. .....
Baryta ......
Moisture under .....

46-4S
8-9

6-9
0-08-0-25

3 4

0 17

3*
0-25

A sample taken by me, representing 1,550 tons of manganese-ore

from the deposit south of the waist, was subjected to complete analysis

by Messrs. J. and H. S. Pattinson, with the following result :

—

Sample No. A.39.

Manganese peroxide . . . . . . .50-82
Manganese protoxide . . . . . . .20-19
Ferric oxide . . . . . . . . ] 2 • 29
Alumina . . . . . . . . .0-85
Baryta . . . . . . . . .4-14
Lime 1-40

Magnesia 0-80

Potash 0-74

8oda 0-27

Silica (combined) . . . . . . .5*15
Silica (free) . . . . . . . . 1 • 45

Suli)hur 0-030

Phosj)horic oxide ....... 0 378

Arsenic oxide ........ 0-055
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Cobaltons oxide . . . • • • • .Nil.

Nic'kolous oxide . . . . . . • .Nil.
Cuprio oxide ........ 0-03

Lead oxide . . . . . . . .0-02
Zinc oxido ........ Nil.

Titanic oxide 0-08

Chlorine trace

Fluorine Nil.

Water (combined^ I -00

Moisture at 100° C 0-20

Carbon dioxide ....... Nil.

99-893

This is equivalent to :
—

Manganese. . . . . . . . . 47-77

Iron 8-60

Silica (total) 6-(i0

Phosphorus . . . . . . . . 0-165

and indicates the presence of about equal proportions of psilomelane

and braunite in the ore. The agreement of this analysis with Mr. Winch's

figures is noteworthy.

North of the waist of the ore contains a larger portion of braunite

and is often more coarsely crystalline, whilst there is abundance of

spessartite and some rhodonite. According to Mr. Winch the average

arialysis of the ore exported from this part of the deposit is as

follows :

—

Manganese .

Iron

Silica .

Phosphoru? .

Baryta.

Moisture un'ier

Limits. Moan.

46-52
8-9

7-11
0- 15-0 -.30

1-34

484
8|
9i
0-2-2

U
0-25

I took two samples (A. 40 and A. 41) from the part of the deposit

north of the waist. They represent 580 and 1,1.30 tons of stacked ore,

quarried respectively from the southern and northern portions of this
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part of the deposit, and were subjected to complete analysis by Messrs

J. and H. S. Pattinson :

—

Sample Sample
No. A. 40. No. A. 41.

Manganese peroxide....... 38 • 15 41 -80

Manganese protoxide ...... 31 -46 28-17
Ferric oxide ........ 14 -86 13-50
Ahunina......... 0-47 1 -34

Baryta ......... I "77 0-79
Lime ......... I -56 1-89
Magnesia. ........ 0-72 0-36

Potash . • • • • •
' . 0-12 0-13

Soda ......... 0-18 0-24
Silica (combined) ....... 7-90 7-50

Silica (free) ........ 0 -50 1 10

Sulphur ......... 0 -060 0-034
Phosphoric oxide ....... 0-552 0-()23

Arsenic oxide ........ 0-214 0-305
Cobaltous oxide ....... Nil. Nil.

Nickelous oxide ....... Nil. Nil.

Cupric oxide ........ 0-15 0-05
Lead oxide ........ 0-01 0-02
Zinc oxide ........ Nil. Nil.

Titanic oxide ........ 0-12 0-14

Chlorine......... Trace Trace
Fluorine......... Nil. Nil.

Water (combined) ....... 1 10 1 -80

Moisture at 100° C 0-20 0-45
Carbon dioxido ....... Nil. Nil.

100-096 100-242

These are equivalent to :

—

Manganese
1

48-49 48-25
10-40 9-45

Sihca (total) ........ 8-40 i 8-60

Phosj)horus ........ 0-241 0-272

These analyses indicate the presence in the samples of 79% an(J 75%,
respectively, of braunite, with most of the balance consisting of

psilomelane.

It will be seen from these analyses that the ore is rather high in

phosphorus, but it is, I imderstand, sent to Luxemburg for use in manu-

facturing pig-iron from sulphurous iron-ores. Another interesting

feature of the manganese-ores as revealed by the analyses is the high

percentage of baryta (BaO), namely 1 to 4 per cent., averaging about

2J. This is due, as explained below (page 686), to the manganates
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(and barytes) in the deposit. Owing partly to this baryta the percen-

tage of manganese—only 48 on the average—is lower than in the Cen-

tral Provinces ; but this inferiority in manganese contents is to a certain

extent neutralized by the fact that Meghnagar is only 361 miles from

Bombay as against the .'520 to 701 miles distance of the deposits of the

Central Provinces from Bombay and Calcutta respectively. Taking

the average advantage in railway lead of Meghnagar over the Central

Provinces as 240 miles, which is equivalent to a difference of railway

freight of about 4s. 6d., we see that—taking the price of rnanganese-ore

at 9d. per imit—this advantage in lead is roughly equivalent to a

6% increase in the manganese contents of the ore.

The sulphur and arsenic returned in the foregoing analyses are pro-

bably due to the presence of barytes and arsenates respectively (see

page 687).

The local labour available is Bhil, but, as the Bhils are very uncertain

^ ^ in their attendance and of too wild a disposition

for continuous hard work, coolies have been imported

from Ahmadabad.

For variety of rare and new minerals this is the most interesting

Mineralogy of the manganese-ore dejjosit in India ; the following is

<iep°si*- a list of the minerals hitherto found either in the

ore-body itself or in the associated rocks :

—

Quariz Rhodonite
Rosj-quartz Asbestos
H-matit^ Winchite

Pyraphanit? (?) Spessartite

Magnetite Piedmont ita

Braunits Carpholite (?)

Rutile Tourmalim
Pyrolusit',^ Sericite

Hollandite Crimson mica
Psilomilan? Bronze mica
Calcit? Talc

Orthoclas ^ Kaolin
Plagioclas; A patits
Blanfordif ? Two species of arsenates

Yellow pyroxen? Barytes

Braimite.—Many fine crystals of braunite have been obtained from

this deposit. An accoimt of them will be found in Part I, pp. 55—57.

Hollandite.—The most interesting of these is hollandite, for an account

of which see Part I, pp. 87—91. It occurs in the quartz veins that trav-

erse the ore-body south of the waist of the hill and is especially abimd-
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ant in cross-cut 3 and the adjacent quarries. As has been previously

indicated, it forms with psilomelane a group of complex manganates
in which barium is a prominent constituent, and we see from this the

reason why the ore deposit south of the waist is much higher in baryta

than that north of the waist, where there is a much larger proportion of

braunite to psilomelane and where hoUandite is absent.

Winchite and Blanfordite.—The blue amphibole, winchite, which may
be regarded as a variety of tremolite containing iron and small quantities

of manganese and alkalies and having curious optical properties, occurs

at the north end of the deposit in a band about 4 feet wide, conforming

to the general strike of the deposit. The typical rock is composed of

winchite, braunite, calcite, and quartz, and may be called a winchite-

schist. But associated with this are bands of a very fine-grained white

or pale grey quartzite containing abundance of lavender-coloured win-

chite, often in beautiful simple prisms. In this rock are green spots,

and sometimes green crystals, which consist of a pyroxene showing

what I have designated as the blanfordite type of pleochroism (see page

127). In quarry No. 2 a certain amoimc of winchite occurs in a pink-

ish clayey rock immediately underlying the ore-body. The winchite

is most abundant at the contact with the manganese-ore and rapidly

diminishes in quantity, so that at 2 feet from the ore-body the rock

becomes a sandy-argillaceous one without any winchite.

Rhodonite.—This mineral occurs at the very north end of the deposit

in a ridge just to the S.W. of the quartzite hill shown in the plan.

All that I saw was much blackened owing to partial conversion into

manganese-ore. In one place in this outcrop is a nodule of red quartzite

roimded at one end and drawn out at the other. It is included in a rock

composed of rhodonite, apatite, quartz, and yellow pyroxene, with some

spessartite. This rock is partly altered to manganese-ore and curls

round and envelops the quartzite in such a way as to suggest that the

manganese-silicate-rock must have once been molten and have picked

up the quartzite when in that condition.^

Spessartite.—This occurs as typical spessartite-quartz-rock (gondite),

with abundant associated apatite, in the dyke-like outcrop running

N. 10° W. towards the river from the west side of the quartzite hill

at the north end of the deposit. This outcrop consists of grey, clove,

and pink, quartzites, in which occur bands of spessartite-bearing rocks,

in places much mixed up with vein-quartz. Some of these manganese-

1 The occurrence i.s, however, regarded as a part of the gondite series— of sedimentary
origin—see Chapter XV.
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silicate-rocks contain various pyroxenes and a yellow ampliibole in addi-

tion to, or to the exclusion of, spessartite. Yellow spessartite is also

frequently found in the manganese- ores north of the waist and also in

some red quartzites in the quarry N.W. of cross-cut G ; while brown

spessartite and spessartite-quartz-rock occur in cross-cut 7.

Carpholite (?).—A bright yellow mineral in radiate fibrous tufts

occurs in little veinlets in the manganese-ore in cross-cut 7. It resembles

carpholite and gives chemical reactions which agree on the whole with

those of this mineral. But owing to certain discrepancies it will be

necessary to make a quantitative analysis of this mineral before it can

be identified with certainty ; it is possibly only an amphibole

Hematite.—In the part A of cross-cut 7 a fair amount of platy

specular hematite, in thin plates up to 2 inches across, occurs in vein-

quartz.

Piedmoniite.—Besides a little piedmontite associated with the car-

pholite(?) in cross-cut 7, scattered prisms of this mineral have, as already

mentioned on page 680, been fovmd scattered on the cleavage planes

of certain sericitoid phyllites in cross-cut 3.

Crimson-mica.—In several parts of the deposit, especially in cross-

cut 4, where a golden-bronze mica also occurs associated with psilome-

lane, and at the north end in the winchite-bearing rocks, there is found

a mica occurring in tiny scales, which are crimson as seen in the hand-

specimens, but show under the microscope the pleochroism given on

page 198.

Barytes.—At a point in cross-cut 6 where the manganese-ore ' beds'

are nearly horizontal there is a coarse vein-rock of white barytes and

quartz (with some braunite). Several specimens of manganese-ore

collected from the ore-stacks north of the waist also contained a little

barytes in patches.

Arsenates.—Scattered through the quartz-barytes-rock are a few

roimded crystals of a sage-green arsenate of calcium and magnesium
;

while in a quarry to the north-west of this cross-cut (6), is a rock composed

of quartz, spessartite, braunite, and a second species of green arsenate,

chiefly of magnesium, that constitutes at least half the rock. This is

possibly also a vein-rock.

2. Rambhapur,

This deposit lies immediately to the N.W. of Rambhapur town,

is about 250 yards long and forms a very low mound running N. 30'
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W. It is on the line of strike of the KajHclongri deposit, the S.E. end

of which is about If miles to the N.N.W. That these two are prob-

ably genetically connected is also indicated by the outcrop at Piploda,

about half way between them, of some pyrolusite and psilomelane formed

by the replacement of quartzite and also of a little spessartite-quartz-

rock.

The few pits that had been made along the strike of the Rambhapur
deposit showed that the manganese-ore forms a bed composed of alter-

nating layers of ore and red quart.cite. This is folded 2 or 3 times and

might be as much as 20 feet, but is probably not more than 10

feet, thick. Owing to the folding the dip is variable, being in some places

to the N.E. side of the strike and in others to the S.W. side. The
' country ' is a siliceous crystalline limestone with abimdant secondary

pyrolusite replacing both calcite and quartz.

The tramway connecting Kajlidongri to Meghnagar crosses this

deposit so as to divide it into two portions. T took two samples, one

(A. 42) from the stacks to the S.W. side of the tram-lines and the

other (A. 43) from those to the N.E. side, so as to represent roughly

the northern and southern portions of the deposit respectively. A. 42,

representing about 120 tons of ore, consisted of dirty ore, usually a

mixture of pyrolusite and psilomelane, showing spessartite in places and

with small calcite veins in several pieces. A. 43, representing about

35 tons of ore, consisted of much harder ore—psilomelane and braunite

with less calcite and more visible quartz. The analyses (by J. and

H. S. Pattinson) are as follows :

—

Sample Sample
No. A. 42. No. A. 43.

Manganese peroxide .... .^3-77 47-71

Manganese protoxide .... 13 29 20 -.3.5

Ferric o-sids ...... H-2S 8-37

Baryta ...... I -PS 2-20

Silica (combined) ..... 4-25 5-9.5

Silica (free) 1-60 5-30

Phosphoric oxide ..... 0-42 0-.38.')

Water (combined)..... 3-40 2-50

Moisture at 100° C 0-75 0-55

These are equivalent to :

—

Manganese ..... 44-29 45-92

Iron .... 7 • 90 5-86

Silica (total) .5-85 11-25

Phosphorus ..... 0-183 0-168
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The combined silica in analysis A. 42 cannot be taken as an index

of the amount of liraunite ])resent, because of the spessartite also present.

In A. 4.'} the presence of 59% braunite is indicated, although this may
be too high owing to a certain proportion of spessartite.

On the N.W. side of the tank immediately to the S.S.E. of Ram-
bhilpur is an outcrop of red and lavender quartzites and of siliceous crystal-

line limestone, the latter of which has been in places much replaced by
pyrolusite and yellow ochre.

3. Amlamal.

According to my colleague, Mr. H. Walker, ^ who was able in 1907

to visit some manganese occurrences in Jhabua not seen by me :

—

' Two occurrence.^ are to be seen hare—on?. ^ mile to the N. of the Tarwi's (vil-

lage headman) house, and the other | mile to the S.W. of the same housa.

' In each case the surface indications are confined to quartz blocks containing
manganese-ore and are very limited in extent. A few small pits have been opened
in those deposits and from these it is seen that the manganese-ore is contained in a
steeply dipping fine-grained reddish-quartzite.'

5. Tumdia.

This deposit is close to Mandli. Mr. Walker writes :

—

' The occurrence is in a nill which lies | mile to the N.W. of the house of the
Tarwi of Mandli. The hill is about 200 yards long, is 20 to .30 feet high, is whale-
backed in shape and runs in a general direction to the N.N.W.

' The ore-body outcrops on the top of the ridge and forms a small spine-hka
prominence whicii strikes N.N.W.—S.S.E. It consists of a white to pink quartz-
ite which contains veins and lenticles of mangansse-ore. From a pit dug in the
outcrop of the ridge-top, it is seen that the manganese-ore-bearing band varies
from 2-3 feet in thickness and is almost vertical.

' In places the ore is good, bat on the whole there is too much qtiartzite.'

6. Pitol.

Mr. Walker says :

—

' This occurrence lies about 1 mile to the south-east of the Thana of Pitol. It

forms a low mound—about 140 yards long—on each side of which runs a cart road
leading from Pitol to Jhabua.

' The ore—which se?ms to be very low grade—occurs interlaminated with
quartz

'

Some iron-ore containing a little manganese was noticed about

2 miles to the N.E. of the Thana of Pitol.

1 MS, report.
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7. Nagankheri-Mandli

Mr. Walker writes :

—

'About midway between the villages of Nagankheri and Mandli (B) a tumbled

mass of boulders—approximately 20 feet high, 3i) feet wide, anrl 100 feet long—is

to' be seen. From the dc^posit Titol bears N. 20° W. and Mandli (R) E. 1.^)° 8.

' The boulders are siliceous with a limited quantity of included manganese

mineral.'

Rewah State.

Impure psilomelane was found by T. W . H. Hughes i as nodules

in red (Jabalpur ?) clay near B:isi, west of Tiki in the South Rewah

coal-field. It contains a large amount of insoluble matter, some iron,

and a trace of cobalt. Manganiferous hematite was found by P. N.

Datta 2 in 1895 at the foot of the Kaimur scarp, north-west of Bagh-

war, near Burgaona.

1 Ball, Economic Geology, p. 331. Mallet, Mineralogy, p. 61,

2 Bee. 0. S. I., XXX, p. 255.
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CHAPTER XXXII.

DESCRIPTION OF mmSlTS-continued.

The Central Provinces -Amraoti and Balaghat Dis-

tricts.

Amrdoti District— ' p^'epul Cottah.'

Bdldghdt District.—History—Output and labour—Physical characters and geo-

logy—List of deposits—Nature and quality of the ores—Communications and
transport—Cbandadoli—Thirori, Ponij, and Janirapani— Garaghat—Sonegaon
•—Arjoniand Jam—Nandgaon—Ramrama—Katangjheri I—Katangjheri II (Sho-

dan H'urki)—Other localities—Balaghat—Laugur—Ghondi—Ukua, Gudma, and
fSamnapur— Other localities.

Amraoti District.

The occurrence of manganese- ore in Berar was first mentioned by

Newbold/ and the reference may have been either to this district or

to the Wun, or perhaps to some district in which the existence to this

mineral is not at present known.

Some specimens of manganese-ore containing 80 per cent, of manga-

nese oxide were discovered in 1877 at 'Peepul Cottah' or 'Pimpul Koon-

ta' village in the Morsi Taluk ; but local enquiry showed 'that the broken

fragments of ore which had been found at a short distance below the

surface inside the village had been brought from some unknown locality

by the former inhabitants.'^

Balaghat District.

lSe.e Plates 12, 13, 20, 21, and 43.)

Mr. Grant^ says that 'a few miles to the east of Burha, surmji (sul-

phide of antimony) occurs in large quantities. The

latter is, however, of no value here, and no one takes

the trouble to collect it.' Surma is the Hindustani word for colly-

rium and it is probable that black oxides of manganese are at times sub-

stituted by the natives of India for stibnite, the substance customarily

IV

1 Jour. Roy. As. Soc, VII, p. 214, (1P43).

2 Ball, Economic Geo'ogy, p. 331, (1881).

3 Central Provinces Gazetteer, p. 18, (1870).

G
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used, .-^s no stibnite has been recorded from this district the surma
mentioned by Mr. Grant is doubtless some oxide of manganese, probably-

obtained from the Balaghat deposit (No. 9, below).

The first explicit reference, however, to manganese-ore in this dis-

trict, is contained in a letter, dated 3rd September 1883, from Colonel

Bloomfield to Mr. F. R. Mallet. He refers to the Balaghat deposit. In

1888-89, Mr. P. N. Bose investigated this occurrence and also discovered

the Ukua deposit on the Baihar plateau. In the same season Kishen
Singh of the Geological Survey of India discovered manganese-ores at

Ghondi, Dharampur, Kanaridha, and Kurthitola. Soon after the man-
ganese industry was started in the Central Provinces in 1899-1900, the

Central Provinces Prospecting Syndicate secured the Balaghat deposit

;

they started working it in September 1901 ; active prospecting through-

out this district has subsequently led to the discovery of manv more

deposits. Up till 1906, practically the only deposit worked to any ex-

tent was that of Balaghat, but during 1906 the high price of manganese

led to the opening up of several of the deposits already known—especi-

ally Thirori, Jamrapani, Ramrama, and Ukua -and to the discovery of

several ore-bodies not previously known.

The following table shows the yearly output and average daily num-

ber of workers employed from 1901 to date :

—

Year.

Output in long

tons.

Average dailj'

number of

workers. 1

1901 .3,8J9 (a)

1902 1,975 105

1903 7,898 385

1904 10,323 295

190.3 16,246 362

1906 102,260 1,836

1 1907 210,601 2,663

(a) Not reti rned, although work was progressing,

and illustrates the constant expansion of the industry.

1 Figures taken from the Annual Report.s of the Chief Inspector of Mines in

India.
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The manganese-ore deposits ot this district are, as far as is at present

„, .
, , . known, confined to a belt of country stretching

rliysical characters ' "
and geology of tlie man- east-north-east from Chandadoh and Thirori near
ganese-orc belt. Katangi at the western end, through Bdhighdt

and Ukua, to Jairasi at the eastern end, a total distance of about

75 miles. Such a belt bounded by two parallel lines i) miles apart

contains all the known deposits.* The northern line runs close to

Rann-ama, Bakoda, Kurthitola, and Lilameta, and the southern close

to Jamrapani, Waraseoni, Balaghat and Kanaridha. Produced to the

west this belt includes the deposits of Kosumbah, Sitapathur and Sukli

in the Bhandara district, and then runs into the—to a large extent

geologically unknown—northern part of the Nagpur district, and south-

ern part of the Seoni district.

A length of about 32 miles of this belt at the western end— practically

those portions of the belt west of the Gondia-Jabalpur branch of the

Satpura Railway (Bengal-Nagpur Railway)—consists of plain country

at an average elevation of perhaps some 1,000 feet above sea-level, and

is in fact apart of the Nagpur-Balaghat 1,000-foot plain. The surface

of the plain is composed to a large extent of alluvium and soil with

a small quantity of low-level laterite, and the rock exposures occur

chiefly in the small hills and mounds that protrude from this allu-

vium, etc., and also in stream-beds. This part of the belt is largely

given up to rice cultivation or else covered with thin tree jungle, but the

hills rising from the plains are often densely wooded. To the east of the

railway the belt, starting on the spur wherein the Balaghat manganese-

ore deposit is situated, soon rises on to the Baihar plateau, which has an-

average height of about 2.000 feet, with numerous, usually well-wooded,

hill ranges rising to as high as 2,761 feet at Tipagarh hill, and 2,793 feet

on the Deccan Trap range at the northern border of the district outside

the belt. On this plateau rock exposures are very numerous in most

parts, although there are patches of alluvium bordering the larger rivers

such as the Nahara and Banjar. This belt, to the west of the longi-

tude of Baihar, is drained by the M^ainganga and its tributaries the

Lusra, Uskal and Nahara. To the east and north-east of Baihar the

plateau is drained by the Tonar (Taunaur) and Banjar, which flow

north eventually to join the Narbada river.

Except for a small patch of Deccan Trap basalt, capped by laterite

on Tipagarh hill, and numerous patches of high-level laterite—often

* Manganese-ore is said to have been recently found near Kinhi some 20 miles south-
east of this belt.

IV G 2
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extremely aluminous and then designated bauxite—resting partly on

the Chilpis and partly on the metamorphic and crystalline series, especially

in the neighbourhood of Laugur, Ukua, Samnapur, and Sonpuri, the

whole of the belt consists of Archaean rocks. These can be divided

into three groups :

—

(1) the Chilpi Ghat series
;

(2) the metamorjihic and crystalline series (designated Baihar

gneiss by Bose);

(.3) the intrusive granites (designated Chauria gneiss by Bose and

probably equivalent to the Bundelkhand granite).

The granites are of subordinate importance in this belt, but

according to Bose, they occupy wide spreads of country to the south-

east.

The Chilpi Ghat series* consists, where I have seen it, of slates,

phyllites, and mica-schists, with some quartz-schists and schistose grits

or arkoses, and is probably to be identified with the Dharwars. The

areas occupied by it are shown on the map (Plate 43). The band stretch-

ing from Waraseoni through Laugur to Tipagarh hill is apparently a

synclinal fold of these slaty and schistose rocks, resting on various schis-

tose gneisses with granite intrusions along the bedding planes of the

gneisses. The manganese-ore deposits Nos. 9,10,11, and Kurthi-tola, are

situated near or at the base of this series, as are possibly Jairasi, Dharam-

pur, and Kanaridha, further to the east. The deposits are overlain by

the phyllites and schists and rest on the schistose conglomeratic grits

JOT arkoses. At Balagliat itself these grits are easily distinguished

;

but at Ukua, some 16 miles to the north-east, the rocks are much more

metamorphosed so that the grits now look like crystalline gneisses ; but

their original character is betrayed by the pebbles of gneiss, granite,

and quartzite, in the gneiss. Judging from this and other evidence

it seems probable that a considerable portion of the rocks mapped as

part of the Archaean gneisses and schists (coloured pink on the map)

are only more intensely metamorphosed forms of the Chilpis. See

pages 311—314.

The metamorphic schists and gneisses consist of muscovite- and

biotite-gneisses, mica-schists, quartzites, various more basic pyroxenic

and epidotic gneisses, and occasional hornblende-schists. With these are

*0r rather the portion included in this belt ; for it is not certain that two distinct

groups of rocks have not been included in this scries. See article on geology in the Bala-

gliat Gazetteer, pages 16 and 17, (1907).
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intercalated tlie manganese-ore deposits Nos. 1 to 8, invariably char-

acterised by the presence of various manganese-silicates. And, on the

supposition that the Chilpis have, in the western parts of this belt, become

converted into gneisses and schists, one may suspect also that these man-

ganese-ore deposits are only the metamorphosed forms of the manganese-

ore bed occurring at or near the base of the Cliilpis further to the

east.

The strike and dip of the deposits (Nos. 9 to 11) at the base of the

Chilpis conform to those of the Chilpis, namely a strike of north-

north-east' to east-north-east, with the dips to the north-west side.

The strike and dip of the deposits in the metamorphic and crys-

talline series are much more variable.

The following is a list of the manganese-ore deposits and occurrences

of this district :

—

Group I.

Deposit.

f 1. Chandadoh.
2. Thirori, Ponia, end Jam-

rapani.

2a. Garaghat
3. Soneg4on.
4. Arjoni and Jam
5. Nandgaon
6

"

7,

Ramrania
Katangjheri I (Govt. For-

Concessionaire.

Thirori :—Central Provinces Proe.

pecting Syndicate (C. P. P. S.)

D. Laxminarayan, and M. M.
Mullna.

Ponta :—C. P. P. S., P. C. Dutt,
Burn & Co., and B. Parinanand.

Jdmrupdni

:

—C. P. P. S., and D.
Laxniinarayan.

D. Laxminarayan.

P. C. Dutt, Burn & Co.

Rai Sahib Matliura Prasad.

C. P. P. S., and Tata, Sons & Co.

8a.

est)—Shodan Hurk I . Tata, Sons & Co.

Katangjheri II(Malguzari) Do.
Other locaUtie.s :

—

Bhui Hurki . Tata, Sons & Co.

Ballarpur . . Diwan Bahadur Kastur Chand

Bakoda
Daga.

. Raja Gokuldas.
Chaukhandi . D. Laxminarayan.
Chikmara . Do.
Sherpur (Sirpur) . Carnegie Steel Co,

Kochawahi . Dutt, Burn & Co.

Budbuda . C. Veluaya.
Botajheri . . Dutt, Burn & Co.

Saonri . D. Laxminarayan.
Nandhi . E. G. Beckett.

Turnsnr.
Tatekasa.

Gajpur.

Jarha Mohugaon. . Mathura Prasad,
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f 0. Balaghat (Bhaiweli, Hira-

I

pur, and Manegaon) . C. P. P. S.

I

9a. Laiigur . . . Indian Manganese Co.

I

10. Ghondi . . . J)utt, Burn & Co.

I

II. Gudnia, Ukua, and

i

Samnapur . . . Carnegie Steel Co.
Group II. <| 12. Dharaini)ur.

I

13. Kanaridlia.

I

14. Jairasi.

I

15. Kurthi-tola.

j
16. Dharpiwiira.

I

17. Other localities :—
1^ Parsatols, Bodmghat.

Group I comprises those deposits situated in the plain country

to the west of the Wainganga, including those in the southern fringe

of the range of hills north of Katangi. These deposits are mapped
as occurring in an area occupied solely bv the metamorphic and crys-

talline series, and are probably only a more metamorphosed facies

of the deposits forming Grouj) II. The latter comprises those situated

in the hill country to the east of the above-named river ; these deposits

occur, as far as is known, near the base of the Chilpi Ghat series.

I have visited all the above deposits except those mentioned under

2a, 8a, 9o, 10, and 12-17. The deposits will be described in the sequel

in the foregoing order. The numbers correspond with those on the

geological map (Plate 43) of the Nagpur-Balaghat area ; but 2a, 8a,

9a, and 17, are not shown on this map, because they were not known
to me at the time the proofs of the map were passed.

The ores of this district can be divided into two groups, according to

Nature and quality of whether the deposits in which they occur are

the ores. included in group I or 11. The ores of group I

are typically mixtures of braunite and psilomelane, as in other parts of

the Central Provinces. The mixtures may be either fine- or coarse-

grained. Sometimes the braunite becomes predominant in quantity and

coarsely crystalline, as in portions of the Thirori deposit. There is

also the ore that 1 have called speckled ore. This consists of a small

proportion of braunite granules scattered through a matrix that is in parts

dull grey psilomelane, in parts the bright lead-like psilomelane, a.'id in

parts soft, black, and soot-like, the latter usually occurring in cavernous

spots, giving rise to the speckled appearance of the ore. This variety of

ore is particularly common in the Jamrapani deposit.

The ores of group II means, practically, those of the Balaghat deposit.

The chief ore of this deposit is a compact fine-grained psilomelane.
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often with cavernous black spots. There is also a large quantity of massive

very finely crystalline hollandite. The psilomcLnc found at Balaghafc

is also commonly found at Ukua. Where the braunite-p.«ilonielane mix-

tures are also met with.

The thirteen samples taken by me from deposits Nos. '2, o, (5, 7,

8, 9, and J J, were analysed at the Imperial Institute. The results

are inserted later in the descriptions of the respective deposits, but the

limits and mean of these thirteen analyses are shown in the following

table :

—

lyiinits. Mean.

J 1.

Miinganeso 49-08 -54-51 51 -88
Iron 5-28 - 9-10

Silica l-()2 - 6-02 3-74
Phosphorus 0-05 - 0-24 0-11

Moisture 0-!2 - 0-85 0-37

These figures are remarkably close to the similar figures for the Bhan-

dara district given on page 735. The analyses indicate an average of

32 per cent, of braunite.

Most of the deposits in this district are unfavourably situated as

regards distance from the railway. The Balaghat deposit is the only

Communications and exception, and is Served by a 2-mile siding join-

transport, ing the Bengal-Nagpur Railway near Balaghat

station. Practically no ore had been despatched from the deposits in the

western parts of the district (Group I) up till the end of 190G. But

considerable quantities had been extracted at Ramrama, Thirori,

Jamrapani, and other places, in anticipation of the extension to Katangi

of the 2 -foot steam tramway under construction by the Central India

Mining Company from Tumsar Road. During 1907 considerable quan-

tities of this ore were despatched to Tumsar Road station, some

use being made of this steam tramway, which, however, has not vet

been carried into the Balaghat district. Such ore as is being despatched

from those deposits above the ghats (Nos .9a to 11) is at pmsent

being carted over considerable distances, often as much as 20 miles or

more. Carts, however, are very scarce and no considerable quantity of

ore can be despatched from these particular deposits until some form of

tramway or railway has been built. Two possibilities are mentioned on

page 731.
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1. Chandadoh.

This village is situated at the extreme western end of the Bjilnghat

district and is separated from the Sitapathur village area in the l^handilra

district by the ' Miiggurkutta ' N. (' Annapangree Nullah' on the Bhan-

dara Main Circuit map No. 9). About | mile east of the village, after

crossing a tributary of the ' Muggurkutta' and entering the Government

Forest, an ore-band crosses the road leading to Thirori. This band is just

seen on the west side (right bank) of this tributary, but does not reappear

at the surface to the west-north-west and so has possibly been cut off

by the pegmatite cropping out there. On the east side of the watercourse

the band goes for 310 paces in an E. 35° S. direction, and probably

continues further in this direction, but I did not follow it up. The ore-

band consists of very quartzose spessartite-quartz-rock (gondite) mostly

tinted purple, and containing also the brown fibrous-platy mineral (sup-

posed to be an amphibole) found at Nandapuri, Nagpur district. There

is also a little soft black manganese-ore containing remains of yellow gar-

net. The ore is, however, not sufficiently abundant to be worth working.

The nala shows gneissic mica-schist cropping out about 100 yards

further up stream than the ore-band, and above this occurs biotite-gneiss

dipping at 30" to S. 35° W., which hence may possibly be the dip of

the ore-band.

This ore-band may be a continuation of the subsidiary Sitapathur

band (page 741), but if so there has been a curling round of the strike

from north-east to E. 35° S. To the east the band must either be

faulted or else curl round still more so as to run parallel to the Thirori

bands into which it would otherwise run nearly at right angles.

Mr. C. E. Low, formerly Deputy Commissioner of this district, informs

me thxt h has found loose fragments of inanganese-ore at two other

places in the Chandadoh forest. One of these is about ^ a mile north-east

of the occurrence described above, and the other 2 miles north-north-

east of the same spot, close to the northern boundary of the forest.

2. Thirori, Ponia, and Jamrapani.

[ With Garaghat (2a). ]

Central Provinces Prospecting Syndicate, Dutt, Burn & Co., D. Laxmi-
nabayan and others.)

Tlie series of parallel bands of manganese-ore traversing these villages

is held on mining lease by the Central Provinces Prospecting Syndicate,

except for portions that did not crop out at the surface and have

been secured by Mr. D. Laxminarayan, and portions of Ponia held by
Messrs. P .C. Dutt, and Burn and Company. The total length of outcrop

measured along the curves, is about 6 miles, the longest I have seen
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anywhere. There seem to be 5 parallel Jore-bands^, but in most places

orJy 1, 2, or 3 of these bands are to be found, probably owing to

the remainder being bidden by soil and olluvium. How ^the bands

exposed in the various hills and hillocks join_one another I could

not usually determine owing to the breaks in continuity of outcrop in

passing from one hill to another. The accompanying map shows the

various bands seen, but a closer search than I had time for would pro-

bably reveal the extension of many o\ these bands. Thus, hidden in the

jungle on the slopes of South Hill, other bands may exist running parallel

to that marked along the crest of the ridge.

Fig. 40.—Map of the Thirori manganese-ore bands. Scale 1 inch = l mile.

1 Mr. W. H. Clark informs me that the quarrying carried out by his syndicate during
1006 hns shewn that these parallel outcrops are due to the folding of a single bed of
ore bringing it to the surface several times.
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The total breadth of the ore-bearing belt may be as much as 400 to 500
yards.

I obtained very few measurements of the thickness of the ore-bands,

as they were usually so hidden in the jungle. The greatest was an outcro])

width of .30 yards seen where the track from Karparia to Bawldongri
crosses the ore-bands on the low ground immediately south of East Hill,

and the next greatest was on the South Hill of Thirori, where one band
must be at least 35 feet wide ; while on the West Hill I obtained two
measurements of 15 and 18 feet respectively and one in the Jamrapani
nala of 9 feet. Taking 15 feet as the average horizontal width of each

ore-band, 75 feet, or
isq.,
—

-20 of the total width of the ore-belt, may
consist of manganese-ore, but the fraction might be as high as

mo~i2- Taking the average angle of dip as 30° to 45°, the actual total

thickness of the 5 bands of ore works out as 37 to 53 feet. This may
however very easily be an underestimate, for the outcrop widths given

above are not necessarily the full widths of the bands. The accompanying
rocks are mostly mica-schists traversed (as also is the ore-band in places)

by a muscovite-quartz-pegmatite, which often contains an iron-ore (mag-

netite, martite, or hematite) and is sometimes of not very coarse grain

and often apparently interbedded with the mica-schists ; hence in many
places it seems doubtful whether this supposed pegmatite is a variety of the

schists or really intrusive.

On South Hill fragments of granulitic hornblende-gneiss were seen,

while at a point near the east base of East Hill granulitic epidote-gneiss

was found. As will be seen from the map the main portion of the ore-

belt has a roughly north-north-east strike with local flexures. The ex-

treme north end of it lies in Ponia village limits, whilst the remainder of

this north-north-east striking portion lies in Thirori, where it gives rise

to the three ridges that I have designated the West, East, and South

Hills, and to the hillocks designated as the North Hillocks, and indicated

as W, E, S, and N, respectively, on the map (figure 40). The

belt curls round at its south end where it enters Jamrapani limits so as to

run first east-south-east and then roughly north-north-east, over a

range of low hillocks, where it is flexed into a S-shape, the north-east

end of the S terminating in the Garaghat Government forest. Some

1^ of a mile north north-east of this point is another isolated ore-hillock

within Thirori limits ; this may indicate another flexure in the strike.

I should note that a careful search may show that the belt extends further

to the north in Ponia limits or to the north- east in the Garaghat forest.

The dips in the southern parts of the belt are always directed out-

wards or away from the rocks occupying the ground between the two
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arms of the belt, so that Thirori South Hill and the Janirapani outcrops

form three sides of a quaquaversal. In Ponia and the Thircjri North-

Hillocks, however, the dip is to the east side, indicating an overturn,

'rhere is a very large quantity of merchantable ore in each of the

three village area.s of Fonia, Thirori, and Jamraj)ani. The workable

parts of the belt are the two hillocks of I'oiiia, the north end of Thirori

Bast Hill, the whole length of the West Hill, the South Hill chiefly at

its north end, and along the whole Jamrapani outcrop at intervals.

There are apparently two ore-bands, which consist at the south-west

, end of spessartite- quartz-rock ; but a little to tlie

north-east, where the Government forest clearing

crosses the outcrop, these bands give rise to two ore hillocks corresponding,

apparently, one to each band. The hillock corresponding to the south-

east band is dome-shaped and perhaps 80 feet high, and both it and

the second hillock contain a large quantity of good hard grey ore, occasion-

ally coarsely crystalline. The north-west band can be followed as a low

ridge for about ^ a mile, good-quality ore being seen at intervals for nearly

this whole length. These two bands may continue further to the north-

east. A sample (No. 51) was taken along the outcrop of the north-west

band and consisted entirely of the fine-grained hard grey braunite-psilome-

lane mixture. It was analysed at the Imperial Institute with the result

shown on page 704. This analysis shows a very high grade ore consisting

of about 4-.3 per cent, braunite and 57 per cent, psilomelane.

In the most northern of the Thirori hillocks the ore-band consists of

Thirori North Hil- the speckled variety of manganese-ore, in some
^0^^^- places of good quality ; while in the low hillock due

east of Hirapur the ore-band consists of interbanded ore, quartzite, and

spessartite-quartz-rock (gondite), with some intrusive quartz-felspar-rock

containing a brown mineral (either spessartite or pyroxene) altered in

places to manganese-ore. The second band, marked to the south-east

of this band, is obscurely exposed.

Two ore-bands traverse the length of this ridge in a north-north-east

^, . . „ „ direction, the eastern one occupying the crest.
Thuon W.'st Hill. r^,- 1 1 , ,

^
ihis band shows m one place a very steep westerly

dip and consists throughout its whole length of merchantable ore, the

speckled variety predominating at the southern end and the hard grey

variety at the northern. The greatest outcrop width seen was 6 yards.

The other band is about GO to 70 yards to the west of this and at a slightly
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lower level. I did not follow this second band throughout its length, but

it seemed, at the points where I examined it, to be as good as the eastern

band. Where, however, the western band gives rise to two hillocks

at the southern end there is, in addition to ore, also a fair quantity

of spessartite- quartz-rock (gondite) with large garnet crystals. There

is also a certain amount of garnet and quartz to be found in the eastern

band. This ridge reaches its highest point at the northern end, where it

is about 130 feet above the ' Kareekussa N. ' to the north. Sample

No. 50 was collected all along the outcrop of the eastern band and

consisted mostly of the fine-grained braunite-psilomelane mixture with

a certain quantity of the speckled ore showing the usual sooty black

spots and lead-like patches of psilomelane. The analysis (see page 704)

shows that the average ore contains about 20 per cent, braunite and

80 per cent, psilomelane.
i

Where the road from Hirapur to Bawldongri crosses the ore-belt

Tl r r' E ist H'U
between the Northern Hillocks on the north, and

West and East Hills on the south, four bands are

seen cropping out, as marked on the map. The most easterly of these

rises to the south up the hillock shown immediately to the north of

East Hill and from there on to East Hill itself, where it forms the western

ore-band. On this hillock there is also a hematite-quartzite composed

of granules of hematite in a rather glassy quartz-rock containing a little

muscovite ; there are also some blocks of a coarse muscovite-quartz-

rock probably of pegmatitic origin. Where this ore-band reaches the

East Hill it consists of good hard grey ore. I did not, however, follow

up this band, seeing it again only on the low ground at the south end of

East Hill, where it consists of the speckled ore. The east band runs

along the top of this ridge, but is not always exposed. It consists of good

and poor ores and spessartite-quartzite. At the northern end, where

the ore is probably in sufficient quantity to be worked, I took sample

No. 48 from the outcrop, a few pieces being also added to the sample at

various other parts of the outcrop. The sample consisted of the usual

hard grey braunite-psilomelane mixture and the analysis of it (see

page 704) indicates the proportions to be 27 per cent, braunite to 73 per

cent, psilomelane. On the low ground between East and South Hill,

where the Kaiparia-Bawldongri road crosses, three ore-bands crop out.

The most easterly of these is 30 yards wide and consists of speckled

ore shewing garnet, quartz, and the altered chocolate amphibole ; and

where this band, a little to the north, forms part of the barrier across
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the outlet from the Thirori lake, it partly consists of a coarse quartz-

spessartitc-rhodonite-rock (rhodonite-gondite) like that found in the

Kanithi Lady Pit at Chargaon, Nagpur district (see page 883).

The outcrop along the ridge of this hill is very pronounced, and

. „ dips taken at various points ranged between 25°
Thirori South Hill. , . . ^ „

and 50 m directions between W. 30" N. and

W. 5° S. The top of the hill is about 260 feet above the rice fields to the

south. The ore in usually the hard grey variety, often interbanded

with quartzite. Sample No. 49 was taken from the outcrop along the

ridge of the hill and from the north base and consisted largely of the

hard grey braunite-psilomelane mixture ; but some pieces were entirely of

compact psilomelane, and some were composed of the lead-like variety

of psilomelane containing black powder in cavities. The analysis (see

page 704) indicates a mixture of 38 per cent, braunite, 60 per cent,

psilomelane and 2 per cent, quartz.

^ The small hillocks forming the southern arm of the ore-belt consist

, .
largely of the speckled variety of manganese-ore,

^ ^"
' and to the east of Jamrapani nala the single ore-

band runs north-east along what is marked on the map as a single

ridge, but is really a series of hillocks and small hills. Further north

there are probably 3 bands as shown. The ore-bands along this mass

of hillocks and low hills consist partly of hard grey and speckled ore and

partly of spessartite-quartzite. But as everything here is much obscured

by jungle, it is not possible to give any details as to width, etc. Sample

No. 53 was taken all along the Jamrapani hillocks and hills, wherever

the outcrop consisted of apparently merchantable ore. It consisted

partly of the speckled ore, partly of psilomelane, and partly of the

fine-grained braunite-psilomelane mixture. A few pieces contained a little

of the bronze-coloured mica (?) The analysis (see page 704) indicates

a proportion of 31 per cent, of braunite to 69 per cent, psilomelane.

At one point on the ridge due east of the village the ore-band is partly

cut oS by quartz-muscovite-pegmatite iniected on
Martite ard fuchsite. y t . mi,- .

to the line oi strike, inis pegmatite contains a

large quantity of octahedral crystals up to an inch across of what must

be regarded as martite, since the powder of the mineral is usually reddish

brown and only slightly magnetic. Some pieces, however, give a black

streak and are strongly magnetic and these must be regarded as

the original magnetite that by alteration has given rise to martite. A
little further along the outcrop this pegmatite becomes more quartzose,
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and finer-grained, and contains small crystals of light emerald-green

mica, probably fuchsite.

Along the Government Forest lane dividing Jamrapani from the Gara-

^ G<' < 1 'If ,t
S^^^ forest there are outcrops of three ore-bands

' " ' striking east by north. These three bands continue

a little way into the Garaghat forest and if search were made might be

found to crop out for some distance to the east. At a point about 1^

miles further east and about the same distance west of Piparia, a

deposit of loose fragments of ore has been found and worked by Mr. D.

Laxminarayan of Kamthi.

The ores found in Ponia^ Thirori, and Jamrapani, consist partly of

Nature and quality ^^^^^ S^^Y braunite-psilomelane mixture and
of the ores. partly of what I have designated specHed ore (see

page 696). There is also a certain amount of the coarsely crystalline

braunite with subordinate psilomelane, like that of Lohdongii in the

Nagpur district. Six samples were taken from various parts of the ore-

belt ; the results of the analyses made at the Imperial Institute are

shown in the following table :

—

Localities. Ponia.

Thir.iri

West
Hill.

Thiroji

East
Hill.

Thirori

Stacked
ore.

Thirori

South
Hill.

Jam ra-

])ani.

Page reference 701 702 702 705 703 703

No. of sample. 50 48 52

50-01

27-97

9-74

4-90

0-18

0-28

0-32

49 53

Manganese peroxide .

Manganese protoxide .

Ferric oxule

Silica (combined)

Silica (free'.

Pho.sphoric oxide

Moisture at 100° C.

52-88

27-15

12-(U

4-30

000
0-18

0-40

58-72

18-05

9-99

2-06

0-44

0-33

0-70

52-38

24-67

10-76

2-74

0-00

0-25

0-30

51-49

2302
10-94

3-77

1-67

0-24

0-21

55-82
21-11

12-57

3-12

0-00

0-23

0-38

Manganese
1

54-51 52-16 62-06 52-92 50-42 51-69
Iron .... 8-85 6-99 7-53 6-82 7-66 8-80

Silica .... 4-30 2-50 2-74 5-08 5-44 3-12
Phosphorus 0-08 0-14 Oil 012 0105 0-10

It will be seen from the above analyses that the characteristic features

of these ores are the low percent, of combined silica and consequently

of braunite, and the somewhat high per cent, of phosphorus,
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The above analyses give the following average

705

Mil ngiineso

Iron

Silicii .

I'liosplionis

Moist lire

52-20

7-77

3-8(>

Oil
0-38

and a mean biaunite per cent, of 34'8.

Mr. W. H. Clark, Manager of the Central Provinces Prospecting

Syndicate has kindly supplied the following analyses by Mr. R. D. Connell,

of the ores actually quarried during 1906 :

—

Locality. Poiiia, Ponia. Ponia. Tliirori. Thirori.
Jiiiura-

pani.

Desc ription of ore. • Roiiider-ore.'
' Boulder

ore.'

1 ,704

'Bed
ore.'

'Boulder
ore.'

'Bed
ore.'

'Boulder
ore.'

Tonnage represent-

ed.

Limit of fonr

analyses on ton-

nages of 180 to

1,704 tons.

253 1,274 102
Mean of

2 ana-
lyses

'

1,814

Mnnganese 48-63 —53-29 52-34 51-48 50-17 50-11 49 -02

Iron 7-32 — 8-70 7-62 7-83 8-16 7-86 10-74

Silica . 4-60 — 7-05 7-30 4-30 0-15 1-75 5-82

Pliosjihorus 0-OC ~ 018 0-08 018 013 0-17 013

These analyses agree with those made by the Imperial Institute in

pointing to a progressive deterioration in quality on passing from the
Ponia to the Jamrapani end of the band.

A little quarrying had been carried out at the time ot my visit (March
The working of the 1904) on the north ends of West and East Hill,

^^vo^^^- where some 600 tons of ore had been stacked'

This ore included both the fine grained braunite-psilomelane mixture and
the coarsely crystalline facetted braunite with only subordinate psi-

lomelane. Consequently the sample taken from these stacks (see ana-
lysis No. -52, page 704) indicates a higher proportion of braunite
49 per cent.) than -jsaal for this set of ore-bands. By working all the ore-

bands a large quantity of merchantable ore could be obtained, and
by careful cleaning, and mixing thp ores from various parts, this ore
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would probably approximate to tlie average composition indicated on

page 697. Dm-ing 1906, a considerable amount of v/ork is said to have

been done on this deposit by the Central Provinces Prospecting Syndicate.

Mr. D. Laxminarayan has opened up the alluvial ground occupying the

breaks in the outcrop of the ore band at different places, especially

in Jamrapani, and has found ore quite close to the surface.

The production of ore from these localities is

shown below :

—

Output.

Thirori (Central Provinces Prospecting Syndicate)

Thirori (D. Laxniinarayan) ....
Ponia (Central Provinces Prospecting Syndicate)

Jamrapani (Central Provinces Prospecting Syndicate;

Jamrapa'ii (D. Laxniinarayan)

Garaghat (D. Laxniinarayan) ....

1903.

3G1

Nil

Nil

Nil

Nil

Nii

1906.

3,088

Nil

4,742

4,059

1907.

6.54

3,342

3,824

2,064

17,065

16,344

3. Sonegaon.

About I mile south-west of the village there is an outcrop some .300

yards long that has a strike of about S. 20° W. and rises in one place

to form a very low hillock. This outcrop is composed of interbanded

grey quartzite and garnet-rhodonite-quartz-rock (rhodonite-gondite)

with some spessartite- quartz-rock (gonditR), and a little manganese-

ore. In one place a dip of 40° to W. 40° N. was seen. The 'country '

on the east side of the band is mica-quartz-schist. Nowhere did this

outcrop seem to be worth working.

There is another outcrop of manganiferous rocks some 2| miles west-

south- west of the village, but this (Gilraghat) has been noticed, in

describing the Ponia-Thirori-Jamrapani ore-belt, of which it forms a part

(see page 704).

4. Arjoni and Jam.

(P. C. DuTT, Burn & Co.)

A little to the north of the main village of Arjoni (not shown on the

1-inch map) is the south-east end of an outcrop about 1 mile long, striking

W. 30° N., of which the south-east half is in Arjoni and the north-west
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in Jam limits. This outcrop is composed of 3 or 4 bands of manganese-

silicate-rock, as many as being exposed in some places, but more often

only one. The rock is extremely quartzose, being composed of inter-

banded spessartite- quartz-rock (gondite), grey quartzite, and, except

at the north-west end in Jam limits, nowhere shows any appreciable

quantity of manganese-ore. The outcrop rises in places into low mounds
perhaps 15 feet high. The dip is very variable, being directed, at the

south-east and north-west ends, towards the north-east side at anofles

of 40° to 45°, and towards the middle at 50° to the south-west side.

At one place near the south-east end, where three bands crop out, the

following are the widths of outcrop from N. 30° E. to S. 30° W. :

—

8 paces
11 do.

7 do.

19 do.

1 1 do.

ore -band.

white quartzite (like vcin-qiiartz).

ore-band.

probably mica-schist,

ore -band.

These outcrops give no indication of the dip. Near the north-west

tAanjanese-ore body

Scale.Z inches ==100 fset

|;^=| Manganese -ore body
A.

Scale:-/ inch =100 feef

A = Plan oi a part of the ore -outcrop in Jam limits,

B= Section along line XY in A.

Fig. 41.

end of the band the outcrop forms a small mound and seems to become 33

yards wide. A careful examination, however, showed the state of affairs

to be somewhat as in A., fig. 41, and the apparent great width of the

outcrop is probably explained as shown by the section in B, fig. 41, the

patches of mica-schist, according to this explanation, resting on the ore-

band. If this be the correct interpretation it seems probable that the

repetition of the bands at other parts of the outcrop may also be due to

the folding up of one or perhaps two bands. The mound referred to

above is the only part of the whole outcrop where there seems to be

any possibility of a sufficient quantity of ore worth working, but even

IV H
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this is very doubtful. A sample (No. 56) taken from this outcrop

consisted partly of the hard fine-grained braunite-psilomelane mixture

and partly of ore composed of psilomelane with porous black patches.

The analysis made at the Imperial Institute showed :

—

Sample No. 56.

Manganese peroxide ....... 60-98

Manganese protoxide . . . . . . .13 02
Ferric oxide 13 00
Silica (combined) ........ 2*14

Silica (free) 0-00

Phosphoric oxide ........ 0-38

Moisture at 100° C 0-34

This is equivalent to :

—

Manganese ......... 49-15

Iron 910
Silica 2-14

Phosphorus ......... 0-17

Moisture 0-34

and indicates a content of 21 per cent, braunite, the remainder being

psilomelane and soft black oxides.

5. Nandgaon.

(Rai Sahib Mathdra Peasad.)

On the road from Sherpur to Nandgaon, at a point about 200 yards

past NandgHon-tola and ^ mile W. 15° S. of Nandgaon, there is an

obscure outcrop of spessartite-qu?rtz-rock (gondite) and manganese-ore.

The strike is N. 20° E., and the length of the outcrop 1 10 paces, of which

36 are to the north and 74 to the south of the road. A small water-

course crosses the road 24 paces east of the ore-band. This occurrence is

of no apparent economic value.

6. Ramrama.

(Central Pbovinoes Pkospecting Syndicate, and Tata, Sons & Co.)

A portion of this deposit is held on mining lease by the Central Prov-

inces Prospecting Syndicate, whilst another portion of it has been secured

by Messrs. Burn & Co. and P. C. Dutt, and by them transferred

to Messrs. Tata, Sons & Co. It is situated about a mile north-

east of the village. The outcrop is about ^ mile long, the western f
of this lying in mdlquzdri land and the eastern \ in Government Forest

;

it forms a low ridge rising at its highest point to perhaps 100 feet above

the low ground at the base, and shows a change in strike from about

east at the western end to E. 35° S. at the eastern. In the western half
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of the outcrop the dip varies from 25" ro 70° to the north side, about

the middle the rocks become vertical, and in the eastern half they dip

at about 50° to the S, 30° W. The greatest width of outcrop seen was

14 yards, at a point a little to the west of the middle, the dip being 60°

to N. 40° E. This corresponds to an actual thickness of 36 feet. The
' country ' was not properly exposed, but probably consists of mica-

schist and white vitreous quartzites. At the point where the ore-band

is vertical there is seen in actual contact with the ore a rock composed

of vitreous white quartz and flattened plates, up to ^ inch across, of

slightly magnetic hematite, which gives a decided reaction for man-

ganese and hence is perhaps to be regarded as manganiferous hematite.

Where the forest lane, dividing the mdlguzdri land from reserved

forest, crosses the ridge, a second ore-band is indicated at a distance

of 70 to 80 paces to the south of the main band. It consists here of

good-quality ore and is possibly to be traced along the south slopes of

the ore -ridge.

The main ore-band consists nearly entirely of good-quality ore in

Constitution of the parts to the west of the forest lane, there being

on-band. a little spessartite and quart'zite in places. Where

the lane crosses, these latter become much more abundant, and to the

east of the lane there is not a large quantity of good-quality ore exposed,

spessartite and quartzite being much more abundant.

The ores consist mostly of the hard grey fine-grained braunite-psilo-

Nature nr.d quality melane mixture, often containing a little of the
of the ores. bronze manganese-mica {'!) This ore tends in places

to pass into coarsely crystalline braunite, and one piece was found of

the friable type, consisting very largely of small grains of braunite with

but a small proportion of the psilomelane cement. Another specimen

contains a band of the very magnetic manganese-ore (vredenburgite)

found at Beldongri (see page 609). A sample was taken from the out-

crop in mdlguzdri land and consisted of all the varieties of ore, but chiefly

of the first-named. It was analysed at the Imperial Institute with the

following result :—
Sample No. 57.

Manganese peroxide

Manganese protoxide

Ferric oxide .

Sihca (combined)
Sihca (free)

Phosphoric oxide
Moisture at 100°C.

IV

48-78
28-28
11-19

5-?,r,

0-00
0-21
0-22

H 2



710 MANGANEvSE DEPOSITS OF INDIA: DESCRIPTIVE. [PaKT IV

Thi? is equivalent to

Alanganese
Iron
Silica .

Phosphorus
Moisture

52-78
7-83
5-35
0-09
0-22

a] id indicates that the average ore. contains more than 50 per cent, of

bi'aunite.

Mr. W. H. Clark has kindly supplied the following analysis b}

Mr. H. D. Connell repn^senting over 3,000 tons of ore stacked at the

deposit in September 1906 :

—

Manganese ........... 50' 04

Iron 7-.S2

Filica 7-05

Phosphorus . . . . . . . . . . . 0*09

At the time of my visit (March 1904) this deposit had not been worked,

The working of the but there is no doubt that the parts of it in mdlgu-
dep< sit. ' zdri land would yield a large quantity of high-

grade ore. It is at present simply a question of communications, the

nearest railway station being Balaghat, Bengal-Nagpur Railway,

situated some 17 miles to the east. During 190G the Central Provinces

Prospecting Syndicate quarried some 6,000 tons of ore at the place,

but have not yet despatched am' of it. Messrs. Burn & Co. and

P. C. Dutt (their concession has since been transferred to Messrs. Tata,

Sons & Co.) are said, however, to have carted a certain quantity of

Ramrama ore as far as the Wainganga near Balaghat.

The output for this deposit for 1906 and 1907 is

as follows :

—

Year Long tons.
'906' C,091 (C. P. P. S.)

1907 2,114 (C. P. P. S.).

7. Katangjheri I (Government Forest).

(p. C". Dutt and Burn & Co.)

This deposit is situated in Covernment reserved forest about 2J

miles north-north-west of the village of the same name. The outcrop

is some 550 to 600 paces long and rises near the middle to form a low

hill It IS crossed at each end by a small nala. The strike at the west

end is about east, soon curling round to E..')0°S. ' The only dip

seen was one of 20° to the N.27''W. at the west end of the out-

crop. The outcrop was too obscure for any measurements of width

to be made. The immediate wall-rocks of the deposit were not exposed,

Outiiut.
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but to the south of the deposit, in tlie luila, at the west end, muscovite-

quartz-pegmatite and magnetite -quartz- rock were exposed.

The ore-outcrop consists mainly of hard grey ore, often interbanded

with grey quartzites, or spoilt by included feslpar or mica ; but towards

the east end the ore becomes soft and poor in quality. A sample broken

from the outcrop over a length of some 80 to 90 yards on either side

of the top of the small hi!!, where the band consists almost entirely of

ore, was composed of the fine-grained braunite-psilomelans mixture.

The analysis made at the Imperial Institute showed :-•

Sample No. 58.

Manganese jieroxide

Manganese protoxide

Ferric oxide .

Silica {combined)
Silica (free)

Phosphoric oxide

Moisture at 100'^ C. .

This is equivalent to :

—

Manganese . . . . . . . . . . . 53-90
Iron 5-97
Silica G-02
Phosphorus . . . . . . . . . . .0-04
Moisture 0-23

and indicates a mixture of about equal parts of braimite and psilome-

lane.

This ore is evidently of very high grade, but it will require some

development of the deposit before it can be stated that such good ore

exists in considerable or large quantities. Ealaghat, Bengal-Nagpur

Railway, is some 17 miles distant as the crow flies.

I was told of another deposit situated further to the north-east of

this one and also in reserved forest. The hill visited is probably the

one marked on sheet No. 91 Central Provinces Forest Depart-

ment, scale 4"=1 mile, as Shodan Hurki ; but of this I am not certain ;

for I had not this mi;p with me at the time of my visit and did not

enquire the name of the hill, Mr. C. E. Low tells me that several other

ore hillocks have been found in this forest.

8. Katangjhei'i II (Malguzarij.

(P. C. DuTT AND Burn & Co.)

This deposit, which is held by Messrs. P. C. Dutt and Burn & Co.,

is situated so that its north-west end is one mile W. 15° N. from

.30-93

8-53
5-06
0-90
0-09
0-23
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Katangjheri village. ^ The outcrop is about | to | a mile long and is not

quite continuous. It lies on low ground, but rises here and there into

small hillocks. The north-west end (.'f the ore-band lies close to a

nalii and hero the strike is S.30°E. Further along, the strike changes

to about E.35°S. and then returns to S.SO'^E. in the south-east

half of the deposit. The dip is everywhere to the north-east side of the

band, the amount varying from 30° to GO''.

The outcrop varies in character. At the south-east end it consists

of coarse grey quartzite with thin bands of yellow spessartite, but in

many other places the spessartite-bearing rock is partly altered to oie.

In one place about the middle of the outcrop red spessartite in quartz

is to be found.

At one point only was there exposed any manganese-ore of possible

value. This was on a small hillock near the north-west end of the

outcrop. A sample broken, off the outcrop on this hillock consisted

of the dirty speckled ore composed mostly of black oxides and dull grey

psilomelane with a little braunite and lead-like psilomelane. The

analysis made at the Imperial Institute shows :

—

Sam-pie No. 59.

Manganese peroxide .........
Manganese protoxide . . . . . . . . . (i'S!)

Ferric oxide 9-47

Silica (combined) . . . . . . . . . . I-34

Silica (free) 0-28

Phosphoric oxide . . . . . • . . . 0"26

Moisture at 100° C 0-85

This is equivalent to :
—

Manganese 4!) "08

Iron 63

Silica 1-62

Phosphorus . . . . . . . . . . .O'll
Moisture 0-85

and indicates a content of only 13 per cent, of braunite.

Considering the very limited quantity of ore indicated in this hillock

and us oitaation, it is doubtful if it will be worth working, except at

times of high prices ;
unless, of course, opening it up should lead to un-

expected developments.

1 Or about 1 mile north-north-west of the Katangjheri marked on the 1" map dated

1870. This latter, however, is now only the iola or hamlet, the main village being that

shown to the north of the pond.
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8a. Other Localities.

The active prospecting carried out during 1906 has led to the dis-

covery of many fresh occurrences of manganese-ore, so that almost

every village-area in the western part of the manganese-belt has now
been taken up on prospecting license. I am indebted chiefly to

Mr. C. E. Low, for what information I have about these new discoveries.

The most important of these is said to be Bhui Hurki, a small hill

lying in Government forest at a point about 2^ miles due north of Katang-

jheri village and 3^ miles north-east of Ramrama village.

Half a mile east of Bhui Hurki starts a ridge running inte rruptedly

for about 1| miles in a north-east by east direction. This ridge is

said to be largely composed of spessartite-bearing-rock and a specimen

from here given me by Mr. C. E. Low showed garnet crystals, up to |

inch diameter, in quartz. This deposit is held by Rai Sahib Mathura

Prasad of Chhindwara.

The other localities for manganese-ores in this area are :—Ballarpur,

Bakoda, and Botajhari, where ore is said to have been found in situ
;

Chaukhandi, Chikmara, Sirpur (Sherpur), Kochawahi, Budbuda,

Saonri, and Nandhi, where the ore is said to be only fragmentary ; and

Tumsur, Tatekassa, Gajpur and Jarha Mohugaon, concerning which I

have not heard whether the ore is i.i situ or detrital.

A specimen of ore from Bakoda, in the possession of Mr. H. R. Holmes

^ of the Balaghat mine, consisted partly of lead-

like psilomelane, and partly of the fine-grained

mixture of braunite and psilomelane.

A rather fine specimen of a Pala3olithic implement, 3-4 inches

Palseolith of man- ^^ng, made of manganese-ore (hard fine-grained

ganese-ore from Bud- mixture of braunite and psilomelane) was found

by Mr. Low near Budbuda, and is now in the

Geological Survey collections. As regards Material, it is jKobably

unique amongst pre-historic implements in the Museum collections of

the world.

The following production, in long tons, from deposits of this group

has been recorded :

—

1906. 1907.

Chikmara and Chaukhandi 1,297£

Saonri 339J 812
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9. Balaghat.

(Bhapweli, Hipapup and Manegaon )

(Central Provinces Prospectinc. Syndicate.)

{Sci Plates 13, 20 a'ld 21.)

The first reference to this deposit is probably that contained in the

^.
' Gazetteer of the Central Provinces of India

'

published in 1870, page 18.

The first explicit reference, however, is contained in the letter, dated

3rd September 1883, from Colonel Bloomfield (see page 692), according

to whom the ridge on which the manganese-ore occurs is composed of

granite, the manganese-ore being ' some hundred feet wide bounded

on either side by the red granite '. Mr. P. N. Rose, late of the Geological

Survey of India, examined this deposit in the field season of 1888-89,

and in his progress report described the ore-body as being composed

of saiidstone-quartzites and quartzites, usually jaspery, interstratified

with thick beds of manganese-ore, the quartzites being often impregnated

with manganese. These, he says, are overlain by mica-phyllites and

underlain by ' massive gneiss weathering like gritstone '. He places

the ore-band at the base of the Chilpi Ghat scries of transition rocks and

says that there is a denudation-unconformity between the ' quartzite-

sandstone ' and the gneiss. As will be explained below, the underlying

rock is not a gneiss, but a conglomeratic grit that has been rendered

more or less schistose and sericitic There is, moreover, no marked

unconformity between the ' quartzite-sandstone ' and the conglomeratic

grit and they must both be referred to the same series of rocks. (See

pages 311—314.)

Finally, in 1901, this deposit was secured by the Central Provinces

Prospecting Syndicate and opened up by Mr. A. D. Sanders. After

several changes in the manager of the mine it passed into the charge

of Mr. H. R. Holmes, and has now become the largest producing deposit

in India.

The Balaghat manganese-ore deposit occupies a spur jutting out

^ ^
from the 2,000-foot plateau forming the highlands

"^
" of Balaghat and Bilaspur (conveniently designated

the ' Baihar plateau '), into the 1,000-foot plain extending from Nagpur

to Balaghat. The trend of this ridge is south-south- west curling round to

south-west at the southern extremity (see fig. 42), where it approaches
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ithin 2 miles of the town of liaUighut (formerly known as Burha). This

Scale 1" = 1 mile.

Black band = Mn-3re horizon.

Fig. 42.—Map of the Balaghat manganese-ore deposit.

(when they are found under the microscope to contain ottrelite, rutile,

and tourmaline). In the latter case they are often extremely contorted.

In places they contain quartz lenticles, sometimes of large size (one was 28

paces long, by 19 broad in the middle). These phylUtes usually have a

steep dip towards the western side of the ridgel and rest upon the rocks

constituting the ore-body, these in their turn being superposed upon a

great thickness (probably at least 400 feet) of schistose sericitic conglo-

meratic grits, the base of which is hidden by the alluvium of the plain

to the east of the ridge. The ore-body consists of beds of manganese-

1 At the southern end of the ridge the dips vary from vertical to very steep to either

side of the strike.
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ore interbanded with red, black, and sometimes grey, quartzites. and is

usually separated from the underljang schistose grit by a thickness

of fine-grained whitish, yellowish, or pinkish, jaspery quartzites. These

are sometimes rendered schistose by layers of tiny scales of sericite and at

other times have a sugary appearance due to these scales being uni-

formly disseminated through the quartz-mosaic seen under the mi-

croscope. These quartzites are often as soft and friable as sandstones,

and are frequently replaced in part by oxides of manganese and iron,

the result of a further continuance of this process being black and brown

replacement-rocks respectively. In some cases the replacement takes

place along veins, which may increase in number and width until the

whole rock is replaced; while at other times the oxide of iron or man-

ganese, as the case may be, finds its way along the boundary between

each grain and replaces them from the periphery inwards so that the usual

result is a network of opaque oxides enclosing residual quartz grains.

The rej)lacement by manganese often takes place in patches, the resul-

tant rock being very similar in appearance to that figured on PI. 10, fig. 1

.

The hard red jaspery quartzite is seen under the microscope to con-

The red and black sist of a fine-grained mosaic of quartz, each grain

quartzites. of which contains a cloud of minute particles of

red dust, doubtless ferric oxide, the cloud usually occurring towards

the centre of the grain so as to leave the periphery clear. This quartz-

ite is thus identical in all respects with the red quartzites found at

Kajlidongri, Jhabua State. The bands of it are not usually con-

tinuous for any distance, but thin out in lenticular fashion, and

evidently have often been effaced by complete replacement with

manganese-oxides so as to produce good manganese-ore. The accom-

panying figure shows an actual case seen in one place. The two nodules,

A and B, were doubtless once part of a continuous layer of quartzite

that has since been largely replaced by manganese-ore. An interest-

ing feature is that the ends of these nodules are rounded and not

drawn out to a point. In many places in the ore-body the red quartzite
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bands have become so friable that on quarrying they break down itito

a red powder, like brick dust. The hard black flinty quartzite is also

interbanded with the ore ; and when these bands are thin, they may,

owing to their resemblance, as far as colour goes, to manganese-ore, give

considerable trouble to inexperienced coolies, causing them to stack

siliceous ore. But when the black quartzite is in thick bands it is easily

recognized by the coolies on account of its lighter weight. Like the red

quartzite this rock is composed of a fine-grained quartz-mosaic ; but.

instead of containing red-dust, the quartz is full of minute black prisms,

presumably of some manganese-mineral, and is in all respects similar to

the black quartzite found at Kodegaon and other places in the

Nagpur district. (See Plate 13, fig. 1).

The total length of the deposit exposed is 1| miles. Of this a length

Length of the over ^ mile at the south-west end is within

deposit. the village limits (or mauza) of Bharweli ; the

middle and most valuable portion, over -|- mile long, is within Hirapur

limits ; whUe a length of about | of a mile at the northern end is in Manegaon

limits. The deposit is usually known as the Balaghat deposit after the

town and railway station of that name situated about 21 miles south-

west of south end of the ore-band, the intervening ground being covered

by thick alluvium. According to the letter of Colonel Bloomfield

above quoted ' in one place in the middle of the town the manganese

again appears mixed with quartz of an inferior and sometimes partially

decomposed quality '. This ore has been recently re-discovered, so that

we may conclude that the Manegaon-Bharweh band reappears at the

surface here. Bloomfield also mentions that in several places between

Balaghat and the ore-deposit he sank trial pits about 20 feet deep into the

alluvium without finding anything like rock or hard substance on which

a bridge foundation could be placed. We can conclude from this that

it is hopeless to try and uncover any of the ore-band, should it exist,

between Balaghat and Bharweli.

At the time of my first visit (in March 1904), although a considerable

Width of the amount of quarrying had been done, in no place
deposit. iiad a continuous section across of the ore-body

been exposed ; such a cross-cut had been made by the time of my second

visit (in December 1906), but, since advantage had been taken of a

sharp local twist in the ore-band, the evidence of this cross-cut was not

of much value in gauging the true thickness of the band. Consequently

it is not easy to give an accurate value for the true tliickness of the
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ore-bands plus interbedded quartzites. l^ut, as far as T could judge
from the exposures seen, it is probably about 40 or even 45 feet

where thickest, namely in the Hira])ur portion of the denosit. Altliough

the strike of the main portion of the ore-band has been given as north
by east, it must be noted that all along the outcrop there are many
very crumpled portions where ore and quartzite layers are sharply

folded. One such case is well shown in the photograph in Plate

20 ; whilst the plan, Plate 21, of this mine shows some of the kinks in

the ore-band.

At Bharweli the ore-band first appears on low ground from beneath

the alluvium, the mica-phyllite ridge lying to the west. Going north-

Description of the north-east along the band it is found to give rise

ovc-band
:
general. ^ low ridge running parallel to the phyllite

ridge. This ridge increases in elevation, and consequently in width,

on passing northwards, until it coalesces with the phyllite ridge at

the manager's bungalow. The two ridges are again separated north

of this point, the ore-ridge lying in Hirapur limits, within which it reaches

its maximum elevation—aboiit 330 feet above the plains—at about the

point B (figure 42). A little further north the strike of the ore-band

curls round to north by west, so that the ore-ridge (at C) seems, as

seen from the south, to fill the head of this valley. The dip, which

has hitherto always been at various steep afigles (45° to 90°) to the west

side, now becomes much smaller (20° to 35°), so that the ore appears

at the surface for some distance down the v^'estern slope of the ridge.

Then, just before reaching Manegsion limits the outcrop of the ore-band

again curls round so as to strike north-east. At the same time it

becomes thinner and nmch poorer in quality.

The ore-band tlien gives place to red quartzite and limonite and

begins to slope down the hill-side ; but soon after it rises again, until

it thins out altogether at the point A opposite the phyllite hill to the west,

the ore-band not having quite reached the platform leading to this

phyllite peak. The overlying phyllite and underlying schistose con-

glomeratic grit now come into contact and the grit, owing to the small

westerly dip now possessed by the rocks, continues as a bold outcrop

with the sinuous course indicated between A and D, beyond which I

did not follow it. The peak to the west of D consists of phyllites with

a very small dip and rises to, say, 800 to 1,000 feet above the plains.

On it are numerous walls, doubtless the remains of an old hill fort. It

is interesting to notice that the lessening dip of the rocks of this range
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of hills as one passes from the southern end near Awolajheri to the

northern portions at B finds expression in two ways. In the southern

portions wlierc the dips are steep the range of hills is comparatively

narrow, and the outcrop of the ore-horizon, taken as a whole, is very

straight ; but as the dip lessens to the north, so does the width of the range

increase, while the outcrop of the ore-horizon—and after it has died

out, of the phyllites and grits—becomes very sinuous.

The phyllites, where they rest on the ore-body, have in this part of

the deposit frequently been converted into a mangano-ferruginous

laterite, often containing residual fragments of phyllite.

The ore-band for some .500 yards at the southern end lies on low

ground, after which it gives rise to the ridge already
The arwe i portion,

j^gj^^jgj^gj^ thufi coalescing with the phyllite ridge

towards the northern boundary of the village. The outcrop varies in

width in different places from 1 .5 to 30 feet and consists of fine-grained

grey crystalline ore interbanded with the black and red quartzites. At

several places the soft whitish sandstone-like quartzite (often sericitic

and impregnated with oxides of manganese or iron) crops out to the east

of the band, in one place being as far as 102 paces to the east, thus showing

that a considerable thickness of these quartzites separates the ore-band

from the underlying grits at this end of the deposit. The dips are usually

to the west side, but where the band begins to rise on to the ridge it be-

comes vertical and a little further north is overturned so as to dip at 60°

to E. 3.5° S., soon after returning to its normal direction. Although,

there is plenty of good ore in this part of the band, yet it is only since

October, 1905, that it has been opened up to any considerable extent.

The middle (and thickest and best) portion of the deposit lies within

„. the limits of this village. Soon after crossing the
The Hirapiir portion.

i i i i
•

southern boundary the ore-outcrop rises to a level

of over 300 feet on the crest of the ridge and continues at this elevation

right to the northern boundary. The outcrop is being actively quarried

throughout this whole length. The total thickness of the ore-band is

exposed by one cross-cut only (see page 717), but widths of 25 to 49

feet were measured at various points, corresponding—the average dip

being, say, 60°—to actual thicknesses of 22 to 43 feet. In one place the

width across the outcrop was 83 feet ; but this was due to a sharp anti-

clinal and synclinal fold in the ore. At many points the ore-band is

either sharply flexed or folded, in some places into complex curves (PI.

20). The dip, which is very variable, usually varies between 45° and 80°
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to the west side, but near the north end where the strike curls round to

north-north-west the dip becomes much smaller (20°—35°), and

I ORE-BtOS AT SURFACE '

I FOR ABOUT +00 FEET '

I MEASURED HORIZONTALLY. I

scale;- ! I FEET

Fig 44.—Section across the Hirapur portion of the Balaghat manganese-ore deposit.

as the ore-band is waved it is kept at the surface for some 400 feet

down the west slopes here, really owing to a fold that runs west of

south down the hill side. Figure 44^ is an east and west section across

the ore-body at this point (C in figure 42) . Throughout this portion

of the outcrop there is a much larger proportion of ore than on the

Bharweli portion. The ore is partly dull grey psilomelane and partly a

very fine-grained light grey crystalline ore that glistens brilliantly in

the sun. Owing to its very fine and uniform grain, it has been

caused by the earth-movements that have folded and twisted the rocks

of this hill to assume structures that are usually imparted only to

slates and schists. Thus, many of the divisional planes of the ore when

uncovered are found to be waved as if with ripple-marks, while in some

places the ore actually shows a sort of slaty cleavage. Besides the divi-

sional planes parallel to the original bedding, the ore-body is often

traversed by joint-planes, which in one place are so numerous that the ore

breaks up into little rhomboidal fragments. As usual the underlying

rock is the jaspery quartzite, resembling sandstone in planes.

The ore-band soon curls round to the north-east, first dipping steeply

TheManegaon portion, to the north-west and then at an angle, which be-

comes less and less, to the north-east. At first the outcrop is very

bold, consisting of perhaps | quartzite and | ore, with a thickness of about

15 feet. In one place a huge mass of ore, which I estimated as weighing

180 tons, had fallen over to the east side. Further north the outcrop

often consists to such a large extent of red, black, and grey

quartzites, and is so veined with quartz, as to be unworkable. And

1 As will be seen, this figure contains an error; the bracket corresponding to 'man-

ganese-ore bed' has been carried about O'l inch too far to the right.
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then, as described on page 718, the band becomes much thinner, passing

into limonite, so that there is soon only 5 feet or so of limonitic rock

(with patches of hematite and manganese oxide) and jaspery quartzite

resting on the underlying grit. Finally the band dies out altogether.

Owing to the absence of any spessartite or other manganese-silicates

we have here no examples of manganese-silicate
Nature nnd ((iiality of

passing into manganese-ore. True, the
the ores. * , , , , ,

quartzites are often replaced by manganese-ore; but

the quantity of such rock in which original quartz is noticeable is quite

subordinate, and the main mass of the ore, when the bands of quartzite

have been separated from it, is good compact ore, although a little

of it is spoilt by small veinlets and nests of secondary quartz. On ac-

count of the fact, for such seems to be the case, that these ores have

not been derived from manganese-silicates by chemical alteration,

braunite is to a large extent absent. In a few cases it occurs as sparsely

scattered grains in psilomelane, whilst especially towards the Bharweli

end of the deposit, the typical mixture of braunite and psilomelane

is to be found in places. The main mass of the ore, however, consists

of two varieties. One is typical dull grey psilomelane, sometimes con-

taining cavities filled with black powder. The other is the very finely

crystalline light grey ore that glistens brilliantly in the sun, and owing

to its fine-grained homogeneous character is able to have impressed

on it various physical structures resulting from pressure. It can be

scratched fairly easily with a knife, the streak being black. A complete

analysis of a piece was made by Messrs J. and H. S. Pattinson of

Newcastle-on-Tyne, with the result given on page 93 of Part I, which

proves it to be hollandite. The constituents of commercial importance

are as follows :

—

S-pecimen No. 1146.

Manganese . . . . . . . . 54*42
Iron 3-10
Silica 1-40

Phosphorus 0-020

At the bottom of the gravity incline No. 1 (see page 725) there

was (in March 1904) a huge stack of about 7,400 tons of ore ready for

loading into railway wagons. The ore consisted partly of the fine-

grained light grey ore, partly of banded psilomelane, and partly of psilo-

melane with the soft black spots. Several pieces of ore showed

fUms or veinlets or white quartz ; but I understand the ore receives a

final cleaning when being loaded into the wagons. A sample taken
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from here was analysed at the Imperial Institute with the follow-

ing result :

—

Sample No. 60.

Manganese peroxide . . . . . . 71 '53
Manganese protoxide ...... 9-43
Ferric oxide . . . . . . . . 7 '54
Ahnnina . . . . . . . . . 2-15
Baryta 3-86

i; Lime 0-58
Magnesia 0-C9
Silica (combined) . . . . . . . 1-20
Silica (free) 1-42
Phosphoric oxide ....... 0'12
Arsenic oxide........ O'OlO
Water (combined) . . . . . . . 1-33
Water (at UWC.) 0-12
Carbon dioxide . . . . . . . 0'19

100-17

This is equivalent to :

—

Manganese . . . . . . . . 52' 63
Iron 5-28
Silica 2-62

Phosphorus ........ 0'05

Moisture ........ 0-12

An analysis of all the ore stacked on the mine at some time in 1902

was made by Mr. G. M. Prichard, then chemist to the Central Provinces

Prospecting Syndicate, with the following result :

—

Manganese peroxide l ..... . 74' 71

Manganese protoxide 1 . . . . . . 4*35
Ferric oxide . . . . . . . . 6*34

Alumina . . . . . . . . .
2 '36

Baryta 0-14

Lime 0-20
Magnesia. . . . . . . . . 0'33

Alltalies (soda and i)ota.sh) ..... 2'05

Silica 4-80

Phosi)horic oxide ....... 0' 15

Water (combined) 2-13

Moisture ........ 0-r>7

Carbon dioxide ....... 0*50

Organic matter . . . . . . . I'.TI

This is equivalent to :

—

Manganese . . . . . . . . 50-60

Iron ......... 4-44

Silica 4-80

Phosphorus ........ 0-065

Moisture ........ 0-57

J Calculated from % of Mp on assumption that analysis totals to 100,
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In addition to the above Mr. W. H. Clark, Manager of the Syndicate,

has kindly supplied the following partial analyses :
—

NunibiT. 1 2 4 5

Details.

Range of analy-
sis of fi sam-

ples.

Mean of pre-

ceding 6 an-

alyses.

Average of

ore at the

mine.

Sample taken
from all the

trucks load-

ed on mine
during Au-
gust 1906.

Sample taken
from all

trucks load-

ed on mine
during No-
vember 1906.

Tonnage repre-

.sented.

Lots of 50 to

400 tons.

880 897 7,900 6,714

Date March 1905. March 1905. July 1905. August 1906. November
i9oa

Analyst. S. A. Jones. S. A. Jones. R. D. Connell. R.D. Connell. R. D. ConnelL

Manganese 50- 58 —52- 99 52-35 52-49 50-93 51-36

Iron 3-76— 4-79 4-05

Silica 1-24— 1-82 1-41 1-20 3- 05 2-80

Phosphorus 0 03— 0 14 0-06 0-05 0-075 0-07

Siliceous resi-

dues.

2-41 — 3-23 2-74

The deposit was discovered for the Central Provinces Prospecting

The working of the Syndicate by an Indian (Zain-ul-abadin), who

was given a contract and started work about Sep-

tember 1901. He extracted a considerable quantity of partially cleaned

ore, and stacked it indiscriminately so as to interfere to a certain extent

with the subsequent working of the deposit. Mr. A. D. Sanders took

charge of the deposit in the latter end of 1902 and set about developing

it on rational lines.

As the ore is divided by planes parallel to the original bedding into

layers averaging six inches to one foot thick, and is usually dipping at a

high or fairly high angle, it had not been found necessary up to the time

of ray visit in March 1904 to resort to blasting. As much of the wall-
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rock as was necessary was first removed, and then the layers of ore on the

footwall (east) side were, by inserting crow-bars into the dividing planes,

levered over one by one and allowed to fall, after which they were broken

np by sledge hammers
;

or, when too thick for this, by lighting a wood-
fire below the fallen mass, when the unequal expansion of the upper

and lower surfaces of the slab caused it to crack. There was often a

great difficulty in detaching these slabs, but it was all done with crow-

bars, wedges, and sledge-hammers. It was sometimes found necessary

to heat the surface of ore with a big wood- fire and then to throw water

on the heated surface and thus crack it. Occasionally the hanging

wall was attacked first. Then the slabs had to be first levered into a

vertical position and thrown over to the west side. The above

description still applies, except that blasting is now resorted to and the

use of fire has been abandoned.

After the ore so detached has been broken up by the coolies to a

convenient size, it is passed to coolie women, who clean it with the usual

small cobbing-hanmiers ; but a large nimiber of large pieces of apparently

pure ore are sent away without this cleaning. Several levels with rails

have been run out on the east side of the ore-ridge to facilitate the

disposal of the waste, consisting of poor ore, qiiartzite, and wall-rock

or overburden.

The portion of the deposit to which the most attention has been de-

voted is that in Hirapur. A level, known as the main level i, has been

run along the west side of the ore-body at about 50 feet below its highest

point. The hanging wall of phyllites has been removed from the whole

of the deposit above this level, leaving above it an irregularly excavated

ridge of ore. The ore-surfaces thus exposed exhibit very well the vary-

ing dip, the crumpling, waving, and jointing, characterizing this part

of the deposit. This ridge is now being pulled down and the cleaned

ore obtained as already described is stacked and passed by the staff

of the mine. It is then loaded into 1-ton trucks on the main-level rails,

where the gauge, as of all other rails on the mine, is 2 feet. (The northern

end of this level taps the Manegaon portion of the deposit.) The trucks

once started travel by gravity southwards along this level, which has a

gradient of 1 in 75, the speed being regulated by brakes. At the southern

end is a gravity incline (No. 2), down which the trucks are lowered

in pairs, the descending loaded trucks hauling up the empty ones. The

1 See Plate 21.
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haulage is controlled by a brake-gear at the top of the incline, the diame-

ter of the brake-whoel being {> feet. The vertical drop on this incline is

lOG feet in a horizontal distance of 750 feet, i.e., the gradient averages

1 in 7. The capacity of this incline is GOO tons a day, but the amount

usually transported is less than half this amount. The trucks are then

run for a short distance along another level with a gradient of 1 in 75,

past the manager's bungalow to the head of incline No. 1. Another

gravity incline (No. 3) from the North Bharweli portion of the de2}osit

feeds, when working, which is only occasionally, about 150 tons a day

on to the bungalow level. One truck a trip is lowered. The gradient

is 1 in 5-35, the drop being 58 feet in 300. Thus all the ore from the

Manegaon, Hirapur, North and South Bharweli, portions of the deposit

arrives at the top of the incline No. 1. From there the ore is lowered

down the western slope of the phyllite ridge lying to the west of the ore

ridge, the bungalow level being on the neck joining the two. The drop

is 163 feet in 500 horizontal with a very steep gradient (1 in 2-6G at the

steepest). It is controlled by the usual type of brake-gear, the horizon-

tal wheel having a diameter of 5i feet ; one truck a trip is lowered, the

maximum daily capacity being 350-400 tons. As this is not sufficient

to take all the ore that could be fed to the top of the incHne, another

incline (No. 4) is being put in alongside of No. 1. It will have the same

drop, but a less steep gradient, and will be able to lower 2 trucks every

trip with a daily capacity of 600 tons. The two gravity inclines together

will then be able to dispose of 950 tons of ore a day as a maximum.

At the foot of the phyllite ridge the trucks from incline No. 1 are run

out on rails supported on trestles, and tipped out on to a dumping ground.

This is at a siding put in by the Bengal-Nagpur Railway. The siding

is connected by a length of 2 miles of 2' 6" gauge rails to the Gondia-

Jabalpur branch of the Bengal-Nagpur Railway at a point about a mile

north of Balaghat station. The ore thus dumped at the mine siding

is inspected by mates whose special duty it is to reject any ore containing

quartz or quartzite, such ore not infrequently being put into the bottoms

of the mine trucks by the mine coolies and covered by the good ore on

top. The ore is loaded by hand into the railway-wagons. During

the latter part of 1906 one train a day of 14 wagons, this being the full

capacity of the siding, was being loaded. Each wagon takes 16 tons

of ore, giving 224 tons per train. Some 4 or 5 extra trains a month were

also run, accounting in all for a despatch of some 7,500 tons a month.

The tonnage of the ore loaded into these wagons is calculated by measure-

ment, one ton of broken ore being taken as occupying 16 cubic feet.

I 2
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On arrival at Gondia the or& has to be transferred by hand to wagons

on the broad-gauge main line of the Bengal-Nagpur Railway. It is

then railed to Bombay. Sometimes hopper-wagons witli drop bottoms

are supplied at the mine siding ; these wagons are run on to an elevated

pair of rails at Gondia, and the ore is dropped through a shoot into wa-

gons standing on the broad-gauge line beneath, i

A fifth incline is to be put in for the lower Bharweli portion of the

deposit. This will discharge ore near the siding put in by the Bengal-

Nagpur Railway for the ore brought by Messrs. P. C. Dutt and Burn
&• Co. from Ukua (now transferred to the Carnegie Steel Co.).

An interesting feature of the work of this mine is that the ore is not

usually submitted to analysis before despatch. As soon as the stacked

ore has been passed it is loaded direct into the mine-trucks. A certain

quantity of ore is taken from each truck as it passes the manager's

bungalow. The bulk sample thus obtained does not get analysed

until some time after the despatch of the ore.

The number of coolies employed on this mine is very large, some-

times rising to 2,000, but usually about 1,500. About 1,000 of these

have been imported, the imported coolies being mostly Kols from the

Jabalpur area, and to a small extent Hindus from Raipur. The local

coolies are Hindus.

Output "^^^ output of ore from this deposit for the years 1901

to 1907 is shown below :

—

Year. Long tons.

1901 3,839
1902 1,614

1903 7.898

1904 10,323

1905 16,246

1906 78,499

1907 92,182

9a. Laugur.

(Indian Manganese Company.)

Manganese-ores have been discovered by the Indian Manganese Com-

pany about If miles south-south-east of Laugur. The ore found there

is doubtless a south-westerly continuation of the Ukua-Ghondi ore-

band, which reappears much further to the south-west as the Bal^i-

ghat deposit.

1 I understand that owing to the damage done to the rolling .stock hy the falling

ore, the use of the.se wagons, which were really designed for the grain traffic, has been

discontinued.
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i am informed by Mr. Hance of tho Indian Manganese Company
tliat from tlio outcro]) it was expected that the ore-band would be found

to be U) feet thick. As the result of cross trenches at intervals of 200

yards over 2,000 yards of length however, the width was found to be never

greater than (5 feet and to average 4 feet, with a minimum of 2i feet.

At least half of this thickness is waste, due to the intercalation of rocks,

not manganese- ore

1,934 tons of ore were quarried during 1907, but none was sent to

the railway.

10. Ghondi.

(P. C. DuTT, Burn & Co.)

Manganese-ore was found at this locality by Lala Kishen Singh

of the Geological Survey of India in the field season of 1888-89. This

occurrence is on the same horizon as the manganese-ore deposit of Bala-

ghat, namely that mapped by Bose and Kishen Singh as near the junc-

tion between the Chilpis and the metamorphic series. Kishen Singh

gives no details of this occurrence except that the dips are generally

towards the north-west, and that the ore-band can be traced to a "-ood

distance in both directions (north-east to south-east). I did not visit

this locality myself and so can give no details of the quality or quantity

of the ores.

11. Ukua, Gudraa and Samnapur.

(Carnegie Steel Company.)

(See Plate 12.)

Ukua is situated about 18 miles to the north-east of the Balaghat

deposit, and the fact that a band of manganese-ore occurs at the junc-

tion between the ' Chilpis ' and ' ruetamcrphics ' at the sam.e horizon

as at Balaghat seems to have been first noticed by P. N. Bose in the

field season of 1888-89. The deposit was first held on prospecting

license by the Central Provinces Prospecting Syndicate and allowed by
them to lapse at the end of the year. Then in 1904 a prospecting license

for the same deposit was obtained by Messrs. Burn & Co. and Mr. P. C.

Dutt of Jabalpur, who, after despatching a certain amoMnt of ore in 1906,

sold the deposit to the Carnegie Steel Company.

The length of this ore-band, as exposed at the surface, is 3 miles
;

Length and situa- the strike averages E. 25° N., but is very variable,
tion of the ore-band. At its south-west end it disappears under allu-

vium at a point about h mile south of Gudma village and { mile north-
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east of the, Kastur Nala.l Traced towards the nortli-east the outcrop

is seen projecting from the alluvium, and on approaching Ukua village

it begins to climb the slope of the mica-schist hills, reaching the summit

(A 2,213 feet) atapomtabout J mile due north of this village. It next

descends to low ground and then gradually climbs up the south-east

slopes of a ridge of mica-schists, reaching the top at the north-east

end, where the band apparently dies out ; the junction here between

the overlying mica-schists and underlying gneisses is covered by the

huge mass of laterite (both aluminous and ferruginous) resting on

Deccan Trap basalt that forms the high hill north-east of Samnapur

village and rises fui'ther to the north to form Tipagarh Hill, 2,76] feet

above sea level, and one of the highest peaks in the Balaghat district.

The dip of the rocks is always towards the north-west side

of the strike at angles varying from 20'^ to 00°

but usuallv about 30° to 40°.

The greatest thickness of ore-band seen was at a point west-

Thickness of ore- south-west of A 2,213, where the outcrop was
h:it\d. 10 paces wide with a dip of 40°, corresponding

to an actual thickness of 19 feet, which is not necessarily the full thick-

ness. On the hill A 2,213 an actual thickness of 12 feet can be measured

from the junction with the overlying mica-schists, but the base of the ore-

band is not here exposed.

The overlying rock is mica-schist (composed of sericite and quartz,

often with ottrelite, tourmaline, rutile, and
• Country.' . ....

magnetite, or some other non-ore) varymg m
places to mica-phyllite

; while the underlying rock is usually a schis-

tose gneiss (which is evidently only a more metamorphosed form of the

schistose grit underlying the IBalaghat deposit), this in turn resting on
much less schistose gneisses. (See pages 311—314). Between the ore-

band and the gneiss there seems to intervene in places a little quartzite,

but this is probably to be regarded as part of the deposit, as at Bala-
ghat

;
moreover, a little pit towards the western end of the deposit, just

to the south-wcct of where the Gudma-Ukua road crosses the ore-band,

showed that phyllites at this point also underlie the ore-band. At this

pomt also there is seen a little manganese-laterite resting on the ore-

body.

1 On the south-west side of this stream (according to Kishen Singh's map)
the band reappears and continues to Ghondi, under which heading this part of
the band is mentioned (page 727).
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The ore-band is composed of bands of manganese-oro and fine-grained

Character of the grey, purplish, and red, quartzitcs, with some of

"ro-biiul. the vitreous bhxck quartzites full of tiny black rods

of some manganese mineral. There are also some bands of typical

fine-grained spessartite-quartz-rock (gondite), varying in colour from

yellowish-buff to purplish (when there is red iron-oxide dust in the spes-

sartite) and often somewhat blackened (Plate 12, fig. 1). Near the

south-west end of the band tlicre is one outcrop of rock in which the

ore and quartzite has apparently been brecciated and re-cemented by

quartz which also veins the ore and quartzite.

The manganese-ores are rather variable in mineral composition.

Nature and quality The ores in the part of the deposit to the south-
of the ores. west of the road from Ukua to Gudma consist

usually of hard grey, often metallic-looking, psilomelane, frequently

containing a certain proportion, often very small, of minute scattered

specks of braunite. This ore is often cavernous with a soft black powder

in cavities. A sample taken all along this part of the outcrop was ana-

lysed at the Imperial Institute with the following result :

—

Samjile No. 61.

Manganese peroxide . . . . . . 67' 70

Manganese protoxide . . . . . . 10" 76

Ferric oxide 10-42

Silica (combined) . . . . . . . 1'75

Silica (free) 0-42

Phosphoric oxide ....... 0'54

Moisture at 100°C 0-40

This is equivalent to :

—

Manganese . . . . . . . . 51 23

Iron . . 7-29

Silica 2- 17

Phosphorus ........ 0*24
Moisture 0-40

and indicates that the average ore in this part of the deposit contains

17-5% braunite, the remainder being mostly psilomelane with a little

soft black oxide.

In the parts of the deposit to the north and north-east of th.e Gudma-
Ukua road the manganese-ore consists chiefly of the mixture of braunite

and psilomelane typical of the Nagpur district, and varies from the

very fine-gramed variety to that in which the braunite facets are up to

\ inch across. A sample was taken along this part of the deposit, from
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the point where the above-mentioned road crosses to a point Uttle

to the east of hill A 2,213. The analysis carried out at the Imperial

Institute shows :—

Sample No. 62.

Manganese peroxide . . . . . . ,53-02

Manganeste protoxide . . . . . 23 '48
Ferric o.xide . . . . . . . 10-68
Silica (combined) ....... 4-11
Silica (free) 1-44
Pho.'iphoric oxide ....... 0"29
Moisture at 100°C 0-30

This is equivalent to :

—

Manganese .... 51 85
Iron ..... 7 48
Silica 5 55
Phosphorus .... 0 13
Moisture .... 0 30

and indicates a mixture of 41% of braunite with 57% of psilomelane,

the remainder being quartz, etc. Much of the manganese-ore contains

little films of quartz, which it would be very difficult to clean out except

with a very great waste of otherwise good-quality ore.

An interesting feature about this deposit is the fact that the phos-

phorus increases in amount on passing from the Samnapur to the Ukua
end of the deposit. Analyses by Dr. Schulten, kindly supplied by Messrs.

Burn & Co., showed the following phosphorus contents :

—

Samnapur ....... 0'06

Ukua 0'16

Gudma 0-20

Nearly the whole length of the deposit (except at the extreme north-

The working of the east end) contains ore of quality equal to that shewn
'^'^P"'*''-' by the above analyses, and in many places probably at

least half the thickness of the band will be found to be composed of mer-

chantable ore. Hence there is no doubt of the existence of large quan-

tities of a fairly high-grade ore (albeit somewhat high in phosphorus).

It will be, moreover, fairly easy to quarry, for the overlying rock is an

easily-removed mica-schist, and the dip is fairly small. The only

obstacle then is the question of transport. The parts of the deposit

that would probably be worked first, namely from Ukua westwards,

are situated about 25 to 20 miles by a fairly good road from Balaghat

Railway Station, Bengal-Nagpur Railway. The crossing over the Uskal
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Nadi has since niy visit been bridged. But there is also a descent

of about 1,000 feet of the ghats between Tvaugur and Pipriatola, and

althougli this is easy enough for the laden carts on their way to Balaghat,

yet on the return journey the ascent is a slow piece of work even for

empty carts. Hence it is obvious that transjiort by bullock-carts will

be a slow and expensive method, apart from the difficulty of obtaining

a large number of carts in this rather sparsely inhabited part of the

district ; indeed it is probable that this means of transport would be

financially possible only when fairly high prices for manganese-ore were

obtainable.

There is a scheme under consideration for carrying a branch of the

Satpura Railway from Mandla to Bilaspur, via Baihar. Should this

project be carried out, a branch some 15 miles could be constructed to

Samnapur, Ukua, Rupjhar, and even (Ihondi. Such a branch would

serve, not only to transpoit the manganese-ores, but also to facilitate

the working of the rich bauxite deposits of this area, either for bringing

up the plant and raw materials necessary for smelting the bauxite on

the spot, or for transporting it to some_ smelting centre.

Should this scheme fall through it will be necessary to send the ore

to Balaghat Railway Station. By means of an assisted siding frona the

Bengal-Nagpur Railway as far as the foot of the ghats and then a com-

bination of tramway and aerial ropeway, it is estimated that 50,000

tons of ore could be despatched yearly.

Messrs. Burn & Co. and P. C. Dutt have been opening up this deposit

during 1905 and 1906 and have succeeded in despatching to England

during 1906 over 2,000 tons of ore. They report that the ore-bed was

followed for some 80 feet by a drive down the dip-plane, and that at this

point the bed suddenly dipped over almost to the vertical. It is interest-

ing to note that this sudden steepening of the dip also characterizes

the Balaghat deposit (see page 720). The deposit was transferred to

the Carnegie Steel Co. in 1907-

^ ^ , The output from this deposit during 1906 and
Output. r n

1907 was as follows :—

Long tons.

1906 2,303

1907 19,400 1

1 Includini- 5,000 tons extracted by Tata, Sons & Co. at Gudma.
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Other Localities.

The Balaghat llkua ore-band apparently reappears to the east of

Ukua, for Kishen Singh in his 1888-89 progress

report says that at Dharampur it was lound. precise-

ly at its wonted horizon.' This is somewhat difficult to understand : for,

according to the maps of Bose and Kishen Singh, the W araseoni-Bhimlat

and Hatta-Kanaridha bands of Chilpis have coalesced about 3 miles

west of Dharampur ; whilst this village is situated so that the nearest

area of metamorphics is about 3 miles distant, the " wonted horizon "

of the ore-band being at the base of the Chilpis.

Kishen Singh also mentions finding the ore-bed at Kanaridha, but

.^^
gives no details, nor does he mark the position on

the map. But as Kanaridha is on the southern edge

of the Hatta-Kanaridha band of Chilpis, it seems probable that this

ore was also found at the base of the Chilpis.

Mr. C. E. Low, former Deputy Commissioner of Balaghat, informs

me that he has found manganese-ore at Jairasi.

A reference to the geological map of this area shows

that this village is situated on the northern edge of the Hatta-Kanaridha

band of Chilpis near its eastern end.

Kishen Singh also found scattered blocks of manganese-ore about

I of the way up the ghat near Kurthitola on the
^ " road to Baihar. This possibly indicates the presence

of an ore-bed at or near the north-west edge of the Waraseoni-Bhimlat

band of Chilpis.

Pebbles of lateritic ore have been found at this locality by Mr. Low-

Parsatola (Bora- specimen I was able to examine consisted of

pahar). red hematite with veins of psilomelane.

On the road to Dharpiwara (presumably from Balaghat) Kishen

Singh noticed ' lateritic weathering globules which
IG. arpiwara.

black inside. ' These are no doubt the pisolitic

spherules of mixed oxides of iron and manganese found at so many

places in the Nagpur-Balaghat area.

A solitary piece of quartz partly replaced by pyrolusite and psilome-

lane was found by Mr. Low at Bodraghat in the
Bodraghat.

^^^^^ country of the Upper Son valley.



CHAPTER XXXIII.

DESCRIPTION OF DF.FO^lT^-continued.

The Central Provinces- Bhandara District.

History— Output and labour— Physical characters and geology—List of deposits

—

Nature and quaUty of the ores—Communications and transport—Kosumbah— Sita-

pathur— Sukh— Hatora— Miragpur—Mohugaon Ghat— Pandarwani— Salebaddi

—

Chikhla II— Kurraura (Ponwa Dongri)— Chikhla I— Silasaongi— Asalpani I

—

Aealpaiii II (Saya Hurki)—Pach ra.

{See Plate 43.)

Manganese-ores were first reported to occur in this district by Colonel

Eloomfield, who sometime previous to 18831 found

loose pieces of ore in watercourse near Ambagarh.

Then, in the field season of 1893-1894, Mr. P. N. Datta of the Geological

Survey of India, while geologically mapping parts of this district, dis-

covered several (Nos. 2, 5, 10, 11, 12, 13) of the deposits enumerated below
;

but his discovery was never made public, and the deposits remained

unknown until the opening up of the manganese-ore deposits of the Nag-

pur district at the beginning of this century led to active prospecting in

the Bhandara district with the resultant rediscovery of all the above-

mentioned deposits and the discovery of several other deposits not seen by

Mr. Datta. During 1901 the Central Provinces Prospecting Syndicate

commenced work on the Chikhla I deposit, with the production of 499

tons. In 1905 the Central India Mining Company and Messrs. Jessop

& Co. also started work in this distiict, and Mr. Laxminarayan in 1906.

The yearly figures of production and average daily number of

workers are shown in the following table :

—

Output and labour.

Year.
Production in

long tons.

Average daily

number of work-
ers.

1901 499 (a)

1902 5,360 300
1903 4,998 75
1904 8,559 64
1905 35,238 300
1906 97,906 973
1907 143,703 2,230

(a) Not returned, although work was progressing.

1 Letter dated 3rd September 1883, filed in the Geological Survey OflBce.
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The manganese-ore deposits occur only in the north-western portions

, . , , , of this district, and are situated partly in the Bhan-
Physical characters '

and geology of the dara (Nos. 1 to 4, 7, and 10 to 14) and partly in the
manganese ore belt. _ii •

i ^ -t ,j,t - r. r^^ mi •

! hirora tahsil (Nos. o, 6, 8, 9). This area forms, to-

gether with the manganese-ore zone of the Balaghat district, an extension

of the manganiferous belt of the Nagpur district. The Bhandara man-

ganese area is 20 miles long (Asalpani to Chikhla II) and has a maximum

width of 18 miles (Pachara to tiitapathur). The chief topographical

feature is the rather high range of quartzite hills starting from the west

end of the district at Bhandarbori and running east by a little north to

Ambagarh, where it reaches an elevation of about 700 feet above the

plains. It then curls round to the north-east through Chandpur and

finally sinks to the plains 4 miles north-east of Rampaili, the total length

being thus 34 miles. In addition to this range there are numerous small

hills and hill ranges with peaks up to 500 feet above the level of the plains.

The plains between and surrounding these hills are at an average elevation

of about 1,000 feet or a little more above sea-level. The hills are usually

clothed with a fairly thick tree -jungle ; whilst the plains are partly, where

alluvial, given up to the cultivation of rice and other crops, and partly,

where stony, covered with thin tree-jimgle. This area is drained by the

Bhawanthari and Chunni rivers ; these discharge their waters into the

Wainganga river, which, near Chandpur, comes to within 4 miles of the

south-east foot of the above-mentioned quartzite range.

Geologically the manganese area of the Bhandara district is a continua-

tion of the Nagpur manganese belt. The rocks exposed at the surface

all over this area are quartzites, gneisses (both acid, epidotic, and pyrox-

enic), and mica-schists, with pegm.atitic intrusions.

The manganese-ore deposits nearly all occur in the hillocks and

hill-ranges noted above, the highest outcrop of manganese-ore being

on the top of Bhamasur Hill (see Chikhla I), which rises to about 540 feet

above the plains. The manganese-ore deposits form, together with the

associated manganese-silicate rocks of the gondite series, lenticular bands

enclosed parallel to the strike in the quartzites, schists, and gneisses.

They are in every way similar in mode of occurrence, origin, and mineral

constitution, to tho.se of the Nagpur district.
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The deposits of this district will In: (Icscribcd in the onlci' siidwii in the

List of deposits. ,
. following li.'^t :

—

('

Depots i I

1. Kosullll):lll

2. Sitiii):>tliur

Group I

Group IT

3. SuUli .

4. Hatora.
5. Miragpur
0. Mohugiion Ghat.

7. Pandarwi'ini .

8. Salehaddi.
<). riiikhlii IT.

10. Kiiriniiia

11. Chiklda I

12. Sitasaongi

13. A sal pan i I

|^13a. Asalpdni H (Karli)

14. Pachara

r

I

I

Concctiiiowtir'

C. I. M. C. (Central India Mining
Com puny.)

C. P. P. S. (Central Provinces
Prospe(!ting Syndicate.)

C. I. M. C.

Do.

Do.

R. H. Richardson.

C. P. P. S.

Do.
Do.

D. La.Yminarayan
Jessop & Co.Group III

The deposits are arranged in this list in three groups according to their

topographical position. Those of Group I lie to the north of the Rhawan-
thari river, and to the north-west of the Chandpur-Rampaili quartzite

range ; those of Group II lie to the south of the Bhawanthari and to the

north-west of this same range ; while the single deposit in Group III lies

to the south-east of the quartzite range.

The ores of this di.°trict, like those of the other districts of the Nagpur-

Nature and quality Balaghat area, consist typically of the braunite-
of the ores. psilomelane mixtures, varying from ores in which

the psilomelane is almost or quite pure to ores in which there is little else

but braunite. The ' speckled ' variety of ore is also not uncommonly
found. For its composition see page 696. At one deposit—Kurmura— a

different sort of ore is found. It consists of a mixture of psilomelane and
pyrolusite from which there is very gradation to pure psilomelane on

the one hand and pure pyrolusite on the other. The thirteen samples

taken by me were analysed at the Imperial Institute, and are inserted

in their respective places in the descriptions of the deposits following.

They show the following limits and mean for the merchantable manga-
nese-ores of the Bhandara district :

—

Manganese
Iron
Silica

Phosphorus
Moisture

Limits.

49-00 to 54-07
4-26 to 10-25
2-08 to 6-50
0-06 to 0-34
0-09 to 1-15

Mean.

51-94
7-27
4-59
0-14
0-44
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These analyses indicate, moreover, that the average amount of braunite

in the ores is 35% as against 50% in the Nagpur district, the

balance in both cases being of course psilomelane.

Nearly all the manganese-ore deposits of this district are situated

Communiciitions at considerable distances from the Bengal-Niigpur
and transport. Railway. The nearest to the railway is Pachara,

some 8 or 9 miles from Tumsar Road. Asalpani is 15 miles from Tumsar

Road, and all the others are 18 miles or more distant. There is a road that

was once a good one leading from Katangi at the western end of the Rala-

ghat district right through the heart of the Bhandara manganese area to

Tumsar Road. Consequently this has been made use of for the carting of

the ore to the rail, much to the detriment of the road. The Central India

Mining Company has constructed a 2-foot gauge tramway from Tumsar

Road to Dongri, a distance of 20 miles. After this the track crosses the

Bhawanthari river on a temporary causeway, and soon after branches.

One branch goes via Sukli to Kosumbah (33 miles from Tumsar Road) and

the other vid Hatora to Miragpur (29 miles from Tumsar Road). This tram-

way was first worked by hand trollying, but it has been since converted

for steam traction. The Bengal-Nagpur Railway Company has made a

survey for a feeder line from 'J'umsar Road to Katangi, which would pass

over verv much the same ground as the Central India Mining Company's

tramway. But work has not yet been begun on the Bengal-Nagpur

Railway line. The tramway is used for the conveyance of the ore, not

.only of the Central India Mining Company, but also of other firms, on

payment of some agreed-upon rate to the Central India Mining Com-

pany. Everyone has not, however, taken advantage of its presence

and large quantities of ore are still sent by bullock-cart to Tumsar Road.

1. Kosumbah.

(Central India Mining Company.)

This deposit lies about a mile north-west of the village of the above

name towards the north-western limits of the village area or mauza. It

is held by the Central India Mining Company who are now actively

working it, but at the time of my visit it Avas practically in its virgin

condition. The ore-depcsit appears at the surface as a line of 4 hillocks

stretched over a distance of | mile in a N. 25° E. direction. The most

south-western hillock (No. 1) is situated a little to the north of the

' Goordao ' Nala and lies over | mile south-south-west of hillock 2,

which is joined to hillock 3. From hillock 3 to the most north-
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eastern hillock (No. 4) it is about 200 yards, i^etween hillocks

1 and 2, and 3 and i, there is no ore exposed, so that it is possible that

there are here three ore lenticles on one line of strike (hillocks 2 and 3

lorming one lenticle). On hillocks 3 and 4 the outcrop of the ore-

band was measured as 20

—

2r> feet wide, and at the only place where

a decided dip was seen (hillock 3> it was (50'^ to vertical to the west-

north-west. The ' country ' was nowhere exposed, unless a small outcrop

of mica-quartz-schists on the low ground between hillocks 3 and 4 be

considered to represent it ; a few yards to the east of hillock I biotite-

gneisses are seen dipping at SO"^ to W. 35° N. under the ore-band.

On hillock 1 the ore-band, which is not well exposed, consists princi-

pallv of ore containing in places more or less of the

bronze-coloured mica. The ore is a very fine- to

medium-grained mixture of braunite and psilomelane ; and one piece

collected contained a band of the very magnetic manganese mineral

(vredenburgite) found at Beldongri. A sample was taken both from the

blocks on top and from the pieces down the slopes of the hillock, where a

few shallow pits had been dug in the talus. The analysis made at the

Imperial Institute showed :

—

Sample No. 44.

42-03
30-05

Hillock 1.

Manganese peroxide
Mangnnese protoxide

Ferric oxide

Silica (combined)
Silica (free)

Phosphoric acid

Moisture at 100° C.

This is equivalent to

Manganese
Iron
Silica

Phosphorus
Moisture

14-21

2-49
2-73
0-33
0-09

49-90
9-95
5-22
0-14
0-09

Hillock 2.

indicating the presence of about 25% of braunite.

On top of hillock 2 are some fairly large blocks of ore cropping out.

Some of the ore is apparently of good quality, but

a much larger proportion of it is slightly spoilt by

garnet, felspar, or bronze-coloured mica. There is also a fair quantity

of spessartite. Besides this there are a number of outcropping blocks of

Pyroxene-microcline-
coarsely crystallized white microcline-rock streaked

rock. and patched with brown and black owing to the

deposition, along cleavage and other cracks, of manganese oxide, and to
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the partial replacement of tlie rock by mangancse-ore. This rock also

contains a bro^vn pyroxene. In another much finer grained variety of

the rock there is a great abundance of this pyroxene, which under the

microscope is pleochroic in brownish orange and yellow. The roclv also

contains a little bronze-coloured mica having an optic axial angle of about

32°.

Hillocks 3 and 4.

The top of hillock 3 is E. 25° N. from that of 2. The outcrop

of the ore-band here is prominent, almost forming

a wall. The ore itself is a speckled and rather softer

variety composed of a small proportion of braunite in a cavernous matrix

composed partly of soft black oxides, partly of shiny lead-like psilome-

lane, and partly of the ordinary dull grey psilomelane ; but there is also

some of the harder ore. This ore is mostly free from extraneous materials,

but in places contains a little spessartite and bronze-coloured mica. The

ore on hillock 4 is very similar to that on 3, but a larger proportion of it

contains the bronze-coloiired mica.

A sample was taken from the outcrop on hillocks 2, 3 and 4, and con-

sisted largely of the above-mentioned speckled

variety, with a certain amount of psilomelane and of

the hard grey braunite-psilomelane mixture. The analysis made at the

Imperial Institute shows :

—

Nature and quality

of the ores.

Sample No. 45

Manganese peroxide

Manganese protoxide

Ferric oxide .

.

Silica (combined)

Silica (free)

Phosphoric oxide

Moisture at 100° C.

53- 06
22 91

14 04
2 02
0 67
0 31

0 70

This is equivalent to :-

Manganese
Iron

Silica

Phosphorus
Moisture

51-33
10-25
2-69
0- 135
0-70

and indicates the presence of about 20 % of braunite.

The characteristic of these Kosumbah ores is seen to be a low % of

braunite and consequent low % of silica, a high % of iron and rather

high % of phosphorus.
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Mr. H. D. Coggan gives me the following figures as showing the average

analysis of the ore raised from this do|)osit during 1905 and V.)O(') :

—

1905. 1906.

Manganese .......... 5.-} -70 52 06
Silica .......... 4-81 5-42
Flios]ihorus 0-082 0- 154

During 1905, 1906, and 1907 this deposit has

been worked with the following output :

—

Year. Long tons.

1905 8,105

1906 17,682

1907 29,396^

The ore won here is, after carting to Sukli, sent by means of the

Central India Mining Company's steam-tramway to Tumsar Road Sta-

tion, Bengal-Nagpur Railway, a distance of about 33 miles.

2. Sitapathup.

(Central Provinces Prospecting Syndicate.)

This deposit was first found by Mr. P. N. Datta in 1893-94. The
ore-band is traceable at intervals for if miles in the villages of Sukli and
Sitapathur. A length of | mile of this lies in Sukli village where it strikes

N. 10° W., but a little before reaching the Sukli-Sitapathur boundary the

band curls round to N. 20° E. and continues with this strike for a

mile in Sitapathur limits. The Sukli portion is described separately (page

742). The Sitapathur portion of the band is held by the Central Pro-

vinces Prospecting Syndicate. At its southern end it runs for about

^ mile along the ridge of a hill,l perhaps 150 feet high, the most southern

part of the hill lying in Suljli limits ; and then, after becoming lost on low
ground, it reappears to the north and soon rises to form a long low ridge

(No. 2) along which it continues for about I to | mile. It is again found
on low ground a little to the north of this, and finally only scattered

1 Designated below as Sitapathur Hill and situated about 1| miles south-south-east
of the village.
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fragments . re visible ; but if traced further north the band might bo

found to reappear at the surface.

The dip of the band is always to the west side, being only 25° in Sukli

limits, but about 50° to G0° in Sitapathur. The width of the ore-band was

measured at two points as 12 feet and 15 to 20 feet, respectively. The

'country' is nowhere exposed immediately in contact with the ore, but in

two places fragments of mica-quartz-schist were seen, while on the low

ridge (No. 2) agranulitic hornblende-gneiss (probably uralitized quartz-

pj'roxene-gneiss) crops out in large blocks to the west of the ore-band,

from v/hich it is separated by some coarse felspathic quartzite.

The ore-band consists in many places of merchantable manganese-ore,

Character of the especially on Sitapathiir Hill, where it forms in one
oie-band. place a wall-like outcrop ; but in many places the ore

is either associated with spessartite-bearing rocks or it gives way ahuost

entirely to them. On the south slope of Sitapathur Hill is a coarse pegma-

tite of quartz, pink felspar, and a brown pyroxene
Brown manganese- i

' ^ ^ it t i

i)yruxene. that reacts for manganese and sodmm and under

the microscope is pleochroic in shades of yellow brown. (See pages

135—6.)

At one point on top of Sitapathur Hill there weie found, immediately

to the west of the ore-band, and forming either a
Manganese-micas.

^^^^ ^^^^ .^^ western wall, several loose blocte

of a light crimson rock composed chiefly of two species of mica. One of

these is a beautiful crimson-pink biaxial mica and the other a rich orange-

brown uniaxial mica. (See pages 197—8.)

This rock also contains scattered grains of a black manganese-ore

(braunite?). On the ridge (No. 2) there is some pegmatite containing

. patches of yellow garnet, presumably spessartite,
Spessartuem peg-

. ^ . , °, , . , ,

uiatite. which it may have taken up from the ore-band

at the time of injection. Pieces of white vein-quartz containing matr-

netite were also found in places.

Most of the ore consists of the hard grey braunite-psilomelane mix-

, „ ture, the braunite tending in places to be rather
Nature and quahty ' ^ i i

•

of the ores. coarsely crystalline. One specimen, which is very

maoTietic, looks Uke a mixture of braunite and psilomelane, but will need

chemical investigation on account of the fact that the supposed braunite

is as magnetic as magnetite. A sample was broken off the outcrop along
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the ore-band on Sitapathur Hill, obviously valueless pieces being as

usual rejected. The analysis made at the Imperial Institute shows :

—

Manganese peroxide
Manganese protoxide
FeiTic oxide
Silica (combined) .

Silica (free)

Phosphoric oxide .

Moisture at IOO°C.

This is equivalent to :

—

Sample No. 47-

Manganese
Iron
Silica .

Phosphorus
Moisture

44-23
30 -59
11-03
5-03
0-2()

0-22
0- 17

51-70
8-14
6-19
0-10
0-17

and indicates that the average ore contains about 60% braunite, the

remainder being psilomelane. It should be noted that several pieces of

the ore in the sample contained a little quartz, spessartite, or mica, and
that, as is usually done in working a deposit, these were as much as pos-

sible cleaned out before crushing the sample.

At the time of my visit the deposit had not been worked
;
and, even

The working of the crow flies, it is distant 24 miles from Tumsar
deposit. Road Station, Bengal-Nagpur Railway, the near-

est point on the railway. There is no doubt, however, that the deposit

contains a considerable quantity of ore of the above quality. During

1906 and 1907, however, the deposit has been open-

ed up, with the following resultant output :

—

Output.

Year.

1906
1907

Long tons.

1,791

392

I am not aware if the Central Provinces Prospecting Syndicate has

made any use of the Central India Mining Company's steam-tramway

for carrying the ore to the railway. This tramway passes the south end

of the deposit, and over it, it would be about 29 miles to Tumsar Road.

In the very north-east corner of the village-area just before the road

leading from Sitapathur to Thirori reaches the 'Annapangi-ee Nullah'

A subsidiary ore-
Main Circuit map No. 9, Bhandara district,

band. there is an obscure outcrop of manganiferous rock

running across the road in a north-east direction. It extends 140 yards

IV K 2
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(and possibly more, but I did not follow it up) to the south-west side

and 30 to the north-east side of the road. The rock is mostly fine-

to medium-grained purplish spessartite-quartz-rock (gondite) partly

altered to manganese-ore. Associated with the rock are muscovite-

schists and some pegm.atite, while both in the 'Annapangree Nullah'

and a little tributary joining it at this point the rocks seen are banded

biotite-gneisses often penetrated by veins of muscovite-pegmatite.

These rocks seem to dip to the south-east. The strike of this band sug-

gests that it may be a reappearance at the surface of the Kosumbah

band situated some 4 miles to the S. 30° W. To judge from the out-

crop thi= occurrence is of no economic value.

3. Sukli.

(Central India Mining Company.)

The deposit of this name is held by the Central India Mining Company
and is probably the reappearance at the surface of the Sitapathur band.i

The deposit forms a low hillock about 200 yards long ; the band contin-

ues to crop out on the low ground to the south for another 250 yards,

the strike being N. 10° W. with a shallow dip (up to 25°) to the west side.

The only place where the ' country ' was seen was in a stream-bed at the

south end of the deposit, where a granular quartz-pyroxene -gneiss with

hornblendic bands was probably resting on spessartite-quartz-rock (gon-

dite). Biotite-gneisses, biotite-schists, and pegmatite, crop out on the

low ground separating the Sukli hillock from Sitapathur Hill.

The ore-band is very variable in character. At the very south end

Character of the practically frcsh spessartite-qu?rtz-rock (gon-

oie-b;ind. dite), the spessartite being dark reddish and yellow-

ish. Further north the outcrop becomes all manganese-ore with gondite

in places, except at the south side of the ore-hillock, where there is an

interesting somewhat granular rock composed of spessartite, quartz,

microcUne, and (_'rthoclase (?), the spessartite, which constitutes i to ^ the

rock, being often enclosed in plates of felspar.

The ores consist partly of the dirty speckled variety like that of

Nature and quality Kosumbah and partly of the hard grey braunite-

of the ores. psilomelane mixture ; a considerable proportion of

the ore contains a little garnet or bronze-mica. A sample, No. 46,

1 This Company's concession also includes the southern end of Sitapathur Hill,

which is in Sukli limits.
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was broken from the outcrop on the hillock, obviously poor ore being

rejected ; it c-onsistod largely of the braunite-psilomelane mixture.

The Imperial Institute analysis shows :

—

Sumidu No. 46.

Manganese peroxide ....... GO' 72

Manganese protoxide ....... 20' 18

Ferric o.xido , . . . . . . . (>• 1.5

Silica (combined) ..*... . 2' 05

Silica (free) . . 0-:j5

Phosphoric oxide ....... 0'2!)

Moisture at 100°('. . . . • . . . 1-00

This is equivalent to :

—

Manganese ......... 54'i)7

Iron 4-30

Silica 2-30

Phosphorus . . . . . . . . . 0*13

Moisture . . . . . . . . . 1-00

and indicates the presence of some 20 % of braunite, the remainder

being psilomelane.

Mr. H. D. Coggan has supplied me with the following figures as giving

the average analysis of the ore raised during 1905 and 1906 :

—

Manganese
Silica

Phosphorus

This concession, which also includes the very south end of the Sita-

The working of the
pathur deposit, has been worked since 1905. It

deposit. is connected by the steam-tramway to Tumsar
Output. Road Station, 29 miles distant. The yearly

output is shown below :

—

Year. Long tons.

1905

1906

1907

3,519

16,529

30,615
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4. Hatora-

(Central India Mining Company.)

This deposit is held by the Central India Mining Company. It

crops out as a band striking about W. 10° S. for over g mile, the east

end of the band being situated about ^ mile north-west of Hatora

village. The dip varies between 15° and 40° to the south side. The

immediate ' country ' on the south side of the band is seen towards the

west end only, where in one place it is a quartzite containing abundant

grains of iron-ore up to J inch diameter. This iron-ore is rather magnetic,

but gives a red streak and is hence probably to be regarded as martite.

It is often iridescent in purple and green. Still further west the rock

apparently gives place to quartzite free from magnetite and then to a

mica -quartz-schist containing magnetite. The immediate ' country
'

on the north side was nowhere seen, but towards the west end muscovite-

gneisses and mica- quartz-schists crop out on both sides of the ore-band.

In the nala cutting across the western end of the ore-band and forming

also the boundary to the Hatora village area, the ore-band has disappeared

and the rocks exposed are biotite-gneiss, felspar-gneiss, and gneissose

mica-schist.

The ore-band crops out on low ground giving rise to very low ridges

Character of the hillocks. Its thickness was nowhere seen, but

ore-band. was apparently not very great. The outcrop

consisted mostly of various varieties of spessartite- and spessartite-

quartz-rocks (gondite), good ore being apparently very scarce. The

spessartite is often quite large, being then of orange colour. In one

specimen it is associated with glassy quartz, a brownish fibrous mineral,

and a little interstitial microcline. The spessartite is here transparent,

of a rich orange colour, and almost always shows hexoctahedral faces

modifying the deeply grooved trapezohedra. Another specimen shows

rich orange-red spessartite, the colour of potassium bichromate, on

hard grey manganese-ore. A third specimen is of a bright yellow rock,

almost the colour of sulphur, composed of a very fine-grained aggregate

of spessartite, with small prisms of a white asbestiform mineral on the

divisional planes. An abundant variety of gondite shows under the

microscope the typical arrangement of very abundant small idiomorphic

spessartites in a subsidiary quartz mosaic. It is often dark purpHsh

grey in hand-specimens and this is seen under the microscope to be due

to led hematite dust clouding the spessartites. At one point near the

middJe of the ore-band is some intrusive felspar-rock containing abun-
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dant orange garnet. In some places the ore-band consists of inter-

banded light grey quartzite and gondite.

Owing to the fact that so little ore was visible I came to the conclusion

T\w working of the ^^^^ ^^'^^ deposit was of no economic value. Since

rtojiosit. my visit, however, the deposit has been opened up,

and Mr. H. D. Coggan informs me that the operations have disclosed

a body of ore which, though of no great extent, is larger than the surface

indications led one to expect. He says, that the quality is uniform,

the average analyses of the ore raised during 1905 and 1906 being :

—

1905. 1906.

52-.33

0-1.5 8-05

Phosphorus.......... 0-071 0-072

This indicates that it is unwise to condemn any of the Central

Provinces ore-bands merely from surface indications. From the way
in which, at various points towards the west end of the outcrop, the

' country ' on the south side of the ore-band curls over on to the strike

of the ore-band, it seems probable that the outcrop consists of the

very upper edge of a lenticular band.

The output from this deposit dming 1905, 1906, and 1907, is shown

Output.
below :-

Year. Long tons.

1905 113

1906 2,509

1907 2,121i

The deposit is only a few hundred yards south of the Central India

Mining Company's steam-tramway at a point some 2^ miles west of

Miragpur.
5. Miragpur.

(Centeal India Mining Company.)

Originally discovered by Mr. P. N. Datta in 1893-94, this deposit

is now held by the Central India Mining Company. Except where the

wording shows otherwise, the following account refers to the deposit

as I saw it in March 1904, when but very little work had been done.

I have added in the form of footnotes any comments th^t have been
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rendered necessary by my cursory visit in December 1907. The

manganese-ores occur on hillocky ground, where there are five separate

Fig. 45.—Sketch-plan of the Miragpur manganese-ore occurrences.

Dotted line is boundary of talus-ore deposits.

exposures, while a sixth lies to the south side of the tank (see Fig. 45).

The village lies to the west of this hillocky ground. Exposures Nos. 1

and 2 are almost certainly isolated and apparently consist of two

cappings of manganese-rocks, which were once joined together, but are

now separated by a small valley eroded between them. If joined

together these two patches would form a synclinal strip running about

E. 5° N., the folding being very slight and the synclinal axis having

a very shallow dip to the west. Exposure No. 2 is almost a perfect

shallow synchnal basin, the dip at the west end being, however, in the

wrong direction, namely westward instead of eastward. All round

the edge of this, which is the highest hillock (perhaps 50 to 80 feet

high), the nearly horizontal layers of manganese-rock crop out. Ex-

posures 3 and 6 may really be continuous. The relations of 4 and 5

to the rest are obscured by ore debris. The actual ' country ' of

the deposit is nowhere exposed ; the nearest rocks seen are vein-

quartz-like quartzite, found as fragments round the base of this hillocky

area and probably in situ to the east on the low hills there ; and
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muscovite-gneiss exposed to the east of No. 2. A talus of ore-fragments

covers the surface of the ground {)ractically everywhere inside the

dotted line of figure 45, except where the ore outcrops are situated. ^

The capping on hillock No. 1 is 26 paces across from north to south

Characters of the ^^^"^ ^^'^^ ^^^^ consists of nearly

exposures. horizontal layers of ore, quartzite, and spessartite-

bearing rock. The dip at the west end is practically horizontal and

round the other edges is small and directed towards the interior of the

patch. Exposure No. 2, also forming a capping to a hillock, is about

160 paces long and 50 broad ; the dip at rtie west end is very small to

the W. 5° S., the dips elsewhere being slight and directed to the

interior of the patch. Along the north edge of the patch the ore crops

out in massive beds forming a vertical scarp with a thickness of at

least 12 feet of ore, the debris on the slopes preventing the full

thickness from being seen.2 The manganese-ore of this patch is very

much veined with quartz and patched with yellow garnet, and as seen

before work was commenced the quantity of good quality ore seemed

very small. When the deposit was opened up, however, it was found

that the layers below the capping contained plenty of good ore.

The ore itself is sometimes the hard grey variety and at others is

soft and brownish. Exposure 6 on the south side of the tank is 150

paces long with an average strike of N. 10° W., and a width of

22 feet in one place where the dip is 60° to the west side, a dip of 33°

being seen in another place. This outcrop consists almost entirely

of hard grey ore ; but this ore is often to a certain extent impaired by
ferruginous and siliceous matter lining cavities. Exposure 3 starts

on low ground on the north side of the tank and gradually rises up a

low ridge, forming a band over 200 yards long with an average strike

of about N. 20° W. and a variable dip, usually 30° to 60° to the

west side ; but where the top of the rise is reached both dip and strike

are very variable, the ore-band in one place having a local strike of

E. 22° N., vertical. 3 A little excavation had been carried out alone

1 By my second visit—December 1907—sufficient work had been done to show that
the ' country ' is almost everywhere typical mica-schist, but sometimes so coarsely

crystalline as to suggest a muscovite-quartz-pegmatite.
2 In 1907, the thickness was seen to be at least 15 feet.

3 The reason for this variable dip was clearly seen in 1907, in the workings. The
ore- band is cut off on the south-south-west side by a north-west fault, approxi-
mating in direction to a strike fault. The rocks on the south-west side of the fault

are mica-schists. At its north-north-west end, the ore-band is violently folded about
axes roughly parallel to the direction of dip, and at right angles to the fault.
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ttds ridge and in one place a thickness of at least 8 feet of bedded ore

was thus exposed, the ore layers being 1 to 3 inches thick. The ore along

this outcrop consisted st several places of tlie good hard grey variety,

but at others was of inferior quality and sometimes interbanded with

quartzite. Exposure 4 shows a sharp curve in strike accompanied by

a dip in one place at 45° to W. 35° N. and in another at 30° to

S. 18° W. It consists of hard grey ore spoilt by various impuri-

ties, with also some softer ore. Exposure 5 consists of very garneti-

ferous rock, runs for 30 paces N. 20° E. and lies on low ground.

Now that I have seen the deposit after extensive work has been

done on it, it is evident that each of the separate exposures described

above really corresponded to separate masses of ore—except possibly

Nos. 3 and 6, which, being on the same line of strike, may be connected

underneath the dry tank between them. It seems to me that the pro-

bable explanation of the relations of these separate masses of ore is

that they were originally all part of one horizontal layer of ore. As

the results of violent earth movements the portions Nos. 3, 4, 5, and 6

have been cut off from Nos. 1 and 2, leaving these two portions in a but

slightly disturbed condition, their separation one from another being

due, not to the earth movements, but to the effects of denudation. The

portions cut off from Nos. 1 and 2 were treated variously. No. 3 has

been crumpled and faitlted. No. 4 has been pinched into a faulted steep

synclinal fold surrounded by mica-schists, and No. 6 been made to dip

very steeply. In addition to the portions noticed above the work has

revealed the presence of some further, not very much disturbed, portions

of the ore-bed. These lie between Nos. 3, 4, and 5, and probably

actually once connected them together, but have since broken up at

the surface into loose fragments of talus-ore more or less in situ. Ore

in situ also seems to run to the south -west of No. 4 on to the low

ground, beyond even the limits of detritus shown in figure 45. This

was, of course, covered up by detritus, and only became visible when

the ground was opened up.

The hard grey ore mentioned above consists of the usual fine-grained

Nature and quality mixture of braunite and psilomelane. Some 70

of the ores. tons of Ore had been quarried at the time of my
first visit—mostly from outcrop No. 3, but also from other parts

—

and stacked on the low ground to the west of the ore hillocks. From

this ore I took sample No. 54. These stacks consisted largely of the

braunite-psUomelane mixture usually more or less cavernous ; but a
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few pieces were psilomelane, sometimes mammillated. The analysis

carried out at the Imperial Institute shows :

—

Manganese peroxide ,

Manganese protoxide

p^erric oxide

Silica (combined)
Silica (free)

Phosphoric oxide

Moisture at 100° C.

This is equivalent to

Manganese
Iron
Silica

Phosphorus
Moisture

Snm plv N 54.

50-34
2.3-17

12-4!t

5-07
0-82

0 20
0-34

40-81
8-74
5-89
0-09

o-:54

and indicates that the ore contains, on the average, about equal parts

of braunite and psilomelane.

Mr. H. D. Coggan has kindly supplied me with the following analyses

representing the average quality of the ores extracted during 1906 and

1907 :—

1906. 1907.

Manganese ......... 51 -99 53 24
6 03

0-076 0 -078

During 1905, and since, this deposit has been actively worked. From

The working of the ^^^'^ ^isit I sce that all the in situ portions

deposit. of the deposit are a source of good ore. But in addi-

tion to these all the ground marked in figure 45 as talus-ore is being

made to yield large quantities of ore, owing to the fact that the fragments

have been formed by the breaking up of the ore-bed in the positions

where they now lie, so that the detrital deposits are very rich. The ore

is sent to Tumsar Road Railway Station, Bengal-Nagpur Railway, over

the Central India Mining Company's steam tramway, a distance of about

29 miles.

The output of ore from this deposit during 1905, 1906, and 1907

Output. has been as follows :

—

«. Year.

1905
1906

1907

Long tons.

0.55^

14.386

34,300
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6. Mohugaon Ghat.

Crossing a road in this village is a small outcrop, striking N. 15° E
of .\Very dark spessartite-quartz-rock partly altered to manganese-ore.

To the north it is lost amongst houses and to the south disappears almost
at once. The outcrop can be only a few yards long, and is 4 feet

wide.

7. Pandapwani.

(Me. R. H. Richardson.)

I saw here no manganese-ore in situ, but only a few scattered frag-

ments of hard grey ore and gondite lying on the surface at a point about

350 yards E. 20° S. of the large tank situated on the south-east side

of the village. One or two tiny pits that had been dug showed only

a little talus- ore. Some deeper excavation work might by chance

expose the ore-body from which these fragments were derived ; but there

was nothing to indicate exactly where to dig. The rock cropping out

here is very contorted mica-schist with quartz lenticles, and strikes

E. 38° N.

In December 1907 I found that extensive excavations had been made
by Mr. R. H. Richardson in the portions of the detritus from the Miragpur

deposit lying in Pandarwani limits. One section showed :

—

4" Clay.

11" Pisolitic manganese-ore detritus.

9" to 1' Pebble ore.

10" Pisolitic manganese-ore detritus.
2" Pebble ore.

Resting on altered and raangauesc-impregnatcd niica-schist.

These detrital deposits were yielding a considerable amount of ore.

8. Salebaddi.

At a point about | mile E. 12° S. from the village, a few shallow pits

had been dug showing a little detrital manganese-ore mixed with frag-

ments of white quartz. The ore was the hard grey braunite-psilomelane

mixture with quartzite bands, while there were also some pieces of the

softer speckled ore and of gondite. There were no indications as to

the source of this ore, and the occurrence was not of any apparent economic

value.

9. Chikhla II.

Just outside the village on its south-west side a couple of small pits

showed a little detrital ore, which was also sparsely scattered ou the sur-
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face. The ore was mostly tha hard grey braunite-psilomelaiie mixture,

but a little o! it contained quartzite bands. There was also a little of

the speckled ore. A small sample of the hard grey ore was analysed at

the Imperial Institute with the following result :

—

Sample No. 55.

Manganese peroxide.......... 48 "77

Mangane.se ;)rotoxide . . ...... 29 '54

Ferric oxide ........... 7 '32

Silica (combined) .......... .5*05

Silica (free) 0-82

Pliosphurio oxide .......... 0"!3

Moisture at 100° r 0-64
c

This is equivalent to :

—

Manganese . . . . . . . . . . . 53'76

Iron 5-12

Silica 6-47

Phosphoru.s O'CO
Moisture . . . . . . . . . .0-64

and indicates that this ore contains 5G% braunite. This ore is of suffi-

ciently good quality to justify a moderate expenditure on a search for

its place of origin.

10. Kupmura (Ponwar Dongri).

(Central Provinces Prospecting Syndicate.)

This deposit was first discovered by Mr. P. N. Datta in the field season

of 1893-94, and is now held on mining lease by the Central Provinces

Prospecting Syndicate. The ore-band crops out along the crest or ridge

of a range of hills of which it forms the backbone. One and a quarter

miles is the total length of outcrop of this band, which has a south-west to

west-south-west strike at its west end, and curls round so as to strike about

due east at the east end. At the west end the ore-band is first seen

in a low hillock, only vein-quartz and muscovite-pegmatite being seen

to the west of this. This part of the deposit is situated within the mauza
of Kurmura, which lies just to the south of this end of the band. The

band then rises up the main ridge, which has two peaks, the higher,

eastern, one rising to about 290 feet above Kurmura pond ; at the

east end it again descends and then crops out on a series of low hillocks.

It is no longer visible when the stream-bed dividing Dongri Buzurg

from Lobi is reached. ^ This ore-ridge forms the boundary between

ll found a few fragments of spessartite -quartz -rock on the low flat range of
hills in the southern part of Lobi situated about east by a little north from this point.
It possibly indicates a continuation of this band.
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the village areas of Dongri Buzurg or Ponwar Dongri on the north

and the part of Kurmura Known 2>s Balapur Hamesha on the south.

The ore-deposit is usually spoken of as Kurmura or Ponwar Dongri.

No proper development work on the ore-band had been done at the

time of my visit ; the maximiim horizontal outcrop width seen was

40 feet. The average dip of the ore-band is about 50° to the south side.

The 'country ' on the north side is mica-schist with numerous veins

of white quartz, sometimes as much as 2 feet wide, and arranged parallel

to the strike. That on the south side was not seen, but near the base

of the range on the south side medium-grained biotitic gneisses crop out.

In the nala at the east end of the band the rock exposed is mica-

schist with an intruded epidote-granite.

At the west end of the band, and for a long way up the ridge to the

Character of the ^^st or western peak, the ore-band consists of fine-

ore-band, grained spessartite-quartz-rock (gondite), largely

altered to psilomelane^ and interbanded with pinkish, whitish, and dark

grey, quartzites. On top of the west peak there is an outcrop of what

looks like good-quality ore ; but on being broken it is found to pass into

unaltered rhodonite inside. On the descent to the neck between this

and the east peak similar rocks are seen, with a little merchantable ore

in places. On the neck between the two peaks some good hard ore

is exposed, and then on the ascent up to the eastern peak a large quantity

of the hard fine-grained braunite-psilomelane mixture is seen, the braun-

ite being subordinate in quantity. The top of the east peak, like most

of the range, is heavily jungle-clad, almost the whole jungle there

consisting of bamboos ; the soil is soft black with rugged blocks of

psilomelane projecting up. A few yards east of the top there is a huge

upstanding mass of ore 16| feet high, 15 long, and 8 broad. It is very

rugged, without any signs of strike or dip, and composed partly of very

fine-grained soft blackish pyrolusite and partly of psilomelane. A little

further east an outcrop of this mixture of pyrolusite and psilomelane

is 40 feet wide with a sheer drop of 30 feet or more on the south side.

This mass is veined with thin lenticular quartz stringers striking S. 28° E.

Similar ore (showing bedding in places) or psilomelane alone, crops

out down the east slope from this peak and near the bottom of the des-

cent passes into the braunite-psilomelane mixture again and then con-

tinues to the east on a line of hillocks, first as psilomelane, and then as

various varieties of gondite interbanded with quartzites. In some

places the psilomelane seen on the eastern descent from the east peak
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contains thin layers of radiate-fibrous lin)omte. In one place this

limonite had a surface of a metallic beetle-green colour.

As will be seen from the preceding paragraph, the ores consist partly

Niitun- niul .imility of a mixture of braunite and psilonielane, the latter

of the ores. mineral predominating, and partly of a mixture

of pyrolusite and psilomelane, or of either of these latter minerals

alone. The pyrolusite-psilomelane ore is probably more abundant

than the braunite-psilomelane ore.

Sample No. 38 was taken from the outcrop of the hard grey braimite-

psilomelane ore on the west ascent up to the east peak and was analysed

at the Imperial Institute with the foUov/ing result :

—

Sani vle No. 38.

55-63
19-73
8-00
3-21
2-97
0-36
0-23

Manganese peroxide .

Manganese jjrotoxide

Ferric oxide

Hilica (combined)
Silica (free)

Phosjilioric oxide
Moisture at 100° C. .

This is equivalent to :

—

Manganese . . . . . . . . . . .49-00
Iron 5 -fiO

Silica (rl8
Phosphorus . . . . . . . . . . . O'lG
Moisture 0-23

and indicates that this type of ore consists of about 1 part of braunite

to 2 parts of psilomelane.

Sample No. 39 was broken from the outcrop of pyrolusite and psi-

lomelane, the latter predominating, on top of the east peak, and for some

distance down the east descent. The analysis made at the Imperial

Institute shows :

—

Sample No. 39
Manganese peroxide
Manganese protoxide
Ferric oxide
Silica (combined)
Silica (free)

Phosphoric oxide
Moisture at 100= C

This is equivalent to ;-

Manganese
Iron
Silica

Phosphorus
Moisture

?ind indicates the practically complete absence of braunite

00-74
18-55
8-58
0- 60
1-48
0-78
0-41

52-81

G-OI
2-08
0-34
0-41
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A third sample (No. 40) was taken from about 800 tons of stacked

ore quarried from the talus-ore deposits on the northern slopes of the

east peak. It consisted of the hard braunite-psilomelane ore with a

number of small cavities lined with black powder. The analysis made
at the Imperial Institute showed :

—

Sample No. 40.

Manganese peroxide . . . . . . . . . 61 "44

Manganese protoxide ......... 16 '30
Ferric oxide ........... 9 '73

Silica (combined) .......... 2 '55

Silica (free) 1-45

Phosphoric oxide . . . . . . . . . . 0"37

Moisture at 100° C 0-40

This is equivalent to :

—

Manganese . . . . . . . . . . . 51 "52

Iron G-81
Silica 4-00

Phosphoni-s . . . . . . . . . . . 0'16

Moisture ........... 0'40

and indicates that this type of ore contains about 25% of braunite, the

remainder being psilomelane with probably a little pyrolusite (the soft

lining to cavities).

The three above samples indicate the following mean composition

for the Kurmura ores :

—

Manganese . . . . . . . . . . .51*11
Iron ............ o '58

Silica 4-09

Phosphorus 0-22

Moisture 0'34

I am indebted to Mr. W. H. Clark for the following analyses by

Mr. R. D. Connell of ores from the Riilapur Hamesha end of the

deposit :

—

Ore-body.

Tonnage.

Manganese
Iron
Silica

Phosphorus

16-60

1040
5-80
0-130
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On the northern slopes of the east peak (W. 30'^ N. from it and to-

Tho taliis-oio work- wards its base) a considerable amount of excava-

i"g- tion had been done, showing I to !.l feetof talus-

ore resting on mica-schists with vein-quartz, and the ore extracted had

been stacked.

Thickly scattered on the low bare sandy ground to the south of the

Manganese-ore ore-range are a large number of round bodies of

pisolites. t]je size of peas. Many of these were found on

fracturing to have a concentric structure and to be rather soft and black-

ish brown inside. These are doubtless of concretionary origin. But

a certain number are probably of detrital origin, for when broken they

are found to consist of the hard grey ore without any concentric struc-

ture.

It will be seen from the average analysis of the Kurmura ores

The working of the (page 754) that they are not very high in manganese,
<^®P°®'t- but unusually high in phosphorus. Consequently this

deposit can probably be worked only when prices are high, for purposes

where a somewhat phosphoric ore is not objectionable. The distance

to Tumsar Road Railway Station, Bengal-Nagpur Railway, is about 16

miles.

The output from this deposit is as follows :

—

Year. Long tons.

1902 248
1905 1,456
1906 ' . 4,842

1907 ... 8911

11. Chikhla I.

(Central Provinces Prosiecting Syndicate.)

This deposit was discovered by Mr. P. N. Datta in the field season

of 1893-94, and is now held on mining lease by the Central Provinces

Prospecting Syndicate. 2 The ore-band is traceable for 2 | to 2| miles,

starting at the west end on Bhamasur Hill (rising to about 540

feet above the plains), and apparently dying out on Sindia Hill at the

east end ; these two are connected, by a series of seven hillocks lying

1 Including 499 tons extracted by D. Laxminarayan.
2 This lease also includes a small portion of the Yedartuchi village area, probably for

the sake of a little talus-ore, as there is apparently no ore in situ in this part of the area
leased.

IV L
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on the northern slopes of a range of low hills composed of quartzites

and gneisses, and a hill (near the east end) some 500 feet high. The

strike is usually about E. 5°—10° S, except at the two ends, where

it is rather variable. The dip is as a rule very steep to the south side

or even vertical. At its widest point (on Bhamilsur Hill) the ore-band

is 80 feet across (measured horizontally). At two places it is separated

into two bands, in one place (down the eastern descent from Bhamasur
Hill) by mica-sohists, and in the other (towards the eastern end of the

band) by micaceous quartzites. At the west end the ' country ' is mica-

schist on both sides, with micaceous quartzites to the north and a man-

ganiferous gneiss to the south of these schists. In the middle parts

of the band the ' country ' on the north side is micaceous quartzite and

on the south side is either micaceous quartzite or mica-schist, while at the

east end, on Sindia Hill, the only rocks noticed were quartzite and vein-

quartz ; but the immediate ' country ' of the ore-band was not visible.

This variation in the character of the ' country ' means either that

there are lithological variations in the same horizon, mica-schist passing

into micaceous quartzite and this into non-micaceous quartzite, on

passing from west to east, or that the manganese-silicate band has in-

trusive relations with regard to the schists and quartzites. I regard

the former as the true explanation. The gneiss that occurs a little to

the south of the ore-band at the west end seems to have died out at the

east end, while the band of quartzite and vein-quartz to the south of

the gneiss seems to continue for the whole length of the ore-band.

The ore-band is nearly always composed of gondite or spessartite-

Character of the ore- quartz-rock (grey, buff, yellow, and purplish in

colour) and manganese-ore, inter-lenticled and inter-

banded with quartzite, which itself sometimes contains scattered spes-

sartite crystals or manganese-oxide minerals. It is only on top of

Bhamasur Hill that there is any large quantity of ore. On top of this

hill the ore-band forms a sort of broad causeway up to 80 feet wide. The

ore is of the hard grey braunite-psilomelane mixture, much banded and

streaked with yellow spessartite and spessartite-quartz-rock, with light

and dark grey fine-grained quartzite, and with veins and strings of

quartz. In one place there is a series of lenticular quartz veins, J to

1 inch thick, striking E. 40°S. The ore-band on top strikes E. 15° S. to

E. 20° S. and huge masses of ore have fallen down the slopes on both

sides. The southern edge of the causeway is like a vertical wall ; this

continues down the east slope, so that as seen from the east it looks
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as if a slightly elevated dyke-like wall 80 feet wide were running down
this slope. It is doubtful if it could pay to work the ore in situ on top

of this hill, entailing as it would the rejection of such a large proportion

of the ore—except perhaps at times of inflated prices^.

On the third hillock to the east of Bhiimasiir Hill the south wall

A sappliirini'-bear- ot the ore-band is formed by micaceous quartzite,

and on the descent down the eastern side of this

hillock these quartzites are seen to curl over on to the strike of the

ore-band so as partly to cover it. This indicates that it is practically

the upper edge of the ore-band that is exposed there. The interesting

feature of this rock is that in places it loses its micaceous character

and gives place to a heavy rock (one piece had a specific gravity of

3'03) showing bright blue streaks and bands, and abundant platy

crystals of whitish, light greenish, and light greenish-blue, colour. The

microscope indicates that the former mineral is sapphirine and the

latter enstatite. The reck has all the structure of a metamorphic

quartzite with, in addition to the above minerals, abundant tiny

scattered crystals of rutile and abundance of ilmenite, occurring in

both scattered grains and folia in the rock. There is a distinct arrange-

ment of the minerals in layers, so that the rock may be called a

schistose rutile-ilmenite-enstatite-sapphirine-quartzite, or perhaps an

enstatite-sapphirine-quartz-gneiss. This is certainly a most unusual

type of rock, no doubt to be regarded as the product of dynamo-

metamorphism of some pre-existing rock. For the identification of

the sapphirine the characters relied upon are the hardness (= about

8), biaxial character, high refractive index, and the following pleochroism

scheme :

—

ii = colourless to yellowish-green,

b^pale to rich blue.

C= do.

The only feature that is different to the characters of sapphirine

as usually recorded is the fact that the birefringence is somewhat

higher instead of lower than that of quartz. Consequently the identifi-

cation can be regarded as provisional only, until such time as

someone has time to separate this mineral from its intimate associa-

tion with the other minerals of this rock, test its chemical characters,

and take its specific gravity. Similarly the identification of one of the

other minerals as enstatite is somewhat doubtful.

IDurirg 1008 this ore in aiiu has been opened up ; there seems to be a larger
amount of good ore inside than was suggested by the outcrop.

IV , L 2
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At the time of my first visit the only work that had been done at this

The tahis oic depos- locality was on the talus deposits on the northern

its. slopes of Bhilmjisur Hill, near and at its base.

These showed a thickness of 3 to 6 feet of talus-ore resting on a debris

of white quartzite fragments. On the level this talus consists mostly

of a small gravel of manganese-ore with scattered larger pieces, which

higher up increase in abundance and size, so that in some places some

very large blocks are found in these deposits. There are also a few frag-

ments of quartzite mixed with the ore detritus. The ore is of the hard

grey braunite-psilomelane mixture, often spoilt by the presence of thin

quartz films and remains of yellow spessartite. Some 5,500 tons of

ore were stacked here. The ore in these stacks was as a rule extremely

well cleaned and a sample taken from them was analysed at the Imperial

Institute with the following result :

—

Sample No. 41.

Manganese peroxide . . . . . . . 56'41

Manganese protoxide . . . . . . . 23"32

Ferric oxids ......... 9'43

Silica (combined) ........ 3 '05

Silica (free) 0-5.5

Phosphoric oxido . . . . . . . .0-38
MoisUue at 100°C ()-20

This is equivalent to :

—

Manganese 53-78
Iron . . . . . . . . . .6-60
Silica 3-60

Phosphorus 0-17

Moisture 0-20

and shows that the average ore consists of about 30% braunite and 70%
psilomelane. The ore is evidently high in manganese, and low in silica,

but somewhat too high in phosphorus.

Mr. W. H. Clark has kindly supplied me with the following analyses

of Chikhla ores :—

Date 13th
Nov. 03

13th
Nov. 03

6th
Apl. 05

6th
Oct. 06

6th
Oct. C6

6th
Oct. 06

6th
Oct. 06

6th 6th
Oct. 06 Oct. 06

Tonnage repre-

sented
A fair

quantity
A fair

quantity 1,085 428 3.000 2,000 300
1

440 210

Analyst C. Fawcitt
S. A.
Jones

R. D. Connell

Manganese
Iron
Silica

Phosphorus

51-04 51 -04
10-02

1
9-69

8-10
! JO-05

0-193
i

0-205
1

50-Ul
7-26
6-86
0-101

50-32
i
48-84

7-32
!

8-70
9-10 ' 7-15
0-119 0-095

50-56
6-96
8-15
0-083

52-28
6- 78
7- 85
0-076

51 -63
7-56
8- 80
0-086

50-52
7-2i
7-40
0-068
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These figures correspond to the following limits and mean :

—

759

Mcivii.

Afanganese
Iron
Silica .

riiosphorus

48-84 to 52-28

()-7S to 10-02

6-8() to 10-05

O-OCS to 0-205

50-0!)

7- 95
8- 10

0-114

At the time of my second visit to this deposit—in December 1907

—

The woikinn <if the I found that it had been worked to a large extent,
deposit- but that this work had been confined to the talus

deposits. The excavations in this talus showed that the talus-ore is as

much as 10 feet thick in places ; it is said to have been found to be 16 feet

thick in exceptional cases. The underlying rock is seen in these work-

ings to be mica-schists traversed by quartz veins. To aid in the system-

atic working of these talus deposits a gravity incline was -ander construc-

tion down the north-east corner of Bhamasur Hill. The total fall on

this incline is 320 feet, with a length of 1,100 feet to the rail-crossing at

the base. The gradient of the top 600 feet is 1 in 3, after this gradually

decreasing to horizontal at the unloading station, and then sloping slight-

ly up. These figures are on the authority of Mr. J. J. Freund, Assistant

Manager in charge of this deposit. The object of this ropeway is the

easy removal of the ore being worked on the east-north-east face of Bham-
asur Hill. The ore here is being worked in a series ol levels, said to be

about 80 feet apart. When the ropeway is ready it will be used first to

carry the ore of the lowest level ; when all this has been shifted the effect-

ive length of the hauling rope will be lessened and the ore of the next

higher level removed, and so on, right to the highest level. By working

systematically up the hill-side in this way a fairly clean sweep of the

talus deposits will be made. The only point where any appreciable

waste comes in is in the treatment of the smalls. Many thousands of

small pebbles of high-grade manganese-ore below about l i to 1 inch dia.

meter are being thrown on the waste dumps. At the time of my visit

the amount of ore stacked on the levels was said to be 40,000 tons ; this

was waiting, of course, for the completion of the incline. At the top of

the incline an adit was being driven into the hill-side to intersect the

ore-body in situ.
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The ore from this locality was being carted to Tumsar Road Rail-

way Station, a distance of 20 miles, in spite of the proximity of the

Central India Plining Company's steam tramway.

The output from this deposit from 1901 to 1907 is as follows :

—

Year. Long tons.

1901 499
1902 .5,112

1903 4,998
1904 8,559
1905 14,791

1906 27,078

1907 38.840

12, Sitasaongi.

(Central Provinces Prospecting Syndicate.)

The main ore-band was first found by Mr. P. N. Datta in 1893-94
;

this area is now held by the Central Provinces Prospecting Syndicate.

There are four parallel ore-bands in Sitasaongi, the southern and most

important of which forms the ridge of Dholi Hill, while the other three

occur on the northern slopes facing Bhamsisur Hill. Dholi Hill is situated

due south of Bhamasur Hill and not south-south-east of it as shown on

the map. It is also not so high as Bhamasur Hill, but is probably only

300 to 400 feet high.

In making a north to south transit across the rocks here, starting

fi'om the Chikhla ore-band and going southwards, the following succes-

sion of rocks was found, much of the ground being obscured either by the

dense jimgle, or by the rock debris on the hill slopes.

North.—The Chikhla ore-band (1).

Obscured.

Muscovite-gneiss with felspathic augen and lenticular bands of pink

;>
quartz-felspar-rock.

Vein-quartz.

Muscovite-gneiss. ^

Vein-quartz fragments.

Do. in eit'u.

Muscovite-gneiss.

Vein-quartz fragments and micaceous quartzite.

Obscured.

Mica-schists.

Sitasaongi ore-band (2).

Obscured. '

Mica-schist.

Sitas.iongi ore-band (3).
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Obsciu'od.

Sitiisfioiif^i ore- band (-1).

Mustovitc-gneiss.

Obscured.

Sitasaongi ore-band (5). Summit of Dholi Hill.

Obscured by talus of ore, and spessartit o-quartz-rock (gondito), with

some mica-schist and gneiss.

Contorted mica -schist.

Magnet it e-muscovite-quartz-sehist.

Obscured.

Vein-quartz.

Obscured.

Biotite-gneiss with felspar-quarto augcn.

Base of Dholi Hill on south side.
'

Obscured.

White gneiss.

South.—Biotite-gneiss with a band of garnet-gneiss.

Ore-bands Nos. 2, 3, and 4 were seen only in making tliis cross-section

Ore-bands 2, 3, iiiid and were not followed along their strike, but they do

not crop out at the surface at either the west or east

end of the hill, where I crossed the main ore-band 5
;
they can hence be

regarded as of much shorter length. The characters of these three ore-

bands where crossed were as follows :

—

Ore-band 2.—2-3 yards wide and composed of the usual mixture of

manganese-ore, spessartite. and quartzite.

Ore-band 3.—3 yards wide and composed of buff-coloured fine-

grained gondite altered in patches to ore.

Ore-band 4.—2 yards wide forming a wall-like outcrop striking E. 5°^.

and composed of both hard grey ore and gondite.

Bands 2 and 3 are of no apparent economic value ; band 4 contains a

little ore that is possibly merchantable, but this is largely spoilt by quartz

veins, etc. It is quite possible, however, that if these three bands were

followed along their strike, they would be found to be sufficiently altered

to ore in places to be workable.

The main ore-band (5) is traceable for about 1,200 yards and varies

, ,
in width at the outcrop from 12 to 53 feet. It is

The mam ore-baud. . • , ,i , i
• • i

nearly or quite vertical all the way, showing m places,

however, a very steep southern dip. Its strike averages east to west ; at

the west end it strikes east, changes to E. 20° N. on approaching

the summit and then curls round through east to E. 10°—15° S. at

the east end. The extreme west end of the band is probably in Yedarbuchi
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village limits. The top of Dholi Hill consists of two peaks with a depres-

sion between. The ore-band as it runs up the western end of the ridge to

the western peak forms a very bold dyke-like outcrop, in one place 34 feet

high. This is often split open in an extraordinary fashion by the roots of

a species of fig-tree (the pdkar) which grows in abundance on it. It is

here composed of interbanded grey qnartzite, yellow gondite, and massive

yellow spessartite-rock, there being very little manganese-ore. On the

slope down from the western peak to the depression between this and the

eastern peak there is a certain quantity of good hard grey ore, as also on

Nature and quality the ascent up to the eastern peak. Similar ore crops
of the ores.

9,11 down the eastern descent from the eastern

peak and down this slope I took sample No. 43 by chipjiing pieces off the

outcrop at regular intervals. The pieces included in the sample consisted

of the braunite-psilomelane mixture with a little spessartite in one piece.

The analysis carried out at the Imperial Institute showed :

—

Sample No 43.

Manganese peroxide .. .. .. .. 44"61

Manganese protoxide .. .. .. .. 33'02

Ferric oxide . . . . . . . . . . 7-73

Silica (combined) .. .. .. .. 5*64

Silica (free) .. .. .. .. .. 0-96

Phosphoric oxide . . . . . . . .
0" 16

Moi-sture at 100° C. .. .. .. .. 0-19

This is equivalent to :

—

Manganese .. .. .. .. .. 53' 76
Iron . . . . . . . . . . 5* 41

Silica .. .. .. .. .. 6-50

Phosphorus .. .. .. .. .. 0*07

Moisture .. .. .. .. .. 0-19

and indicates that the average ore contains about 5-5% of braunite and

45% of psilomelane. Such ore is evidently well worth working, but it

will require some actual quarrying to show whether the quantity avail,

able is sufficient.

;

On the southern slopes of Dholi Hill there is a fair quantity of talus-ore,

Talus-ore. but whether there be a sufficiently high per cent, of

merchantable ore in this debris is doubtful. A few shallow excavations

had been made on the nearly level ground at the south base of the hill.

They showed a thickness of 1 to 2 feet of debris of ore and quartzite, most

of the ore being valueless. A small proportion of good ore had been
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collected and from this I took sample No. 42, which was analysed at

the Imperial Institute with the following result :

—

Sample No. 42.

ManganePe peroxide . . . . . . . . 46' 57

Manganese jnoloxidc . . . . . . • . 30* 13

Ferric oxide .. .. .. .. •• fi'09

Silica (combined) .. .. .. 5-20

Silica (free) .. .. .. .. 0-83

Phosphoric oxide .. .. .. .. 0"22

Moisture at 100° C. .. .. .. .. 0-24

This is equivalent to :

—

Manganese .. .. .. •- •• 52*83

Iron .. .. .. .. .. 4-26

Silica .. .. .. .. .. 6-03

Phosphorus . . . . - • • • •
0-10

Moisture .. .. .. .. 0-24

and shows that the ore consists of about equal proportions of braunite

and psilomelane. The quality of this ore is evidently somewhat in-

ferior to that of the ore in situ.

Mr. W. H. Clark has kindly s applied me with the following analysis by

Mr. R. D. Connell of ore obtained from some trial pits here :

—

Manganese .. .. .. .. .. 48 '05
Iron .. .. .. .. .. 9-18

Silica .. .. .. .. .. 6-75

Phosphorus .. .. .. .. .. 0-091

To the east of where the ore-band has disappeared on low groand there

are, near a pillar marking the boundarv between the
Ottrelite. . . . .

"

village-areas of Sitasaongi and Chikhla, some masses,

10 feet high, of a very coarse silvery mica-schist, with the dip about

vertical, the strike being about east. This rock, which contains ottrelitt,

garnet, tourmaline, rutile, and ilmenite (?), is noticed in more detail on

page 313.

13. Asalpani I.

This deposit was discovered in the field season of 1893-94 by Mr.

P. N. Datta. The outcrop can be traced for about | mile, of which the

western portion striking east-north-east lies in the limits of the village

of Garkar Bhunga, while the eastern portion striking about due east lies

in Asalpani limits. It is possible that the band may reappear at the

surface further to the west at any point between here and the Guguldoho

deposit (see page 947). The outcrop lies mostly on low ground, but in

one place towards the western end it rises to the top of a hillock, perhaps
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SCHISTOSE MICACEOUS
gUARTZITES

Fig. 46.—Sjction across the G&tk&r-Bh1iQg6 portion of tlie Asal-
p6ni manganese -ore deposit.

50 feet high, this hillock being situated on the south slope of a small hill of

micaceous quartz-

aAE. ..-f^fTf^T^lTh^ N.N.W. ites. Fig. 46 gives a

section across the

deposit here. The
' country ' on the

footwall of the depo-

sit is nowhere visible,

but is probably

mica-schist ; for this

rock was exposed in

a trench made at the

north-east corner of the Asalpani pond. The dip is everywhere towards

the south side, at angles varyiag from 35° to 65°.

The ore-baud consists of spessartite-quartz-rock of various colours,

greyish, brownish, reddish, and purplish, sometimes quite fresh and some-

times partly altered, and often interbanded with quartz £nd quartzite and

in some places with rhodonite-rock. The maximum width seen was 14

paces across the outcrop at the point where the section in Fig. 46 v/as

drawn ; the outcrop here is divided into two by an intercalated band of

mica-schist.

The ore-band is nowhere sufficiently altered to manganese-ore to be

workable. At one place, I found a little very magnetic manganese-ore

composed of a mixtme of psilomelane and^braunite (?) with remains of

rhodonite and garnet.

An analysis of some manganese-ore, probably from this deposit,

carried out by Mr. E. Riley for Messrs. Ogilvy Gillanders & Go. of

Calcutta showed :—

Manganese

Iron

Silica

Phosphorus

Moisture

20-90

4-26

37-92

0-079

0-53

No work had been carried out except for one or two shallow pits, and,

as far as one can judge from the outcrop, this deposit is of no present

economic value : but judging from the case of the Hatora deposit there

might be some marketable ore below the surface.
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13a. Asalpani II (Saya Hupkl).

(D. Laxminarayan.)

This deposit was discovered in 1905 and is now being worked by D.

Laxminarayan of Kumthi. Tt lies at the south-east corner of a hill

known locally as ' Siiya Hurki ' 1 (Syudka Hoorkee on the 1 -inch map of

this area). This hill is situated about 1^ miles in a north-easterly direction

from Asal]:)Hni village and lies in Government forest. It is about 1 mile

north-west of Karli village, on which account the deposit is often referred

to as the Karii deposit, although it lies within a part of the forest formerly

belonging to Asalpfini. The hill is composed of iuica-schists, very

schistose micaceous quartzites, soricitic quartz-schists, and schistose

quartzites, the dip varying from south-south-east to east. The manga-

nese-ore band crops on t along the eastern slope or edge of the southward

projecting spur of the hill-m^ss shown on the 1 -inch map. The general

direction is northerly at the southern end changing to north-north-west

further north ; the band can be traced for a tot?l length of about 3

furlongs.

The excavations at the southern end of the outcrop gave a thickness of

8 to 12 feet to the ore-band, whilst in the most northerly excavation the

band was only 2 feet thick. As no ore or manganiferous rock was to be

seen cropping out immediately to the north of this point, but only crinkled

mica-schists, it may be supposed that the band probably thins out to the

north in a lenticular manner. As shown by the workings on the southern

portions of the outcrop, the dip is fairly constant at about 45° to the

east to east-south-east There workings show, however, that the ore-

band is not a flat sheet, but is crumpled about axes having the dip of the

ore-band. The consequence is that the actual plan of the ore-band is a

sinuous curve of which the average direction is the strike given above.

In the workings as seen in December 1906 many surfaces of thi ore-

band had been uncovered by the removal of the easily-quarried over-

lying mica-schists, and these were seen to be deeply grooved and fluted

parallel to these dip-axes, i.e., down the dip planes.

The overlying rock is a fairly coarse silvery mica-schist, crumpled and

separated in one place from the ore-band by a 2-inch layer of very fine-

grained mica-schist. The underlying rock is a white friable fine-grained

schistose quartzite passing down into fine-grained mica-quartz-schist.

1 This means teak-tree hill
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The joint pianos of these underlying rocks often show dendritic growths

of manganese oxide.

The ore-band itself is of very variable composition. Tt consists of

(1) hard grey crystalline ore, (2) soft and dirty ores, (3) yellow spessartite-

rock changing to ore, (4) rhodonite-rock largely changed to manganese-

ore, and (5) vitreous white and black quaitzites. The proportion of

good ore is very variable owing to the variable amount of change that

the rhodonite- and spessartite-rocks have undergone ; indeed it is often

easy to trace the passage of layers of either spessartite- or rhodonite-rock

into manganese-ore. In the most northern excavation the rock exposed

was almost entirely rhodonite-rock partly changed to ore.

On the low ground to the south of the southern end of the ore-outcrop

a considerable quantity of loose fragments of ore has been found in the

clayey soil by means of shUlow excavations. They are snflficiently large

and angular to indicate the probable extension of the ore-body beneath.

Talus- ore has i Iso been found on the lower ground to the west of the

southern part of the ore-outcrop.

The hard fine-grained grey crystalline ore is composed of the usual

Nature and quality mixture of braunite and psilomelane. There is also

of the ores. a more friable variety of similar appearance, probably,

as at Kandri, owing its more friable character to a smaller amount of the

cementing psilomelane and a consequent larger proportion of braunite.

Besides some softer and dirtier ores, there is also a little cavernous

psilomelane showing mammillated surfaces in cavities. It seems to be

confined to the surface outcrop, where it occurs as numerous veinlets in

the rhodonite-rock, manganese-ore, etc.

This was of a very crude nature in December 1906, and, as so often

The working of the
happens, the waste was being dumped very close

deposit. to the workings on the dip side, so that it would all

have to be shifted later on, in order to follow the ore-band down. Owing

to the hard nature of parts of the ore-band—especially the rhodonite-

rock and vitreous quartzites—blasting is resorted to, country powder

being used. Sometimes also large masses of rock are split by burning a

fire against them and then throwing water on the heated surface.

The ore extracted has to be carted 4 miles or more over rough cart

tracks to the main road from Tumsar to Katangi, which is struck at

Chicholi, 11 miles from Tumsar Road Station. The ore is at present

(December 1906) carted to Tumsar Road, but may be later carried by the
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light railway of the Central India Mining Company, which passes

Chicholi.

The oulput oi ore from this deposit is as follows :

—

Year. Long tous.

190G
1907

11,873

2,844

14. Paehara.

(.Jessop & Co.

)

This deposit, the only one in Group III (page 735), is held by Messrs.

Jessop & Co. and lies in Government Forest about a mile west-north-

west of Paehara village. The ore occurs as a practically horizontal ' bed
'

of varying thickness intercalated between vitreous quartzites, which are

possibly felspathic. Owing to the practically horizontal stratification of

the rocks, the outcrop of this deposit, instead of being moderately straight,

is very sinuous, following the contour of the quartzite hills on the southern

and south-eastern slopes of which it occurs. I traced it in all for about

halt a mile along the flanks of these hills, but the length measured along

the curves of the outcrop was about 1| miles. The outcrop may reappear

again to the east-north-east. Had the ore-'bed' been continuous it might
have been expected to crop oat again on the northern flanks of this range

of quartzite hills, but a search made there failed to reveal its presence, so

that, as the bedding of the quartzites appears to remain approximately

horizontal, it is evident that the ' bed ' of ore thins out to the north in the

same way as it seems to do to the west, south, and east.

The ' bed ' of ore is mostly about 1 i feet thick, but the thickness

increases to 5 feet in some places and becomes as low as 4 inches in

others. The 'bed' is not sharply separated from the overlying and under-

lying quartzites. The overlying quartzites are usually more or less

broken where they rest on the ore and sometimes partially replaced by
limonite near the contact ; and there are also thin manganiferous layers,

probably secondary replacement products, here and there in these over-

lying quartzites. The underlying quartzite is sometimes separated from
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the ore by an argillaceous layer. The ore-band is composed largely of

Nature and qunlity very dirty ore, some of which is a jjsilomelane-

of the ores. braunitc mixture with soft black spots and patches,

and some of which is psilomelane passing in places into soft wad-like ore.

tin}' brannite octahedra being often scattered through both the hard

and soft portions of the ore. There is also some cavernous boryoidal

psilomelane, which sometimes passes into red ochre and contains

reddish clay in the cavities.

No manganese silicates were seen in this deposit, and this fact, taken

in conjunction with the sooty nature of the ores, their admixture in places

with red and yellow ochres and the evident replacement of the quartzites

in places, indicate that this deposit is to a large extent the result of re-

placement of the quartzites along their bedding planes.

Some few hundred tons of ore had been extracted and from the ore-

heaps I took sample No. 37 consisting mostly of cavernous and dirty

psilomelane with a small proportion of the psilomelane-braunite mixture.

The analysis made at the Imperial Institute is as follows :

—

Sample No. 37.

Manganese peroxide . . . . . . . . 57 ' 46
Manganese protoxide . . . . . . . . 20" 25
Ferric oxide .. .. .. .. .. 5' 52
Silica (combined) .. .. .. .. 1'8I

Silica (free) .. .. .. .. .. 0-80

Phosphoric oxide .. .. .. .. 0'38

Moisture at 100°C. .. .. .. .. M5

This is equivalent to :
—

Manganese .. .. .. .. •. 52-09

Iron .. .. .. .. .. 3-86

Silica .. .. .. .. .. 2-61

Phosphorus .. • •• •• 0'166

Moisture .. .. •• •• 1-15

and indicates that the average ore consists largely of psilomelane and soft

oxides with only a small proportion (18%) of braunite. The percentage

of manganese shown by this analysis is somewhat higher than I expected,

judging from the nature of the ores.

As the deposit is situated only 8 or 9 miles from Tumsar Road Rail-

way Station, Bengal-Nagpur Railway, it is obvious

deposir°'
"'^ ^ that, if much ore of the above quality could be ob-

tained, it would pay to work this deposit. The

ore-band is, however, of small and irregular thickness, and as it goes
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into the hill-sidcs, it is covered by an ever-increasing overburden of

quartzitcs. Conseciuently it will ])rol)ably be found, after the extraction

of a few thousand tons (if so nuich) of ore, that it is no longer practicable

to work the deposit, even if it continue far into the hill-sides. Such ore

as is extracted will need very careful cleaning before despatch to the

railway station.

^ ^ ^
The following figures are given as representing

the output of this deposit :

—

Year. Long tons.

1905 700
1906 600
1907 Nil



CHAPTER XXXIV.

DESCRIPTION OF DEPOSITS-cowtaerf.

The Central Provinces—Chhindwara District.

History—Output a,nd labour—Geology—List of deposits—Nature and quality
of the ores—Communications and transport—Kachi Dhana—Lakhanwara

—

Gaimukh—Sitapar—Biclma—Alcsur—Devi—Gnoti—Wagorr.—Gowari Wyrhona
— Dudliara.

(See Plates U, 22, and 43.)

The fact of the existence of manganese-ores in this district seems to

jj.^^^
have been first noticed by Mr. P. N. Datta i of the

Geological Survej^ of India, who, while mapping

the valley of the Kanhan river in the cold season of 1893-94, discovered

the deposit of Kachi Dhana, the most valuable in the district, and noticed

fragments of ore on the ground I mile south-west of Khairi on the Kelod-

Sausar road. This latter deposit is here dealt with under Gowari

Warhona. Nothing more was heard of these deposits till the late

Mr. A. M. Gow Smith, when prospecting in the year 1902, rediscovered

both the above, and in addition found seven other deposits. His activity

led Rai Sahib Mathura Prasad of Cbhindvrara to find manganese-ore

at Devi.

At the time of my visit m December 1903 no work had been done

on any of these deposits, except a little clearing of jungle, and digging

of trial-pits and trenches. I was, however, able to revisit, hurriedly,

Kachi Dhana, Lakhanwara, Gaimukh, Sitapar, and Gowari Warhona,

in December 1907, when all these deposits had been more or less opened

up. I have made such additions and alterations to this account as

seemed necessary. The deposits discovered by Mr. Gow Smith have now

become the property of the Indian Manganese Companj^ formed in 1904.

The figures of production and labour for this district for the years

Output and labour. 1906 and 1907 are as follows :

—

Year.
Production in

long tons.

Average daily

number of workers.

1906 7,486

1907 30,728 416

1 M. S. Progress Report, 1893-4, Part 1.
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A brief account, of tlio aroa in whicli the. manganese-ore deposits

occur has been given by Mr. Datta 1, whilst
Geology.

^ have given an account of the petrology and manga-

nese-ore deposits of the same area 2. In the 1-inch map of this area

published with the latter paper (Plate 20) I have marked in all the

known manganese-ore deposits.

The manganese-ores of the Chhindw^ra district are confined to a

portion of the valley of the Kanhan river situated in the Sausar tahsil.

This river has cut its way down through the thick basaltic lava-flows

of Deccan Trap age that once covered the whole country in this part of

India, and now pursues a tortuous course over the metamorphic and crys-

talline rocks, which it has often obscured with its alluvium. This

metamorphic valley, which is well cultivated, varies from 3 to 9 miles

wide in the portions where the manganesPTore deposits lie and is flanked

on each side by flat-topped basalt hills, which often rise to as much

as 600 feet above the valley. Intervening between the trap and the

metamorphics is a thin layer of Lameta limestones and sandstones,

usually 10 to 50 feet thick, but sometimes absent. The strip of meta-

morphic. and crystalline country in which the manganese-ore deposits

occur is 17 miles long from north to south, with an average width of about

6 to 8 miles from east to west. The strike of the rocks in this area

varies from about south-east in the southern part of the belt, to east

in the northern part. The rocks of the metamorphic and crvstalline

complex are described in the paper cited above and consist of in-

terbanded granulites, gneisses, schists, quartzites, pyroxenic gneisses,

calciphyres, and crystalline limestones, with granites and abundance of

intrusive pegmatite. As lenticular bands intercalated between these

rocks occur the manganese-silicate-rocks and associated manganese-ore

deposits. The strikes and dips of these manganiferous bands conform

to those of the associated rocks. The dips are consequently very

variable, but are usually steep.

As in the Nagpur district, the manganese-ore deposits are genetically

connected with manganese-silicate-rocks of the gondite series, the chief

being various varieties of gondite and rhodonite-bearing rocks. The
origin of the ores is the same as in the case of the Nagpur district and

is considered on pages 357—364. There is no need
List of deposits.

i t
•'

• t • i

to group the deposits as is done m the case of the

Nagpiir district. They will be described in the order given in the sub-

1 Rec. G. S. I., XXXIII, pp. 221—228, (1906).
2 Ibid., pp. 159-220.

M
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pended list, in which the deposits are numbered roughly from north

to south. It should be remarked, however, that Nos. 6 and 7 corres-

pond to Class It of the Nagpur deposits and the remainder to Class I.

List of the Ghhindwdra deposits.

Kachi Dhana.
Lakhanwara.
Gaimiikh.

Sitapar.

Bichua.

Alesur.

7. Devi.

8. Gholi.

9. Wagora.
10. Gowari Warhona
11. Dudhara.

The ores found in this district consist typically of the fine-grained

The nature ond mixtures of braunite and psilomelane, characteristic

quality of the ores. ^j^g manganese-ore deposits of the gondite series.

In this district I have not seen any coarsely crystalline varieties of this

ore. Crystalline manganates, to be grouped as hollandite, are, however,

found in some quantity at two different deposits. These are Sitapar

and Gowari Warhona. At Sitapar the ore is a coarse-grained crystalline

mixture of this manganate with braunite, a bronze-tinted ore (sitaparite),

pyrolusite, and an arsenate. As none of the deposits were being worked at

the time of my fii-st visit I was compelled to take my samples from the

outcrops of the deposits. The samples collected were analysed at the

Imperial Institute and are inserted in their places under the descrip-

tions of the different deposits. The limits and mean of 8 of these, No.

8 being omitted as it was obviously much too siliceous to be of

any use, are shown below :—

Limits. Mean.

Minganese ..... 48-95—.54-97 52-72
Iron ...... .5-00—11-77 7-08

Silica ...... 4-98—10-63 7-16

Phosphorus ..... 0-06— 0-28 0-141

Moisture ..... 0-00- 1 -27 0 38

111 addition to the analyses of my own samples I am able, by the kind per-

mission of the directors of Indian Manganese Company, Limited, to pub-

lish analyses of samples collected by Messrs. H. Kilburn Scott and

Selkirk, both of whom reported on the Chhindwara deposits, Mr Scott

before, and Mr. Selkirk after, the formation of this company.
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The deposits are all situated at distances not greater than 4 miles

from the main road from Nagpur to Clihindwara. The most southern

Coiumunic'iitiDiis luul of the deposits, namely Gowsiri Warhona, is

transport. situated 31 miles from Nagpur by road, and 45

miles from Chhindwara ; and the most northern, Gaimukh, 27 miles from

Chhindwara and ')0 miles from Nagpur. I'ntil the great rise in prices

that characterized iOOl! this long lead prevented the despatch of

any ore to the rail either at Chhindwara, or Nagpur. During 1906 and

1907, however, a considerable quantity of ore has been extracted. That

from Kachi Dhana, Gaimukh, and Sitapar, has been carted north to the

railway at Chhindwara, and despatched to Calcutta via Nainpur and

Gondia, Rengal-Nagpur Railway ; whilst that from Gowari Warhona
has been carted to Nagpur and thence railed to Calcutta. But it is very

probable that any considerable drop in the price of manganese-ore

will stop this despatch of ore, and although the ores in this district are

some of the best in India it is improbable that any very active working

of the deposits can take place until a railway is constructed from Nagpur
to Chhindwara through the valley of the Kanhan.l The relative merits

of such a railway and one from Nagpur to Retul are under considera-

tion, and it is to be hoped for the sake of the manganese industry that

the former route will be chosen.

1. Kaehi Dhana.2

(Indian Manganese Company.)

This is probably the best deposit in the Chhindwara district, and

was originally found by Mr. P. N. Datta in the field season of

1893-94, as already noted (page 770). It is 4 miles from Ramakona,

which is 28 miles from Chhindwara by a good road. There are here

five separate hillocks on the same east to west line of strike, numbered

1 to 5 from east to west.

The largest hillock—No. 1, situated immediately to the south of

H U k N 1

village of Kachi Dhana—is 360 paces long,

130 broad, and, say, 40 feet high. The ore-body

crops out all along the back or ridge of the hill. The width of the outcrop

of ore, at the time of my first visit, seemed to vary from 20 to 200 feet

at various places, but could not be measured owing to the jungle-clad

1 The drop in prices has come (at end of 1907) and work in tbi« distriet has cun-

Fcquently been slackened.

2 Bee. G. .S'. /.. XXXIII. p. 209, (1906).

M 2
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character of the hill, cn which no work had been done. Fifty to 100

feet, however, seemed to he a probable true figure for the thickness of the

deposit. In 1907 there was a trench across the top of the ridge. This

indicated a horizontal width of 115 feet, corresponding, with a dip of

45° to the south side, to 80 feet of true thickness ; but even this section

was not conclusive and the above figure may be slightly too large or

too small. A length of about 40 yards of the east end of the deposit

seemed quite worthless at the outcrop, the ore being m.ixed with gondite

and magnetite-spessartite-rock, both chalcedonized. By December

1907 a trench had been cut across the ridge at this point. Two ore-bands

were exposed. One of these, probably corresponding to the main mass

of the ore in the hill further west, was 7 paces wide, with a dip of 35°-40°

to the south by east. The other band was a subsidiary one, some 1!)

paces north of the one noticed above. The ' country ' exposed in this

trench consisted of biotite-gneiss, gondite, and a decomposed rock that

might be a spessartite-gneiss. This series, including the main ore-

band, is traversed by coarse felspathic intrusives. Except for this

trench the ' country ' of the depo sit was obscured by the debris of

the ore.

Hillock No. 2 is 140 paces long, and perhaps 15 to 20 feet high. At

^ ^
the eastern end it is composed largely of chalce-

donized quartz-microcline-spessartite-rock ; but the

remainder of the hillock, as far as could be judged from the outcrops,

seemed to be composed of ore. In December 1907 the north edge of this

liillock had been a little opened up. The ore exposed probably corres-

ponds to the subsidiary band in hill No. 1. The section showed abun-

dance of a light brown rock (probably pyroxene-felspar-rock), sometimes

apparently interbedded with the manganese-ore layers, and sometimes

clearly cutting across them. The thiclmess of the ore in this hill cannot

be stated until it is better opened up.

Hillock No. 3 is about 130 paces long, and 35 broad, with a height

^ of perhaps 15 to 20 feet. The whole hillock seems

to be composed of ore mostly of rather good quality,

but containing in places a fair amount of pink felspar as impurity,

together with some spessartiferous bands.

The next hillock, No. 4, is 1 40 yards long and 60 broad, with a height

of 15 to 20 feet. Here clearings, which had been

made along and across the deposit, showed that ore

cropped out in situ only for 66 paces from the eastern end, fragments,
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only, being seen for the rest of the length, though the deposit is probably

continuous. The ' country ' shown by the cross-clearing was a very

interesting rock composed mainly of albite, and a manganese-pyroxene

with pinkish brown to pale greenish brown pleochroism. The width

ot the ore deposit was seen to be possibly 50 feet.

The lust hillock, No. 5, is simply a slight rise in the ground. When

^ ^
I first saw it, it showed an outcrop of spessartite-

'
^'^ "'

quartz-rock (gondite), passing under cherty Lameta

sandstones to the west. liater on Rai Sahib Mathura Prasad of Chhind-

wara secured this hillock, which had been neglected by the Indian

Ma)iganese Company, and opened it up a little. This development did

not, as I saw it in December 1907, indicate the presence of any

workable ore, but it was of considerable interest. One trench showed a

central mass of pyrolusite 4 paces wide, spotted witli geodes and patches

of calcite and <|uartz ; when the geodes were empty, these two

minerals showed definite crystal terminations in the cavities. Sometimes

however, the cavities were filled with pink opal. The presence of

calcite is of considerable interest, because its occurrence in this way

is unique in the Indian manganese-ore deposits, as far as my experience

of them goes. It has possibly been derived from the I-ameta rocks,

which are often calcareous. The rock seen to the north of the pyrolusite

is extremely coarse felspar-rock, cutting across the strike of the pyrolusite

—which is conformable to that of the crystalline rocks of this neigh-

bourhood—at its west end. On the south side of the pyrolusite are

massive chalcedonized spessartite-bearing rocks.

From the way in which these five hillocks of ore (Top out in a line,

there seems little doubt that they are genetically connected. But

whether they are all joined to one another in the low ground between

by ore, or whether there are two or more lenticular bands on the same

line of strike, can be determined only w^hen the deposits are opened

up further.

It is interesting to note here the occurrence a mile or so to the west,

near the head of the nala that flows past the south of the deposits, of an

outcrop of spessartite-quartz-rock (gondite) showing no signs of change

to manganese-ore. This outcrop is not on the line of strike of the above

deposit.

There are two kinds of ore at Kachi Dhana. One is the compact

Nature and qiuiliiv mixture of psiluiuelane and braunite, in which the
of the ores. psilomelane is usually rather small m amount and

often absent, the ore then being finely crystalline ; the other is dark-
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grey finely crystalline braunite with fairly numerous black spots about

^ inch in diameter. The former variety of ore characterizes hillocks

Nos. 1 to 3, while hillock No. 4 shows both varieties.

In December 1907 I saw one block of quarried ore consisting of a

mixture of hollandite, braunite, and psilomelane, with a squarish patch

of bronze-tinted ore, probably the same as sitaparite found at Sitapar.

The ores will everywhere need careful cleaning, as they contain

in various places spessartite, quartz, chalcedony, magnetite, albite, and

pink felspar.

I picked out for analysis a piece of ore that seemed to be composed

entirely of finely granular braunite. In places it tended to be slightly

more coarsely crystalline. The specimen was analysed at the Imperial

Institute with the following result :

—

Specimen No. 797 {17--1).

Manganese peroxide

Manganese protoxide

Ferric oxide .

Alumina
Baryta .

Lime
Magnesia
Combined silica

Free silica

Phosphoric oxide .

Arsenic oxide

Combined water
Moisture at 100°C.

Carbon dioxide

42 -80
35-45
fi-70

0-26
0- 00
1- 31

315
8-75
0-00
003
0-002
0-91
0-09
0-06

99-572

Manganese
Iron

Silica (total)

Phosphorus

.54-60

4-69
8-75
0-013

Specific gravity 4-71

At first I attempted to re-arrange this analysis in terms of its minera-

logical composition on the assumption that it contained braunite of the

formula 3Mn203. MnSiOs, with a small amount of interstitial psilomelane.

The analysis was found not to correspond to any such mixture and it

was found necessary to assume that the formula of the braunite present
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corresponded to 7Mii2();{. 2MiiSi03. On this assumption the composition

of the ore works out as follows ;- •

Hiiuiiiito :

—

JIn203
FC2O3
MiiO
MgO
C«0
Si02

Apnlilc
Oilcito .

AI2O3 .

MgO (surplu,-:)

A.S2O5

H2O (combined)
Moisture at 100°C

Surplus oxygen

73-54

G-70
4-33
2- 33
1-20
8-75

97-05 97 ():.

0 07
0 13

0 2G

0 62
0 002
0 91

0 09

99 132

0 44

99 572

The closeness of this analysis to braunite of the formula 7Mn203.

2MnSi03 is perhaps best seen if the ferric oxide be converted into Mn203,

and the protoxides MgO and CaO into MnO and the whole then calculat-

ed to 100. The result is as follows :—

Mi:0 45-15

Mn02 46-17

Si02 8-68

100-00

Manganese ......... 64-17

Available oxygen ........ 8-48

Tf now these figures be compared with the figures for the different varieties

of braunite given on page 70, it will be seen that there is a very close

correspondence with the bramiite of the formula 7Mn203.2MnSi03.

The silica is of course the chief criterion in deciding which formula the

braunite agrees with, but there is also a close agreement in the aroount

of manganese. The divergences in the amounts of the tvro oxides of

manganese are evidently due to the fact that there is a slight excess oi

available oxygen over that required by the formula. This is within

the limits of error in the determination of oxygen, and the difference

may be due either to such an error, or it may indicate that there is a

very small amount of interstitial psilomelane. The specific gravity

of the ore is 4 '71. This is only just outside the limits for this mineral,
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namely 4-75-4-82. The difference may be another indication of the

presence of a very small amoiint of psilomelane, or it may point to the pre-

sence of cavities between the individual grains of bramiite, some of which
did not become filled with water when the determination was made.

A sample was taken from the outcrops on hills 1 and 2 by breaking

off pieces of ore at regular intervals all along the ridge and from each

side. The sample thus obtained was analysed at the Imperial Institute

wdth the following result :

—

Sample No. 9.

45-84
33 19

Manganese peroxide

Manganese protoxide

Ferric oxide .

Baryta .

('oiiiliiiie'J silica

Fret' silica

Phosphoric oxide

Moisture at lOO'C.

7-1.5

0- 9S
5-12
1- 87
0-16
0-17

This indicates a mixture, assuming all the braunite present to have

the formula TMngOg. 2MnSi03, of .58% of braunite with 42% of psilome-

lane or other nianganates. The analysis is equivalent to :

—

Manganese . . . . . . . . .54-73
Iron 5-00
Phosphorus 0*070
Sihca (total) 6-99

showing that the ore is of very high quality.

The following analyses, published with the kind permission of the

Directors of the Indian Manganese Company, are taken from reports

made by Mr. H. Kilburn Scott and Mr. W. Selkirk for this Company.

Analyses from Mr. Scott's report.

Number. 1 2 3 4 5

Manganese .... 55 51 55-85 56-82 53-05 51-87

Iron ..... 4 39 5-03 4-92 2-82 4-92 All

dried

Silica 8 40 0-83 8-76 1-10 16-27 at

212''F.

Phosphorus .... 0 035 0-135 0-115 0-004 0-033

No. 1. Fro7n outcrop along the summit of hillocks Nos. 1 and 2.

No. 2. From hillock No. 3 taken at different parts of the outcrop.

Nos. 3. to 5 arc characteristic types from outcrop of which :

—

No. 3. Finely crystalline and almost amorphous.
No. 4. Highly crystalline, supposed to be braunite.

No. 5. Highlv crystalline, supposed to be braunite, included some glassy quartz.
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Analyses jrom Mr. Selkirk s report.

N 11 111 l)cr. u 7 (1
<f

Miiiigaiicsp ....
Iron .....
Silica

I'liosphorus ....

54-17

5-:v»

G-OO

()• i:iL>

55-08

4 • !K)

((70

0- ll>7

54-54

4-75

8-70

0 037

55-21

4-!t;5

!)-02

OO.'jl

1 All

[dried

1
at

{

212°F.

J

Nog. () and 7 were taken acro.s.s the outorop of hillock I{.

Nos. 8 and 9 „ ,. „ ., ,. hill 1.

Another partial analysis carried out by Mr. Blytli for Mr. Datta

iu 1894 yielded :
—

MnO =()8-75 = 53-25 % Mn.

P2O5 = 210
Moisture = 0-26

This deposit must contain a large quantity ot high grade ore. It is

4 miles from Ramakona, which is 28 miles from Chhiiidwara.

The inconstant maimer in which the good ore occurs in these hillocks'

The working of the as in many of others of the deposits of the Central

Provinces, makes it a matter of impossibility to

give even a bare approximation to the amount of ore available.

The outcrop evidence was, however, sufficient to justify extensive

work at this deposit, and such work as had been carried out to the

end of 1907 confirmed the evidence of the outcrops as to the presence

of large quantities of merchantable ore. The ore is carted direct

from the deposit to Amla, 3 miles north of Ramakona and thence to

Chhindwara, a total distance of about 28 miles.

The output of ore from this deposit during 1906
" and 1907 was as follows :

—

Year.

1906

Long tons.

3,713
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2. Lakhanwara.i

(Indian Manganese Company.)

W hen I saw this deposit in December J 903 it was visible at the surface

as three very small outcrops of rather fine-grained hard grey crystalline

ore, very largely braunite ; these are shown at the west end of the sketch-

map, fig. 47 on page 782, from which it will be seen that they are only

200 to 250 yards to the west of the Gaimukh deposit. In spite of the

considerable difference between the ores of Lakhanwara and Gainmkh,

it seems probable, in view of their proximity and situation roughly

on the same line of strike, that there must have been some genetic con-

nection between them.

When I revisited these occurrences in December 1907, 1 found that they

had been worked out. No. 1 extended to a depth of only 3 to 4 feet,

the rf)ck below this being pegmatite and schists (?) largely converted

into soil. A trench put across the strike near No. 3 showed only soft

schistose micaceous gneisses with vein quartz, with a dip to the ?outh

by west at 70°. The ore extracted was lying by the side of this

trench and had evidently been found close to the surface only. From

this it seems that we had here examples of the lowest parts of bodies of

manganese-ore, the upper parts of which had been completely denuded

away.

I took a small sample from outcrop No. 3- It was analysed at

Nature and qi:ality the Imperial Institute with the following result :

—

of the ores.

Sample No. 11.

Manganese peroxide . . . . . . . . . 40"86

Manganese protoxide . . . . . . . . . 31'75

P"'erric oxide . . . . • • . • • . 16'82

Combined silica . . . . . . . . . . 1"47

Free silica . . . . . . . - . . . 3*39

Phosphoric oxide . . . , . . . . . . 0"46

Moisture at 100°C. . 0-39

Carbon dioxide . . . . . . . . . 0-14

This is equivalent to :

—

Manganese ........... 50*41

Iron 11-77

Silica (total) 4-86

Phosphorus . . . . . • . • . . 0"39

1 Bee. G. S. I., XXXIII, page 211, (19C6).

1

1



Chap. XXXIV.] ciiiiiNnwARA : gaimukh. 78|

The analysis of tlic Tiakhanuura ore in Mr. Scott's report is as fol-

lows :

—

Dried lit 212° F.

Manganese . . . . . . . . . . .57'5I

Iron r)-02

Silioii 4- (13

Pliosphoms 0-153

The Ijakhanwilra ores vary from crystalline-granular, in which the

quantity of psilonielane must be small, to ores showing a crystalline

mineral in a psilomelane matrix. There is probably a certain proportion

of braunite in these ores ; but the crystalline mineral is to a large extent

one of the strongly magnetic minerals, either mangan-magnetite or

vredenburgite. The bronze tint visible in places probably indicates

vredenburgite.

Perhaps 300 yards west of the Lakhanwara outcrops noticed above,

Mathura Prasad's some openings made by Rai Sahib Mathura Prasad
deposits. have revealed the presence of further masses of

manganiferous rock. The two workings are situated on the two banks

of the Gehra Nala of the map. The opening on the east bank of the

nala shows soft schistose gneisses pierced by masses and veins of granite

and pegmatite ; the ore-band is not properly exposed, but is probably

a mixture of quartz, spessartite, and manganese-ore, intercalated in

the schists. A little to the south-west of this on the west bank of the

nala is a run of coarse spessartite in vein-quartz in a ' country ' of the

usual schistose gneisses. The ore seems to occur as a lenticle in this rock,

and is softish and mixed with spessartite. Traversing the schists is

some pegmatite composed of quartz, felspar, and mviscovite. Most

of the ore stacked from these two occurrences was small in quantity,

showed various impurities, and did not strike me as being of much com-

mercial value.

3. Gaimukh. 1

(Indian Manganese Company.)

The deposit kno\vn by this name is situated in the area marked ' see-

tapar jungle ' on the 1-inch sheet. No. 54, Central Provinces Sur-

vey, and about \\ miles west-north-west of Sitapar village, marked as
' Pangree ' on the map. It takes the form, as far as the outcrop is con-

cerned, of a lenticular body of ore 60 yards long and 20 yards wide, form-

ing a small hillock 30 to 40 feet high, situated on the south side of a low

1. Rec. G. S. I., XXXIII, p. 211, (1906).
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hillocky ridge of white quartzite, usually s'ciy like veiu-quaitz iD appear-

ance.

-Nila

Mn.-0>"6 1

JUNGLE

"^^^^^-^JT^'^^V'vl/U IT C i^IIADTT '* Ull I r\ e-QUARTZ HILLOCKS WITH/Vl;SPESSARTITE

FLATTISH GROUND WITH RED QUARTZOSE SOIL

^ THE OR€-B0DY AS EXPOSED^ IN THE JUNGLE, I

THE PORTION OF THE
I

ORE -BODY SAMPLED,

SCALB> L
SO

-L.
iqo

_J YABDS.

Fig. 47.—Sketch-plan oi the Oainnikh and Laklianwaia deposits.

The ore is hard, black and crystalline, probably braunite, the cry-

stal individuals showing faces averaging ^ inch across. But nearly

always there is mixed with the ore a dark brown mineral with inter-

stitial patches of white to pale flesh-pink colour showing a pearl lustre.

Under the microscope it is seen that the ore is an altered rhodonite-

rhodochrosite (MnCOs) rock, the former being the brcwTi and the latter

the white to pink mineral, and both these minerals will unavoidably

find their way into cargoes of the ore. The same is the case with the

sample taken by me, shown in the analysis No. 12 (page 784).

The rhodonite is of course objectionable on account of its high silica

content, but as rhodochrosite contains nearly 48 percent, of manganese,

and the CO2 is easily removed by calcination, it will probably be found

advisable to retain it in the cargoes, even though its presence may
slightly lower the manganese percentage.

As will be seen from the sketch-map, figure 47. only the

central portion of the deposit was considered worth sampling ; the

peripheral portion was mostly fairly fresh spessartite-rhodonite-rock

with a little rhodochrosite. Thus it will be noticed that the core of the
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lenticle, only about 20 yards long and 7 yards broad, is composed chiefly

of ore formed by the alteration of rhodonite and rhodochrosite, while

the external part is not only less altered, but is composed of a diflferent

rock, namely rhodonite-spessartite.rock, and in fact is more siliceous.

This probably means that the original manganiferous sediments were

more impure in the outside layers than in the layers forming the central

portions of the deposit.

The presence of carbonate suggests that the centre of the deposit

has been the pathway of subterranean waters, which have partly altered

the rhodonite to ore and also formed the manganese carbonate
; on the

other hand the carbonate may be an original mineral.

On the continuation of the ore-deposit to the east of the small nala

shown on the sketch-map, there were seen a good number of fragments

of white quartz containing dark reddish brown spessartite trapczohedra.

Similarly, to the west the quartz was also often seen to contain these

trapezohedral crystals.

None of the ' country ' could be seen at the time of my first

^ ^ ^
,

visit. North of the white quartz hillocks the

ground is obscured by heavy jungle-covered soil,

while to the south occurs a reddish quartzose soil separating the ore-

deposit from some hills of crystalline limestone.

By December 1907, however, a little work had been done on the

deposit. A cross-cut trench revealed a ' country ' of soft micaceous

and extremely schistose gneisses (almost schists) with decomposed

pegmatite. The dip seen was steep to the south side. The work further

showed that at least a portion of the larger shaded area in figure 47

does not correspond to rock in situ, but to huge masses of manganiferous

rock detached from the ore-body in situ. The work done did not

indicate the existence of an ore-body of more than moderate size.

As already mentioned, the ore in the central portion of the deposit

^ , ,.
consists of a black ore, probablv braunite.

Nature and quality . , . , .

^

of the ores. mixed With a certain proportion of rho-

donite and rhorlochrosite. A sample taken by
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bieaking pieces from the outcropping blocks over the whole of this area

was analysed at the Imperial Institute with the following result :

—

Sample No. 12.

Manganese peroxide.......... 22".51
Nfangancse protoxide ......... 52' 42
Ferric oxide . . . . , . . . . . . 8'8.5

Combined silica . . . . . . . . . .10-03
Free silica . . . . . , . . . . O'OO
Phosphoric oxide . . . . . , . . . 0- 10
Moisture at 100° C. . . ! 0-32
Carbon dioxide .......... 0-41

This is equivalent to :

—

Manganese ........... 54*98
Iron 6-19
Silica (total) 10-63
Phosphorus ........... 0-044

The high percentage of silica is doubtless an expression of the fact

that there is a certain proportion of rhodonite in the ore. The low per-

centage of peroxide of manganese compared with what is customary

and the correspondingly high percentage of protoxide are also indications

of the presence of rhodonite in fair proportion. Hence it is not possible

to say what proportion of braunite this analysis indicates. The amount

of carbon dioxide returned is, however, smaller than I anticipated, as

it indicates the presence of only just over 1 per cent, of rhodochrosite.

The large amotmt of manganese in the ore came as a surprise to me, and

it means that the ore is of considerably better quality than one would

suspect from its appearance.

The following analyses were taken from the reports of Messrs.

H. K. Scott and W. Selkirk, respectively :

—

Mr. Scott. Mr. Selkirk.

Manganese
Iron ....
Silica ....
Phosphorus

56-68
6- 21
7- 68
0-078

54-20
5-00
9-75
0-036 1

Dried at 212° F.

Mr. Scott's sample was taken from the outcrop with the rejection

of any ore that did not look good, whilst Mr. Selkirk's sample repre-

sented the ' general run of the ore neglecting, however, the siliceous

portions.'
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It is evident from the analyses that the ore of this deposit is well

worth (luarrying, as it is high in manganese and low in phosphorus, the

only feature against it being the somewhat high percentage of siUca.

During 1906 a start has been made in opening up this deposit. The

deposit is less than a mile east of the main road at a point about 2G

miles from Chhindwara.

The output from this deposit during 190G and
Output.

j^Q^ j^jj^^g

Year. Long tons.

1906 205

1907 177

4. Sitapap.i

(Indian Manganese Company.)

(See Plate 22.)

This deposit is situated about f mile due west of Sitapar village,

which is erroneously located on the 1-inch topographical map, being

really the village shown as ' Pangree ', while Pangri is a very small

hamlet about \ mile east by north from Sitapar. It is about 1 mile east

of a point on the main road 26 miles from Chhindwara. The ore

deposit takes the form of a small elliptical hillock 27 yards long from

east to west by 23 broad and perhaps 20 to 25 feet high. It rises from

a cultivated field so that all the associated rocks are completely concealed

by alluvium and the whole outcrop consists of huge blocks (see Plate 22)

of ore, which contain a variety of minerals, amongst which not a trace

of either spessartite or rhodonite is visible. The mineral assemblage

on the other hand, is unique.

The foregoing description applies to the deposit as I saw it in 1903

in the virgin state before any work had been done on it. When I re-

visited it in December 1907 the deposit had been largely worked. The

overburden had been stripped on all sides exposing a conical mass of ore

standing up in the middle of the quarry. The strike of the ore-band was

seen to be east-south-east, with a steep dip to the south side (average

of about 80°). The width of the deposit as exposed—for it was not

certain that the full width had been exposed—was 135 feet, which, at

a dip of 80°, corresponds to a true thickness of 133 feet. This thickness

includes a small proportion of partings or mtrusions of pegmatite. The

1 Rec. O. 8. I., XXXIII, pp. 211, 232, (1906).
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length exposed was 158 feet. At the west end there were a few small

pegniatitic intrusions, and at the north-east corner a much larger <.ne.

This varied from very coarse-grained felspathic rock (felspar up to

2 inches long) to comparatively line-grained rock suggesting a medium-

grained granite in texture. Much of tlie felspathic intrusions in

this quarry contains either braunite or a pyroxene. On the south

side of the east end of the quarry there was exposed a big mass of soft,

very schistose, micaceous gneiss, apparently faulted into the ore-bodv.

Its strike and dip were roughly at right angles to that of the ore-body

on either side of it.

The ores are coarsely crystalline and composed of a mixture of six

I

minerals. Of these one is a pale pinkish white

to white arsenate (with phosphate), for which see

page 218. Another is the bronze-coloured micaceous mineral which

I have provisionally designated manganchlorite (see page 195). The

other four are nianganese minerals containing high percentages of man-

ganese. One is braunite, an analypis of which is giA'^en in Part I (page

76). It occurs in lustrous black granules, which sometimes show

faces that may be interpreted as those of the tetragonal octahedron,

there being occasionally a small truncating basal plane. Another is a

crystalline manganate occurring in rough prismatic crystals that do not

show definite crystal faces, probably owing to lack of freedom during

growth of the mineral ; this mineral is closely allied to hollandite and

mav be provisionally included under that species, although it contains

a considerably higher percentage of calcium than the typical hollandite

of Kajlidongri (see pages 87—91). The third of these manganese ores is

pijrolusitc in pseudomorphs showing the outward form of manganitel.

It is not abundant. The fourth mineral, sitaparite, is a dark grey one

with a bronze tinge suggesting that it is the same as vredenburgite

found at Beldongri in the Nagpur district. The difference between the

two minerals lies in the fact that whilst vredenburgite is strongly

magnetic the Sitapar mineral is only slightly magnetic
;
also, the Sitapar

mineral contains 6 per cent, of lime. As shown on page 50 this

mineral is composed essentially of oxides of manganese and iron, the

percentage of iron being high, namely about 19 To this mineral 1

ha"*'e given the name sitaparite after the deposit.

This deposit is worth a special visit to see the ores as quanied.

The most characteristic ore is a sparkling, coarsely to rather finel}^ crys-

1 Rec. G. 8. I., XXXIII, p. 2.32, (1906).
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talline, prismatic grey hoUandite, often with patches and streaks of

bronze-tinted sitaparite, the contrast between these two minerals being

heightened by the sunhght. The only ores that can compare with these

for beauty are the beautiful blue-grey psilomelane of Kumsi in Mysore,

and the sparkling finely crystalline hollandite of Balaghrit. But tieither

of these are so attractive as the ore of Sitapar. It almost makes one

shudder to think of the thousands of tons of these two beautiful and

elsewhere rare minerals, hollandite and sitaparite, that are being shipped

and used for the manufacture of ferro-manganese !

In working this deposit it will be necessary carefully to clean out

^ ,. „ the white mineral, for otherwise the cargoes are likely
Quiilitv of the ores. ,. , . ' . ^ ,

°
, . , ^^'i

to run high m arsenic. 1 took a sample m 190.)

by breaking pieces off the outcropping blocks over the whole of the

hillock. As a fair proportion of the pieces of ore thus obtained

contained the white mineral, I separated the sample into two, 10 and 10A;
10 being composed of the four manganese-ores, and lOA of all the pieces

of ore that contained either the arsenate or the bronze micaceous mineral.

The weights of the two samples were 59 lbs. and 38 lbs., respectively.

The analyses were carried out at the Imperial Institute with the foUoAv-

ing results :

—

Manganese peroxide

Manganese protoxide

Ferric oxide .

.

Baryta
Combined silica

Free silica

Phosphoric oxide

Arsenic oxide

Moisture at 100°C.

Sample
No. 10.

42-41
36-28
9-85
1-03
6-86
0-09
0-14
0-003
0-00

Sample
No. loA.

39-58
38-08
10-05
0-31
7-90
0-00
0-27
0-095
0-01

These are equivalent to

Manganese
Iron
Silica (total)

Phosphorus
Arsenic

54-97
6-89
6-05
0-061
0-002

54-57
7-03
7-90
0-118

0 062

The interesting feature of these analyses is the difference between the

arsenic in the two samples. If the sample had not been divided into two

portions the combined sample would have shown about 0-025 of arsenic.

It is a' fortunate thing that the arsenate is so different in colour from the

manganese-ores that the coolies can easily clean it out.
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The analyses given above may be compared with those of samples

taken by Messrs. Scott and Selkirk, respectively, when they reported on

this deposit. They are as follows :

—

Manganese
Iron
Silica

Phosphorus

During 1906 and 1907 this deposit has been opened up and a consider-

able quantity of ore carted to Chhindwara and thence railed to Calcutta

via Nainpur and Gondia. Mr. Henry M. Hance, Manager of the Indian

Manganese Company, has khidly supplied the following figures of cargo

analyses of Sitapar ore :

—

1. 2_

Manganese 54-42 53 83
Iron 6-00 5 00
Silica 7-00 6 85
Phosphorus 0-077 0 053
Moisture 0-16 0 16

The remarkably close agreement between these analyses of large quan-

tities of quarried ore and those of the outcrop samples taken by Scott,

Selkirk, and myself, show that a good idea of the value of the ore in a

deposit can sometimes be obtained from outcrop sam^ples. It is evident,

moreover, froni these analyses that the ores f this deposit are of verv

high grade and equal to the best of the Nagpur ores.

This deposit has been opened up in the usual form, of an open quarry,

The working of the ^ conical mass of ore having been uncovered,
deposit. at so many other manganese quarries, it is now

found necessary to shift spoil that was originally dumped too near the edge

of the pit. The amount of waste so dumped is, however, not nearly so

large as at many other deposits. The ore is carted to Chhindwara station,

20 miles distant, by a good road involving, however, a steep ghat asr*^nt

on to the Satpura plateau.
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Output.
The output from tins deposit daring 1906 and 1907

wac as follows :

—

Year. Long ton.«.

100(5 i,cm

1907 9,869

5. Blchua.i

A little to the south of Burar Hill is a ridge of crystalline limestones

containing many accessory minerals, such as essonite. epidote, and pale

green pyroxene ^
;
just to the south of this is a series of five small hillocks,

the most eastern of which is about 100 feet high. They have a practically

east to west strike and are composed mainly of spessartite-quartz-rock

(gondite). The Ramakona-Devi road crosses the outcrop so that the

most western part is just to the south and the remainder to the north of

the road. The total length of the manganiferous band is a little over half

a mile ; but it is not continuous over this length, the two eastern hillocks

being separated from the three western ones by nearly a quarter mile. At

the west end the band is cut off by a pink tourmaline-granite tending

towards a granulite ^, whilst in the second hillock from the west end the

manganese-band is interrupted by a coarse pegmatite of quartz and felspar

containing large spessartite crystals up to an inch in diameter *
; this

pegmatite may possibly be an intrusive cutting across the strike of the

manganiferous band at right angles.

The main mass of the spessartite-quartz-rock is fine-grained and

partially altered to ore, but nowhere sufficiently so to be of any commer-

cial value. At the western end the gondite commonly takes the form of a

coarse rock of vein-like quartz and trapezohedral spessartite crystals up
to an inch in diameter. On the two eastern hillocks some rhodonite was
also .seen. The manganiferous band shows in two places, where it crosses

nalas, widths of about 20 and 40 yards respectively. The dip is nearly

vertical, being to the south on the most western hillock and to the north

on the next hillock to the east.

As will be judged from the foregoing remarks this band of manganifer-

ous rock is much too fresh and unaltered to be of any commercial value,

at least as far as one can judge from the outcrops.

1 Rec, G.S.I. , XXXIII, p. 212 (1908). i 3 Ibid., p. 176, (1906).

2 Ibid., p. 199. * Ibid., p. 179.
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6. Alesup.i

;
Due west of Devi village, a low outcrop of white crystalline limestoue2

runs up from the west to the ' Ghondee ' niila, of the 1-inch map. At the

east end, on approaching the nala, the crystalline limestone gradually

changes to the black variety^, with included spessartite and rhodonite,

and this passes along the strike into the ordinary spessartite-quartz-rock

(gondite) partially changed to ore. The total length of the outcrop of

manganiferous rock is 52 paces, and at the east end the greatest width

is 5 or G yards with a calciph}Te as ' country.' The ore-band reaches the

nala and is there cut off by a complex of pegmatite injecting a garneti-

ferous biotite. gneiss in all directions. Both limestone and spessartite-

quartz-rock contain lenticles of quartz parallel to the strike.

This occurrence is not mentioned as having any economic value, but

because of its mterest, in showing a gradual passage from a white crys-

talline limestone to spessartite-quartz-rock or gondite. The blackening

of the limestone is, as explained elsewhere*, due to the deposition

of a black dust of manganese oxide along the cleavage and twinning

planes of the calcite.

7- Devi.5

(Rai Sahib IVIathtjra Prasad.)

This deposit was discovered by an agent of Rai Sahib Mathura Prasad

of Chhindwara, who holds the property on prospecting license. The ore

occurs as an irregular, interrupted band traceable at intervals for about a

mile along the northern side of a rmi of sm.all hillocks of cry.stalline lime-

stone 6 and calciphyre 7, v/hich stretches east from the village of Devi

and terminates at the eastern end in a hill over 150 feet high. At the

western end the ore-band lies at the base of the hillocks, but at the eastern

end it gradually climbs to the top of the above-mentioned hill. Again, at

the western end the associated rocks have a steep dip to the north, while

at the eastern end a dip of 25° to the south is shown in the accompanying

crystalline limestone.

The ore-band consists largely of rocks composed of spessartite, rhodo-

nite, and rhodochrosite, the last-named being the least common of the

three minerals. Amongst these rocks is a beautiful coarse-grained one,

1 Rec. G.S.I.. XXXIII, p. 212, (1906).

2 Ibid., p. 198.

3 Ibid., p. 200.

i Ibid.

5 Fee. G.S.I., XXXIII, p. 212, .'1906).

G Ibid., p. 198.

7 Ibid., p. 190.
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composed of rose-pink rhodonite and orange spessartite. There is,

moreover, much quartz banding in the ore and manganese-silicate-rocks
;

and in places this quartz contains manganese-garnets up to half an inch

in diameter. These rocks are often blackened owing to the partial con-

version of the rock into manganese-ore ; but the alteration has only in

a comparatively few places proceeded sufficiently far for the alteration

product to be an ore of manganese ; even in those places the amount of

ore is small. This ore is partly hard and partly soft and is brownish

black in colour. The limestone adjoining the ore-band is often of the

black variety, which, as usual owes its colour to manganese oxide depo-

sited along the cleavage and twinning planes of the calcite. It also con-

tains small altered grains of rhodonite l.

I collected a sample along the outcrop to the eaft of the nala bisecting

the ore-band, from any points where it looked as if the ore was of possible

value. The sample was assayed at the Imperial Institute with the fol-

lowing result :

—

Sample No. 13.

Manganese peroxide .. .. .. .. 38 "87

Manganese protoxide .. .. .. .. 32*70

Ferric oxide .. .. .. .. .. 10'05

Combined silica .. .. .. .. 4*98

Free silica .. .. .. .. .. 0-CO

Phosphoric oxide .. .. .. .. 0"65

Moisture at 100°C. .. .. .. .. 1-27

Carbon dioxide .. .. .. .. 0'04

This is equivalent to :

—

Manganese .. .. .. .. .. 48*95

Iron ..' .. .. .. .. 7-03

Silica (total) .. .. .. .. .. 4-98

Phosphorus .. .. .. .. .. 0-283

Judging from this analysis it seems as if a small quantity of phosphoric

manganese-ore, which is not quite up to first grade as regards manganese,

may he obtained from this deposit. But until a railway has been cons-

tructed through the valley of the Kanhan it is not probable that it will

pay to extract this small quantity of inferior ore, even when the prices

rule as high as the)'^ did in 1906.

1 Eec. G.S.I., XXXIII, p. 201, (1906).
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Output.

To the east this deposit is probably cut off by a fault, for inicrocline

and other quartzites appear on the line of strike. It seems probable that

this is a continuation of the Alesur manganese-ore band, which also occurs

in crystalline limestone ; but if this be the case there is probably a fault

possibly connected with the pegmatite intrusion noted on page 790,

between the two, this accounting for the lateral shift of one relative to the

other.

During 1006 some 600 tons of ore were extracted from this deposit.

I do not know if this ore has ever been despatched to

the railway.

8. Ghoti.i

(Indian Manganese Company.)

This deposit is situated within the limits of a village, called Bharkum,

no longer existing, the site of which is about miles north-east of

Ghoti.

There are two parallel bands of ore having a strike about E. 10° N.

Of these the southern band is about 750 yards long as seen at the surface,

and the more northern one only 440 yards. For 150 yards at their

western end these two bands form the north and south edges, respectively,

of a hillock about 50 feet high, and are separated by some cultivated

ground occupying the flattish top of the hillock between. Judging

from scattered fragments, this ground must be composed of micaceous fels-

pathic schists with some pegmatite of muscovite, white felspar, and

quartz, j^robably intrusive in the schists. To the east of this hillock

the ore outcrop takes the form of a very low hillocky ridge, and where a

nala crosses the deposit about its middle it is seen that the dip is either

very steep to the N. 10° W. or is vertical, and also that the southern band

is really composed of two bands, of which the most southern is 143 paces

south of the most northern of the three bands.

The ore-band consists partly of fairly good ore, partly of grey and

white quartzites and felspathic bands, aiid partly of mixtures of ore, spes-

sartite, and quartz. A little rhodonite was also seen at the eastern end,

near which was also a pegmatite-like rock of pinkish white felspar (micro-

cline), quartz, and yellow spessartite. The relations of this pegmatite

to the ore-body could not be made out. The garnet varies from bright

1 Rx. G. S. I., XXXIII, p. 213, (1906).
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yellow to deep orange and red in colour ; while the ore varies in character

from hard stcol-grey finely facetted ore and soft very crystalline friable

grey ore to grey ore patched with l)lack and niixed with quartz, garnet,

and ferruginous patches ; these ores are various mixtures of braunite

and psilonielane. The quantity of good ore does not seem very large.

The northern band contains, on the whole, the better ore.

An outcrop sample was taken by me from wherever the ore looked

Nature and qimliiy of to be of possible value. The pieces of ore showed
the ore. braunite and psilomelane and sometimes a little

yellow garnet. The analysis carried out at the Imperial Institute is as

follows :

—

Sample No. 14.

Manganese peroxide . . . . . . . . . 42"24

Manganese protoxide . . - . . . . . . 29'42

Feiric oxide . . . . . . . . . . . 1 T 02

Combined silica . . . . . . . . . . o'dO

Free silica . . . . . . - • . . . 3"14

Phosphoric oxide . . . . . . . . . . 0'64

Moisture at 100° C. 0-52

This is equivalent to :

—

Manganese . . . . . . . . . . . 40"55

Iron 7-71

Silica (total) 8-74

Phosphorus 0*279

Making allowance for the small amount of garnet present, the analysis

shows that the ore consists of about equal proportions of braunite and

psilomelane.

The two following analyses are taken from reports by Messrs. H. K.

Scott and W. Selkirk, respectively :

—

Mr. Scott. Mr. Selkirk.

Manganese ....... 48-62 49-48

8-17 8-25

6-28 4-60

Phosphorus ....... 0-276 0-306

The first sample is described as composed of merchantable ore from

the whole length of the deposit. Mr. Selkirk's sample was taken from

the best-looking ore on the property.
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From these various analyses it wUl be seen that the ore of this locality

is highly phosphoric, whilst it is hardly up to first grade in its manganese

percentage. Measured in a straight line this deposit is about 5 miles

south-east of the road to Chhindwara at a point about 30 miles from that

town. Hence until a railway has been constructed through this area it

cannot pay to work such ore. Even when such a line has been construc-

ted it is not likely that this ore will be worked except at times of very

high prices, when it often pays to ship second grade ores as well as first.

9. Wagora 1

The metauiorphic rooks at Wagora consist chiefly of biotite-garnet-

granulites2, gneisses, and schists, having a general strike of about W.
35° N. with an average dip of 60° to the south side. By traversing the

various nalas it is seen that there are at least six parallel bands of

spessartite-quartz-rock (gondite) intercalated in the above rocks. These

bands vary in thickness from 15 inches to 60 yards, and the same band

is seen to expand and contract in a lenticular fashion t( a very marked

degree, the most noticeable case being that of the most north-easterly

band (A)3, which in one place is 60 yards and in another only 6 yards

wide. Though there is such an abundance of manganiferous rock, yet

in no case is it of any commercial value. The only two places where

the rock is to any extent altered to manganese-ore are at the points

marked A and B on the map, Plate 20, Rec, G. S. /., Volume XXXIII.
At A is a hillocky ridge 270 yards long passing to the south-east under

the liameta rocks ; in places this manganiferous band seems to be 60 yards

wide. In this outcrop occurred a little rhodonite as well as spessartite
;

and it is the rhodoniferous rock that is furthest changed to ore. A sample

was taken of a few pieces of as good ore as could be found. It showed

rhodonite, spessartite, and quartz, besides the ore, which consisted of

psilomelane with some braunite.

It was analysed at the Imperial Institute with the following result :

—

Sample No. 8.

Manganese peroxide . . . . . . . . . 31'05

Manganese protoxide . . . . . . . . 12'16

Ferric oxide ... 9-83

Combined silica . . . . . . . . . 0'57

Free silica ... . 30-06

Phosphoric oxide . . . ..... 0' 34

Moisture at 100°C. . . 0-86

1 Hec. 0. 8. I., XXXIII, p. 213, (1906).

2 Ibid., pp. 179, 180.

Ibid., map, Plate 20„



Chap. XXXIV.] chuindwara : govvari wariiona. 795

This is equivalent to :

—

Manganese . . . . . . . . . . . 29-08
Iron 0-88
siiii'M (total) m-m
Ph()S])liorus 0-148

The analysis demonstrates the worthlessness of the ore and shows

that the sample contained 30 per cent, of quartz. The combined silica

was probably present largely as spes.sartite and rhodonite, perhaps

about 15 per cent, of these minerals being present, leaving 55 per cent,

for the psilomelane (and a little braunite).

At R there is a very low hillock about 100 yards long and 30 broad.

It shows no rhodonite, being entirely of gondite, with some brown
cherty rock formed by the silicification of the manganese-rock. Here I

could not find any material worth assaying.

The specimen of gondite of which an analysis is given on page 349

was obtained from the outcrop in the nala immediately to the west of

Wagora village. (Also see Plate 11, fig. 2).

10. Gowari Warhona.i

' ' (Indian Manganese Company.)

(See Plate KK)

This village, marked on the 1-inch niap as ' Gowaree Wandona ', is

about f mile south-west of Khairi. The ore-deposit occurs to the north-

west of the village, and Mr. P. N. Datta in the season of 1893-94 found

fragments of ore scattered on the ground there, though he did not see the

ore in situ. . The late Mr. A. M. Gow Smith in 1903 independently

discovered the deposit, and located it by means of pits and two outcrops

seen in nala-beds. The accompanying sketch-plan (Plate 40, fig. 1)

shows the position of the ore-band and of the pits and trenches. The
deposit has been thus proved for a total length of nearly 1,600 feet. Its

average thickness seems to be 5J to 6 feet, with a strike of W. 35° N., and

a dip to the south side of the strike at an average angle of about 50°

The ore-band seems to be composed of very good material, being best

at its north-west end, as seen in pit 1, where it is crystalline in two or three

varieties, and is—like the whole of the deposit—divided by planes parallel

to the bedding so as to cause the ore to separate into tabular pieces

averaging 1 to 2| inches in thickness, but ranging between \ and 4 inches.

1 Bex,. G. S. I., XXXIII, p. 214, (1906).
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At the south-east end, where exposed by the four trenches, Nos. 1 to 4,

there is a quantity of intercalated schistose, quartzose and felspathic

material, and the 'country ' is peen to be partly soft spessartite-quartz-

rock (gondite) and partly felspathic schists secondarily impregnated with

manganese. The ore seen in these trenches, and in the nsila exposure

(B) immediately to the south-east, is still fairly good, but shows evidence

of deterioration in quality, which is further showTi by an outcrop in an-

other nala about 300 yards to the south-east of this exposure where the

ore-band has taken the form of an outcrop 9| feet wide, consisting of

alternating layers of yellow-brown gondite—altered to soft ore in bands

and patches— ,
schists, and fine-grained biotite-gneiss, with some vitreous

quartz-rock.

Regarding the distance to which this ore-band may be expected to

extend, it will be seen from map, Plate 20, Rec. G.S.I. , Volume XXXITI,
that about \ mile to the north-west of pit 1 the ore is cut off by crystal-

line limestone, possibly due to faulting, and that the same thing occurs

about \ mile to the south-east of exposure B. Hence the total distance to

which the ore-body may extend is % mile.

About 750 feet to the north- east of the above ore- band, pit 7

exposes another inferior band, which is possibly further represented by

a 5-inch band of gondite in the nala flowing to the east of the village.

The rocks in which these two ore-bands cccur are mainly soft grey

biotite-gneisses, biotite-felspar-schists, and muscovite-gneisses, the whole

with thin intercalated bands of soft quartz-felspar-rock.

We have here a case in which it is possible to make an estim.ate of the

quantity of ore available ; for the main ore-band.
Quantity of ore

gju^^iates a coal seam in its regular strike, dip and
available. ^

thickness between pit 1 and nala exposure B, though

probably not in constancy of composition. We will take the total length

between the above points as 1,600 feet, the average thickness of the de-

posit as 6 feet, and the specific gravity of the ore as 4|. Owing to the

diminishing quality of the ore at the south-east end, where it will need

careful cleaning, and to allow for wastage, etc., we will reject 30 per cent,

of the ore. Then if the ore continue in depth of the same quality and

thickness as at the surface for 20 feet, the quantity of ore available is

—

l,600X6x20X62-5X4-5
2,240

= 16,875 tons,

or say 17,000 tons.
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Hence for every 10 feet, measured down the dip of the rocks, that

the ore extends in depth with the above thickness and qualit}-, 8,.WO tons

of ore might be extra(;ted. Taking 40 feet as the maximum depth to

which it might be profitable to extract the ore under present conditions,

we see that there is a possible yield of 34,000 tons of ore from this

deposit
; if the deposit continue in depth of the same q^iality and thickness

as at the surface.

Since the foregoing was written T have been able to revisit the deposit

(December 1907). By this time a considerable amount of work had been

done on the deposit, in the form of the usual opencast excavations. This

work has shown that the ore-band is much less regular than one would

suppose from the outcrops and prospecting pits and trenches first con-

structed. Thus to the east of the nala section (B) a dyke of a coarsely

crystalline rock, composed of pinkish felspar with a little quartz, has been

exposed, cutting across the ore-band nearly at right angles. It strikes

E. 40° N., is practically vertical, and has a width of 3 to 4 feet. In some

places the ore-band is doubled on itself and sharply folded. Towards

the west end the ore-band is often broken, disappearing in places owing

to pegmatitic intrusions. In one place the ore-band has apparently

been faulted horizontally for a few feet.

Three sorts of ore are found in this deposit. One is the usual very

Nature and quality fine-grained braunite-psilomelane mixture, another
of the (lies. jg a mixture of these two minerals in which the

braunite predominates and is in crystals up to | inch in diameter ; the

third is made up of small parallel prisms of a manganate, to which the

name hoUandite may be extended. This type of ore tends to form the

outside of layers of ore, of which the inside is composed of the first variety.

I selected a piece of the last variety for complete analysis at the Im-

perial Institute. It showed a layer of the crystalline prismatic mineral

of a shining light steel-grey appearance resting on ore that seemed to be

composed of a mixture of this crystalline mineral with braunite. The
analysis is as follows :

—

Specimeii No. 7^2 (16-998).

Manganese peroxide . . . . . . . . . 70"84
Manganese protoxide ......... 14' 21
Ferric oxide . . . . . . . . . . . 4'91
Alumina 0 • .36

Baryta 6-18
Lime 0-47
Magnesia O'SO
Combined .silica . . . . . . . . . . 1 • 23
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Free silica

Phosphoric oxide
Arsenic oxide

Combined water
Moisture at 100°C.

Carbon dioxide

Thib is equivalent to :-

0-48
0-07
0-002
0-39
0-07
0-04

99-552

Manganese" . . . . . . . . . . .55-94
Iron 3-44
Silica (total) I-7I
Phosphorus ........... 0-031

In calculating this ore into terms of its mineral composition T found

that the best interpretation is to assume that the braunite has the cus-

tomary formula 3Mn203.MnSi03, and that the crystalline prismatic

mineral is a manganate allied to hollandite, which it resembles in appear-

ance, the high percentage of baryta being an especially good indicator

of the presence of a manganate. The mineralogical composition can be

stated as follows :

—

Apatite
Calcite ....
Braunite (3Mn203. MnSiOs)
Hollandite :

—

re4(Mn05)3
Al4(Mn05)3
Ba2Mn05
Ca2Mn05
Mg2Mn05
H4Mn05
Mn2Mn05

0-16
0-09
12-32

9 65
0 91

8 25

0 63
0 68
1 60

63 96

85 58
Free Silica

Moisture

AS2O5 .

Surplus oxygen

85-58
0-48
0-07
0-002
0-85

99-552

The surplus of 0'85 % of oxygen, may be due to experimental

errors in its determination, or perhaps more probably it can be taken

as indicating that a portion of the manganese manganate is in the

manganic form Mn4fMn05)3 and not all in the manganous form as

represented.

I took a sample of the ore from the two outcrops and all the pits and

trenches along the main band of ore. From pit No. 1 and the two out-
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crops the ore was broken from in situ, whilst from the other pits and

trenches it was taken from the small heaps of ore that had been extracted.

The ore in the sample consisted of various pieces of the braunite-psilonie-

lane mixtures with a fair amount of ore containing the crystalline manga-

nate. The analysis was carried out at the Imperial Institute with the

following result :—

•

Sample No. 7-

Manganese jieroxide ......... 54-02

Manganese protoxide . . . . . . . . . 26'02

Ferric oxide . . . . . . . . . . . 7'15

(Jombined silica .......... 4".55

Free silica . . . . . . . . . . . 1 00

Phosphoric oxide . . . . . . . . . .0'17
Moisture at 100°C O-.'il

This is equivalent to :

—

Manganese . . . . . . . . . . . 53'59
Iron 5-00
Silica (total) 6-21
Phosphorus ........... 0-074

and indicates that the ore is composed c f about 45 per cent, of braunite,

with the balance largely made of the two manganates, psilomelane and
hollandite.

For comparison with the foregoing analyses I give below some others

extracted fi'om the reports of Messrs. H. K. Scott and W. Selkirk :

—

Analyses of samples taken hy Mr. Scott.

Number. 1 2 3 4

Manganese . 53 87 51-82 54- 15 50-45 "1

Iron . 2 76 3- 10 2-56 1-.31
1

1
Dried a

y

1

212°r
Silica . 2 65 10-16 1-45 6-37

Phosphorus . 0 041 0-090 0-030 0-072
1

J

No. 1. From test pits at west end of property and mostly of beautifr.l crystal-
line appearance.

No. 2. From cross-cuts at east end of property and containing some decomposed
felspar and kaolinic matter.

No. 3. Mineral from outcrop with crystalline structure.

No. 4. Do. , but of massive and amorphous character.



Soo MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaBT IV :;

Analyses of sample taken by W. Selkirk.

Number. 5 G 7

Manganese .... 47 45 51 •94 53 66

Iron ..... 3 55 3 60 3 83
Dried

Silica 13 G5 8 30 5 30
212°F

Phosphorus .... 0 122 0 039 0 064
J

No. 5. From outcrop in .stream-bed at east end (nala exposure B).

No. 6. From outcrop in strcrtni-bcd at 200 yards further west (nala exposure A).

No. 7. From pit 2.

Judging from the analyses above there is no doubt that some

The working of
\^Si^t of the ore of this deposit is of very

the deposit. good quality, and it can only be a question of trans-

port and prices as to whether it will pay to work it. During 1906 and

1907 the deposit has been actively worked by the usual opencast methods.

Considering the narrowness of the ore-band and the large amount of dead-

work that will be necessary to win the ore as the depth of the working

increases, it originally seemed to me that this was a deposit that should

be mined from the very beginning, and not quarried, provided of course

the result of boring tests justified this. The way in which the ore-band

has been crumpled in places, and broken by pegmatitic rocks, as noticed

above, and the extreme softness of the ' country ' renders it doubtful,

however, if it v.'ould have been economically possible to actually mine

this deposit. Nevertheless, as a result of not mining the deposit, it will

probably be abandoned when the workings have reached a

depth of 40 feet (20 to 25 feet was the greatest depth reached by the

time of my visit in December 1907) ; and unless some boring be then

done it will not be known whether or not a large quantity of valuable

ore has been left in the ground.

The deposit is situated about one mile south-west of the main Nag-

pur-Chhindwara road at a point .31 miles from Nagpur. The ore des-

patched from this deposit during 1906 and 1907 was carted over this

route.
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The output of ore from this deposit during 1906 and 1907, before

Output. which it was not worked, is shown below :

—

Yoiir. Long tons.

190G 1,269

1907 11,962

11. Dudhara.i

On the south-east side of ' Dudara H ' are two bands of spessartite-

quartz-rock (gondite), both of them much too fresh to be of any com.

niercial value. The strike is south-east with a dip of 50° to the south-

west, whilst the ' country ' consists of soft biotite-gneisses and schists.

At their north-west ends, where they pass under the I.ametas and trap

of Dudhara Hill, they are in the Chhindwara district, while at the south-

east end they run into the Nagpur district and are there lost in the jungle.

The more south-westerly of the two bands is extremely interesting

;

for it is a fine example of the lenticular thickening and thinning of bands

of gondite. At its widest point it is 75 feet across ; whilst it thins

out to practically nothing at its N. W. end, and also disappears

when traced to the S. E. After this it reappears as a thin band and

runs into the Nagpur district.

I Bee. G. S. I., XXXIII. p. 214, (1906).



CHAPTER XXXV.

DESCRIPTION OF BEVOSITS—continued.

The Central Provinces—Hoshangabad and Jabalpur

Districts.

Hoshangabad district.—Sontulai.

Jabalpur district.—History—Geology—Tlie Sihora beds—Hematite-jasper

—

Manganiferous hematite—Psilomelane—Source of the manganese—Formation of

the ores—The Gosalpur quartzites—Pyrolusite—Manganiferous limonite—Lateri-

toid—Mangaaese in laterite—Economic value of the deposits—List of localities.

Kuan—Kasai Hill—Darshani—Ponra Hill—Mansakra—Mangela—Ghogra

and Dhanwahi—Sakri—Khatola—Paharewa—Mangeli—Bhatadon—Gosalpur

—

Dharampura.

Hosharigg,bad District.

During the field season of 1902-03 I found several occurrences

of manganese-ore in this district. Since that time, however, the

boundaries between this district and Nimar have been altered, with

the result that all the occurrences now lie within the Nimar district

—

under which heading they are noticed—with the exception of Sontulai

in the Harda tahsil.

In December 1902, 1 found, in the middle of the road at the west

end of the village, an outcrop of some impure
' ™ " black wad, weathering brown, and apparently

interbedded with some quartzo.<^e and brecciate rocks, presumably of

Bijawar age. The strike is E. N. E. with a moderate dip to the south

side. The outcrop was of small extent, but the ore may continue

under the soil in either direction along the strike. A specimen was

sent to the Geological Survey office and found by Mr. Blyth to contain
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21'43 per cent, of manganese. Later, when at head-quarters, I made a

complete analysis of another sample with the following result^ ;

—

Sample M. 4.

MnOj , 2413

MnO 1-91

Fe^Oa -t- AI2O3 2-28

BaO 0-67

MgO . . . . . . . . . traco

SiO,, 6918

PoO. 0-03

CoO 017

NiO 0-38

CuO 0-47

H^O (combined) 0-88

Moisture 0-53

100-63

This is equivalent to :

—

Manganese ....... 16-73

Phosphorus ....... 0-014

This ore is of course of no economic value, and I would not recom-

mend anyone to spend any money on openmg up the occurrence I

do not know what is the origin of the deposit ; I imagine that it

is not a true bed, but is more probably the result of the surface

replacement of some very siliceous rock. For a calculation of the

foregoing analysis into terms of manganates, see page 112. The possibility

of making this re-arrangement points to the mineral's being psilome-

lane ; but from its physical characteristics, especially its softness, it had

better be called wad. The presence of the quantities of oxides of

cobalt, nickel, and copper, shown is consistent with the mineral being

called wad, some wads being rich in these constituents.

Jabalpur District.

The manganese-ores of the country round Gosalpur and Sihora in

„ this district have at one time or another
History.

aroused a great amount of interest, and they

1 Eec. G. S. I., XXXI, p. 48.

O
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were well known long before much attention was given to

manganese-ore deposits in other parts of India. Mr. Olpherts in 1875

first brought the Gosalpur pyrolusite to the notice of Government. In

1879 it was examined by Mr. H. B. Medlicott, the then Superintendent

of the Geological Survey, and a note on the ore, with an analysis, pub-

lished by Mr. Mallet, i In his paper on the iron-ores of the north-

eastern portion of the Jabalpur district ~ pubUshedin 1883, Mr. Mallet

describes the manganiferous hematite with associated psilomelane of

Ghogra, Dhanwahi, Khatola, and Gosalpur. In a second paper^

immediately following he gives his views on the origin of the Gosalpur

pyrolusite.

In 1884, Mr. C. W. McMinn, then Deputy Commissioner of Jabal-

pur, sank a number of pits to ascertain the extent of the Gosalpur

manganese-ores, and Dr. King, who had succeeded Mr. Medlicott as

Director of the Geological Survey, paid a hurried visit in the same year.

In the Durga Puja holidays of 1887, Mr. E. J. Jones of the Geological

Survey continued the exploration of the ores, and immediately after

Mr. P. N. Bose, also of the Geological Survey, was deputed to make

a thorough examination of the manganese- ores of this district.

Mr. Boss's work led to the discovery of many additional localities for

pyrolusite, psilomelane, and manganiferous hematite ; and to test .several

of them he had numerous pits and trenches dug. The result of his

labours is pubUshed in two separate papers, the first in 1888, giving

a detailed description of the various deposits, with, in many cases,

estimates of the quantities of ore available, and the second^, in 1889,

dealing with the geological relations and origin of the ores.

During 1904 I paid a visit to this district and examined several of

the principal deposits, cleaning up a few of Mr. Bose's trenches and

pits. As the result of this examination I find myself in fairly good

1' On Pyrolusite with Psilomeluue ocouiring at Gosfilpui
,
Jabalpur P-istrict.' Rec,

G. S. I., XII. pp. 99, 100, (1879).

2 Rec. O. S. I., XVI. pp. 94—115.

3 ' On Lateritic and other Manganese Ore occurring at Gosalpur, Jabalpur District.'

Ibid., pp. 116—118.

* 'The Manganese-Iron and Manganese-Ores of Jabalpur.' Rec. G. S. I., XXI,

pp.74—89. (1888).

5 ' The Manganiferous Iron and Manganese Ores of Jabalpur." Rec. G. S. I., XXII

pp. 216—226, (1889).
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agreement with Mr. Bose's descriptions and conclusions, except on the

one point of the quantity of ore available. With regard to this, I

think Mr. Bose has in most cases overestimated the amount of mer-

chantable ore that the evidence obtained from the pits and trenches

dug justifies one in expecting to be present.

Mr. liose has given an excellent geological sketch of this area,

and published with his first paper a geological
Geology. ^

, ^,
' ^

,map 01 the manganese area showing the distribu-

tion of the various manganese -ores. The geological part of this map is

largely based on a map made by Mr. C. A. Hacket in 1871. But

certain alterations were made by Mr. Bose, and the localities for mang-

anese-ore are, of course, all his own additions; and for most of the

locahties mentioned in this chapter I will refer the reader to Mr. Bose's

map.

The manganese- and manganiferous iron-ores occur in two formations,

namely, in laterite and in ' transition ' rocks. The 'transition^ rocks have

been previously described as Bijawars ; but in view of their extremely

metamorphosed condition and general Hthological resemblances, there is

reason to suppose that these rocks are really of Dharwar age, and as

such they will be referred to here. These so-called Bijavars were

divided by Mr. Hacket into four groups as follows :

—

1. Chanderdip group.

2. Lora ,,

3. Bhitri

4. Majhauli

Practically all the ores occur in the Lora group, though Mr. Bose

gives three localities for pyrolusite in his Majhauli-Bhitri group. Mr.

Bose subdivides the Lora group into two divisions :

—

1. Sihora beds,

2. Gosalpur quartzites,

the Sihora beds being the overlying rocks.

The manganese-bearing area of the Lora rocks stretches S. S. W.

from theE. end of the Lora range of hills to Sihora and Paharewa, adis-

tanceof nine miles. Here alluvium supervenes for about two miles, and

then the same rocks appear at Naigain, with a marked shift in their

o 2
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alignment, due either to a fault or a very sharp change in strike, and

extend S. W. for another nine miles through Gosalpur to Marhasan

and Chindamani. The width of this strip of rocks varies from three

to five miles. Roughly speaking the outcrop takes the form of a

lenticular patch of slaty shales and banded hematite-quartzites, flanked

on both sides by massive quartzites.

' The shales and micaceous hematite-banded quartzites form a distinct synclinal

(which we shall call the Lora syncline) just west of Gosalpur, their dip at Gosal-

pur pointing north-north-west and at Ghugri in the opposite direction. In

the south-western direction the syncline is traceable to Murhasan and Khorawul,

the micaceous,—hematite-banded quartzites, or hematite-quartzites, as they may
be more conveniently called, forming two broken parallel ridges, and the shales

superposed on them, the valley between. North of Gosalpur, the synchne is more

or less distinctly traceable to the Lora range proper, where the rocks are greatly

folded and contorted. 'i

The above-mentioned beds constitute Bose's Sihora beds, and the

massive flanking quarzites are his Gosalpur
The Sihora beds.

. i , ,
quartzites ; he supposes them to pass under

the Sihora beds, though signs of bedding are very difficult to find in

the Cosalpur quartzites. According to Bose the sequence of the

Sihora beds is as follows (in ascending order) :

—

' 1. Slaty shales.

2. Thin laminated quartzites usually of a jaspery type, and often parted by

layers of micaceous iron ore interstratified with shales.

3. Slaty shales, usually sheeny and tinted red.'

2

White talcose shales occur interlaminated with the other shales and

hematite-jaspers, and also in separate beds.

The banded hematite-jaspers are most strongly developed in the

Lora range. The typical rock is composed of
Hematite-ja.spers. . ti.ii i

altematmg bands of a reddish, lavender, or

whitish, jasper or jaspery quartzite, and of a schistose micaceous

hematite splitting easily along the schistosity planes so as to show

a shining satiny lustre (see Plate 9). The rock is often extraordinarily

contorted, and when this is the case bands of jasper or hematite are

frequently seen to thin or thicken in a lenticular fashion, or even to

pinch out entirely, this being possibly a result of the contortion. This

1 Bose, Rec. G. S. I., XXII, p. 218.

2 Ibid; p. 220.
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contortion hag occasionally produced a cleavage in the hematite which

cuts the laininatinn planes at an acute angle, though the cleavage

usually coincides with the lamination.

Frequently the hematite contains scattered octahedral magnetite

crystals varying in size from a pin's head to ^ inch or i inch in diameter,

and these stand out on the cleavage planes as tiny elevations or pimples

over which curve hematite films ; the crystals weather out in their typical

octahedral shape.

A much less common rock is one composed of bands of very finely

granular magnetite alternating with jaspery bands, usually whitish or

brown in colour.

The siliceous bands that separate the hematite or magnetite layers

are seen microscopically to consist usually of microcrystalline quartz.

Sometimes almost cryptocrystalline, and at other times slightly more

coarsely crystalline
;
they may accordingly be termed jasper or jaspery

quartzite according to their degree of fine-grainedness. The varying

colours are due to varying impurities. When white the impurities are,

of course, very small in amount, but when reddish there is usually a cer-

tain amount of crystalline hematite in tiny scattered grains or of opaque

red ochre, while the brown jasper associated with the magnetite bands is

Seen to contain clouds of minute scattered magnetite cubes or octa-

hedra. The quartz, when in suflficiently large grains, often shows undu-

latory extinction ; further the rock commonly shows minute quartz

veins traversing the various bands of jasper and iron-ore indiscrimi-

nately.

The hematite bands vary in thickness from mere partings of the

thickness of a hair in the jasper or quartzite, up to solid ore in layers

as much as two or three inches thick, with the siliceous bands quite

subordinate, or even absent, e.g., at Dhanwahi, Dharampura, and

Gosalpur. This hematite is often very fissile, splitting into thin

laminae, which are not very friable, but which show a b'ilUant satiny

lustre, sometimes with fine waves due to minute contortions. At other

times the hematite is not nearly so fissile, but is more friable, readily

yielding to the fingers abundant tiny scales of micaceous hematite.

This latter is more like a schist of micaceous hematite, while the

former variety more resembles a weU-cleaved slate in structure, and it
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is possible that the difference is due to the cleavage corresponding with

the banding or original bedding in the former case, and to the cleavag^

cutting the banding obliquely in the latter case. The accompanyin

figure shows an actually observed case. In either case the rock is

probably best described as a micaceous hematite-schist, or, when

banded with siUca, as a banded micaceous hematite-jasper or quartzite

or more simply as banded hematite-jasper or quartzite.

micace ms hematite,

pale lavender jaspcry quarlzite.

micacoous h ematite.

Fig. 18.— Bauded heruatitc jaiper i^howing slaty cleavage. Natural size.

In several places these hematites have been greatly altered at the

surface with the production primarily of
Manganiferous hematite.

i • i <• -imangamierous hematite and later of p?ilo-

melane. Quite fresh micaceous hematite has a bright red streak,

but as it becomes more and more manganiferous the streak changes

through dull red, chocolate, brown, and brownish-black, to the black

colour characteristic of psUomelane. This change is also accompanied

by a gradual loss of lustre (and of hardness, in the case of the harder

variety of hematite) and texture, with the production of a dull black

soft rock still retaining the abundant signs of the original schistosity.

In the later stages of the change thin veins of psilomelane appear both

parallel to and cutting across the lamination of the hematite, and as

irregular segregations ; but at the earlier stages it is not possible to see

what is causing the change of character. It may possibly be a replace-

ment or coating, scale by scale, of the original hematite by psilomelane,

so that the hematite individuals still remain separate; whilst later they

unite to form visible psilomelane in places. Such ore, in which traces

of the original structure stUl remain, and in which visible psilomelane

may or may not have appeared in any quantity, is what has been

described as manganiferous hematite.
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The following analyses of samples taken by me show that this ore

still contains a very large proportion of iron :

—

Locality. Dharampura. Sakri.

Number of sample. A. 17. 69

Manganese peroxide (MnO.,) 32-28 24 12
Manganosp protoxide (MnO) 2-dO 2-13

Ferric <>xidc (FcoOs) . :^5-28 37-39

Baryta (HaO) . 119
Combined silica (SiO,,) 415 2-51

Free silica (SiOo) 15-5() 7-22

J'hosphoric oxide (PoO-) 0-355 0-05

Arsenic oxide (AS0O5) 0-008

Combined water ( H.,0) 2-60

Moisture at luO' C.
"

. 0-30 0-14

rhese are equivalent to

—

Manganese .... 22-34 16-91

Iron . . . . , 24-70 26-17

Silica ..... 19-65 9-73

Phosphorus .... 0-155 0-02

A. 17.—Analysed by J. and H. S. Pattinson.

69.—Analysed at the Imperial Institute.

An analysis by Mallet of a sample from Ghogra and Dhanwahi is

given on page 825. It shows :

—

Manganese (trace of cobalt) ..... 12-26

Iron ......... 46-43

Silica (insoluble residue) . . . . . . 9-55

Phosphorus ........ 0-12

Asa final stage the whole rock may become converted into psilome-

lane, often containing remains ot original hema-
F-silomelane . .

,

tite jasper, shale, or talc
;

then, 01 course,

except for these remnants, the original rock structure has been entirely

obliterated. As an example of such final concentration of the man-

ganese as psilomelane may be mentioned an analysis of psilomelane

from Gosalpur by Mr. Mallet, which yielded 83-20% available peroxide

= 52-537oMn i, and of a sample (A. 18) of psilomelane collected by
me at Dharampura (see page 834).

1 Bee. G. 8. I., XVI, p. 118.
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As to the source of the manganese that converts apparently non-man-

ganiferous micaceous hematite into mangani-
Source of the man-

fgi-Q^g hematite at the outcrops in certain
ganese. _

^
.

.

localities—for this manganiferous hematite is not

to be found in every place where hematite occurs—Mr. Bose says ^ :

—

' There can be hardly any doubt that the original source of the manganese ores

of the Jabalpur ground is to be sought for in the micaceous,—iron-banded quartz-

ites of the Lora group. The hematite usually assumes the form of micaceous ii'on

ore, and has manganese disseminated in it, though in very minute quantities.'

This latter appears to be an assumption based on probability ; for

no analytical or other evidence is given in support of the statement.

That this assumption is probably correct, however, is indicated by the

two following partial analyses by Messrs. J. & H. S. Pattinson. Sample

A. 7 is of apparently non-manganiferous hematite from hill 1520 at

Mangela, in the manganese area, and sample A. 10 represents the soft

red hematite of similar age worked by native iron smelters at Jauli,

outside the manganese-area :

—

Locality. Mangela. Jauh.

Number of sample. A. 7. A. 10.

Ferric oxide

Ferrous oxide
Total silica.

Combined water
Moisture at 100° C.

69-86

nil

20-40

1-40

0-35

85-57

nil

5-80

2-50

0-30

Iron .........
Manganese ........
Phosphorus........

48-90

1-70

0-479

59-90 .

0-16

0-043

Assuming that we may take it as settled that the fresh micaceous

hematite does contain manganese in minute
Formation of the ores. ...

quantities, then it seems that, when the outcrop

of the hematite-quartzites is subjected to weathering, both iron

and manganese go into solution, and that the solution, percolating

through the cracked surface rock, deposits its manganese in a state of

fine dissemination in the unaltered hematite. Some of the manganese

also replaces the bands of quartzite, jasper, phyllite, and shaly slate,

1 Bee. G.S.I., XXII, p. 222.
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often present in the hematite, all tlicse substances being carried away in

solution, and the interchange being probably, at least in part, metaso-

matic. This process of concentration of manganese and removal of iron

continuing for a long time results in the fina! change of the whole out-

crop into psilomelane boulders and nodules, resting upon mangani-

ferous hematite veined with psilomelane, with this passing gradually

downwards into unaltered hematite.

Turning now to the Gosalpur group, which Bose supposes to underhe

„ , , the Sihora beds, we find it to be composed
The Gosalpur quai tzites.

_
^

^

principally of quartzites varying greatly in

colours, various shades of white, brown, grey, yellowish, and reddish

prevailing. In texture they are usually very fine-grained, sometimes

fine enough to be called jaspers, and typical red jasper is not an uncom-

mon rock in this group, e.g., at Mangeli. Occasional thin partings of

micaceous hematite are also found in these quartzites at places. The

Gosalpur quartzites show bedding but seldom, and are very frequently

brecciated at the surface, showing angular fragments of quartzite set in a

matrix that may be limonite, pyrolusite, psilomelane, ochre, or chert.

In some cases this brecciation strongly suggests the fault breccias that are

so common in the Dhar forest and elsewhere ; this especially applies to

the breccias with a chert matrix. But in the majority of cases this brec-

ciation is only superficial and is due to chemical changes affecting the

rock, and possibly taking advantage of cracks. A very common way in

which this change takes place is as follows. In the white quartzite, for

example, tiny round yellow spots appear, often arranged in bands, and

these spots become more and more numerous, finally joining together so

as to produce a soft sandy yellow rock in which are enclosed unaltered

areas of the original quartzite. These being usually angular in area

impart to the rock the aspect of a fault breccia of white quartzite set in

a soft sandy or ochrey yellow matrix. This rock is seen in many of

Mr. Bose's pits at Gosalpur and elsewhere to pass downwards in the course

of a few feet into unbrccciated, and but sUghtly altered, quartzite.

It is in association with the Gosalpur quartzites that the pyrolu-

Pyrolu«ite
^^^^ ^^^^ district is usually found. The
relationship of the pyrolusite to the quartzite

is well seen in many of Mr. Bose's pits at Gosalpur.
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The following section l recorded by Mr. Bose is a typical one :

—

2' Soil.

2' 8 ' Abundant nodules of pyrolusite, ^ inch to 6 inches in diameter, mixed

up, as usual, with nodules of iron-ore. A little psilomelane and imd
occurs in association with the pyrolmite.

4' 10'' Fragments of decomposed yellowish, and yellowish-white, mottled quartz-

rock, becoming larger and more abundant towards bottom. Pyrolmite

occurs in the interstices in larger blocks than in the preceding stratum

and with cavernous spaces containing the decomposed quartz-rock.

Decomposed quartz-rock with veins and nests of pyrolusite.

In some of the other pits this quartz-rock or quartzite is seen to pass

down into similar decomposed rock free from pyrolusite, and doubtless

this passes still lower down into fresh quartzite. The iron-ore is limonite.

Occasionally psilomelane predominates over pyrolusite in this

decomposed quartzites, as in the following section noted by me in one

of the old pits :

—

6" Soil.

3' 6" Small nodules and fiat pieces of psilomelane with granules of the same.

Also a few remains of quartzite and a little limonite. But nearly all

more or less good psilomelane ; which, however, often shows soft

yellowish remains of quartzite. Occasionally there is a little pyrolusite,

which either occurs fiUing or lining cavities in the psilomelane, or, occa-

sionally, in thin radiated crusts on the psilouielane.

4' Decomposed white to yellow crumbly Gosalpur quartzite nvith fairly

numerous veins of psilomelane in cracks or cavities.

It will be judged from these sections, and is very clearly seen in the

field, that the manganese-ore has been introduced into the quartzite by a

process of replacement ; in which the silica of the quartzite has been taken

into solution and manganese-ore, usually pyrolusite, deposited in its place.

This replacement has been effected at the surface, so that there is a

passage downwards from the ores containing very little residual quartzite

at the surface to the decomposed quartzite containing scattered veins and

nests of the pyrolusite, and from this into the blotched quartzite, in which

ochre has appeared in spots as described on page 811 ; but in which man-

ganese-ore has not yet appeared. This rock passes still lower down into

quite fresh quartzite. The ores thus formed by this superficial replace-

ment are of course similar in origin to those found in many other parts of

India, as, for example, in Mysore, Singhbhum, and the Panch Mahals.

1 Rec. G. S. 1., XXI, p. 79.
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It depends on the degree of completeness to which the replace-

ment has been carried as to whether the ore is of commercial value cv

not. When the replacement has not been pushed far enough the ore is

apt to be very siliceous owing to the large proportion of the grains of

quartz that have escaped replacement. When, however, the replace-

ment has been pushed to its utmost limit, an ore may be produced that

is practically free from quartz. This is well illustrated by the analyses

given below. The pyrolusites they represent are from four different

localities, and have all been formed at the surface by the replacement

of quartzites. It will be noticed that in the sample from Gosalpur the

process of replacement has been pushed nearly to completion, so that

there is now only 1"85% of silica left, whilst the percentage of manga-

nese has risen to 56"80. In the Mansakra sample the replacement has

been carried nearly as far, but replacement by iron in the form of

limonite has accounted for a somewhat larger proportion of the change

than has replacement by manganese. In the Paharewa and Mangeli

sample the replacement is much less complete, 17";:0% of silica being

left in the former case and ir35% in the latter. Here also about half

of the replacement has been effected by iron and about half by man-

ganese, although the presence of iron in such large amount would not

have been suspected from the physical aspects of the ore. These two

latter samples showed residual sihceous matter in quantity, whilst even

the Gosalpur sample showed occasional quartz.

Numbf;!- of sample. 63 ' 68 A.6 A. 16

Locality. Mansakra. Paharewa. Mangeli. Gosa ipur.

Character of the ore.

Pyrolusite

with

limonite.

Pyrolusite.

Pyrolusite

with psilome-

lane and limo-

nite.

Pyrolu-

site.

MnOj
MnO .....
Fe.Oj . . • . .

Bab
SiO, (combined)
SiO;; (free) ....
PjO',

As,,6,

HjO (combined)
Moistmre at 100° C. .

34-92

2-46

44-96

trace

2-13

2-27

0-50

0-44

37- 07
1-53

38-06

2-48
14-82

0-31

012

37-90

213
37-42

010
5- 35
6-00
0-655

7
-00

0-60

88-58

1-03
2-28
1-61

1-75

010
0 355
nil

2-60
0-40
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These are equivalent to :

—

Number of sample. 63 68 A.6 A. 16

Locality. Mansakra. Paharewa Mangeli. Gosalpur.

Character of the ore.

Pyrolusite

with

limonite.

Pyrolusite.

Pyrolusite

with psilome-

lane and limo-

nite.

Pyrolu-

site.

Manganese.... 24-00 24-65 25-60 56-80

Iron ..... 31-47 26-64 26-20 1-60

Silica (total) 4.40 17-30 11-35 1-85

Phosphorus. 0-22 0-135 0-286 0155

Sample No. 63 was taken along the Mansakra ridge. It consists of p3frolusite

with a certain amount of chert like limonite, and some residual quartzite. Ana-

jysed at the Imperial Institute.

Sample No. 68 was taken from a gravel pit on the south side of the hill to the

east side of the Mirzapur road, where there were exposed numerous bands of

pyrolusite in a laminated sandstone-like rock, which was probably really a

decomposed form of the Gosalpur quartzite. Some of the pieces in the sample

showed siliceous bands. Analysed at the Imperial Institute.

Sample A 6 was taken from two of the pits on south side of the small hill

just to the west of Mangeli village. Besides pyrolusite the sample included a few

pieces of psilomelane ; and some of the pieces of pyrolusite showed some limonite

and hematite ; and a little siliceous remains. .Analysed by J, and H. S. Pattinson.

Sample A. 16 was taken from one of the sides of one of the large irregular

pits at Gosalpur. It consists of fine-looking pyrolusite, which occurred as a bed

about 1 foot thick at a depth of 4 feet from the surface. The bed was apparently

composed entirely of pyrolusite nodules from V' up to 6'' in diameter ; but did not

continue far laterally, the pyrolusite giving way to psilomelane and limonite in one

direction. It is overlain by 6'' to 1' of limoni'.e nodules and this by soil containing

scattered fragments of limonite and quartzite. Analysed b\- J. and H. S. Pattinson.

In some places at the surface the ridges of both the Sihora or

„ -f ,. Gosalpur divisions of the Lora group (as
Manganiferous limonito. ^ o \

mapped by Mr. Bose) are capped by masses

of limonitic rock, which is usually somewhat manganiferous. I am
inclined to think, however, that at Mansakra the rocks mapped as

Gosalpur by Mr. Bose may be Sihora. If this be the case, these limonitic

cappings are restricted to the Sihora beds. The limonite itself often

shows a sort of slaty structure when resting on the outcrops of Sihora

beds, as at Sakri and Kasai Hill, and it seems probable both from this
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circumstance, and because of residual fragments sometimes found in the

limonite, that these Hinonites have been formed by the replacement at

the surface of the interbanded shaly slates and hematite-jaspers, the

resultant limonite retaining the slaty structures of the replaced rocks.

These limonite are sometimes, however, free from this slaty structure

and are then chert-like in appearance, and vary in colour from ochreous

brown to liver-brown. The limonite is often traversed by veins of

psilomelane ; which is also often present in the limonite in irregular

concretionary masses, sometimes of considerable size, as on Kasai Hill.

Should iron smelting on European Hues ever start anywhere near this

district, these linionites could probably be worked profitably and sorted

as worked into iron-ore comparatively free from manganese, mangani-

ferous iron-ores, and manganese-ores. The quantity obtainable at

Darshani Hill, Kasiii Hill, and the Mansakra ridge, and other localities

in this area, is probably not inconsiderable, although it must be remem-

bered that by its very origin this ore is only found superficially. As

examples of the quality of these ores the following analyses of samples

taken by myself are interesting :

—

Analyses of manganiferom limonites.

Number of sample. C4 65 A.

8

Locality. Mansakra. Sakri. Kasai Hill.

MnO 005 0-00 8-64

MnO„ 1-48 0-91 0-95

Fe„0; 73-03 60-12 67-28

Bab 0-11

SiO., (combined) .... 1 22 2-05 4-30

SiO; (free) 3-99 9-58 0-80

P2O5 0-74 1-03 1-91

H,0 (combined) .... 10-30

Moisture at 100° C 0-38 0-29 0-65

These are equivalent to :

—

Manganese ..... 1-29 0-71 6-20

Iron ...... 51-12 42-08 47-10

Silica (total)..... 521 11-63 5-10

Phosphorus ..... 0-323 0-044 0 853

9
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Sample No. 64 was taken all along the outcrop on the Mansakra ridge. It

consisted mainly of the cherc-Uke limonite, which often showed a certain (juantity

of m;inganese-orc in streaks and in cavities, the ore consisting of both psilomelano

and pyrolusitt?. Some of the ore was rather clay-like and one piece consisted of

soft yellow limonite with streaks of psilomelane and included angular quartzite.

Analysed at the Imperial Institute.

Sample No. 65 was taken from the outcrop of Hmonite on the ridge situated

about 1 mile E. N. E. of Sihora railway station, at the north end of the ridge.

The sample consisted of limonite, oftf>n with psilomelane veins ; one or two pieces

showing remains of original micaceous hematite ; and one piece red earthy hema-

tite. Analysed at the Imperial Institute.

Sample A.8 was taken all along the top of Kasai Hill. The original sample

was divided into two, one consisting of the manganese-ore (sample A. 9, not

analysed), and the other [\. 8) of limonite rendered manganiferous by the presence

of a certain number of psilomelane veins. Ths limonite shows the usua]

slaty structure, and, sometimes, stringers of radiated hard shining limonite-

Anxlysed by Messrs. J. on ). H. S. Pattinson.

It will now be necessary to refer to the rock I have called lateritoid

in the second part of this Memoir. The term
Lateritoid.

i i i i i

lateritoid, it may be remembered, was mtro-

dr ced to describe those forms of manganese and iron-ore—formed on the

outcrop of the rocks of the Dharwar formation—that have some resem-

blance to the rocks usually called laterite ; but which are nevertheless

distinct from what is usually referred to as laterite by most geologists.

Lateritoid is usually distinguished by containing residual fragm.ents of

the rock from which it has been derived by replacement, these fragments

being merely the portions of the original rock that have escaped re-

placement at the time of formation of the lateritoid. From this point

of view, therefore, all th° pyrolusite, psilomelane, and manganiferous

limonites and hematites to which reference has been made in the

preceding pages should be classed as lateritoid.

In addition to the occurrences of manganese-ore that may be

grouped under the term lateritoid, there are
Manganese in laterite. , • i , ^ , -, r .^

also some m what must oe regarded for the

present as true Za^m'te. Someof the pyrolusite near Gosalpur occurs in

the laterite that obscures a portion of the Dhjirwilr (Gosalpur) rocks of

that neighbourhood. The manganese-ore that occurs in the laterite is

not, however, of much importance as compared with the lateritoid

occurrences of manganese-ore. The most notable occurrenpe is at
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Bhiitridon, where there is some manganese-laterite composed mainly of

wad, for an account of which see page 8.'50. This laterite is, however,

closely associated with the surface-brecciated Gosalpur (|uartzite. and is

hence only doubtfully to be regarded as true later ite. Also see Mallet,

Rec. G. S. /.,XII,p.i)9; and XVI, pp. 116-118.

Turning now to the economic prospects of the ores of this

district, and taking no account of the

Economic value of the
^ateritic Ores, which are of little value, there

deposits.
. 1 ,

are the following ores to be considered :—mic-

aceous hematite, manganiferous hematite, manganiferous limonite,

psilomelane, and pyrolusite. As far as I could tell from the evidence

it did not seem probable that any one of these ores was

obtainable in large quantity. The micaceo^is hematite, which

is the only ore not of secondary origin, is very much interbanded

with jasper, although sometimes present in beds or layers of sufficient

thickness to be of possible value. The manganiferous hematite being

derived from this is naturally present in still smaller quantities. The

manganiferous limonites occur in some quantity capping some of the

ridges, and are to be considered as the best examples of lateritoid in

this area. The psHomelane is the final product of the series of changes,

of which the first is the conversion of ordinary hematite into

manganiferous hematite, and as such is not found in any very large

quantity, although it is possible that a considerable accumulation

of this mineral may be found at one or two spots. The fyrolusite seems

to be present in fair quantities at one or two localities, notably

Mansakra and Gosalpur, and it is possible that a fair amount of it

may be obtained if these deposits are ever carefully opened up.

Apart from their irregular mode of occurrence, these ores suffer from a

great variability of composition, due to the way in which they have been

formed. They are also in many cases extremely phosphoric. The best

prospect of their being worked at a profit would exist if iron works

were set up to treat the iron ores of the Agaria and Jauli areas

of this district.! The ores of the Sihora and Gosalpur areas could

iThe report made by Mr. E. P. Martin and Prof. H. Louis on the prospecting opera,
tions that were carried out in this district under their direction were distinctly unfavour-
able with regard to the possibility of the success of such a project. See Agricultural
Ledger, No. 3 of 1904, pp. 19—23.
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then be worked as a whole and sorted into three products, iron-ore

manga niferoiis iron-ore, and manganese-ore. Any attempt to work the

manganese-ores alone is likely to be a source of loss to the operator,

except at times of very high prices. It is also likely to lead to a

loss of iron-ore that would be considered worth saving were any iron

works in existence in the neighbourhood. As regards transport,

none of the deposits are situated more than three miles as the crow

flies from the Jabalpur-Katni branch of the E. I. R. During 1907,

Mr. J. Kellerschon has opened up the Mansakra pyrolusite on behalf of

the Carnegie Steel Co. with an output of 7,100 tons. See page 824 for

the analysis of this ore.

The following is a list of the localities, arranged in groups accord

ing to their geographical situation, at which
List of localities. ^ & & r

.. .

manganese-ore and mangamierous u'on-ore

have been found in this district :

—

1 Emelia.

2. Hardua Khiird.

3. Kuan.

4. Bara Chhapra.

5. Kasai (Kashi) Hill.

6. Darshani.

7. Ponra (Ponda) Hill.

8. Oihota Chhapra.

9. Mansakra.

10. Sihora

11. Mangela.

12. Ghogra.

13. Dhanwahi.

14. Kurm (Kuro).

15. Lora Hill.

16. Sakri.

17. Khatola.

18. Paharewa.

19. Deori.

20. Mangeli.

21. Daroli.

22. Hargarh.

23. Bhatadon.

24. Muret (Muraith).

25. Naigain.

^ Sleemanabad Group.

1

'Sihora Group.

I
Gosalpur Group.
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26. Chandnotii.

27. Dhani^f(on.

28. Kailwas.

29. Chind^maci.

30. Gosalpur.

31. Dharampura.

32. Hirdenagar.

33. Marhasan.

34. Keolari.

35. Nargdon.

36. Pararia ( Pandaria)

37. Nonsar.

38. Gangai.

J

X Panagarh Group.

i Gosalpur Group

—

{contd).

I do not intend to give a detailed account of the occurrence of

manganese at each of these localities. In the first place, I have not

visited them all. Tiiose to which I have been are Nos. 5-7, 9-14, 16-18.

20-23, 30, 31. In the second place, ample accounts of most of these

occurrences have been given by Mr. Bose in the two papers already cited,

while most of the localities are marked on the map accompanying

the first of these papers. Hence I shall in most cases merely refer to

Mr. Bose's papers, adding remarks of my own where it seems necessary.

Of the two papers by Mr. Bose, the one in volume XXI of the Records

has a pagiration of 71 to 89, and the one in volume XXII of 216 to

226. Hence in referring to these I shall merely mention the page.

This place lies about 4 miles S. S. W. of Katni. Mallet gives

an analysis of laterite from here containing 1*54% of Mn203, containing

traces of cobalt i.

ing originally 5 or 6 lbs., was sent to the Geological Survey oflice by

Lieutenant-Colonel H. F. Loch in 1906. It was found in the jungle 4

or 5 miles north of Kuan, which itself lies about 8 miles north of Sihora.

4. Bara Chhapra.

1, Emelia.

See Bose, page 86.

1 Jiec. G. S. I.. XVI, p. 108, (1883).

?
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5. Kasai (Kashi) Hill.

See Bose, pages 77, 86.

This is the hill marked on the 1-inch map as '1523. On top of

this hill are massive outcrops of limonite, apparently in horizontal

columns striking W. 20° S. On the very top of the hill the limonite

strikes E. 25° N., and at this point it is 36 feet across the limonite out-

crop. The limonite shows a slaty or schistose structure, is brown in

colour, and in places contains remains of yellow shale-like material,

probably representing the rock that has been replaced with formation

of the limonite. At the N. W. edge of the top of the hill the

limonite is somewhat quartzose, containing remains of white quartz.

The grain of the limonite is usually extremely fine, so that the ore

looks amorphous, except for the slaty structure. It usually contains a

number of tiny cavities, and is often traversed by strings of radiated

hard shining limonite and of psilomelane, the latter sometimes

fining cavities bounded by radiated limonite. In general, the psilome-

lane has been deposited subsequently to the limonite. Sometimes the

veins of psilomelane are very numerous, forming a network ramifying

through the limonite, and occasionally the rock is entirely psilomelane.

This latter feature is especially noticeable a little way down the S. W.
slope, where 1 saw quite a lot of psilomelane, one mass being about a

yard cube as judged from the exterior. At this point the width of the

outcrop of iron- and manganese-ore is about 45 to 50 feet.

The evidence obtained indicates that the limonite and psilomelane

form merely a capping to the hill, being the result of the surface re-

placement of some underlying rocks striking about W. 30° S. and dip-

ping at about 45° to the N. W. side. These rocks were possibly banded

hematite- and magnetite-quartzites. If the cap of this hill were to be

worked and sorted into two products, iron-ore and manganiferous ores,

a fair quantity of ore might possibly be obtained ; but I do not think

it could be profitably worked as a source of manpanese-ore alone. I

took a sample by breaking off pieces of ore at intervals all along the

top of this hill. This sample I subsequently divided into two, one

of them (A. 8) consisting of limonite more or less nianganiferous due to

the presence of psilomelane veins, and the other (A. 9) of cavernous

botryoidal psilomelane, with a little attached limonite and occasional

remains of white quartz. The former sample only was sent for
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analysis and the result is given on page 815, fiom which it will be seen

that the ore is a manganiferous iron-ore of good quahty, except for

the phosphorus. It would, however, make a valuable basic ore.

On the S. E. side of the Kasai Hill there is a low range of hillocks

of magnetite-quartzites with a little hematite. These are brecciated at

the surface, ow^ing to the rock being partially replaced by limonite and

psilomelane ; but no ore of economic value is exposed. On the

top of the most western hillock there is a good example of pyro-

lusite-cemented quartzite breccia, this rock being a result of the partial

replacement of a quartzite that may belong to the Gosalpur division.

6. Darshani.
See Bose, page 77,

Darshani Hill is situated about § mile north of the village of the

same name, and is the one marked on the map as 'HIS. It is

perhaps 120 feet high referred to the surrounding plains. At first

sight it seems to be composed entirely of the limonite seen on Kasai

Hill, But it is probable that here also the ore occurs as a capping,

perhaps extending part of the way down the slopes. The ore consists

mainly of limonite, but contains a number of veins and patches of

psilomelane, and in places the rock is entirely psilomelane. The ore

often shows angular quartzose remains. Round the base of the hill

there is a considerable amount of talus-ore, consisting of limonite

and psilomelane, the latter often bemg rather pyrolusitic. It is prob-

able that a considerable amount of limonite and manganiferous ore

could be won from this hill, as at Kasai Hill, if it were worked for

both sorts of ore.

I understand that some work was done on this hill during 1907 by

a syndicate styled the Multiore Syndicate. But I have not heard the

result of the work,

7. Ponpa (Poncla) Hill.

See Bose, pages 76, 77, 225, 226.

This is the Ponri Hill of Bose ( 1396 on map), and is apparently of

no value as a source of either manganese- or iron-ore, except perhaps for

some talus-ore. An interesting specimen obtained here was a piece of

psilomelane retaining the original laminated structure of the shale

or slate from which it had resulted by replacement, and a.so containing

P 2
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remains of the shale or slate, although in an altered condition. On
account of its laminated character this ore resembles in appearance

some of the ores of the Sandur Hills, especially those of Rsiniandurg.

8. Chhota Chhapra.
See Bose, page 84.

9. Mansakra.

See Bose, pages 85, 223.

The ridge in which these ores occur runs for about 2 miles in an

E. N. E. direction, through the village areas of Mansakra, Silondi, and

Majhgaon. A little ore seems to have been found in Majhgaon, but

none in Silondi. All that follows refers to the Mansakra portion.

It is difficult to say what is the predominant rock in the

ridge, because of the secondary cappings of ores. But judging

from fairly numerous exposures of the underlying rocks I think it prob-

able that the ridge consists mainly of jasper or quartzite, with a band

of hematite-jasper. Mr. Bose maps the ridge as belonging to the

Gosalpur group, but on account of the presence of this hematitic hand,

it might seem more reasonable to include it in the Sihora group; except

that there is no reason why the Gosalpur group should not include hem-

atitic bands. At the west end of the ridge the quartzites have the

appearance of having been brecisiated and subsequently cemented by

limonite, psilomelane, and pyrolusite. This breccia ted appearance is

really the result of replacement, although it is probable that the rock wa^

to a certain extent brecciated during the earth movements that crumpled

the rocks of this area. On the main portion of this ridge the replace-

ment has often been carried further than on the western portions. I

took a sample by breaking off portions of the rock all along the ridge,

wherever it looked sufficiently good. The sample I divided into two.

One of these (No. 63) consisted of pyrolusite containing a certain

amount of residual quartz, and of chert-like limonite. The other

(No. 64) consisted mainly of the chert-like limonite, often

showing more or less manganese- ore in cavities and in streaks, this

ore consisting of both psilomelane and pyrolusite. The results

of the analyses of these samples are given on pages 814 and 815.

it will be seen that the sample No. 63 is to be classed as manganifey.

ous iron-ore rather than as manganese-ore.
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In their report on the iron deposits of this district Messrs. Martin

and Louis notice this occurience as follows i :

—

' It contains certain small deposits of iron ores which are ditlcrent in every

sense from those hitherto described
;
they consist of a couple of bands of siliceous

brown hiipniatito, striking about E.-W., and dipping southwards at an angle of

about (50" into a low ridge some 000 yards long, rising to a height of about 70 feet

above the surrounding plain. One of these bands seems to be about 40 feet thick

and the other about 20 feet, but their persistency has not yet been proved. The

ore as shown by the subjoined analyses, is of inferior quality, though its physical

condition is .satisfactory.

Fe. Mn. SiO.. S. P. Moisture.

Wider band . 5215 0-36 14 70 0-022 0-385 O'lO.

Narrower band . 44-95 6-28 14-55 0-027 0-352 0-27

' The deposit is well situated, being about one mile from the railway line

over fairly level ground.

' In the same ridge there are also small patches of manganiferous iron-ore, a

sample of which gave the following analysis :

—

Fe. Mn. SiOs- S. P. Moisture.

24-45 21-47 I!) -60 0-022 0163 0-80

'With regard to these Silondi ores, it can only be said that if such a deposit

were found close to existing iron works, it might possibly prove worth working,

but under actual conditions, its highly siliceous character and the small quantity

available deprive it of all value.
'

Mr. Bose was led to conclude, as a result of his prospecting opera-

tions, that at one place about 900 feet west of the Mansakra- Silondi

boundary there were some 9,000 tons of pyrolusite available. In the

course of their prospecting operations Messrs. Wynne and Jones, work-

ing for Messrs. Martin and Louis, cut a trench across the ridge at about

this point. The length of the trench as I saw it was about 206 paces,

and the width about 7 feet. It is said to have been 10 to .30 feet deep,

but by the time of my visit had all been filled up, except for the most

southern 14 paces of it, where the ore exposed was manganese-ore and

1 Agricultura Ledger, No. 3 of 1904, p. 23.
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not iron-ore. The ore thus exposed was pyrolusite intimately associated

with the chert-like limonite so common on this ridge. I am indebted

to Mr. P. C. Dutt of Jabalpur for the following analysis by Mr. F. W.

Harbord of a sample of ore taken from a trench situated a little to the

east of the trench noticed above.

Manganese ........ 40-78

Fe.,03 and AloO. 12-40

Silica 18-04

Sulphur 0-004

Phosphorus 0-160

Moisture 0-40

During the year 1907 Mr. J. Kellerschon has worked this deposit

on behalf of the Carnegie Steel Co. The ore- body opened up was

found to be about 10 feet thick, 240 feet long, and 120 feet wide.

The amount of ore won to the end of 1907 was 7,100 tons. Of this,

5,000 tons has been taken to kSihora Station, E. I. Ry., ready for

despatch. The analysis of ore from three different pits where the

thicknesses of the ore layer were 8, 10, and 11 feet, respectively, and

of 6,000 tons of ore after sorting, are shown below, the figures having

been supplied by Mr. Kellerschon :

—

!

i Pit 8 feet

deep.

Pit 10 feet

deep.

Pit 11 feet

deep.

Sorted ore,

average of

6,000 tons.

Manganese. 37-38 38-14 36-60 42-03

Iron . 15-40 15-80 16-00 1310
Phosphorus 0-221 0-189 01 71 0182
Silica 10-89 11-21 11-00 8-84

10. Sihora.

See Bose, pages 84, 85, 223, 225.

11. Mangela.

See Bose, page 75.

On the southern slope of the hillock marked on the map as "1520

I took a sample (A. 7) of micaceous hematite. The pieces in the sample

consisted of micaceous hematite with occasional thin jasper bands, and

some yellow shaly bands. That the ore once contained magnetite is

shown by the pimple-like elevations on the hematite, but these pimples
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are now soft and decomposed. This ore, although apparently non-

manganiferous, contains r70% of manganese, as shown by the analysis

given on page 810.

12. Ghogra and 13. Dhanwahi.

See Bose, pages 75, 87, for Ghogra, and pages 75, 77, 84, 87, for

Dhanwahi.

The best account of the manganiferous iron-ores of this area, lying

on the southern side of the Lora range, is the one by Mallet. According

to himi :

—

' The hill half a mile north of Gogra is formed mainly of jasper-hematite.

Near the base of southern slope there are a number of shallow ore pits2, but

they arc only in talus, not in the rock in situ. The miners seek for the small bit *

of ore which can be used at once in the furnaces, and leave the large lumps, which

would require the labour of breaking up. The ore is a manganiferous micaceous

hematite, containing a varying proportion of intorbanded jaspery quartz. It is a

siliceous ore, although not very highly so. As the manganiferous band is entirely

concealed beneath the talus, no estimate can be made of its thickness. Judging,

however, from the large amount of debris, it seems probable that the thickness is

considerable. As the loose ore must either lie directly over that in situ, or else have

come down hill, and as the pits extend 20 or 30 feet (vertically) from the base of

the hill, probably a large amoixnt of ore is obtainable by dry open workings

whether these be through a deep mass of talus or into solid rock.

' The proportion of manganese varies much, as can be seen from the outward

appearance of the ore. In some specimens of the micaceous iron, the presence of

manganese is scarcely apparent to the eye ; in others, the ore shows by its dark

colour that it contains a large amount, and in the highly manganiferous portions

psilomelane occurs in irregular segregations. A carefully chosen average sample,

mac'e up of a large number of small pieces taken from different pits, yielded

—

Ferric oxide. ...... 66-33^Iron •IG-iS

("Manganese (with traces of cobalt),

t Oxygen .

Phosphoric oxide .

Sulphuric acid

Sulphur
Ignited insoluble residue

Lime, alumina, water and undetermined

66-33-

12 -26
6-83

•27

•03

trace

9-55

4-76

100 00 {sic)

' The manganese exists, in large part at least, in the form of psilomelane,

occurring in irregular segregations, or more minutely disseminated through the

rock.'

1 Fee. G. S. I; XVI, p. 101, (1883).
2 ' Those to the west belong to the village Gogra, and those to the east to Danwai.
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An analysis of manganiferous micaceous hematite from Ghogra by-

Messrs. Giickrist and Riley i gives the following :

—

Manganese 6-37

Iron 28-15

Siliceous matter . . . . . , .45-00
Phosphorus........ 0-03

Sulphur ........ trace

Moisture . 0-32

These ores have long been smelted locally with the production of a

superior steely iron, known as kheri. When I visited the locality in

November 1904, furnaces were being built for the ensuing season at

Ghogra only. For an account of the industry see the first of Mr. Bose's

papers, pages 87, 88 ; and for an analysis of the kheri, see page 596

of Part III of this Memoir.

14. KUPPU (KUFO).

Manganiferous ores, either manganiferous hematite or psilomelane,

are marked by Bose as occurring near this village. See the map
attached to the first of his papers.

15. LoraHill.

See Bose, page 225.

Manganiferous ores are marked in the map attached to the first of

Bose's papers as occurring at the N. W. foot of Lora Hill {"1923 on the

1-inch map).

16. SakPl.

See Bose, page 75.

Mr. Bose records a section seen in a trench constructed by him in

Sakri mauza near the boundary with Sarda, at a point about 1^ miles

E. N. E of Sihora station. Cleaning out this trench has led me to

canclusions somewhat different from those of Mr. Bose. Thus he records

a length of 230 feet of manganiferous hematite at the N. W. end of the

trench. This figure seems to have been arrived at by opening up only

parts of the whole length, intermeJiute portions to a total of GO feet

1 Iron, XXVII, p. 476, (1886).
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being left untouched. And most of the ground opened up shows talus

only, the trench not having been carried deep enough to reach rock

in situ. Consequently, only a very small proportion—about fiO feet-of

the 230 feet of manganiferous hematite recorded by Mr. Bose, can be

regarded as in situ ; and the value of this occurrence is not therefore

as great as Mr. Bose's description might lead one to expect. I took a

sample (No. G!)) from each of the sections of the trench, except the

last recorded by Mr. Bose. The result of the analysis of this sample

is given on page 809. The sample included some pieces showing visible

residual quartzite, which could have been cleaned out so as to give a

better result. A little of the ore showed visible psilomelane.

The trench noticed above is situated on the eastern side of the N.

—

S. ridge at this place. The chief rock visible on this ridge is the banded

jasper-hematite, the strike of which is E. by a little N., with a fairly

steep southerly dip. On the portions of the ridge lying to the west of

the trench the rocks have been replaced at the surface with the forma-

tion of limonite, as at Kasai Hill and Mansakra. This limonite often

contains the small magnetite grains that presumably once formed a part

of the rock that has undergone replacement, and usually retains the

original schistose or slaty structure of the rock that has been replaced '>

but some of it is of the chert-like variety. The limonite is often tra-

versed by thin veins of psilomelane. From this limonite I took a

Sample (No. 65), an analysis of which is shown on page 815. To the

north of this portion of the ridge there is a band of rock very rich in

magnetite. It shows bands of jasper, magnetite-bearing hematite,

magnetite-bearing argillaceous rock, and very often of magnetite alone.

On the S. W. -running spur from the north end of the ridge men-

tioned above there are hematite-quartzites and hematite-schists, and

various coloured slaty shales. The hematite is often highly mangani-

ferous, and in some cases has been converted into psilomelane. Thg
shales are also often blackened, owing to the impregnation and partial

replacement of the rock by manganese oxide. A portion of the com-

pletely blackened shale was found to have a specific gravity of ."-33, so

that evidently it has not all been replaced, but must contain a consi-

derable amount of residual shaly matter, in spite of the black colour of

the rock. I took here a sample (No. 66) of the psilomelane and the
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blackened shale. The analysis was made at the Imperial Institute with

the following result :

—

Sample No. 66.

MnO. 30-92

MnO 3-33

FcjO., 27-39

SiOo (combined) 3-79

SiO„ (free) 19-61

P.O. 0-14

Moisture at 100" C 0 34

This is equivalent to :

—

Manganese ........ 22-14

Iron 1917
Silica (total) 23 40
Phosphorus........ 0-06

The manganized shale and psilomelane together are hence of no

value. The psilomelane alone might give a fairly good analysis, but

without the manganized shale would not be abundant enough to be

worth working.

17. Khatola.

See Bose, pages 75 and 83.

Mallet, aho, refers to the occurrence of manganiferous hematite at

this locality, i

The only point of particular interest at this locality is the occur-

rence, on the hill immediately to the west of the gap where the

railway cuts through the ridge, of psilomelane containing small crystals

of magnetite, the presence of which shows that the original rock con-

tained magnetite as one of its constituents, the magnetite alone having

escaped replacement. In this respect this ore resembles some of the

psilomelane of the Sandur Hills, which often contains similar residual

crystals of magnetite.

The small hills on either side of Sihora Railway station are the

most easily accessible of any in this area, to the geologist who wishes to

examine typical banded hematite-jaspers.

18. Paharewa.

See Bose, pages 75, 83, 224.

1 Jtec. G. S. I., XVI, p. 102. (1883).

«
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A portion of the ores noticed by Mallet under the heading of

Khatola (Kuthola) belongs to this area. Within this mauza are found

psilonielane, pyrolusito, and nianganiferous hematite ; but none of them

seems to be of any value, as far as one can judge from surface indica-

tions. Along the south base of the hill to the east o f the Mirzapur

road there are a number of murram quarries. Underneath the surface

gravel a section was exposed showing 6 to 8 feet of vertical friable

sandy quartzites, with some pyrolusite bands, probably formed by the

replacement of the silica, and often continuous from the top to the

bottom of the section, disappearing at the bottom beneath the soil.

The analysis of a sample (No. 68) taken here is given on page 813.

From this it will be seen that, even if the ore were present in quantity,

it would probably be too poor to be worth working under present

circumstances.

19. Deopi.

See Bose, page 84.

20. Mangeli.

See Bose, page 84.

The small hill just to the west of the village is, as far as one can

judge from loose fragments, composed of red jasper, with some of grey

and brown colour, and also some thin films of micaceous hematite in some

of the red jasper. I had the pits dug by Mr. Bose at the south foot of

this hill opened up. From two of these I took sample A. 6 of which an

analysis is given on page 814. The pits did not offer any hope of any

considerable quantity of pyrolusite being present.

21. Dapoli.

See Bose, page 84.

22. Hapgaph.

See Bose, page 84.

23. Bhatadon.

See Bose, page 84.

The small hillock on which the ores occur lies about one mile E. S. E.

of Sihora station, about ?00 yards south of the Hiran river. It is

composed partly of brecciated Gosalpur quartzite and partly of a lateri-
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tic rock. This rock may be called manganese-latente and consists of an

aggregation of small concretions of wad. This breaks with a dull frac-

ture, and is of a marked blue-black colour. Tt does not readily soil the

fingers, but can be scratched easily with production of a brownish-black

streak. There are also some limonite concretions in the same rock,

showing radiate limonite externally, and massive chert-like limonite in-

ternally. These limonite concretions are made up to 3 or 4 inches diameter.

Only a small proportion of the 8-foot thickness mentioned by Mr. Bose

consisted of ore, and as the total visible area at the surface of this

manganese-laterite was 108 square feet, it is difficult to see how a few

iiundred tons of ore could be' obtained. A sample of ore taken from

this pit was analysed at the Imperial Institute with the following

result :

—

Sample No. 67.

MnO., 48-62

MnOj 4-86

Fo„0, 3-53

SiO., (combiacd) 2-35

SiOo(free) 2-44

P,05 0-06

Moisture at 100*^ C 0-39

This is equivalent to :

—

Manganese . . . . . . . . 34-53

Iron 2-47

Silica .
4-79

Phosphorus........ 0-03

It will be noticed that the constituents estimated total up to (52 %
onlv. Doubtless combined water accounts for an important proportion of

the remainder ; but even allowing for this there is probably a consider-

able balance. This may perhaps be made up by baryta, but the possi-

bility of considerable amounts of oxides of copper, cobalt, nickel, lead,

and zinc should be borne in mind, and it is evident that this mineral is

well worth careful analytical examination.

24. Muret (Muraith).

See Bose, page 87.

25. Naigain.

See Bose, page 85.
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26. Chandnota.
See Jiose, page 85.

27. Dhang-aon.

See Bose, page 8G,

28. Kallwas.
See Bose, page 86.

29. Chindamani.
See Bose, page 86,

30. Gosalpur.

See Bose, pages 71-87, 221-226.

The existence of manganese-ore at Gosalpur seems to have been

known for a long time to the local glass makers, although they did not

of course, call it by this name. Its occurrence was first brought to the

notice of Government by Mr. W. G. Olpherts in 1875. Later it was

described by Medlicott in a paper by Mallet', who makes further re-

ference to it in a latter paper.2 According to Bose,3 who gives a

large scale plan of the Gosalpur pyrolusite area,

—

'Except in tlie ground just in front of the dak bungalow (some 50 yards to

south-east of it), the pyrolusite occurs here in and among the Gosalpur quartzites,

usually soft, decomposed, and blue-coated at the outcrop. Sometimes the rock

is hard, and either white or red in colour, assuming in the latter case the appear-

ance of jasper. Wherever such is the case, manganess-ores are wanting. Fre-

quently the rock appears as a conglomerate or breccia, fi'agments of soft, decom-

posed (sometimes almost powdery) quartzite being cemented together, as it were,

by a matrix of manganese or iron-ore. Wherever such a rock crops out, manga-

nese or iron-ore is found in some quantity by digging close to it through the soil-

cap under which it passes, the nature of the ore being determined by that of the

"matrix " at the outcrop.

' The quartzites have the general. . .strike of the area, viz., N. E.—S. W. The

dip is obscure ; it was found to be very high (about 80") pointing S. E., some 150

yards north of the dak bungalow.'

After this Mr. Bose gives the details of a number of pits dug by himself.

The ones given on page 812, may be taken as typical of the sections

recorded by Mr. Bose. Further, he sub-divides the ore-bearing area

1 Rec. G. S. I., XII, pp. 99, lOO, (1879).

3 Op. ciL, XVI, pp. 102, 103, 116-118, (1883).

3 Op. cit., XXI, p. 77.
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and estimates the amount of pyrolusite available in each division,

arriving at the figure of 50,000 tons as a rough estimate of the amount

of pyrolusite at Gosalpur. He makes the following comment (^.c,

page 83) on this ;

—

' It must be remembered, however, that it is almost invariably associated with

a little psUomclane, and that a good portion of this quantity consists of very

small grains, mostly coated red outside by oxide of iron.'

As anyone working this pyrolusite would probably take the larger

pieces of ore only, it is evident that the amount of ore actually available

must be much less than the above figure. And of the large pieces of

ore originally available a large proportion has by now probably been

removed by the glass workers and the succession of prospectors and

geologists that have given their attention to this place. Were the

pyrolusite of high quality, however, so that the ore could be sold at a

special price for chemical purposes or glass working, then it is possible

that it would pay to extract what is left.

As regards the quality of the pyrolusite, it will be seen from the

analysis of a sample (No. A. 16) taken by me and given on page 814

from the following analysis made by Mallet on a sample of the ore

carefully selected by himself, i and from one bv Gilchrist and Riley

(page 833), that at least some of the ore is of high grade as regards

manganese percentage, whilst the silica is low, and the iron com-

paratively so. The iron is, however, probably too high for the ore to

be able to command a special price for the glass industry :

—

Mn304 75-86

Oxygep . 9-96

F.,03 (with a trace of Al.Os) 4-53

BaO . . . ' 3-55

P„05 0-28

Tnsolut le in HCl 2-74

H„0 (c, mb:ned) 2-41

Moisture 0-28

99-61

This is equivalent to :— ~
Manganese . . . . . . . .54-66
Iron ......... 3*17

Silica 2-74

Phosphorus ........ 0*12

and the amount of Mn02 is 83'00^.

1 Bee. G. S. I., XII, p. 100.
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The following is an analysis of Gosalpur pyrolusite by Messrs. Gil-

christ and Riley '
:
—

Manganoso ........ 53 -22

Iron ......... 1"87

Siliooons matter ....... 1"93

Phosphorus . . ()-19

Siilphur trace

Moisture ..... ... 0-56

An analysis of Gosalpur ore has also been published by C. R. von

Schwarz. 2

The outcrops of the Gosalpur rocks in which are found the pyrolusite

referred to above are surrounded by laterite, in which, also, manganese-

ore sometimes occurs.

To the north-west of the area of Gosalpur rocks and laterite the

Sihora rocks crop oat. Both Mallet 3 and Bose record sections across

the Sihora rocks at a little less than j mile to the N. W. and N. N. W.
of the Gosalpur dak bungalow. There seems to be a considerable thick-

ness of manganiferous hematite with psilomelane at the surface. Mallet

says :

—

' A sample of the more manganiferous part c f the schist afforded 18 02 per cent,

of manganese (with a httle cobalt), while the psilomelane gave 83-20 per cent, of

available peroxide.'

31. Dharampura.

See Bose, pages 73, 74, 85, 86, 224.

At intervals along the ridge of Sihora rocks, principally banded

hematite-jaspers, running »S. W. from Gosalpur through Dharampuraj

Hirdenagar, and Deonagar, to Marhasan, the hematite is very mangani-

ferous. Mr. Bose records three sections seen in tienches across this

ridge. I cleaned up the one he mentions on the middle of page 74 of

his first paper as lying about f mile east of the village of Dharampura.

In addicion to the portion of the trench recorded by Mr. Bose there is

another 104 feet of interrupted trench to the N. W. In this portion

the- manganiferous hematite seemed to be of better quality than in the

portion of the trench recorded by Mr. Bose. Hence I took a sample

1 Iron, XXVIII, p. 476, (1886) ; Jour. Iron Sled Inst, No. II of 1886, p. 618.
2 StaM. u. Eisen, XXI, p. 341 ; J. I S. /., Vo. 11 of 1901, p. 350.
3 B&c. G. S. I., XVI, pp. i02, 103.
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(No. A. 17) from this part ; the analysis is given on page 809. I took

another sample from the psilomelane found in the former of the two pits

near this trench recorded by Mr. Bose. The result of the analysis of

this by Messrs. J. & H. S. Pattinson is given below :

—

iSample No, A. 18.

MnO, 06-20

MnO . 4-51

Fe.Pa 14-71

Bab 1-76

SiOj (combined) 1-20

SiO; (free) 0-20

P.Ps 1-044

ASjOs 0-012

H„b (combined) 5-80

Moisture at 100°C 0-90

This is equivalent to :

—

Manganese 45-36

Iron 10-30

Silica (total) 1-40

Phosphorus ........ 0-456

Mr. Bose also mentions the occurrence of pyrolusite in Gosalpur

quartzites, at the foot of a hill known as Changeli, situated about s.

mile W. N. W. of Dharampura village. He estimates that there may

be 13,000 tons of dressed ore available

32. Hirdenagar.

See Bose, pages 73, 74, 87.

33. Marhasan.

See Bose, pages 76, 83.

34. Keolari.

See Bose, page 83.

35. Nargaon.

See Bose, page 86.

36. Pararla tPandaria).

See Bose, pages 86, 225.
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37. Nonsar.

See Bose, pages 72, 75.

This is interesting as being some distance from tiie main mangani-

tVrous area of this district. It is about 12 miles W. N. W. of Jabalpur

and 14 miles W. S. W. of Panagarh. Mr. Bose records both psilomelane

and manganiferous hematite in the Lora rocks at this place,

38. Gangai.

See Bose, pages 72, 87.

Gangai ia 4 miles south of the Marble Rocks or Bhera Ghat. Mr.

Bose thinks that since the Lora group occurs here it may be found to

yield some manganese-ores when it is examined.

IV Q



CHAPTER XXXVI.

DESCRIPTION OF DF.FO^ITH—continued.

The Central Provinces—Nagpur District; with the

Nimar, Seoni, and Wun Districts.

Ndgpur district—History—Output and labour—Geology—Physic \1 characters

of (lie country—Classification and list of deposits—Nature and quality of the ores—
Communications and transport.

Class I—Group I—Kodegaon—Gun;gaon—Ramdongri.

G roup II—Risara—Nandgon di—Sitagond i

.

Group III—Kandri—Mansar—i\Iansar Extension—J'arsoda—Borda.

Group IV—Parsioni and Bansinghi—Dumri Kalan—!~^atak—Beldongr:—Nagar-

dhan—Nandapuri—Lohdongri—Kacharwahi—Waregaon—Khandala.

Group V—Mandri^—Panchala—Manegaon—Guguldoho—Bhandarbori.

Class II.—Group VI—Mohugaon—Pali—Ghogira (Pench River)—Mandvi Bir-

Junawani—Junapani—Rajkota.

Nimdr District—Chandgarh—.Tamdihi Nala— Br^nkuti.

Seoni District—Kurai.

Wun (Yeotmdl) District—Malagarh H 11.

The Nagpur District.

This is the district in the Central Provinces in wliich manganese-

ore was fir.st worked on a commercial scale and also that in which

the occurrence of manganese-ore has been longest known. It also

contains the largest number of deposits being actively worked and

will need a large amount of space for its description.

The earliest record of the occurrence of manganese-ore in India

refers to the Nagpur district. Captain F. Jenkins
iHistorv.

1 -1 •

in 1829 describes an exposure in the Penchl

ri\ er near Parsioni of black manganese-ore in crystalline limestone,

and gives quite a long account of a similar deposit of manganese-ore

in crystalline limestone at a place 3 or 4 miles north of the village of

Kumari^, which is almost certainly the deposit I have described

under the heading of Mandvi Bir and Junawani^.

H. W. Voysey 4 in 1830 mentions the same occurrence of ' foliated

black manganese-ore ' in the Pench.

1 Glean. Sci., I, pp. 226, 227, (1829) ;

Asiatic Researches, XVIII, p. 210, (1833).

2 Loc. cil., p. 208.

3 Page 966.
4 Gleanings Sci. II, p. 28, (1830) ;

Js. Jiesearche-u p. 127, (1833).
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The first discovery of the class of deposit at present being worked

was by Tjieutenant R. E. Oakes^ in 1850 of the fine deposit described

below under the heading of Mansar. It was afterwards noticed by

Mr. Wilson, Executive Engineer of the Kanhun Division, and then

a sample of it, sent by W. Ness, analysed by F. R. Mallet, (1879)^.

and shown tc be braunite with a little rhodonite' and to contain

55% of manganese. Dr. W. T. Rlanford, in 1872, discovered ore at

Kodegaon' ; but which of the two deposits that occur there is not

known.

Nothing more seems to have been heard of the Niigpur manganese

until Messrs. W. H. Clark in 1899 and Harvey Dodd in 1900, of the Vizi-

anagram Mining Co., Ltd., came to this district to prospect for manganese.

Following up the references in Rail's P^conomic Geology they visited

Mansar and Kodegaon, and continuing to prospect in the neighbourhood

discovered the Gumgaon and Ramdongri deposits near Kodegaon, and

the Kandri, Beldongri, Sfttak, and Lohdongri, deposits in the Mansar

neighbourhood.

A syndicate known as the Central Provinces Prospecting Syndicate,

and consisting of Messrs. J. H. Glass, P. Macfadyen, and H. G. Turner,

was then formed to work these deposits, Mr. Clark being appointed

manager, a position which he has retained ever since. Work was com-

menced late in 1899 on the Mansar deposit and the first shipment took

place in the spring of 1900 ; the operations of this syndicate have con-

stantly increased until in 1906 it extracted from the three districts of

Balaghat, Bhandara, and Nagpur, 22.3,822 tons of ore or nearly | of the

world's output. The success of this syndicate led to the discovery of

fresh deposits in the same district by Mr. H. D. Ccggan, and in the be-

ginning of 1902 Messieurs Charles Jarabon and Cie. of Calcutta started

work on the deposits discovered through Mr. Coggan's agency. The

actual times of commenceiuent were as follows :

—

These deposits were actively worked, and. after they had been

opened up and considerable quantities of ore exported, a company

1 Manual of Geology of India, Pt. Ill, Econojnic Geologv, p- 329.

2 Rec. G. S. I., XII, p. 73, (1879).
* Really spessartite ; see page 140.
* Manual, Pt. Ill, Economic Geology, p. 330.

IV Q 2

January, 1902.

February, 1902.

March, 1902.

April, 1902.

(October, 1902.

February, 1903.
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styled the Central India Mining Company, Ltd., was formed in January

1004- to continue the work of Messieurs Janibon and Cie. The Aeents cf

this company are Messrs. Killiclv Nixon & Co. of Bombay.

In 1902 the late Mr. A. M. Cow Smith came to this neighbourhood

to prospect for coal in the Chhindwilra district, and the active export

of manganese-ore from Nagpur and Kamthi attracting his attention,

he was led to prospect for this mineral as well. From Ball's Geology

he was led to the Kodegaon deposit which, on account of its insigni-

ficant outcrop, had been rejected by the Central Provinces Prospecting

Syndicate, and when up in the Chhindwilra district he discovered eight of

the deposits noticed under the heading of that district. The two de-

posits at Kodegaon were opened up at the end of 1902 and during the

first half of 1 903 and about 8,000 tons shipped to England. In November

1903 Mr. H. Kilburn Scott reported on Gow Smith's deposits, and the

report being a favourable one, the Indian Manganese Co., Ltd., with

Messrs. Shrager Brothers of Calcutt gents^, was formed in 1904 to

work them.

Several other firms have interested themselves in the Nagpur mangan-

ese. Messrs. Gillanders, Arbuthnot & Co. of Calcutta, in 1902, secured

deposits at Risara, Nandgondi, and Khandilla, but these deposits

were all found to be valueless, conL-isting, as they do, mainly of quartz

and the manganese-silicates, spessartite and rhodonite. Messrs. Jessop

& Co. of Calcutta discovered deposits at Bhandiirbori and Guguldoho

and actively worked the latter, accumulating a large amount of ore.

But, owing to lack of facilities for transport, work had been stopped

at the time of my visit; it was continued in 1906 with the resultant

export of some ore. Mention must also be made of Mr. Cooverji

Bhoja, also of Calcutta, who secured deposits at Mandvi Bir, Junawani,

Borda, and Parsioni, and has since transferred them to the Madhu Lall

Doogar Mining Syndicate ; and also of Mr. D. Laxminarayan of Kamthi.

I have visited the district thrice. The chief visit was in the field

season of 1903-04 when nearly all the material included in this chapter

was gathered. In December 1906, I revisited Kandri, Mansar, Satak II.

Beldongri, Lohdongri, Kacharwahi, Mandri, and Manegfion, and also

saw the newly discovered deposit of Panchala. In December 1907, I

revisited Kodegaon, Gumgaon, Lohdongri, Kacharwahi and Mandri.

The descriptions following are mainly based on my first visit ; the other

two were very hurried ; but I have made such alterations or additions

as seemed necessary.

1 The Agents; are now i essrs. Martin & Co, of Calcutta.
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The following table shows the annual output of this district from

1900 to 1907, and the average daily number of

coolies employed throughout this period :

—

Out pill and liibciiir.

Vcai-.
of iiiangaiK'>ic-oi'o in

loiii; tonis.

Average daily number of

workers.

1!)U0

1901

1902

1903

190-1

1905

1906

1907

47,257

76,925

68,819

95,051

66,142

100,063

146,117

199.311

(a)

1,460

1,676

3,543

1,651

1,904

2„345

3,924

The manganese-ore deposits of this district occur in the large area

^ J

of Archaean rocks stretching from the Chhindwara
° and Nagpur districts on the west, through Seoni

and Rhandara, to Balaghat on the east. In the last-named district it

is in part possible to separate from the Archaean complex, under the

name of the Chilpi Ghat Series, a series of metamorphosed sediments

in which are situated the manganese-ore deposits. In the Nagpur

district, where the metamurphisni has been much more intense than

in tlie parts of the Balaghat district above referred to, no such separa-

tion could be made without very detailed field work accompanied

by a minute microscopic study of the rocks. Consequently, on the

map (Plate 43) of the Nagpur-Balaghat area, the whole of the crystalline

complex in the Nagpur district has been coloured pink, the manganese-

ore deposits alone being indicated by a different colour—blue.

This crystalline complex consists of acid gneisses, pyroxenic gneisses,

hornblende-schists, mica-schists, quartzites, crystalline limestones, and

calciphyies, with intrusive granite and pegmatite. A perusal of the ac-

count given elsewhere! of the Archaean rocks of the manganese area

of the Chhindwara district will convey a very good idea of the characters

of the Archaean rocks of the Nagpur district, which are essentially

the same. In the Nagpur district these rocks are arranged in parallel

bands having a general east to east-south-east strike, often varying

1 Rec. G. 8. I., XXXIII, pp. 159-220, (1906).
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locally. The.-e bands ar? not usually continuous for more than a few

miles and often only for a fraction of a mile. As is usual in an

Archajan complex the rocks are much folded and as a rule steeply dip-

ping, sometimes to the north side of the strike and sometimes to the

south side.

There are two chief modes of occurrence of manganese-ores in this

district. They occur principally as bands, often of considerable length,

and usually thinning out in lenticular fashion, intercalated between the

gneisses, schists, and quartziteS; of the crystalline complex, so as to con-

form to the strike and dip of these rocks. This type of deposit is

supposed, as already explained, to have been derived, at least in part,

by the cherriical alteration of rocks composed of spessartite (manganese

-

garnet), rhodonite, and quartz, such rocks, in all stages of alteration to

manganese-cre, being frequently found in association with the ores.

Consequently, any bands of fresh or only partially altered manganese-

silicate-rock are also shown in blue on the map and are also regarded as

manganese deposits. The other mode of occurrence is as much smaller

lenticles and bands of nodules of manganese-ore in crystalline limestone,

usually in association with piedmontite. Tn one case, Junapani, the

manganese-ore occurs in a bed-like band similar to those of the first type.

A reference to the map (Plate 43) will show that the manganese-

ore deposits are often arranged in lines conforming to the general strike

of the rocks.

The manganese zone in this district is 31 miles long from Kodegaon

on the extreme west to Bhandarbori on the extreme east. The maxi-

mum breadth of the zone as at present known is about 11 miles, meas-

ured from Junawani on the north to Satak on the south ; but this will

probably be considerably extended when the country to the north of

Chorbaoli is carefully examined. On the west this zone is bounded

by the large N. W.-—running bomidary fault, first noticed by Blan-

ford^, that separates the metamorphics from the rocks of the Kamthi

division of the Gondwina system ; it is connected—to the north

of Kelod—to the manganese-bearing zone of the Chhindwara district.

On the east the zone continues into the Bhandara district, while to the

south it is bordered by alluvial plains.

As regards the physical characteristics of the country, it is sufl&cient

Physical charactoi s ^^7 ^^^^ Southern portion of the zone is

of the country. occupied by an alluvial plain, at an average elevation

of about 1,000 feet above sea-level, from which project low ridges and

hills
;
many of the manganese deposits reveal themselves only by the

1 Mem. G. S. I.. IX, p. 310, (1872).
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projection at the surface of the summits of hills now practically sub-

merged in alluvium. The deposits of groups I and IV of the classifica-

tion given below occur in this manner. But in the northern part of

the zone, though bands and patches of alluvium are found, hilly and

densely jungle-clad country predominates ; the deposits of groups II,

III, V, and VI are characterized by this type of country. According

to reports there must be—in the wild region starting from Chorbaoli

and extending to the west, north, and north-east—a considerable quantity

of manganese-ore ; but unfortunately I had no time to do more than pay

a flying visit to Mandvi Bir and Junawani to the west-north-west of

Chorbaoli, the remainder of the jungles being untouched.

The district is drained by the Kanhan, the Pench and the Sur, the

Kanhan and Sur flowing direct into the Wainganga, whilst the Pench

is a tributary of the Kanhan.

In describing these deposits in more or less detail according to their

.,. f interest and importance, it will be convenient
(/lassiiication oi the

_
•-

'

deposits. to divide them into two classes according to the

mode of occurrence of the ore, and to divide the classes into groups ac-

cording to the geographical distribution of the deposits. The classes

are as follows :

—

Class I.—Deposits characterized by the association of spessartite

and rhodonite—one or both—with the ore, the ' country
'

being gneiss, schist, or quartzite.

Class II.—Deposits characterized by the association of piedmontite

with the ore, the ' country ' being crystalline limestone.

These classes can be divided into groups as follows :

—

Name of Deposit. Concessionaire.

r

Class I. i

I

Group I.

^

Group II.

1^

r
1

Group J
III.

]
1

1. Kodegaon
2. Gumgaon

3. Ramdongri

4. Risara (Reechara) .

5. Nandgondi
6. Sitagondi

7. Kandri
8. Mansar
9. Mansar Extension .

10. Parsoda
11. Borda

i

Indian Manganese Co. (I. M. C).
Central Provinces Prospecting
Syndicate (C. P. P. S.)

Do.

C. P. P. S.

Do.
Central India Mining Co.

(C. I.M.C.)

Do.
Madliu Lall Doogar Mining SjTidi-

cate (M. L. D. M. S.)



842 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT IV :

Class I. -i

Class <i

II.
I

I

L

(jroup IV. •{

Group V.

Group VI.

Name of Deposit.

12. Pclrsioni and Bansiughi
13. Dinnri Kalan
14. Satak
15. Bcklonnii
10. Naiiardhau
17. Naiulapiu'i

18. Lohdongri
19. Kacharwahi
20. Waregaon
21. Khandala
22. Mandri
22a.Panchala
23. Manegaon
24. Guguldoho
25. Bhandarbor

/'|20. Mohngaon
27. Pali

'

.

28. Gliogai'a (Pench River)

1 j29. Mandvi Bir

I

130. J>iuav,anl

I

131. Jiinapaui

j^'32. Rajkota

Concessionaire.

D. La.xniinaravan.

M. L. 1). M. S.

C. I. M. C. & C. P. P. S.

C. P. P. S.

C. 1. M. C.

Do.
C. P. P. S.

C. I. M. C.

Do.

C. I. M. C.

Do.
Do.

Jesscp & Co.

Do.

I. M. C.

C. I. M. r.

M. L. D. M. S.

Do.
Do.

All these deposits, except 22a and 32, will be found indicated by their

numbers on the map (Plate 43), of the Ntigpur-Balaghat area. In

addition, manganese-ore was found at Warpani during 1907.

The ores found in this district consist typically of mixtures of braunite

The nature and psilomelane. Such ores may be either very

quality ( f the ores. fine-grained, when it is very difficult to make out

what is the mineral composition, or they may be more coarsely cry-

staUine owing to the braunite 's being present in larger crystals. In some

cases the ores are very coarsely crystalline as at Lohdongri, and consist

almost entirely of braunite, usually with a certain amount of interstitial

psilomelane. More rarely the ores consist entirely of psilomelane.

The best locality for such ore is Guguldoho. Amongst the composite

ores there is also the one I have referred to as speckled ore, composed of

a crystalline mineral such as braunite or mangan-magnetite (?), set in a

matrix of psilomelane and soft black powders (see page 696). Other rarer

ores are the crystalline manganate, hollandite, found chiefly at the

deposits of Group VI, especially at Junawani ; and pyrolusite, the best

locality for which, not only in this district, but also in the whole of India,

is Pali, where it occurs in crystaUine limestone. Other minerals are

vredenburgite and beldongrite both found at Beldongri ; and possibly

mangan-magnetite, as for example, at Gtxguldoho.

I took samples from nearly all the deposits visited. A few of them,

in cases where the deposit had not been much opened up, were taken

by breaking pieces off the outcrops, but the majority were taken from
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stacked ores. The samples so collected were analysed at the Imperial

Institute and are dispersed throughout the text under the headings

of the respective deposits. The lunits and mean of the 2G samples

analysed are shown below •

—

Limits. Mean.

Manganese .... 42-28—55-15 51 -36

Iron ..... 2-09— Hi-34 0-45
Silica ..... 2-!)0—18-48 7-07
Phosphorus .... 0-04— 0-65 ()-I15

Moist uro .... Oil— 1-32 0-40

No samples were taken at Kiindri and Mansar. The foregoing aver-

age is therefore somewhat low because the ores of these two deposits

are some of the best in the district. Of course, the above does not give

a true average. The only way to get such figures would be to get the

average analysis of the total amount of ores exported from each deposit

and then to average all these analyses by giving to each a value pro-

portionate to the total output of the deposit it represented. Such
figures are unfortunately not available.

The deposits in this district are all situated at varying distances

Cuunnnirations and the north of the Bengal-Nagpur Railway. When
traiisiioit. the mining of manganese was first started all trans-

port of ore to the railway was effected by carting over distances varying

from 5J to 20 miles and over. Messieurs Jambon & Cie. then laid down
(1903) a 2 foot-gauge tramway from Tharsa station to Waregaon (5i

miles) and this has since been extended westwards by the Central India

Mining Co., Ltd., to Kacharwahi (7 miles) and Lohdongri (8| miles),

and northwards to Mandri (ll-i miles), and Manegaon (13| miles),

the distances in brackets being measured from Tharsa station, Bengal-

Nagpur Railway. This tramway also serves to carry ores from Gugul-

doho (Jessop & Co.) and Panchala, after they have been carted as far

as the tramway. Hand-traction was at first used, but the whole fine

has now been converted for steam-traction, by means of which it is

possible to run trains of 20 to 40 trucks carrying 1 to 2 tons of ore each.

A broad-gauge line has been constructed from Kamthi to Ramtek, by
the Bengal-Nagpur Railway, with a siding passing Mansar and termina-

ting at Kandri, 16 to 17 miles from Kamthi. It was opened, I believe,

in 1907, and will serve to transport not only the Kandri and Mansar
ores, but also those of Mandvi Bir, Junawani, and Junapilni, situated

some 6 miles north of Kandri, up to which place the ore will have to

be carted. Up till 1907 the ores of all these deposits have been carted

at great expense in bullock-carts holding about i a ton each, over the

main road from Jabalpur to Kamthi, first to Kamthi itself, and later
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to the Kanhan siding situated on the east side of the Kanlifin river

about a mile outside Kilmthi.

The ores of Beldongri and Siitak are still carted to 8al\va station,

but it may pay later on to carry them to a point on the Ramtek Railwaj .

The ores from the deposits of Groups T and II are carted to Nagpur,

over distances of 20 miles and upwards along the main road from Chhind-

\v;tra to Nagpur. Those of Ramdongri cannot be carted in the rains

as the Kanhan river is then too high ; at other times of the year a tem-

porary bridge is constructed. There will, however, be a great reductiou

in the cost of transport of the ores of this part of the district when the

proposed railway from Nagpur to Clihindwara is constructed, as it will

then be possible to run out sidings to the various deposits.

When the majority of the deposits have been connected to the main

line from Bombay to Calcutta it will be a happy day for the roads of this

district. At present they are kept in a very bad condition by the passage

over them of a constant stream of bullock-carts staggering along with

heavy loads of manganese-ore.

GROUP I.

1. Kodegaon.
2. Gumgaon,
3. Ramdongri.

This being the area where I first became acquainted with the Archaean

manganese-ore deposits, a considerable time was spent in the examination

of these three localities, with the idea that after carefully working them

out they would form a key to the interpretation of the many other

deposits of like origin occurring in the four districts of Chhindwara,

Nagpur, Bhandara, and Balaghat. As the largest scale map of the

Nagpur district • is the ^-inch sheet, on which the hills are often

very imperfectly shown, the three accompanying maps were constructed

(from a rough prismatic compass survey).

From the map (Plate 24) it will be seen that there is a range of hills

stretching for about 5 miles in an east-north-east direction from Kode-

gaon on the west to Kuthulna on the east. For convenience of descrip-

tion I have given local names to the separate portions of the ranges and

numbered the hills and hillocks composing each group.

On the west the ranges are mere hillocks or very small hills about

TjO to 100 ieet high, but towards the east they become much higher,

reaching a maximum, at the Ramdongri H. S. on the east shore of

the Kanhan river, of about 280 feet, as measured by the aneroid, above the

1 Except for excellent map.s, by the Forest Departiuont, on the scale of 4" =1 mile,

Oi the reserved forests.
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surrounding alluvial plains. Further, at the west end the hills are

almost bare of wood, but at the east end often very thickly jungle-clad.

The commonest rock is a purplish, pinkish or greyish, coarse, vitreous

quartzite, usually with abundant parallel included flakes of white mica,

and, as the rock is often schistose, it might in some places be called a

mica-quartz-schist. Under the microscope it is also seen to contain

fairly abundant crystals of tourmaline, of indigo, lavender or purple-

brown colour, which in the hand-specimen appear as tiny black specks.

This rock constitutes the main portion of the Kodegaon hills, the north

part of Gumgaon hill, the Haladgaon hills, and the ridge of the Ram-
dongri range.

In the section exposed on the left bank of the Kanhan it is seen that

on both sides of the quartzite band occur decomposed mica-schists,

often reddish or mottled. The southern band of schists is also seen on

the southern side of the Haladgaon hills in a murram quarry and as a

band separating the quartzite and manganese-ore of Gumgaon hill.

The Kodegaon hills are probably terminated at their western end by

the boundary fault shown by Blanford as separating the crystallines

from the Gondwiinas ^. This probably runs north-west from the west of

mine 1 ,
past Durbadi hill, the most westerly of the Khapa hills. At the

east end the Riimdongri hills are separated from the Kuthulna hills by a

valley, probably corresponding to a fault with a north-north-west strike.

It should be noticed that all these hills rise out of the alluvium.

The transport of the ore from these deposits is at present effected

by carting to Nfigpur in country-carts taking J to nearly 1 ton of ore.

Both from Kodegaon and Gumgilon it is about 22 miles to Nagpur,

whilst in going from Riimdongri the Kanhan has first to be crossed by a

temporary bridge, which gets washed away in the rains ; the total dis-

tance is about a couple of miles further.

1. Kodegaon.

(Indian Manganese Co.)

{See Plates 23 and 24.)

Within the Umits of this village there are apparently two separate

deposits of manganese-ore held on mining lease by the Indian Manganese

Cotopany. One of them (mine 1) is situated in the alluvium about

J mile south-west of the west end of the Kodegaon hills, whilst the

other (mine 2), as shown on the map (Plate 24), just cuts into the north

slope of the same hiUs. They are apparently two distinct bodies of ore

separated by the micaceous quartzites in between ; but see below.

1 JU'Un. G. S. I., IX, map, (1872).
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The deposit designated here as mine 1 was originally visible only

as a small outcrop 3 or 4 feet across, projecting from
""^

the alluvial soil of a field ; but on opening up the

deposit it was found to widen out rapidly in all directions, as if this

outcrop were the peak of a hill that had been covered up by alluvium.

The plan (fig. id) shows the shape of the excavation at the time of my visit

—
jj

- ___ _

0 ID 20 30 40 50 FEET
SCALE ' I I

! 1

Fig. 4!).—Sketch-plan of Kodegaon mine 1.

In November 190.3, and X shows the position of the original outcrop, which
had been left standing. It is also visible in Plate 23. The quarry
was then 141 feet long by 90 feet broad with a greatest depth of 19

feet. A.S seen round the sides of the quarry the ore was covered by 2

or 3 feet of brownish clay under which there was often, immediately

above the ore in situ, 2 or 3 feet of a rubble of fragments of the same.

As then exposed the whole deposit consisted of a practically solid mass
of most beautiful looking ore with very little foreign matter. The ore
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is a bluish grey, very compact mixture of braunite and psilomclane,

the braunite ap])oaring as finely crystalline granules in a compact

and ap])arently non-crystalline matrix of psilomclane. An analysis of

this ore by n\e showed it to be a mixture of two parts of braunite

and one part of psilomclane (see page ^^50). The specific gravity is

about 4-55 to i-Gi). The small joints in this ore sometimes contain a

film of brownish-black material that soils the fingers. The ore, of course,

shows divisional pianos, which are stained red by ferruginous matter
;

but they arc rather far apart, so that huge blocks of ore of a cubic yard

or more in volume can sometimes be obtained. There also a small

amount of an inferior sort of ore showing rather abundant jointing,

while soft thin powdery black partings sometimes occur in the very

best ore. As shown on the plan, the various vertical or nearly vertical

divisional planes— usually one to two feet apart—have different strikes

in difl'erent parts of the deposit, thus cuttiiig into one another. This

may perhaps be due to the proximity, to the west, of Blanford's boundary

fault between the metamorphic and crystalline rocks on the one hand

and the Gondwanas on the other. There is also a set of joint planes

dipping at 10° to 40° to the south-west.

As regards other material : this though small in amount is of great

interest. In the first place it is necessary to mention the complete

absence of manganese-garnet, so characteristic of the deposits of this area.

In one place in the middle of the quarry was an 8-inch band of the

dark-grey, almost black, quartzite mentioned on page 343. It is only 20

feet long, being terminated abruptly at both ends by ore. This may be

taken as another sign of the proximity of the above-mentioned fault.

In places there occur in the ore irregular veins and layers of a j^inkish

Q^^^i
white, very compact substance, which is really

a variety of opal-silica having G. =:2'52. It is,

of course, of secondary origin, for it fills in fissures in the ore.

Lastly at the iouth-west end of the quarry there is band of cavernous

hornstone-like quartzite, containing a large amount of pyrite in small

p^,|.jjp
grains and crystals ; some of the pyrite has changed

to limonite. The cavities are frequently lined

with minute quartz crystals, often iridescent from a coating of some
compound of iron. In 1907 it was seen that this rock is a vein in the

ore-body and therefore subsequent in time of formation to the ore itself.

By the time of my second visit (in 1907) the quarry had been consider-

Data obtained in ^'^b' enlarged. The true strike had been showm to be

1907.
'

' E. 30° to 40° N. varying to north-north-east, the dip

varying from very steep to the north-west side of the strike to vertical.

This strike indicates that mines 1 and 2 are probablv on the same band
of ore. The ground between tha two should therefore be opened up.
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The horizontal width across the strike of the ore-beds here was 115 feet,

but it was not certain that the full width was exposed. Owing to the

dirty state of the floor of the quarry I was not able to ascertain if the whole

of this width consisted of ore, or whether there were any interlaminations

of barren rock. On the south-east edge of the pit some light grey and

dark grey quartzites were exposed, whilst in the ore at this point there

v/ere some patches of coarse felspar-rock wiih a little quartz. The length

of the ore-body in a N. 35° E. direction was 205 fer-t as far as exposed.

In 1903 the working of this deposit was extremely simple. It con-

The working of the sisted in inserting crowbars between the divisional
deposit. planes of the ore, and prizing it out ; but when very

large masses were encountered without any cracks it was then necessary

to resort to blasting.

By 1907 the pit had reached a depth of 33 feet, a steam-winch was em-

ployed for hauling the waste and ore in trucks up a single pair of rails

from the bottom of the pit, and a pump for keeping the water under. As

at many other deposits in this district the old waste-dumps are in positions

where they will hinder the future opencast working of the deposit.

This has been excavated at the north foot of the mica-quartz-schist

hills, and has been carried to the junction of the ore with the mica quartz-

schists to the south of the deposit (see fig. 50). The original outcrop

was a yard or two across, and the excavation, at
Mine 2

the end of 1903, was 170 feet long, and of very

irregular shape, varying from 20 to 80 feet in width. [By Decembe

Fig. 50.—Sketch plan of Kodegaon mine 2. Scale—Sa-ue as fig. 49.
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1 907 it had been lengthened to 300 feet, and liad reac.lied a niaxiiniini

deptli of 25 to 30 feet.] The bottom of tlie quarry"was very uneven

because tlie best ore had been extracted leaving the inferior portions

standing up in irregular n.asses. This deposit is much inferior to that

of mine 1 , as it contains many patches and bands of quartz, dark grey

({uartzite, spessartite-quartz-rock and some magnetite-spessartite-quartz-

rock. The ore is the same mixture of braunite and psilomelane with

exactly the same physical characters as in the other qiiarry. But it is

sometimes more (;oarsely crystalline ; a fine crystal of braunite from this

quarry was presented to the Geological Museum by the late Mr. A. M. Gow
Smith (see page 60). In addition to this ore there is also a very jointed

variety which is found in the lower parts of the pit, suggesting that the

quality is deteriorating in depth : for it will be seen from analysis 5 below

that this type of ore is distinctly inferior to that represented by analysis 4,

In December 1907 a large mass of decomposed, and presumably intrurive,

granitic rock was exposed about the middle of the ore-body.

By November 1903, 6,500 tons had been quarried from mine ] and

Nature and quality ^>500 from mine 2, and of thie 3,000 and 4,000 tons

of the ores. respectively were still lying at the mine in stacks.

The material in the stacks was very well cleaned, though there was often

a little adherent clay, especially on the ore found as loose debris on top

of the ore in situ. A sample taken by me from all the stacks of both

quarries gave the following result on analysis at the Imperial Institute,

London :

—

Sample No. 1.

Manganese peroxide (Mn02) ..... ... 57 '05

Manganese protoxide (AInO) . ....... 21 ".35

Ferric oxide (Fe203) 10 -86

Alumina (A1203) 2-34
Baryta (BaO) O'OO
Lime{CaO) 1-33

Magnesia (MgO) 0-28

iSilica (combined) 7 o (-v . ...... 3 '91

Silica (free) > '^'^^ Q.^r.

Phosphoric oxide (P2O5) 0-23

Arsenic oxide (AS2O5) ......... O'Oll
Water (combined) ......... 1 '65

Moisture at lOO'C 0-28

Carbon dioxide ! . .0-22

99-681

This is equivalent to :

—

Manganese ........... 52 '54

Iron 7 -60

Silica 4-08
Phosphorus . . . . . . . . . . . O'lO
Moisture 0 "28
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aiul indicates an average composition for the Kodegsion ores of 39%
braunite and psilomelane.^

A picked specimen df Kodegtion ore, consisting of the liard fine-grained

mixture of braunite and psilomelane, was analysed by myself with the

following result^ :

—

Manganese peroxide . . . . . . . . , 5() ' 72
Mansranese protoxide ....... . . 30 'S.''.

Ferric oxidi' and aliuiiina ........ 3 '94
Cobalt and nickel oxides (CoO + NiO) . . . . . . 0'48
Raryta J-JO
Magnesia ........... trace
Silica G-80
Phosphoric oxide .......... 0'22
Water (combined) ......... 0'49
Moisture at 100°C Q-OS

100 -(13

This is equivalent to :

—

Manganese ........... ,59 '73

Phosi)horns . . . . . . . . . . . O'lO

The silica was not separated into combined and free, but as it was left as a

gelatinous residue on dissolving the ore in HCl, it may be supposed that it

was largely present in combination as braunite. On this assumption the

ore must have been composed of 68% braunite and 32% psilomelane, or

roughly 2 of braunite to 1 of psilomelane.

For the analyses given below I am indebted to the Indian Manganese

Company :

—

Analyses of Kodegdon ores.

Mine 1. Mine 2. Taken from a
report made by
Mr. H. Kilburn
Scott for the
promoters of the

Indian Mangan-
ese Company.
All dried at

212°F.

1 2 3 4 5

iSianganese .

Iron . .

Silica

Phosphorus

52-83
6'-19

4-53
0-151

51 -62

8-52
4-90
0-083

42-60
14-84
7-57
0-080

.52-68

6 18

9 ;-)8

0-092

49-40
9-22
11-13

0-132

1 This sample was subsequently found to contain the following additional

constituents :

—

NiO, C03O4, CuO 0-04

K2O 0-82

Ka20 . 0 29

2 Rec. G. S. I., XXXi, p. 47, (190/),
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Manganese

Iron

Silica

Phosphorus

Arsenic

Moisture as received

.

C

49-04

(')•<)()

(i-0-2

o-i;!0

Mine 1.

5;r90

4-55

4-6!

0-078

traces

0-20

53 -02

6 -00

5-8:5

o-o;?3

traces

0-22

Mine 2.

9

50-02

8-70

7-42

0-1:55

10

48-8::

9-87

G-27

0-08:i

Taken from a re.

port made by
Mr. W. .Selkirk

for the Indian
Manganese Com»
pany. All dried

at2I2''F.

No. 1. General sample of the ore-body exposed.

No. 2. Piece of second quality ore showing some cleavage.

No. 3. Piece of second quality ore showing cleavage and appearing to be sili-

ceous.

No. 4. General sample of best ore from stacks and quarry.

No. 5. General sample of class of ore showing cleavage, taken jnincipally from
the lower part of the quarry.

No. 6. Sample taken from whole of 3,200 tons ore stacked at mine 1.

Nos. 7 and 8. Similar samples previously taken.

No. 9. Sample taken from 4 points at bottom of mine No. 2.

No. 10. Sample of the pebble-ore at mine No. 2.

A cargo of 300 tons ex ' City of Venice ' gave on analysis by

Messrs. Pattinson and Stead

Manganese peroxide . . . . . . . . . 56'39

Manganese protoxide . ........ 21 '09

Ferric oxide . ......... 9 '86

Alumina .......... 1 '40

Baryta O'BS
Lime 0-85
Magnesia .......... 0-40

Lead oxide .......... Nil.

Copper oxide .......... trace

Cobalt oxide NU.
Nickel oxide .......... Nil.

Zinc oxide .......... trace

Potash 0-87
Soda 0-37
Silica 5-95
Phosphoric oxide . . . . . . . . . .0-27
Arsenic . .......... 0-012
Sulphur trioxide 0 "075

Combined water ... . . ... 1 - 60
Moisture 0*29

Carbon dioxide 0'60

100-267



852 M.\^•GANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT IV

The equivalent of tliip in manganese, etc., is sliown l)el()\v, to<j;ethcr with

partial aviaJyst'S of two other cargoee :

—

500 tons cx ' City

of Venice.'

600 tons cx
' Syria.'

600 tons ex
' Malacca.'

As re- Dried at As re - Dried at As re- Dried at
ceived. 212"F. ceived. 212°F. ceived. 212°F.

Manganese 51 -84 51 -no 51 -65 52-19 .50-95 51 • 31
Iron (i-87 (i - Si) 6-4:i 6-.-)0 7-62 7- 67
Silica 5-93 5 -no 4-75 4 -SO 4 -47 4- 50
Phosphorus 0-116 0 •

] 1

6

0 •
1 20 0-122 0-123

]\loistiire 0-2:' 0-71

Output.

Year.

1903

1904
1905
1906

1907

The figures of production for this deposit are shown

below :

—

Long
tons.

11,436

9,000

11.094

9,657

7,527

It will be seen that the figure given for 1903 does not agree with the state-

ment on page 849, according to which 15,000 tons were extracted in 1903.

I have had the greatest difficu Ity in getting even, the above figures ; for all

records of the output for 1903 and 1904 seem to have been lost ; but the

discrepancy is probably due to that portion of the ore extracted during

1903, but not carted away, having been included in the 1904 figures.

2. Gumgaon.

(Central Provinces Prospecting Syndicate.)

{See Plates 24 and 25.)

This deposit is held on a mining lease by the Central Provinces Pros,

pecting Syndicate and forms a hill, the west end of v/hich is about 100

feet to the east of the new road from Patansaongi to Khapa. This hill

forms the boundary between Khsipa and Gumgaon village areas. A plan

of it is shown in Plate 25. Geologically it may be said to consist of

three parallel bands of rock having an average dip of about GO*^ to the

S.10°E. :
—

(1) A southern band having the general strike of the rocks of this

hill, namely E.10°N. This band is the ore deposit and is

exposed for 1 ,200 feet along the strike and is 300 feet wide for a

great portion of its length. Along the northern boundary the

predominant rock is spessartite-quartz-rock. Of this 300 feet only

about 50 feet represents ore in .situ, the remainder being loose

ore fragments covering the ' country ' to south of the ore-band.
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(2) A middle l)aiu' of decomposed felspathic mica-schist, 50 to JOO

teet wide. Theee scliists being fofter than the rocks to the

north and south form a depression along the niiddk; of the hill.

(."5) A northern hand of micaceous schistose quartzites with an out-

crop 200 feet broad at the widest part.

Along its northern boundary this ore-body consists mainly of

^ ^ J

spessartite-quartz-rock, in j)laces with senondary
The ore body.

chaU'edonic silica. It shows a lateral transition

along the ftrike into ore, which, however, still contains some unaltered

yellow ganiet.

The ore improves in quality with distance from the north edge of the

deposit and is worked chiefly along the south face of the hill. The

excavation situated in the middle of the southern slope of the hill was the

only one being worked while I was there in 1903. It showed that the ore

is divided by large divisional planes dipping at 70° to vertical to the

S. 10°W.; these divisional planes evidently show the strike and dip

of the rock. There are various other quarries along the hillside, all much
longer than broad, and 10-20 feet deep, and showing ore of rather variable

qualit)-. At the west end of the hill the manganese-ore runs up the hill

with a distinctly bedded appearance, even as seen from | mile away.

Here the ore is often much veined and streaked with qua^-tz. the

streaks being usually at right angles to the strike.

The quality of the ore is very varied. The psilomelane-braunite mix-

ture of Kodegaon is again the principal ore,

thf oie."'"

"""^ "^""^'^^
^^'ith a specific gravity of 4-54 (small piece);

but frequently the ore is a light steel grey,

wholly crystalline variety, with a fine grey-black crystalline powder

in the parting planes. A third variety is porous, soft, black, with lighter

grey streaks, and is rejected by the quarry men, probably correctly, for its

specific gra\ity is only 3-39, good merchantable ore usually having a den-

sity of 4-5 or more. Finally there is a fourth, extremely in terestmg,

variety. It is a spotted variety of the crystalline ore, designated cfnta.

wdld patthar by the coolies. The spots are flattened parallel to the banding

of the ore, from | to J inch or more in diameter, and perhaps -L to ^ inch

thick. They may be either pinkish in colour or a dull sooty black. The
microscope shows the pink spots to be really mosaic quartz, with undula-

tory extinction and containing some black prismatic inclusions. The
black spots also consist of quartz, but contain a greater abundance of

dark material. This ore is probably some that has not been completely

transformed from the original gondite or allied rock to the final stage, the

spots being perhaps secondary segregations of the remaining free silica.

As one piece showed a specific gravity of only 3-7], this ore is probably
very siliceous.

IV R 2
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1 took a sample from all the ore stacked here (November 1903). It

consisted mainly of the psilomelane-braunite mixture, but included a

certain proportion of the spotted ore. The analysis carried out at

the Imperial Institute showed :

—

Sample No. 2-

Manganese peroxide . . . . . . . . . 60 "17

Manganese iirotoxide

Ferric oxide

Silica (combined)
Silica (free)

Phosphoric oxide

Moisture at 100°r.

This is equivalent to :

19-31
7-95
3-02

I -45

0-2S
0-33

Manganese
Iron .

Silica .

Phosphorus
Moisture

53-05
5-565
4-47
0-12
0-33

The amoimt of combined silica points to an average composition for

these ores of 30% of braunite and 70% of psilomelane.

Mr. W. H. Clark, Manager of the Central Provinces Prospecting Syndi-

cate, has kindly supplied the following analyses, dated September 1905,

bv Mr. R. D. Connell :—

Tonnage represented

.

316 419

Manganese 53 -24 52-01

Iron 4-62 5-16

Silica 5-00 6-40

Phosphorus 0-09 0-09

The lower slopes of the southern side o± this hill are covered with

^ ^
loose ore resulting from the mechanical disintegration

a us ore eposi s.

deposit. Such material is commonly

called either ' boulder-ore' or ' float-ore ', but had better, as explained

on page 876, be referred to either as ' talus-ore ' or ' detrital ore '.

At the base of the hill som.e pits, .3 feet deep, showed talus-ore right to

the bottom. The whole of the southern part of the hill is coloured on

the map to represent manganese-ore, but the ore band itself is probably

not wider than about .50 to 100 feet across the outcrop, the southern

fringe representing talus-ore.

The work here was of the usual description, the ore being extracted

by crow-bars, broken up and cleaned with hammers, and stacked in the

usual rectangular ore heaps 2-3 feet high. In 1907 the waste was being

removed by means of trucks on a pair of rails carried on waste dumps,

across the strike of the deposit at the west end and round to north side

of the hill.
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4. Riimdongpi.

(Central Provinces Prospecting Syndicatk.)

(Sec Plate 24.)

The geology of the hills to the east of the Kanhftn river, stretching

from Ramdongri H. S. to the big mass of quartzite I have called the

Kuthulna hills, is very intricate and difficult to unravel, owing to thick

jungle.

The map of this area shown in Plate 24 was constructed after a very

careful examination of the ground during which practically every

exposure was visited. Tn many places the ground is obscured by debris

or jungle so that it is very difficult to join up the various outcrops.

The result shown on the map is such as to suggest an intrusive relation of

the manganese-silioate-rocks with regard to the quartzites, schists, and

gneisses. It should be noted, however, that the long thin band of raan-

ganiferous rock shown as running in a east-north-east direction from the

river-bank was not actually seen to connect with the mass of manganese-

silicate-rock forming hill 5. Instead of so connecting it may have thinned

out in lenticular fashion a little before. The apparent bifurcation

at its eastern end of the mass of manganese-silicate-rock forming hill 5

certainly suggests, most strongly, intrusive relations to the other rocks.

This bifurcation may, however, be the effect of faulting.

It was largely on the evidence of this occurrence, however, that the

theory was put forward, doubtfully it is true,i that the manganese-sUicate-

rocks of the Central Provinces are, like those of Vizagapatam, to be

regarded as igneous intrusives; and if this were the only occurrence of such

rocks it would be difficult to confute this theory. A careful study of

the many other occurrences of these rocks has, however, as described

earlier (page 315), pointed irresistably to the conclusion that the man-

ganese-silicate-rocks of the Central Provinces are metamorphosed sedi-

ment?. When the Ramdongri deposits have been opened up much more

than at present, it may become possible to explain how the manganese-

silicate-rocks of Ramdongri simulate igneous rocks in their relations to

the quattzites, gneisses, and schists, and yet are, as they must be, con-

sidering their similarity to the other manganese-silicate-rocks of the

Central Provinces, really chemically-altered metamorphosed sediments.

The Ramdongri mass of hills rises at Ramdongri H. S. to about 280

feet above the surrounding alluvial country. AW the hills and hillocks

owe their elevation either to quartzites, more or less micaceous, or to

manganese-ore bodies, while the lower lying ground is occupied by m.ica-

schists, biotite-gneisses, and tourmaline-granites. The various bands of

1 Bee. G. S. I., XXXIII, p. 97, (1906); Trains. Min. Qeol. Inst Ind., I, p. 91, (1906

)
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quartzites shown on tlie map have been marked only where seen ; but seme

ot them possibly connect up as shown. The quartzites forming the

Kuthubia hills are separated from the Rilmdongri hills to the west by

a well-maiked valley running north-north-west, and probably due to a

fault having the same direction.

Another feature, in addition to those mentioned on page 855, that

seems to point to the manganese-silicate-rocks being igneous intrusives, is

the fact that the backbone of hills 1 and 2 apparently runs into the

ore-body of hill r> ; for there is no evidence to be seen in the nalii dividing

hills 2 and 5 that could be taken as indicating the presence there of a

fault. Also, where this deposit, at its west end, crosses the nilla shewn,

it is interbanded with schists, quartzite, and gneiss, suggesting that the

presumed intrusion terminates by breaking up into parallel bands

intercalated between the pre-existing metamorphics. Even including

these bands of gneiss, etc., the width of outcrop, in this nala, of the ore-

body—which here mostly takes the form of spessartite-quartz-rock

(gondite)—is only about 150 feet, and at the southern end of the

exposure the spessartite-bearing rock is seen to dip to the west under the

grey gneiss, again hinting at the terndnation of the ore-body ; this would

also be best explained by an igneous origin.

By referring to the map it will be seen that—neglecting the thin band

that runs west to the bank of the Kanhan river and consists of rhodonite-

spessartite-quartz-rock partly altered to manganese-ore—there are three

distinct ore-bodies, forming hills 4, 13, and 5, respectively. They are

all of lenticular shape, though ore-body 5 is divided at its eastern end.

Hill 5 is practically the only one on which work had been done in

jj.jj
^ 1903. The ore-body giving rise to this hill is of

enormous size, in fact it is the largest I have yet

examined. The total length is about 2,500 feet and the total

width about 1 ,500 feet, whilst the hill rises to a height of about 140

feet above the neighbouring low ground. A very large proportion of

the ore is, hov.ever, quite unworkable, especially in the northern parts of

the deposit, Avhere the rock is chiefly gondite in various stages of change

into manganese-ore. Here also is some intercalated mica-sohist and

pegmatite. There is, however, a band of good ore about 80 yards

long on the south edge of the top of the hill and here a little work had

been done in November 1903 ; but even this ore is of variable quality.

The east, south-east and south slopes of the hill are covered by talus-ore,

and it is here that the principal work had been done. These talus-pits

were at the most only 10 to 12 feet deep on the side nearer the centre of

the hill and of course less on the side farther away. The pebbles and

fragments in these pits decrease, of course, in size with the distance

from the top of the hill. In the maiti quarries on the south-east and east
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sides of the liill, where the slope becomes less, the average size of the,

pebbles is from I to (i inches diameter. These pebbles are set in a

ferruginous clay, which largely falls off in the process of extraction and

cleaning. Every pebble has to be broken, and the clerk in charge of the

work said that -10°/^ of them on being broken are found to bo good (^re ;

the remainder, composed of poor ore, spessartiferous rock, quartz, etc.,

are of course thrown on the waste heaps.

At its west end the main mass of the hill is joined to a small hillock,

12, by a neck composed mainly of slightly altered.
'"

interbanded, quartz and gondite. Among the rocks

composing this neck is one of quartz and martite. On this hillock 12

there is some good ore like that of Kodegaon, and also some par-

tially altered rhodonite, and some rock consisting of resin-coloured gar-

nets set in the ordinary black ore.

.Attention may be here drawn to the extremely beautiful new man-

Blarfordite
ganese-pyroxene, blanfordite, an account of which

will be fomid on page 127. It is found sparingly in

a pyroxene-felspar-rock, occurring as patches in the ore-bcdy on the

top of hill 5. I'his rock is probablv an intrusive into the main mass of

manganese-silicate-rock and manganese-ore.

Hill 4 is formed by another of these lenticular masses of nianganifer-

jjjl, ^ ous rock. The dimensions of the lenticle as marked

on the map are roughly 1,-500 feet long by 700 feet

broad, but it is to be understood that the actual boundaries of this—as of

most other deposits—are partly conjectural due to the boulders and

pebbles found on the lower slopes of the hill. The hill is constituted

partly of good ore, and partly of gondite, more or less altered. The ore

seems to occupy the central portion of the deposit, the northern and

southern portion? consisting mainly of the spessartiferous lock, whilst

even the good ore passes into spessartiferous rock along the strike. In-

tercalated with the ore, on the south side of the summit, are light and

dark grey quartzites and a little gneissose rock ; the dark grey quaitzite

is the usual manganiferous rock so often found with the ore deposits.

A moderate quantity of fairly good compact ore can be obtained from

the very top of the hill, but as a large proportion of it is rendered un-

marketable by soft black spots and patches and by spessartite, the

amount of good ore cannot be large, and it seems doubtful if it could

pay to work this deposit except when prices rule high. Even of talus-

ore there does not appear to be a large quantity.

Hill No. 4 deposit does not reach quite as far as the Ranidongri nala,

Hillock rj
^^^^ ^^^^ stream bed and banks, directly on

the line of strike of the lenticle, being various
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schists. But, on the other side of the nala there occurs almost at once

another, though very small, lenticle of ore forming hillock No. 13. The

lenticle, which runs E. 10° S., is exposed for a length of about 150 yards

and may be 30 yards across ; at its west end it runs almost to the very

bank of the nala in which the schists are seen. The ' country ' on the

north side is grey gneiss, which, together v^ith schists and quartzites,

separates this lenticle from the deposit of hill 5. The ore itself is mostly

not of much value.

This is the hillock to the north of hill 5. The manganiferous rocks

here consist of manganese-ore, and partly altered spessartite-rock and

jj.jj y
spessartite-rhodonite-rock with quartz. There is a

certain amount of merchantable ore, but pro-

bably net enough to repay the cost of extraction. The associated rocks

are pinkish quartzites, micaceous schists, and tourmaline-gneiss and

granite.

The ore of these deposits is largely the usual fine-grained hard grey

Nature and quality of
compact mixture of bramiite and psilomelane ;

but

the ores.
"

there is a fair proportion, mainly in hill 5, of coarsely

crystalline ore, showing facets up to J or | inch across, nearly all the ore

then being braunite. It seems possible that the fine-grained compact

ore has been formed from spessartite-rock and the facetted ore from

rhodonite-rock.

I took four samples, the analyses of which carried out at the Imperial

Institute are shown in the following table :

—

Analyses of Rdmdongri ores.

Sample number 3 4 5

Manganese peroxide . 48- 25 51 75 51- 33 46 48
Manganese protoxide . 28- 10 27 48 26- 79 28 25
Ferric oxide .... 11- 81 8 46 8 58 10 00
Silica (combined) 5- 19 5 69 6 15 6 50
Silica (free) .... 0- 28 0 39 0 38 1 14

Phosphoric oxide 0- 19 0 22 0 13 0 35
Moisture at 100° C. . 0 37 0 38 0 36 0 63

Manganese .... 53 34 54 07 53 17 51 31

Iron ..... 8 27 5 92 6 01 7 •00

Silica' .... 5 47 •08 6 53 7 •64

Phosph'-nis .... 0 12 0 08 0 10 0 •06
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The details of these samples are as followfs :

—

Sample 3.—Taken from the stacked talus-ore derived from hill 5 (November

1903). Composed principally of the fine-gaired braunite-psilomolane mixture.

Sample d.—Taken from the ore quarriedm and from the debris near the top

of hill 5, where the blocks are very largo (November 1903). Cv)mj)OHcd j)rincipally

of the fine-grained braunite-i)silomelane mixture, with a certain profjortion of the

facetted braunitc-ore. Several pieces rather cindery in aiipearanoe. Also a little

siliceous impurity in one or two pieces.

Sample 5.—Taken from the outcrop on hill 9 (November 19Q3), composed
mostly of rather cavernous hard grey fine-grained ore (braunite-psilomelane

mixture), containing a considerable quantity of soft black powder and sometimes

little strings of white quartz.

Sample 6.—Taken from the outcrop and loose blocks of the top of hill 4, down
its eastern slope, and a little way down its north-north-western slope (November
1903). Compo'scd of hard grey fine-grained braunite-psilomelane mixture, some
pieces containing a little spossartite and traces of quartz.

The above analyses indicate that these ores contain from 50 to 65

per cent, of braunite, the balance being psilomelane.

The following analyses were kindly supplied by Mr. W. H. Clark :

—

Talus- ore Talus-ore Stacked ore Stacked ore
(small) from (large) from from out- from outcrop
pits S. E. of pits S. E. of crop on south on south and

hill 5. hill 5. edge of west sides cf

hill 5. hill 5.

Tonnage represented. 100 75 200 300

Manganese . , . . 54-27 54-63 52-47 51-97
Iron ... 5-47 5-39 6-44 6-70
Silica . . . . . 5-47 4-96 6-74 7-14
Phosphorus . . . . 0-07 0-065

1

0-08 0-085

GROUP II.

4. Risapa.

5. Nandgondi.

6. Sitagondi.

This area includes the cultivated tracts of Risara, and the wild, very
hilly, and uninhabited, jmigle-clad tracts of Sitagondi and Nandgondi.

At the time of my visit prospecting licenses over the village of Risara,

Sugundra, Nandgondi, Maharkund and Chargaon had been taken out
by Messrs. Ogilvy, Gillanders and Company of Calcutta. I was unable,

however, to obtain any news of the existence of manganese-ore in any of

these village areas except Risara. Quite by accident I found outcrops of

spessartite- bearing rocks in the dense jungles of Sitagondi and Nandgondi,
and it is probable that a careful search through these Government forests
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would lead to the discovery of further localities for these rooks, with

the prospect of some of them containing merchantable manganese-ore.

4. Risapa (Reechhara).

There are three occurrence? of manganese-silicate-rocks and mangan-

ese-ores near this village. The first spot is a little over i a mile north by

east from Risara, about 50 yards west of a water-course and 150 yards

south of the boundary of the Government Forest to the north. Here
had been collected a pile of fragments of mixed spessartite and mangan-

ese-ore, while two or three blocks of similar rock seemed to be in situ in

the ground. The rocks seen in the nala to the east of this deposit are

acid gneisses. The second outcrop is a little over -J mile north-east from

the village. This outcrop strikes west-south- west and at its south-

'vest end crosses a nala. It is 50 yards long and 17 wide and consists of

rine-and medium-grained spessartite-rock of yellow and grey colours,

which is altered in patches to manganese-ore, and shows quartz both in

patches and bands. There is also in places rose-pink rhodonite super-

ficially blackened to a depth of | to 1 inch. A small amount of mangan-

ese-ore of second-grade quality occurs in places. The ' country ' of this

deposit is not visible, but a little to the west there is an outcrop of yellow-

ish pink crystalline limestone striking E. 5° N., vertical.

The third outcrop is some J mile S. 30° E. from the second, and on

the other side of a nala. It is j^bout | mile east-north-east of the village.

This outcrop is found on a hillock perhaps 30 to 40 feet high and some

350 yards long, and strikes W. 20° N. The portion carrying mangan-

ese-silicates and ores is about 100 yards wide at the broadest part. The

manganiferous rock consists of the usual spessartite-quartz-rock, in which

the garnet varies in colour from yellow to grey and brown. When
there is plenty of quartz present the rock is hard ; but when mostly of

spessartite it is friable. The garnets are not usually more than -^^^

•i^ inch in diameter. In places the rock has been converted into man-

ganese-ore, but nowhere did I see a single piece of marketable quality.

At the west end of the hillock, the ' country ' on the north side is biotite.

felspar-schist, but towards the east end v/hite quartzites crop out on both

sides of the spessartite-bearing rocks.

None of the three outcrops noticed above can be considered to be of

any economic value, if one can judge from outcrops.

k sample taken from this locality by Messrs. Ogilvy, Gillanders and

Company was analysed by Mr. E. Riley of London with the following

result ;!

—

Per cent.

Manganese . . . . 34-68

Iron 2-26

Silica 23-46

Phosphorus .... 0 -43

Moisture 1-02

1 Published with the kind periuissiou of -Messrs. Ogilvy. Gillanders and Company.
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5. Nandg'ondi.

Somewhere 111 the Nundgondi jungles 1 found an outcrop of spessar-

tite-bearing rock- often quite blackened—occurring as patches and

streaks in quartz. At its two ends this rock seemed to pass into quartz-

ite. The strike was west-north -west and the rock on the north side of

the band was a bronze-cohaired biotite-schist. The .1-inch map of this

area represents the hills so incorrectly that it is almo.«t impossible to

correlate the rea! topography with that shewn on the map. As far as 1

could make out, however, this outcrop was at the foot of the southern

end of the long S. S. W. running ridge on which the deserted village

of ' Nandgondee ' is marked on the map.

6. Sitagondi.

In the reserved forest, in the valley just to the north of we.stern end

of the large mass of quartzite hills marked on the i-inch map as the site

of the village of ' Seethagondee ', there are two obscure occurrences of

manganiferous rocks to be found only with difficulty, or rather by acci-

dent, on account of the jungle and long grass. One of these localities is

about h mile due north of the 'ee' of ' Seethagondee' and here fragments of

spessartite- bearing rock, probably derived from a neighbouring or under-

lying baud of similar rock are found scattered on the ground for 100 to

200 yards along an east to west line. Tlie rock is composed of a friable

dark-brown to black aggregate in which the garnets average perhaps

g-^to ^2 iiich in diameter. A little to the north of these fragments there is

an outcrop, in one place, of biotite-gneiss dipping to S. 20'^ W. at

30" to 40°, and in another, more to the west, of bronze-coloured mica-

schist dipping at 45° in the same direction.

Some 500 to 600 yards west of this spot and apparently on the same
line of strike there are to be found—associated with very schistose bic-

tite-gneiss and biotite-felspar-quartz-schists, which dip to S. 20° W.
at 50°—several blocks of spessartite-bearing rock, consisting largely

of the yellow fine-grained variety, streaked and patched with black

due to conversion to manganese-ore ; but partly of the red-bro\m granu-

lar variety, much blackened. There is also a fair quantity of greenish-

grey rhodonite associated with a little of the pink variety.

At neither of the above localities was any merchantable manganese-

ore seen.

GROUP lil.

7. Kandpi,

8. Mansar.

9. Mansap Extension.

10. Parsoda.

A* uui'Uit.
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Leaving out of account the Borda deposit, which is an isolated one,

the deposits of this group lie in the mass of hills situated to the west of

Eamtek and to the north and east of Mansar. The associated rocks are

mica-schists, quartzites, fine-grained gneisses containing a magnetic

mineral, perhaps mangan-magnetite, and occasional crystalline limestones.

Although the Knndri deposit is now apparently isolated from that of

Mansar, and is probably a lenticular mass, yet at one time it may have

been joined to what is now the Mansar deposit and have been separated

from it by squeezing during the earth movements by which the original

manganiferous sediments were metamorphosed. Mansar Extension is

only a portion of the Mansar deposit lying at its western end. The Par-

soda deposit lying about f mile to the south-south-east of the south-

east end of the Mansar band is in all probability an extension of the

latter, the intervening portions of the manganiferous band being obscured

by alluvial soil. The ore from thi'? group of deposits was, up till

1907, carried by bullock carts along the road to Kam^thi, a distance of son.e

16 to 17 miles ; but this has been changed now the Ramtek Railway,

with its siding to Mansar and Ksindri, has been completed.

If the deposits of this group represent what was once a continuou-i

layer of manganiferous sediments, then we might expect to find the con-

tinuation of this layer somewhere to the east. If the line of deposits

forming group IV is to be regarded as this continuation, then it is obvious

from the map (Plate 43) that there is probably a large cros? fault run-

ning in a north-east direction from the west of Dumri towards Ramtek,

passing to the west of this town.

7. Kandri.

(Central Pkovinces Prospecting Syndicate.)

(See Plates 26 to 31.)

This is probably the finest body of manganese-ore yet found in India,

and certainly one of the finest in the world.

The ore-body (see Plate 32) takes the form of a lenticular band

Geology of the de- about -|- mile long and curved into a horse-shoe

P"**'*- shape, forming three hills. Two of these, the south

and north hills, rise to about 260 and 210 feet, respectively, above

the low gromid to the east (see Plate 26, fig. 1). They are joined

by a saddle, the elevation of which is not many feet below that of the

north hill. The ore-band in both these hills consists of merchantable

ore, but in the saddle it consists mostly of spessartite-rock and spessartite-

bearing quartzites. The east hill is about 120 feet high and here the

ore-band is composed of gondite and spessartite-bearing quartzites, often

largely changed to manganese-ore, but not sufficiently so to be workable.

The portion of the band which we must suppose joins the east hill to the

north hill is obscured by talus-ore. As regards the terminations of the ore-
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Fig. r>I.—D agram of the
south-east end of the Kan-
dri maDganese-ore body.

band, the excavations, at the south-east end of the southern arm of the

horse-shoe, show unequivocally that this end of the band dips below
the surface os indicated in figure .'")]

. Moreover,

a bore-hole, No. on the plan, which was put
down at 65 feet from the end of the lens, struck

the manganese-ore body at a depth of 6.') feet,

thus showing that the back of the lens here

dips below the surface at 45°. It is not known
what happens to the eastern end of the northern

branch of the horse-shoe, as it is obscured
by detrital ore. But since it does not crop
out again further to the east, we must suppose
that it either dies out here or dips below

the surface. The projection from the ore-body shown opposite level 2

(South Hill) in the plan is due to

what is probably an overturn of

the southern edge of the lens

along the part of it stretching

from levels 2 to 4. It is most

noticeable at level 2 and has

practically disappeared opposite

level 4. This is illustrated very

roughly in figure 52, which makes

uo pretence to dimensional accur-

acy. The actual anticline was

visible at the upper end of a

trench running about W. 17° N.

along the southern side of ore-

body between levels 2 and .3, and
is illustrated in figure 53.

-about 400 feet-

Fig. 52._Diagraiiimat!c
south Hil at level 2

section across

Hard raanganese-t re.

Fine-grained mica
schist.

Soft manganese-ore.

Fine-grained mica-
scliist.

Fig 53.—Anticlinal overturn of back of
manganese-ore body near level 3, Kandri.

measured horizontally

On Soutli Hill,

where a consi-

derable amount
of work has been
carried out, sever-

al good sections

were to be seen ui

levels 1 to 4.

These indicate

that the thicknes

of the
. ore-body is

70 to 100 feet
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Or, taking an average dip of 00°, the actual thickness in the South

Hill varies from about 60 feet at level 1 io about 87 feet at level 4.

Plate 29 shows the ore-body in South Hill, {(hi the saddle, North Hill

and East Hill, the boundaries of the ore-band are obscuied by debris,

so that it will not be possible to give the actual thickness until cross-

cuts have been made across these parts of the deposit.] The various

levels indicate that on the north-north-east side of the ore-band there

is a thickness of about 100 feet of a fine-grained (often granulitic)

gneiss, composed of quartz and microcline, with subsidiary oligoclase,

a fair amount of magnetite (?mangan-magnetite), and often muscovite

in abundance. This rock may vary from whitish to pinkish in colour, be

either very hard or quite crumbly, and if much mica be present it mav
be very schistose. It is separated from the main ore-body by a

small thickness of interbanded ore-layers, spessartite-bearing and other

quartzites. On the side of the gneiss remote from the ore-body, i.e.,

towards the middle of the horse-shoe, is typical mica (muscovite)-schist

occupying all the ground between the south and north hills. The clearest

section of the country on the north or hanging-wall side of the ore-body

was seen in level I and was as follows (measurements horizontal) :

—

49 feet . . fine-grained magnetite-mu-:covite-microcline-gneiss,

I foct . . interbanded gondite, quartzite, and manganese-ore,

4 feet . . soft manganese -ore.

1 foot . . veiy fine-grainod, soft, tlove-coloured, sandy rook, with bands of

gondite altwed in places to manganese-ore,

1 foot, 5 inches . soft manganese-ore with two 2-inch partings of the soft sandy
rock.

70 feet the main ore -body of solid braunite-ore.

The only clear section of the rocks on the footwall or south side of

the deposit was also in level 1 and was as follows (measuring away from the

i(^posit in continuation of the above) :

—

1 foot 8 inches

6 inches

9 feet 6 inches

29 feet

29 feet

10 feet

1 1 f;-ot

20 feat

35 feet

dark grey quarizite, partly replaced by mangane e ore.

soft mangane.-e-ore,

soft dove-coloured sandy rock (of lenticidar shape) and fine-

grained mica-schist, with a thin band of manganese -ore,

interbanded manganese-ore and dark giey quar zites, often con-

taining spessartite,

fine-grained mica-auartz-schist and decomposed spessartite-

bearing quartzites,

rather soft manganese-ore (this is the overturned part of the

ore-body),

interbanded soft dove-coloured sandy rock, spessartite-quart-

zite, and mica-schists,

mica-schist with little quartz lenticles,

soft micaceous pink and grey schistose gneisses containirg a

band of dark grey quartzites.

Here start the talas-ore quarries.



ruAP. xxxvL] NACiiM'R : K Axnia. 86-")

It will be noticeil (see Plate 32) that the dips of tlie ore-body are

everywhere directed towards the inside of the horse-shoe. As far as

can be discovered (the ground being much obscured by debris) mica-

schists occupy all the ground in the horse-shoe and round its outside

as far as dotted boundary shown on the plan. The strikes and dips

of the mica-schists probably curl round parallel to those of the ore-

body and associated rocks they enclose. All the ground outside

the mica-schist boundary is occupied by medium-grained gneisses

composed of quartz, microcline, and magnetite, with subsidiary plag-

ioclastic felspar. They have a general strike of about east-south-east,

which would carry them right into the ore-body. It is, of course, ex-

tremely difficult to unravel the structure of such disturbed Archaean rocks,

but there aie two fairly obvious ways of explaining the relations of the

gneisses to the mica-schists. We can either suppose that the mica-

schists and included ore-band form a large ' eye, ' with the gneisses

curling round it to the north and south ; or we can, perhaps with less

probability, suppose that the mica-schists and included ore-band form

a faulted block in the gneisses.

From the evidence of the rocks cropping out on the east hill it is

necessary to assume the existence of a strike fault QY (hi Plate 32).

This fault, with a cross-fault QZ, explains how the ore-band has become

doubled in width in the eastern half of the hill. The downthrow is

to the north as explained in figure 54. The amount of the throw is

probably about 200 feet or a little less.

Fig 54.—Diagram illiist rating tlie faulting of Ea-t Hill.Kandr.

The ore-body is in plan apparently a lenticular band doubled on

itself and its south-east end dives below the surface as if the ore-body

were increasing in length with depth from the surface.
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It seems probable that this deposit is really a synclinal trough the
axis of which dips in an east to cast-south-past direction. There is

little doubt that at the west end of this supposed trough the two limbs
of the deposit join below the surface, as shown in figure 1, Plate 27.

But it is probable that further to the east these two limbs do not join

below the surface, as indicated in figure 2, Plate 27. My idea of the
structure can be best grasped by means of a paper model. If a copy
of the diagram in figure .55 be drawn upon a piece of paper and cut out

R

Fig. 65.—Diagram to illustrate .shape of Kandri manganese- ore body

along the outer boundary, and then the Une KR' be placed pointing

east-south-east so as to dip at an angle of 45° in that direction, and

the two hmbs A and B be bent up about this line so that they each dip

at about G0° in the direction of the arrows ; then the lines C D, DE,

representing the level of the plains surrounding Kandri hill, will be found

to be roughly horizontal, and the model will give a very rough idea of the

probable shape of the deposit.

On the theory that this ore-body has been derived by the chemical

alteration of metamorphosed sediments, we must suppose either that
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the shape of this sheet shown in figure 55 is roughly the original shape

of the basin in which the sediments were deposited, or that this supposed

shape has been produced by earth movements pinching this piece off

from the remainder of the ore-layer. This sheet has been spoken of

above as an ore-body, but it is of course not known how much of the

sheet is manganese-silicate-rock and how much is merchantable man-

ganese-ore.

A very interesting feature of this deposit is the fact that almost

.
everywhere both the manganese-ores and the accom-

Slickensides-gi-oovins. .
°

, , ,
,

panying granuhtic gneiss show a well marked parallel

grooving. This is no doubt of the nature of slickensides, but real polished

slickensides are rare and have been found only on loose pieces of

manganese-ore in the talus-deposits. The grooves are sometimes as

much as 4 inches deep, the sides of these grooves being then often

scored by smaller grooves. The average direction of this grooving is

about E. 30° S. at 30°, but it varies somewhat in different parts

of the deposit. Thus in the North and East Hills it tends to point more

to the south-east at a somewhat steeper angle, whilst in South Hill it

is almost constantly to E. 25° S. at 25° to 30°, usually 28°. In South

Hill, the sUckensides-grooving points right down the ore-deposit, giving

the manganese-ore body a columnar structure, and this, together with

the cross-jointing, greatly facilitates the extraction of the ore. Plate

30 shows well the shckensiding in level 2. If we regard the

mica-schists and included ore-body as an ' eye ' in the gneisseSj then

we can suppose that these groovings, which roughly conform to the

length of the eye, were formed by the same earth movements as formed

the eye.

One piece of manganese-ore was found with attached white material,

, . , ,. , which under the microscope was found to be a rock
An interesting rock. -'^

.

composed of practically colourless garnet in a matrix

of untwinned (probably orthoclase) felspar. The garnet is probably

a pale variety of spessartite and has been largely replaced by manganese-

ore. The rock is of interest as being probably an orthoclase-spessartite-

rock and thus a felspathic member of the gondite series.

In the portion of South Hill lying between the south-east end and the

Nature and quality
Summit A, the manganese-ore is, as far as exposed

,

of the ores. of uniformly good quality for the whole width

of the band. It is a fine-grained crystalline ore varying from very

hard to soft and composed apparently of braunite with a certain pro-

IV s
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portion of admixed psilomelane. The following three analyses of picked

hand-specimens were carried out at the Imperial Institute, London :
i

—

8oft ore. Soft ore with Hard ore.
]

s^ericitic films.

982 994. 995.

Manganese dioxide (Mn02) . 42-86 33-78 49-42
Manganese prdto^ide (MnO) 39 09 36-40 35-20
Ferric oxide (Fe203) .... 4-13 1712 4-82
Alumina (Al*'03) • . * . 1 • GO 0 - 13 0'16
Baryta (Had) 0-89 0-21 0-00
Lime (CaO) ..... 0-72 1-35 0-63
Magnesia (MgO) .... 0-25 0-25 0-34
Combined silica (SiOa) 6-98 8-06 6-17
Free silica {Si02) .... 2-07 1-20 1-64

Phosphoric tjxidc (P2^5) • • 0'37 0 49 0-15
Arsenic oxide (AP2O5) 0-008 0-012 0-019
Combined water (H2O) 0-40 1-00 1-27

Moisture at 100°C. (H2O) . 0-10 0-10 0-15
Carbon dioxide (CU2) 0"35 0-07 0'06

99-818 100- 172 100-029

Manganese ..... 57-41 49-60 58-55
Iron ...... 2-89 11-98 3-37

Silica ...... O-O.'S 9-26 7-81

Phosphorus ..... 0-16 0-21 0-06

Moisture ...... O-IO 0-10 0-15

Specific gravity..... 4-54 4-502 4-272

Spec. 982—collected in level 1

Spec. 994— do. do. 2

Spec. 995— do. do. 3

1 The following additional constituents were later found in these specimens —

982 994 995

NiO, C03O4, CuO .... 0-015 0-014* 0-028

K2O 0-18 0-05 0-14

Na20 0-.50 0-49 0-42

• Mainly NiO.

2 These values were determined at the Imperial Institute. As one would expect
No. 994 to have a lower G. than 995, I took the specific gravities of the duplicate

specimens o f these retained in the Geological Survey of India OfiBce and found
the value for No. 994 -=4-04 and for No. 995= 4-52.
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The analysis of 995 can be restated in terms of its mineral conipositiou

as follows :

—

Hard ore—No. 995.

Apatite ......... 0".<5

Calcite . O'M
Braunite (including 4 '82 Fe203) . . . . 6r91

Psilomelane, composed of :

—

Al4(Mn05)3 . .
0-40

CagMnOs . . O'C?

Mg2Mn06 . . 0-77

HiMnOs , . 4-90

Mn2Mn06 . . 29-71

36-45 . . . 36-45

Quartz 1-64

AS2O5 0-019

Moisture ........ 0"15

100-659

Subtract oxygen assumed ..... 0'63

100-029

That of 982 can be restated as follows :

—

Soft ore—No. 982.

Apatite 0-86

Dolomite ......... 0-74

Braunite (containing 4-13 ^€203) .... 70'01

Mn2Mn05 23-37

Quartz 2*07

Impurities:

—

A1203 . 1-60

BaO 0-89

MgO 0-09

H2O (combined) ....... 0-40

AS2O5 0-008

Moisture ......... O'lO

100- 138

Subtract oxygen assumed ...... 0-32

99-818

IV • s2
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It is necessary to suppose that the psilomelane consists entirely of

Mn9Mn05, because if the AIqOs, BaO, etc., be converted into mangan-

ates, as was done in the case of No. 995, there is a deficit of 1 • 14% of

oxygen. A still less probable arrangement of the above analysis shows

the ore to contain 18-90% hausmannite and 6-95% manganates of Al,

Ba, Mg, and H, in place of the psilomelane ; this arrangement, however,

has the advantage of leaving only 0'18% oxygen unused.

The analysis of the third ore No, 994 can be re-arranged in the two

following ways :

—

Soft ore toith scricitic films—No. 994.

A. B.

Apatite
Calcite

1-13

0-16
Apatite

Calcite

1-13
0-16

Braunite :

—

Si02 .

]\In() .

Mn203
Fe203 .

. 8-06

. 9-47

. 60-71

. 2-55

Braunite :
—

SiOo
MnO
Mn203 .

Fe203 .

8- 06
9- 47

46-32
17-12

80-79 . 80-79 80-97 . 80-97

Hematite .

Quartz
Water hydrating

matite
part of he-

14-57
1-20

1-00

Mn203
Quartz .....
Water hydrating part of

MnzOz

14-39
1-20

1-00

Impurities :

—

AI2O3 .

BaO .

CaO .

MgO .

AS205 .

. 0-13

. 0-21

. 0-62

. 0-2.5

. 0-012

Impurities :

—

AI2O3 .

BaO
CaO
MgO
AP2O5 .

0-13
0-21
0-62
0-25
0-012

1-222 1-222 1-222 1-222

Moisture (at lOO'C.) . 0-10 Moisture (at 100°C.) . 0-10

1'otal 100-172 Total 100-172

Of these A is perhaps the preferable interpretation ; for Mn203
has not been yet obtained as a definite mineral, except doubtfully.







Chap. XXXVI.] nagpub.: kaj^dei. 871

I am indebted to Mr. W. H. Clark for the following complete analyses

of large quantities of Kandri ore :

—

Date of analysis. 1 8th August 190c loth May 1901.

Details of sample.
Mixturo of 4 sam

pies.

Mixture ol' 18 sam-
ples.

Tonnage represented. Ovpf 9 OrtO Unknown.

Analyst. H. II. Dains. G. M. Pnch.ird,

Alanganese peroxide .... 49-07 4(5 •2951

Manganese protoxide .... 32-91 -171

Fcrrio oxide...... 5-31 6*84

Alumina ...... U 9o 1*31

Baryta 0-45

Lime ....... Nil 0-42

Magnesia ...... 0-04

Alkalies ...... Nil

Silica ....... 8-77 8*15

Phosphoric oxide (P2O5) 0-20 0*16

Arsenic oxide (AS2O5) .... Nil Nil
Sulphuric oxide (SO3) .... 0-045 0-035

Nickel oxide (NiO) .... 0-32 j

Cobalt oxide (CoO) .... ^ Irace

Copper oxide (CuO) .... iNU 0*74

Combined water ..... 1-35 1'43

Moisture at 100°C. .... 0-41 0*61

Carbon dioxide ..... Nil

Total 99-835 100-00

Mangaaese ...... 56-52 54-96

3-72 4-79

8-77 8*15

Phosphorus ...... 0-09 0-07

1 The manganese divided into Mn02 and MnO on assumption that analysis adds

up to 100 00
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and for the following partial analyses :

—

DaU> of ntialypis. 18th August 1900. nth July 1905.

I.)etail.s of sample. Range of 4 samples
referred to above.

x\verage of ore at

mine.

Tonnage repreeented. 601

Analvst. H. H. Dains. 11. D. Connell.

Manganese .....
Iron ......
Silica

Phosphorus .....
52-80 -59-00
3-21— 4-41
5-98—10-32
0-07— 0-12

55-25

9-81
0-12

The fallowing may be taken as the ordinary range of the Kandri

ores despatched :

—

Manganese . . . . . . . . . . 54 to 67
I ron 3 to 5
Silica 8 to 10

Phosphorus O'OSto 0-12

The characteristic ore of this deposit as mined in South Hill is the

finely cryatalUne, nearly always containing a high percentage of braunite.

When there is a fair amount of psilomelane present the ore is compact

and hard, the psilomelane acting as a cement to the braunite. With

smaller amounts of psilomelane the ore becomes more friable. This is

well illustrated by the three analyses of specimens 982, 994 and 995 given

on page 868. The hard variety 995 contained 36^% psilomelane and the

two soft varieties 23% and nil, respectively. At a second visit to this

mine in December 1906, it was found that the proportion of the soft, or

rather, friable ores is increasing rapidly as the deposit is worked deeper.

This points to the proportion of psilomelane decreasing with depth. An
unfortunate result of this change in physical character of the ore is that

the percentage of ore wasted is increasing very rapidly with depth
;

for a considerable proportion of the ore breaks down into a fine powder

when it is handled. As this powdery ore is usually of very high grade

it is a pity that a market cannot be found for bagged ore.i

In South Hill these soft and hard ores seem to be arranged in layers

one on top of the other, parallel to the surface of the deposit, and often to

pass one into the other. They frequently contain dark brown sooty

films along cracks. At the very top of South Hill near A, the ore often

1 S3S Trjns. Min.O ol Inst. JnHa I, p. 224, (1997).
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contains opal and ctalcedony in cracks. Between A and C, the deposit

is mostly not worth working ; for the manganese-ore to a large extent

gives way to spessartite-quartz-rock and quartzite, often interbanded.

The spessartite is often partly altered to manganese -ore.

Between B and C there is a little rhodonite a.ssociated with these

rocks. There is a continuous outcrop of manganese-ore all the way
down the ridge of the north hill from nearly C to F. It is to a large extent

merchantable ore of both the hard and soft varieties : but, as it often

contains a little quartz or spessartite, it would require some cleaning to

fit it for the market. On the east hill there is an outcrop of huge blocks

of rock composed of yellow spessartite-rock, largely changed to soft ore,

but still showing plenty of the fresh rock in broad and narrow bands.

The plan of this deposit (Plate 32) was constructed at the time of my
first visit to Kandri in February, 1904, and represents the state of affairs

at that time. Since then the old ropeway No. 1 has been removed and

The working of the ^ gr3.vity incline put in its place, whilst another incline

deposit. is under construction in the position shown, on the

south-western slope of South Hill. The pits in the talus-ore are, of

course, now different to those shown on the plan. The levels Nos. 1

to 4 have been increased in length and three other levels Nos. 5 to 7

(not shown on the plan) have been constructed on the same side of

South Hill between level 4 and the summit. The fact that the plan is

not quite up to date is, however, a matter of small consequence, since

any plan would represent the workings only at one particular time
;

the object of the plan is not so much to show the workings as to

indicate the geological structure of the deposit.

This ore-body has been developed in a very skilful manner by Mr.

H. C. McNeill (see Plates 28 and 29). Although North Hill has been to

a certain extent opened up, yet the principal workings are on South Hill,

to win the ore of which a series of levels or benches has been constructed

on the northern side of the ore-body. Each of these levels has, at its

south-west end, a working face in the ore-body, and runs horizontally to

the north-east towards the interior of the horse-shoe. These levels or

benches are embankments built out of the waste material extracted in

carrying out the dead-work of removing the country from the sides of

the ore-body. Each embankment carries rails along which the waste

can be run in trucks and dumped over the end of the level, which is

thus constantly increasing in length. A couple of aerial ropeways were

put up to bring down the manganese-ore from the higher levels.

Ropeway No. 1, which was removed during 1906, had its loading
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station between levels 3 and 4 and was in the main a wooden structure.

It used to bring down about 150 buckets of ore a day. This was

equivalent to a daily capacity of 75 tons, as each bucket load was about

I a ton. Plate 28 shows the four levels, the old ropeway (No. 1), and

one trestle of the new ropeway.

The new ropeway (No. 2), finished during 1904, consists essen-

tially of two supporting steel ropes and one hauling steel rope with a

bucket attached to each end. The supporting ropes stretch from a point

near the top of South Hill to the low ground on the east base of the hill.

The total span is about 885 feet, the average gradient being 1 in 40.

There are two intermediate girder-work standards or trestles, situated

on levels 1 and 4, respectively, to support these wires. These trestles,

which are 48 and 39 feet high, respectively, are fine mild-steel erections

constructed on the spot by local blacksmiths trained at the mine. The

buckets are, of course, supported on these ropes by means of grooved

pulleys. The descending loaded bucket hauls up the ascending empty

one, the hauling rope passing round a brake-wheel at the top. The

hauling rope is prevented from sagging too much by means of a tail-gear.

Each bucket, with a false bottom, has a carrying capacity of ^ ton, and as

the number of trips that can be made in a day when working steadily

is about 150, the daily capacity of this ropeway is about 50 tons.

A gravity incline (No. 1 on plan) was under construction in the early

part of 1 904. The embankment for it is seen in Plate 29. It has since

been finished and serves to brmg down the ore from the south-east talus

quarries. The distance from loading to discharging station is 415 feet,

whilst the slope is 1 in 4|. The descending loaded truck, attached to one

end of a steel wire rope, hauls up the ascending empty one, attached to the

other end of the same rope, the whole being controlled by a horizontal

brake-wheel, round which the rope passes in 2 or 3 turns, at the top of the

incline. The trucks carry about 1| tons each. The average number

of trips on a full working day is 120, corresponding to a daily carrying

capacity of 150 tons.

A second gravity incline (No. 2 on plan) has been put in to replace

the old ropeway. No. 1. This incline differs from all others on the

Central Provinces manganese mines, in that it is possible to fix trucks on

to the rope at any of the levels passed by the incline, the rope being an

endless one. The actual length of the incline is 530 feet, whilst the

distance from haulage gear to tail-gear is 570 feet ; the gradient is 1 in

3-75. The amount of ore carried by each truck is IJ tons, and, as the

average number of trips made during a full working day is about 200, the

daily carrying capacity of this incline is about 250 tons.
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Owing to the columnar prisms into which the ore is divided by the

slickensiding and cross-jointing the work of extracting the ore is easier

than it woukl otherwise be. Still it is usually necessary to resort to

blasting. Two men work at each hole and take turns at the hammer,

the other one holding the drill (see Plate 30). The hole is drilled 1 to

3 feet deep according to the character of the ore and in the evening, when

all work has ceased, the blasting is carried out with the use of gunpowder

or dynamite. As the result of this the columns of ore are split and

loosened, and the next morning the masses of ore are detached with crow-

bars and the bigger blocks broken up with sledge-hammers. l On levels

1 and 2 the large pieces of ore are carried by women and children on their

heads and stacked on the level ground at the south-east end of the ore-

body, while on levels 3, 4, 5 and 6 these large pieces of ore are charged

into the trucks of the new incline (No. 2). The ore from level 7, i.e. the

top of the hill, and part of that from level 6, is despatched by the

aerial ropeway. The smaller pieces are removed in baskets and disposed

of in the same way. Most of the ore, except that which powders, is fit

to be stacked at once, but a little of it requires cleaning. This is done

by women and children with cobbing hammers, in some cases at the work-

ing-faces and in others at the ore-stacks, which are built on the low ground

to the east of the quarry. The ore is stacked into rectangular heaps 2 to

5 feet high.

The work is let out by contract, one contractor taking perhaps one

level or one area of talus-ore pits and employing perhaps as man}'' as 100

coolies. He engages his coolies by contract in gangs composed of 4 to 20

men, women, and children, who are paid by the petty gang contractor at

the rate of 4 to 6 annas per day for men, and 2 to 3 annas for both women
and children. The petty gang contractor, being only a coolie himself,

works with his gang and is paid by the contractor so much per 100

cubic feet of ore stacked and sometimes also on the waste extracted.

The contractor in his turn is paid by the mining company so much per

1,000 cubic feet of ore stacked and so much per 1,000 cubic feet of the
' deads ' measured in trucks.

The stacked ore after sampling and analysis is then railed to

Bombay vid Kamthi, Bengal-Nagpur Railway, some 16 miles dis-

tant. Before the completion of the Ramtek railway the ore was carted

to Kamthi. The carting was then also let out by contract, the usual rate

being Rs. 4 to Rs. 4-8 per ton. But it often varied outside these limits

owing to greater demands for carts for agricultural purposes at one time

of the year than at another. Each cart holds about J a ton.

1 Four Ingers-iU-Sergeant rock-drills ytwa 2J inch and two 3^ inch) had been
installed at this mine by the time of my third visit—Nov. 1908.
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Output.

Year.

1900
1901

1902

1903

1904

1905

1906

1907

The annual output from Kd,ndri is shown b>low :

—

Long tons.

20,940

26,913

12,507

19,546

15,984

12,897

23,717

30,307

In addition to the above figures, D. Laxminarayan, who has secured

some talus- ore ground in Kandri limits, reported the followii'i; pro-

duction :

—

Year. Long tons.

1906 849
1907 12,066

In the previous paragraphs no account has been given of the qiiarries

The deposits of in the detrital-ore. The yellow-tinted area on the
detrital or talus-ore. plan shows the distribution of the loose deposits of

manganese-ore composed of fragments derived from the manganese-ore

in situ. Such ore is usually known in the Nagpur district as ' drift ' ore or
' boulder ' ore. The former term is inadmissible, as it implies that the

ore fragments have been drifted along by water or ice, and the second

implies that the fragments are all large enough to be called boulders,

which is not the case. As these loose deposits almost always consist of a

talus of loose fragments of ore that have tumbled down from the ore-

body in situ, a good name for them would be talus-ore j but to allow for the

cases in which they have been somewhat rolled and arranged by water

they had best be known as detrital-ore deposits. Both these terms will

be used in this Memoir. Loose fragments of manganese-ore are, of

course, found also outside the limits shown on the plan. I have

attempted to represent only the area over which the ' country ' is more

or less completely obscured by the talus-ore.

The distribution shown is exactly what would be expected after

taking into consideration the form of the hills (see small map attached

to plan) and the dip of the rocks. The steepest slope down is oc the

south and south-west sides of South Hill,'and as this is also the scarp'Side

of the ore-body we naturally have here the most extended and thickest

deposits of talus-ore. A similar large accumulation of talus-ore might

have been expected on the north side of North Hdl. There, however,

the total descent is much less owing to the ridge of gneiss tors a little

to the north. That there is no considerable accumulation of talus

manganese-ore down the western slopes from the saddle is due t'^ this

part of the deposit consisting largely of spessartite-bearing rock
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The chief workings in the talus-ore are on the western and southern

slopes of South Hill. Over this area the thicknessjof the detrital.ore

deposit varies from a maximum of 12 feet to almost nothing, while on

the north-east side of the ore-band in South Hill the detrital-ore beds

vary from 6 to 16 feet in thickness immediately against the ore-body

and rapidly tail out in the course of 20 to 30 yards.

The excavations made near F at the east foot of North Hill show a

thickness of 1 to 6 feet of detrital ore. These detrital deposits consist

usually of pieces of ore of varying size, and fragments of the ' country,'

with a more or less abundant interstitial red clay containing small pebbles

of ore ; where the underlying rock is exposed there is usually seen in-

tervening between the bed-rock and the detrital ore a layer, often about a

foot thick, composed of little pisolitic concretions of manganese-ore set

in red gritty clay. As will be seen from Plate 31 the size of the boulders

and fragments of ore varies greatly ; in one place I estimated a single

block of ore to weigh some 7 tons. In the south-east quarries on the

south side of south-east end of South Hill there is an almost gradual

passage, on passing away from the ore-band, from huge blocks of mangan-

ese-ore practically in situ, to the ordinary detrital accumulations. This

detrital ore is, of course, quarried, partly because it is necessary in order

to work the ore in situ properly, and partly because it is, as a rule, profit-

able to do so. As the ore fragments, except close to the ore-band, are

usually covered with a ferruginous coating, it is necessary to fracture every

one before stacking it, in order to make sure that it is of good quality.

But all pebbles under 1 to 1^ inches diameter are rejected irrespective of

quaUty. With regard to the amount of merchantable ore obtained

from such deposits, I understand that the extreme upper limit is perhaps

60% of the volume of the deposit ; but such a high percentage can only be

obtained right against the ore-body. The lower limit is about 4% of

the volume of the deposit, and the proportion obtained in different parts

of the deposit varies between these limits. Such poor deposits as those

yielding only 4% of merchantable ore would not be worked except for

the facts that (1) it is necessary to work the deposits uniformly, and (2)

it is never known when the barren deposits may change to better.

The excavations on the south-west side of the hill have in many places

been carried down to the underlying rock, usually mica-schist. They
show moreover that in several places there are layers of quartz and
quartzite fragments in these deposits. One section seen was :

—

7 feet. Ore rubble.

6 inches to 1 foot. White saccharoidal quarfczifce fragments.
1 foot. Ore and quartzite gravel.

3 inches. Grey quartzite fragments.
,

1 foot. Mioa-schist »»
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Figures 56 and 57 show two otlier sections seen. They indicate

Rubble of manganese -ore with scat-

tered quartzite fragments .

Fine gravel of ore and quartzite

Coarse gravel of quartzite and quartz

.

Fine gravel of quartzite .

Fig. 56.—Section in the detrital deposits at Kandri.

Quartzite gravel .

Manganese -ore gravel

Quartzite gravel

Fig. 57.—Section in the detrital deposits at Kandri.

that parts at least of these deposits have been subjected to the action of

moving water. The white quartzite fragments that are so abundant

in certain layers were probably transported to th"ir present position in

earher times when the local drainage was somewhat different to the

present. It will be seen from figure 57 that a layer of manganese-ore

gravel in the quartzite gravel tails out to zero. As many of the

manganese-ore pebbles and boulders in many parts of these detrital

deposits are rounded so as to suggest that they have been roUed by

water, and as, moreover, where not yet quarried, these detrital accum-

ulations are often covered by soil and grass, it will be seen that they

cannot to any extent be in process of formation at the present day ; and

it seems probable that in earlier times the accumulations round the

base of the hill were sorted or rolled by water, leaving the fragments

higher up the slopes in their original angular condition.

8. Mansar.

(Central Provinces Prospecting Syndicate.)

(See Plates 33 to 36.)

The manganese-ores of Mansar Hill were first brought to notice by

Lieutenant R. E. Oakes in 1859,1 and later the outcrop was described by

Mr. Wilson, Executive Engineer of the Kanhan Division, as being

1 Ball, Economic Geology, page 329, (1881).
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visible for about a quarter of a mile with a thickness? of about 10 feet.^

In 1879 a sample sent to the Ceolojfical Museum by Mr. W. Ness, Mining;

Engineer in charge of the Warora Collieries, was analysed by Mr. F. R.

Mallet.2 In 1899 the rights to work this body of ore were secured by the

Central Provinces Prospecting Syndicate, which commenced work on it

in the same year. In fact this was the first manganese-ore deposit in

the Central Provinces to be worked for export. In Plate 35 is given a

sketch plan of the deposit reduced from an old plan and with recent

additions by Mr. W. Whyte. The outcrop of manganese-ores has been

traced practically continuously for about IJ miles in a general east-

south-east direction, curling round to south-east at the south-east

extremity of the band. The Parsoda deposit, distant some | mile to

the south-south-east of this end, is no doubt only a continuation of

this band ; for although the intervening ground is covered by alluvial

soil, yet, according to Mr. W. Whyte of Mansar, fragments of ore can

be found scattered on the surface of the ground along the line joining

the two deposits. For about | of its length the ore crops out along the

crest of a ridge which rises to a height of 350 feet above the plains at

its highest point, namely the Grand Trigonometrical Station (G. T. S.)

shown on the i inch map of the Nagpur district.3 In the other

forming the south-east end of the deposit, the ore-band descends nearly

to the level of the plains and is exposed in several pits known as the

Kamthi Lady Pits, the Satara Pits, and the South East Mound Pits, the

last named being immediately to the north of the Mansar-Ramtek road.

The ore-band continues to the south of this road, where it has been

traced for 100 yards in a S. 40° E. direction in some pits recently

opened up near the Central Provinces Prospecting Syndicate hospital

;

whilst a trial pit 80 yards further to the S. 40° E. has shown angular talus-

ore in alluvial clay.

The area taken out on mining lease includes portions of the village-

areas of Mansar, Khairi, Chargaon, and Parsoda, taken in order from

north-west to south-east. The main part of the deposit on the ridge is

divided between Mansar and Khairi, while the south-east end of the

deposit north of the Mansar-Ramtek road, including the pits named
above^ and a large part of the talus-ore pits that lie on the north-east

side of the ore-band, is within Chargaon limits. The portion to the

south of the above-mentioned road is in Parsoda limits.

1 Mallet, Rec. G. S. /., XII, page 73, (1879).

2 Ibid.

3 This Survey mark has now been quarried away.



880 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT IV :

This band has been traced below the surface by means of a series

^
^

of pits for about 400 yards in a westerly direction
Length of ).nH

beyond the western end of the outcrop included

within the concession of the Central Provinces Prospecting Syndicate.

This extension, which is being worked by the Central India Mining

Company, will be described separately as the Mansar Extension ; taken

together with the concession of the Central Provinces Prospecting

Syndicate it gives a total length of H miles for this ore-band, or if the

Parsoda deposit (of the Central India Mining Company, page 893) be

regarded as a part of it, then the total length is over 2 miles.

On both sides of the ore-band the immediate ' country ' is very similar

. Q ^
,

t^^^ of the Kandri deposit, and consists mainly of
ountry.

^ fine-grained light-coloured gneiss, usually con-

taining abundant scattered specks of a black slightly magnetic mineral

(? mangan-magnetite). This gneiss is interbanded with layers of vitreous

grey quartzite, of yellow spessartite-rock partly altered to ore, and of a

very fine-grained, friable, white mica-quartz-schist. The best section on

the south side was seen in December 1906 alongside the incline No. 1

South, near the west end of the deposit. This section showed, measuring

horizontally (the dips being steep) :

—

1. Ma,nganese-ore forming the southern wall of ore-body;

2. 10 paces of ir.terbanded rocks, as above noticed, passing down into

very quartzose mica-schists

;

3. 10 paces of mica-schists with quartz lenticles.

To south of this the fine-grained gneisses were again seen.

On both the north and south sides of the ore-band the felspathic

gneisses and interbanded rocks give place further from the deposit to

mica-schists ; whilst quartzites form low hills both to the north and south

of the ore-ridge. Hence the generalized section across the ore-ridge, from

north to south is, as far as can be at present judged :

—

1. Quartzites,

2. Mica-schists,

3. Interbanded fine-grained gneis ;cs and mica-quaitz-schists, viterous

quartzites, and spessartite-rock,

4. Ore-body, !

5. Similar to 3, -

6. Mica-schists,

7. Quartzites.

Figure 58 is a north to south section across the hill at its highest point

and is based on surface evidence, both along the line of section and in

openings to the west of it. It is intended to be diagrammatic only.
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The dip of the ore-band in the south-east half is almost constantly

Dips^.
towards the north-east side, at angles lying usually
between 45° and G0° (except in the Parsoda porti >n

where it is 30^ to 45°). The band then becomes overturned, so that the
dips are at 30° to G0° to the scuth-west side. This south-south-west dip
continues as far as the highest parts of the hill, to the west of which the
dip agam changes to the north- north- east at 55° to vertical, then to south-
south west at 70°, and finally again to north-north -east, which is the dip
seen in the quarry at the extreme west end of the Central Provinces Pros-
pectmg Syndicate's concession, where the dip is very steep to alniust
vertical. The varying dips given above for the part of the outcrop lying
between the top of Mansar Hill and the west end of the deposit were
those seen on the outcrop and in such openings as had been made up to
January 1904. The opening up of most of this outcrop and removal of
large portions of the upper part of the ore-band by December 1906 have
shown that that there is a sharp fold, in one place violent enough to

S. produce a small strike fault, in the ore-

band some 50 feet below the highest

point of the hill. As the outcrop to

the west of this was considerably lower

it actually cut into this fold, thus ac.

counting for the variable dip. In

several of the workuigs at the west end

of the deposit the actual overturns can

be seen in small sections of a few feet
Fig. 59—Overturn in beds of j- i

manganes:-orc at Mansar. vertical, as m figure 59.

The ore-band itself varies iii character. On Mansar Hill it is to a

large extent composed of manganese-ore, often of the best quality. But
on the descent down this hill to the south-east and right along the ore-

band to its south-eastern end, the manganese-ores give v/ay in most

places to various manganese-silicate-rocks.

The commonest variety of these is spessartite-quartz-rock (gondite).

Constitution of the occurring interbanded with what was thought m
ore-band. the field to be a quartzite. Microscopic exami-

nation, however, shows that the rock is a fine-grained granulitic gneiss

contaming grains of a black ore, probably braunite, and a few of

spessartite, together with an abundance of a pale yellovdsli pyroxene.

In this reck thin bands of spessartite also occur. These rock-bands

are often only an inch or two thick. The gneiss-bands weather

out a little above the spessartite-bearing ores and often show crumplings

on a small scale. Any ore-band can often be traced for some yards, but

probably ultimately thins out in a lenticular fashion. There are also

bands of dark grey quartzite containing abundant granules of a man-

ganese-ore.
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In the Kamthi Lady Pit there is a most interesting set of rocks. One

The Kiimtlii Lulv ^^J^^ composed of boautifu!, fresh, deep orange

Pit. coloured, spessartite trapezohedra set in a matrix of

pink rhodonite, white barytes, and a green phosphate, probably allied to

dickin.sonite. The rhodonite, which is the commonest of these three

minerals, often occurs in plates, up to an inch and more across, enclosing

several spessartite crystals, which average ^ to |- inch in diameter. In

many places this rock has been much altered, and then somewhat altered

spessartites are set in a matrix of partly altered rhodonite, or of manga-

nese-ore with a colour and lustre like that of lead — probably a variety

of psilomelane allied to the mineral from Beldongri (the analysis of which

corresponds to the formula, 6Mn3O5.Fe2O3.8H2O) that 1 have called

beldongrite (see page 116). This manganese-ore has no doubt arisen by

the chemical alteration, or replacement, as the case may be, of minerals

forming the matrix in which the spessartite is set. In some bands where this

altered matrix is soft, it is easy to separate the trapezohedral garnet

crystals, and in this way some perfect trapezohedra have been obtained,

the largest perfect one being f inch in diameter. Others are as large as

1 inch in diameter. As showm in figure 14, page 172, these crystals

have their faces striated parallel to the faces of the rhomb-dodecahedron.

Some of the bands in this pit are composed entirely of spessartite and

in one place the spessartite-rock has a rough columnar structure, like that

of a small dyke, due to the spessartite individuals all being drawn out in a

direction at right angles to the bedding. Figure 60 gives a rough section

of the ore-body as seen here.

Fig. 60.—Section across the Kainthl Lady Pit, CharsraoD.

IV T
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The manganese-ore shown on each side of the spessartite-rhodonite-

barytes band is often more or less impure owing to remains of these

minerals.

In the Satara pit immediately to the south-east of the Kumthi Lady

S.W. N.E.
Talus-ore.

Fine gravel.
Quartzite
gravel.
Decomposed
schists With
scattered piso-

lites of manga-
nese oxide,

which are very
abundant in

the 1-foot bed
at the base.

Ficr. 61.—Section across one of the Satara Pit.-i, Chargaon.

Pit, the section shown very roughly in fig. 61 was visible. The

Th- Satara Pit«
manganesc-ore at the junction with the overlying

schists is apparently the good quality hard

variety, but a few feet away from the junction it becomes interbanded

with quartzite and more or less garnetiferous. The overlying ' country
'

is very decomposed, but once consisted perhaps of bands of mica-schist,

spessartite- quartzite, and dark grey quartzite. The interesting feature of

this section is that where these decomposed rocks rest on the manganese-

ore they are full of very numerous pisolitic concentric-structured

concretions of manganese oxide. For a thickness of one foot these

concretions are so abundant as to constitute about half the rock ;
but

they become gradually scarcer with distance from the junction. The

pisolites are also very abundant for a depth of about one foot below

the overlying talus deposits. All these schists were very damp, even in

January, when there had been no rain for weeks, so that it seems likely

that the junction between the ore-body and the schists is a path

along which water circulates, and that in so doing it impregnates the

schists and deposits manganese oxides in them. There was water in

this pit at a depth of 17 feet below the surface.

At the north-western end of the ore-ridge there is a quarry showing a

Quariv at the north- ^'^U interesting Section, illustrated in Plate 34,

western end. figures 1 and 2. This section shows that the thick-

ness of the ore-band is here 46 feet measured horizontally, the dip of the

rocks being very steep (practically vertical) to the north side. The

north wall of the deposit consists of very fine-grauied greyish white mica-

quartz-schist (C in figure 2
)
containing interlaminated with it one or two

bands of ore and dark grey, sometimes spessartite-bearing, quartzites.



GEOLOGICAL SURVEY OF INDIA.

Memoirs, Vol. XXXVII, Pi. 34

PhotuL^raphed by L. Fermor. Beinrose, Coilo., De}-/y,

Fig. 2.-VIEW SHOWING STRUCTURE OF A PORTION OF THE
MANSAR ORE-DEPOSIT.
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On the south wall the last 2 feet 8 inches of what has been measured as

part of the ore-band consists of interlaminations of fine-grained mica-

schist, micaceous quartzite, dark grey quartzite containing abundant

patches of yellow spessartite, and yellow spessartite-quartz-rock

(gondite) often in lines of lenticles as

in figure 62- The rocks here curve

over so as to change in amount of dip

in a similar manner to that shown

in figure .59, page 882. The ' country '

south of this consists of ordinary

medium-grained mica-schists, contain-

ing a few quartz lenticles. The section

exposes 50 feet of these schists. The
manganese-ore composing the ore-body

is soft and usually of poor quality,

Fig. 62.-Leiuiculavly expanding and occurs in layeis up to 1 foot thick,

and contracting band of gondite. There are numerous partuigs of

fine-grained mica-quartz-schists, with here and there 1 or 2 inch bands of

dark grey quartzite, often showing thin lines of yellow gamet. Near the

north wall there are bands of fine-grained light grey quart zite up to

inches thick, and in one place there is a lenticle of soft ore (see D,

Plate 34, figure 2) in rather powdery, greyish white, fine-grained quartzite

containmg some bands of vitreous quartzite i to f inch thick. From the

fact that at the three places (E, E, F), where the edge of the lenticle was

seen, the ore gave way to soft yellow gondite, it seems as if we have here

a good case of a lenticle of gondite since altered inside to manganese-ore.

At the time of my second visit to Mansar, in December 1906, the ex-

j
^ cavations on the north side of the bed at its western

end had revealed the presence, in the thin-banded

gneisses and spessartite-bearing rocks forming the ' country ' here, of a

couple of lenticular masses of red hematite. One of these was about 20

feet long, 4 feet high, and 2 feet thick at the thickest part ; the other had

evidently been of somewhat larger dimensions, but had been partly

removed. The mineral is of the soft red ochreous variety.

With regard to the thiclcness of the oie-band : in the quarry mentioned

Thickness of the ore- above, it is 46 feet
;
on the summit of Mansar Hill

band. the ore-band, though not properly opened up at the

time of my visit in January 1904, was estimated as being about GO to 70

feet thick (measured at right angles to bedding) ; but my visit of

December 1906 shows that this in an over-estimate, due to the fold

mentioned on page 882. The true thickness is about 45 feet. .\t

various places between here and the Chargaon pits the imworked outcrop

showed widths varying between .30 and 60 feet measured horizontally
;

IV T 2
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in the Kamthi Lady Pit the actual thicloiess of the ore-bed is at least

47 feet. Hence we see that the ore- band is of fairly iiniform thickness,

namely about 45 feet.

Although some good ore has been, and doubtless still can be,

Nature and (juality obtained from the various pits at the Chargaon end of

of theorem. the deposit, yet the merchantable ores lie cliieflv

in the western portions, where practically the whole length of the

deposit for the last half mile is worth working. In fact, m some places

in the original outcrop workings, such as the parts on the top of Mansar

Hill tapped by the aerial ropeway, and the part tapped by No. 1 Incline

South, practically the whole thickness of the deposit seemed to consist

of merchantable ore. Now that the deposit has beoi quarried to a

considerable depth below the original outcrop it is found that a much
larger proportion of the bed has to be rejected than was expected. Thus,

in December 1906, I found masses of yellow spessartite-rock, and some of

rhodonite-rock, both partly changed to manganese-ore, included in

the ore-body at points where the original outcrop had indicated

manganese-ore only. The following figures showing the actual

proportion of cleaned ore obtained in quarrying the ore-bed, were supplied

by Mr. W. Whyte, manager of the Mansar mine:—

March, 1906. April, 1900. May, 1900.

Cleaned ore . . . . . .

Waste (smalls), consisting of ore, quartzite, etc.

Bad ore (large pieces) .....
cu. ft.

18,000

1 1 SOO
17,500

cu. ft.

18,500

13,900

27,000

cu. ft.

19,400

11,700

24,400

Total 47,900 59.400 55,.500

Proportion of cleaned ore to total exc.Tvated .38-8% 31-2% .34-9%

Since the smalls will pack much closer than the large fragments of ore,

both cleaned and rejected, they wou;d really occupy a somewhat larger

volume than shown above if they were packed with the same proportion

of air space between the fragments. Consequently the proportion cf

cleaned ore to total excavated must be somewhat smaller than sho\vn

above and might fairly be taken as averaging .30 per cent.

This ore is very similar to that of Kandri, being finely crystalline, both

hard and soft, and to a large extent composed of braunite. The difference

between the hard and soft ores seems to be that in the hard ores the

braimite granules are more firmly cemented by the psilomelane matrix

than m the soft varieties
;

moreover, to judge from the analyses of

Kandri ores Nos. 994 and 995 (pp. 869-70), the harder ore contains a

larger proportion of psilomelane to act as cement to the braunite,

One piece of ore often consists of streaks of the two varieties.



CiiAi'. XXXVI.] NAGPUIl : MANSAB. 887

The two following analyses have been made on specimens from this

depcsit. No. I0;57 was collected by me from an ore-stack on top of Man-

sar Hiil and was a piece uf finely crystalline ore. It was analysed at the

Imperial Institute. The other specimen was analysed by Mr. F. R,

Mallet 1 and was apparently, abo, hard grey, finely crystalline, ore, con-

taining some small cavities, which were many of them 'partially, or almost

entirely, fdled by a translucent, light brownish-red and yellowish, in-

distinctly crystalline mineral, which proved on examination to be

rhodonite.' Tliis supposed rhodonite is really spessartite, as is shown by
a specimen of this ore still in the Geological Museum, and as is indicated

by the description of the colour given above. The analysis given below

is that recalculated by Mallet so as to exclude the ' disseminated

rhodonite ' and moisture. The Mn203 and surplus oxygen shown in

Mallet's analysis have been, for the purposes of comparison, rearranged

as MnOg and MnO.

Analyses of Mansar ores.

Manganese dioxide

Manganese protoxide

Ferric oxide

Alumina
Baryta
Lime
Magnesia
Silica (combined)
Silica (free)

Phosphoric oxide

Arsenic oxide

Water (combined)

Moisture at 1(X)°C.

Carbon dioxide .

Imperial Insti-

tute 2 (Spec.

No. 1037).

Mallet.

55-72

28 • 55
4- 39
0- 64
1- 49
1- 24
0-13
5- 59
0-36
0-2]

0-017
2- 26
0-10
0-06

52-81
28-25
9-87

1- 21

trace

6-06

0-21

2- 63

Total 100-757 101 -04

Manganese

.

Iron
Silica

Phosphorus

Specific gravity, G.

57-39
3-07
5-95
0-09

55-27
6-91
6-06

:
0-09

4-68 (3)

Except for the fact that Mr. Mallet's analysis does not show alumina

or baryta, it will be seen that there is a wonderful agreement between

these two analyses, considering that they were made on two hand-speci-

1 B e. G. f. /., XII, p. 73, (1879).

2 The following additional constituents were determined later :

—

NiO, C03O4, CuO (chiefly C03O4) 0-020
K2O 0-10

Na20 0-16

3 Three different samples were found by Mallet to have specific gravities of 4-22,
4*36, and 4-46.
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mens collected at times almost thirty years apart from a deposit !{ miles

long. This agreement probably indicates a great uniformity in the

mineral character of the merchantable ore. What this character is, is

shown below, where the analyses have been recalculated to mineral

constitution :

—

Apatite . . . . ,

Calcite

Braiinite .....
(containing 4-39 and 9 '87 Fe203 respec

ively)

Psilomelane :—
Al4(.Mn()5)3

Ba2Mn05 .

OaaMnOs .

i\Ig2Mn05 .

H4Mn05

Qiiai'tz

AS2O5
Moisture

1-61

1-99
1-69
0-30
8-72

29-64

43-95

Institute. Mallet.

0-49
0-14

0-49

50-08 60-85

1 -79

10-15
28-15

43-95
0-36
0-017
0-10

40-09 40-09

101 - 137 101-43

0-38 0-39

100-737 101-04

Total .

Subtract oxygen assumed .

Total .

Hence we can say that, roughly speaking, the manganese- ores of Mansar

consist of about 60% braunite and 40% psilomelane.

Mr. W. H. Clark has kindly furnished the following complete analysis

made in January ]900 by Mr. H. H. Dains on a sample of 100 tons of

' boulder-ore ' from the north side of the deposit. Although it was made
on a comparatively small quantity of ore as long age as 1900, Mr.

Clark tells me that it can be regarded as typical of the ore exported

at the present day.

Manganese peroxide

-Manganese protoxid
Ferric oxide

Alumina
Bar^'ta

Lime
Magnesia
Silica

Phosphoric oxide

Arsenic oxide

Sulphuric oxide
Nickel oxide
Copper oxide

Zinc oxide
Combined water
Moistiu-e

5 1- • 08

2C-77
6-88

l-3t
0-80

Nil
0 15
6-94
0-12

NU
Nil
Nil
Nil
0- 18
1- 92
0-.35

99-53

Manganese = 54-93

Iron =4-82

Phosphorus = 0 - 05
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Another sample, representins; '5^*1 tons of ore stacked at Mansar, was
analysed in July 1905 by Mr. R. D. Connell, chemist to the Central Prov-

ince? Prospecting Syndicate, with the following result :

—

Manganese . . . . . . . 54'00
Silica <)-70

Phosphorus ...... M-O')

This deposit is one of the, if not the, largest deposits in the Nagpur
district and provides yearly for the market about the

Methods of working. ^ xr ^ i • * u i i.same quantity of ore as Kandri. As the best part

of the ore-body lies on the highest parts of the ore-ridge, i.e. at elevations

of 250 to 350 feet above the plains on the south side, it has been found

necessary to construct an aerial ropeway and various gravity inclines to

bring down the ore. The ropeway consists essentially of four plough

steel ropes, two for each bucket, thus differing from the Kandri ropeways,

where each bucket is supported by a sinjile wire-rope. The ropes are each

about 1,000 feet long and make a descent of about 300 feet from near the

top of the hill on its south side to the low ground on the south side of the

ore-ridge. As they have nc intermediats supports there is a great sag in

the ropes, which are seen in Plate 33. The buckets each carry about one

ton of ore at a time and are attached to the two ends of a hauling rope

passing round a horizontal brake-wheel at the top of the ropeway.

They are also fitted with a balance-rope passing round a tail-wheel

at the unloading station. The ore is quarried, cleaned, and stacked,

much as at Kandri and despatched to Kamthi station, some 16 miles

distant by rail (formerly in bullock carts).

Two gravity inclines, niarked as No. 1 (N) and No. 2 (S) respectively

on the plan (Plate 35) have also been constructed, whilst a third. No. 1 (S),

is under construction. The ropeway is now (December 1906) also to be

taken down, as nearly all the ore above the level of its brake-gear has been

quarried. Tn its place an incline, Nc. 3 (S). is to be erected with its brake-

gear at a somewhat lower level.

The vertical heights between the brake-gear and unloading station of

each incline and of the old ropeway, and the average gradients, are shown

in the following table :
—

Vertical

distance

in feet.

Average
gradient.

Mu. 2 incline S. . . . . . . . . .

120

180

ISO

105

1 in 3-3

! in 3-S
1 in 4-4

1 in 4 • 4
1 in 4 3
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The gauge of the rails used on the mclines is 2 feet (5 inches, and the dis-

tance between centres of rails 6 feet, the diameter of the horizontal brake-

wheel at the top of each i.icline being 5 feet 11 inches. Various types of

triicks, carrymg from | to 1 ton of ore each, are used on the inclines.

The annual output from this deposit for the years 1900 to 1907 is

Output shown below :

—

Year. Long tons.

1900 22,913

1901 27,0.31

1902 15,924

1903 13,523

1904 13,293

1905 10,497

1906 18,731

1907 24,974

Along the north slopes of the ore-ridge near its base was originally a

„, ^ , ., big accumulation of detrital ore similar to that of
Ihe talus-ore pits. °

.

Kandri. The pits in this ore, which have supplied a

large quantity of merchantable ore, had been largely worked out at the

Chargaon end, at the time of my visit in January 1904
;
they then showed

on their south side quartzite fragments with a little ore, and on their

north eide small fragments of ore with some bits of mica-schist.

More recently, a large area of the talus-ore at the west end of the

north side of the hill has been worked out incidentally to the opening up

of the ore-body, and work is still proceeding on the remaining talus -ore

deposits on the south side towards the west end of the ore-band. Mr.

W. Whyte tells me that in one place on the north side the talus-ore

deposit was as much as 35 feet dee]).

The following figures, supplied by Mr. W. Whyte, relate to the

talus-ore deposits at Mansar :

—

Best pit. No. 1

March, 1906. April, 1906. in-line N.
April, 1906.

c. ft. c. ft. c. ft.

Good ' boulder-ore ' • . . . 14,200 13,700 11,200

Bad ' boulder-ore ' .... 8,500 3,800 1,500

Vohune of excavation .... 73,200 53,600 34,800

The ore was of course measured in the stacks. Now a ton of ore of speci-

fic gravity 4-5 occupies 7 •9(5 cubic feet, whilst a ton of manganese-ore

stacked measures 16 to 17 cubic feeu and therefore consists of about equal
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amounts of nianganese-oro and air spaoo. (Consequently if the figures in

the first two lines above be halved they will give the actual volume of the

manganese-ore, as follows :

—

c. ft. c. ft. c. ft.

7,100 6,850 5,600

4,250 1,900 750

and these correspond to the following percentages of ore in the material

quarried :

—

Good ' boulder- ore" 9 7 12 8 16-1%
Bad ' boulder- ore

' 5 8 3 5 2-1%

Total 15 5 16 3 18-2%

9- Mansap Extension.

(Central India Mining Company.)

(See Plate 35.)

This property—held by the Central India Mining Compan)^—is a west-

ward extension of the Mansar deposit (B, C, and A, in the sketch-plan,

Plate 35). The ore was originally exposed for only a little way along the

south slope of the low ridge of mica-schists that forms the westward

continuation of the main Mansar ore-ridge. A series of excavations

made along this line have exposed, for about 200 yards, the back of the

ore-body, which, it seems, was in places just exposed at the surface, but

more usually just below it. The ore-body, which here strikes roughly

east and west, dips to the north side at 55° to 60° and is overlain by mica-

schists. It often contains interlaminations of various rocks, such as mica-

schist, soft white quartzite, and spessartite-bearing quartzites. The

maximum width of the ore-band seen in any pit was 12 feet 9 inches

measured horizontally, but it was not certain that this was the full

thickness. Immediately underlying the ore -band there is usually a

thickness of 1 to 6 feet of interbanded hard quartzite, soft manganese-ore,

and yellow spessartite-bearing rock, doubtless to be regarded as part of

the ore-body. Under this come the ordinary mica-schists. In one of the

middle pits, however, a brown dolomitic limestone immediately underlay

the ore-band.

About 200 feet south of the west end of these pits is another (A), expos-

ing what is probably a parallel band, perhaps taking up the main band en

echelon ; or it may be the same band brought to the surface again by a fold.

The ore is here overlain by vitreous grey quartzite with interlaminations

of mica-schist and underlain by fine-grained micaceous quartzites followed
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Hematite

by mica-schist. In one place the quartzites on tlie south side of the ore-

band are very hematitic to a thickness of 1 foot. The

hematite, which has probably been introduced by the

metasomatic replacement of the quartzite, sometimes forms half the rock,

and has often crystallized in scales up to | inch thick. In two places

between the main ore-band (T3C) and the footwall-rock, hematite was also

seen, in one case as a ]-inch vein and in the other as a 6-inch layer of

hematite-clay. This occurrence of hematite is very interesting, because

iron-ores are very raiely associated with the manganese-ore deposits

occurring in the Archaean schists and gneisses of India.

The manganese-ore in these pits is very soft and wet
;
moreover, on

Nature and qiuUity account of the large amount of foreign matter, it re-

of the ores. quires a lot of cleaning. From two stacks containing

some 35 tons of ore, sample 19 was taken. It was analysed at the

Imperial Institute, with the following result :

—

Sample. No. 19.

Manganese peroxide

Manganese protoxidf^

FeiTic oxide

Silica (combined)

Silica (free)

Phosphoric oxide

Moisture at 100° C'.

This is equivalent to :-

Manganese
Iron

Silica .

Phosphorus
Moisture

Since the above analysis totals up to 98*72 it can be regarded as

practically complete. It corresponds roughly to the following :-

34 31

39 •40

7 •24

7 91

8 80
0 40
0 60

52 27

5 07
16 77
0 17

0 60

Braunite
Hematite
Quartz
Mn02
MnO
P2O5
Moisture
Undetermined

79-27

7 24
8 86

0-!4
221
n 40
0- 60
1- 28

4 63 4 63

Total 100-00

The ore in the stacks from which the above was taken could have been

improved in quality by cleaning out the visible siliceous matter, though

probably only by rejecting a rather large proportion of the ore. The ore

itself is a finely crystalline aggregate consisting largely, as shown above

of braunite with admixed siliceous matter.
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Mr. H. D. Cojfgan lias given me the following as showing the average

analysis of the ores raised in 1905 :

—

Minganeso . . . . . . , . . 4S'8()

Silica 10-10

Pho^lihoius 0-204

Output. The output figures from 1904 to 1907 are :

—

Year. Long Ions.

1904 8.35

igO.'S 037

1906 Nil

1907 Nil

10. Parsoda.

(Central India Mining Company.)

This deposit is situated about | mile south-south -east of the south-east

end of the Mansar-Chargaon ore-band, of which it is probably a continua-

tion.

The manganese-ore has been obtained from a pit dug in the alluvial

soil of the fields in which the deposit occurs. This, at the time of my
visit, was half full of water, and the only rock in situ that could be seen

had a dip of 50° to 60° to N. 35° E. This consisted of a massive band of

spessartite-rock and greyish quartzite with some soft manganese-ore, and

rested upon a rock composed of interbanded quartzite and spessartite-

bearing quartzite partly altered to manganese-ore. Everywhere else the

pit showed brown clay containing in places loose fragments and pisoUtic

concretions of manganese-ore. A second pit showed similar alluvial

accumulations. By the side of the first pit there was stacked a heap of

good hard grey ore, obtained, no doubt, in situ from below the present

water-level. A large proportion of the ore was like the hard variety found

at Kandri and the remainder was a light bluish grey psilomelane contain-

ing scattered bright shining facets. A piece of this, which is, of course,

not typical of the deposit, was analysed at the Imperial Institute with the

following result :

—

Specimen No. 1017.

Manganese dioxide . . ..... 53 '45

Manganese protoxide ........ 7 "24

Ferric oxide . . • 29 "37

Alumina . . ... . . • . 0'36

Baryta ......... 0'45

Lime ..... . . . 1"69

Magnesia 0'29
Combined silica . . . . . . . . 2 '50

Free silioa 0 '59

Phosphoric oxide . . .... . . 0'15

Arsenic oxide . . . o '007

Combined water ..... ... 3 "96

Moisture at 100°C O'lS
Carbon dioxide 0"07

100-277
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Manganese . . . . . . . . 3i)'43

Iron . . . . . . . . . . 20 '56

Silk a ........ . 3-1)9

Phosphorus ......... 0*06
Moisture . . ... . . . . 0'15

Specific gravitj' . . . . . . . . . 4 '18

This analysis corresponds to one of the two following mineral composi-

tions :

—

I II
Apatite . . . . .0 35 . . . .0*35
Calcite . . . .010 . . .016
Braunite 25 05
Hematite 29-37 . . . .29-37
Psilonielans :

—
Al4(Mn05)3 0-yO
Ba2Mn05 0-()0

Ca2Mn05 2-69

Mg2Mn O5 0-66

H4Mn05 15-28

20 13

Mn2Mn05 24 01 . 46-78

44 14 . . 44 14

Quartz . 0-59
. 0-59

Combined silica . 2 -."lO

AS2O5 0-007
. 0 007

Moisture . 0-15
. 0 15

99 -817 100 037
Add oxygen unused . 0-46

. 0-24

100-277 100-277

If I express the correct composition, then we must suppose that the

hright facets represent the braunite and that the homogeneous fine-

grained ground-mass consists of an intimate mixture of psilomelane and

hematite. If II be correct then the bright facets nmst be due to hematite

grains in a ground-mass of psilomelane. As II does not account for the

2*50% of combined sihca we must suppose that I is probably the cor-

rect interpretation.

The following analyses of manganese-ores from this deposit were kindly

supplied by Messieurs Jambon and Cie. :—

1 2 3

Manganese .....
Iron .....
Silica . ....
Phosjjhorus .....

52-91

5 -36

6-17

0-06

48 -83

9-28

5-73

0-08

51-75
8-27

8-80

0 -03

All dried at
21° F.

Moisture ..... 0 -40 0 -92

Nos. 1 and 2 were hand-specimens described respectively as ' bright ore ' and
' soft black.' Analysis by Messrs. J. and H. S. Pattinson of Newcastle.

No. 3.—Probably a hand- specimen. Analysis by Dr. Pearson of London.
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These analyses are probably more typical of the whole deposit than the

complete analysis given above of a specimen picked on account of its

mineralogical peculiarities.

Mr. Coggan has given me the following as representing the analysis

of ore extracted during 1906 :

—

Manganese . . . 50 "31

Silica .... 0-()0

Phosphorus . . . 0-072

Ouiput. The output figures for 1904 and 1905 are :

—

Year. Long tons.

1904 ... 160

1905 ... 494

1900 . . . jSfil

1907 . . . Nil

11. Borda.

(JIadhf Lall Doogae .Mining Syndicate.)

This deposit is situated a little over h mile north of Borda village. At

the base of a low hill of white vitreous quartzite, on its south and east

sides, a number of shallow excavations had been made on behalf of

Messrs. Cooverjee Bhoja of Calcutta. They showed loose fragments of

manganese -ore for a depth of 1 to 2 feet, resting on a reddish sandy

clay. As the pieces of ore were angular and some of them a foot in

length (some were said to have been 2 feet across before breaking them) it

is evident that the ore-body must be close by. Tn order to find the ore-

body it will be necessary to dig some cross-cuts right down through the

clay to the underlying rock. The quartzites on the hill show what is

probably a dip of 25° to N. 20° E., so that the ore-body will probably

have a strike about east-south-east. Hence the cross-cuts should be made
in a north-north -east to south-south- west direction. As the alluvium

was seen to a depth of 5 feet in one pit, these cross-cuts should be

started as near as possible to the quartzites, so as to start where the

layer of alluvium is thinnest. There were also a few fragments of

quartz-pyroxene-gneiss lying on the ground, possibly indicating a band

of this rock associated with the ore-band.

The larger portion of the ore occurs in columnar fragments showing

slickensides-striations. It might need a little cleaning, as a fair number

of the pieces show occasional small white streaks or spots. One or two

pieces contained some yellow spessartite streaks. The ore, which in

physical aspect is exactly like that of Kandri, is finely crystalline, some

being of the hard and some of the soft variety. A sample was taken
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representing some 18 tons of ore and the analysis of it at the Imperial

Institute showed :

—

Sait.p'e No. 30.

Manganese dioxide . . . . . . .51-62
Manganese protoxide . . . . . . .28-98
Ferric oxide . . , . . . . .5-39
Silica (combined) . . . . . . . 6-00
Silica (free) . . . . . . . . 2'93
Phosphoric oxide . . . . . . . 1'49
Moisture at 100°C 0-11

This partial analysis indicates that the ores are a mixture of about
G0% braunite and 34% psilomelane, with the balance of quartz and
apatite. They are in fact very similar to the Mansar ores, the analyses of

which are given on page 887. The above analysis corresponds to :

—

Manganese . . . . . . . .55-15
Iron . . . . . . . .3-77
Silica 8*93
Phosphorus . . . . . . . .0*65
Moisture 0-11

Hence, except for the high phosphorus contents, this ore is of very good

quality. It could doubtless, if obtainable in quantity (which it is not,

unless the ore-body in situ be found) be sold as a phosphoric ore for the

same purposes as the Kiljlidongri and Vizagapatam ores.

GROUP IV.

12 Parsioni and Bansinghi.

13. Dumri Kalan.

14. Satak I and II.

15. Beldongri.

16. Nagardhan.

17. NandapuPi.

18. Lohdongpi.

19. Kaeharwahi.

20. waregaon.

21. Khandala.

The Parsioni-Bansinghi deposit lies some 5 miles west-north-west of

the Dumri deposit, and it is doubtful if it forms a part of the same band
of deposits as the remainder, lying as it does some distance to the north

of their line of strike. The remaining deposits form a line about 12 miles

long stretching almost due east from Dumri Kalan to Khandala. They

lie in alluvial country about -i miles south of the Rilmtek range of quartz-

ite hills. Each deposit is only a few hundred yards in length, and either

forms a small hillock, or is being worked by a quarry in the alluvium, the
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deposit having been originally discovered frcm the projection at the sur-

face of a very small mass of manganese-ore. Most of these deposits seem

in fact to be the summits oi small hills buried in the alluvium, and, owing

to the fact that they all lie on the same line of strike, it does not seem im-

probable that they really form one continuous band of rock, the interme-

diate portions of which are buried beneath the alluvium, so that they

correspond to one original layer of manganiferous sediments. Before this

portion of the country was covered up by alluvium this supposed

continuous band probably cropped out continuously over the whole

length of 12 miles and was eroded by the usual agencies into a line of

small hills or hillocks. I have often noticed that in a manganese-ore

deposit where there is also manganese-silicate-rock, the manganese-ore

stands up relatively to the silicate-rock as if it withstood weathering

better than the latter. Assuming this to be the case and that the

manganiferous band was irregularly altered mto manganese-ore, it

seems probable that in the 'ine of hillocks postulated above, the

highest peaks correspond usually to the portions that were most

largely composed of manganese-ore.

If this be the case, then on extending the present excavations along the

strike it should be found that the ore-band sinks to a greater and greater

depth below the alluvium, at the same time changing to the manganese-

silicate-rocks that formed the necks between the upstanding hills or

hillocks of manganese-ore in the times when the rocks were subjected to

erosion and not covered by alluvium.

The deposits oi this group, excluding Parsioni, are situated at dis-

tances of 5 to 8 miles to the north of the Bengal-Nagpur Railway, to

which the ore quarried was formerly all carted, the stations used being

Salwa and Tharsa. A system ot light tramways of 2-foot gauge con-

structed by the Central India Mining (.ompany now taps ail the deposits

from Lohdongri eastwards, the ore being carried to Tharsa station.

This system of tramways also taps the deposits of Group V further to

the north. The ore from the deposits to the west of Lohdongri is still

carted to Salwa station, unless any use be made of the newly opened line

to Ramtek.

12. Parsioni and Bansinghi.

(Madhu Lall Doogae Mining Syndicate.)

The band of manganese-silicate-rock situated in these two village

areas is exposed at intervals for 2 miles. It starts on the east just inside

the eastern Parsioni boundary about | a mile from the Pench River and,

after passing through the town of Parsioni, finishes at the western end in

the Bansinghi village area. At the eastern end the strike is a little north

of east, and at the western end slightly north of west. The maximum
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outcrop width of the manganiferous band is at the eastern end , where it is

136 paces across ; but this consists of two outcrops, 74 and 42 paces across,

respectively, separated by 20 paces of soil, which may correspond either

to a part of the manganiferous rocks not exposed, or to a band of some
softer rock such as mica-schist dividing the manganiferous rock into

two parallel bands. At various points to the west much smaller out-

crop widths were measured, namely, 12, 22, 15 and 30 paces. As the

manganiferous rocks only just protrude from the ground their dip is

usually not apparent ; but they are situated on the south slope of a low

range of hills of quartzites. These quartzites are often greyish white and

vitreous and weather into large blocks with some jointing ; at other times

they are schistose, containing a variable quantity of muscovite. The

strike of the quartzites is the same as that of the ore-band and the dip is

everywhere to the south side at angles of 45° to 50°, except at the east end

of these hills, where the dip is to N. iO° W. at 55".

The manganese-silicate-rock is composed chiefly of rhodonite and

spessartite, with some quartz and a little orthoclase and apatite. Some-

times it is almost entirely composed of the manganese-garnet, the colour

varying from brownish-orange, when fine-grained and compact, to orange-

red, when separate spessartite crystals are included in quartz. This rock

is sometimes very crumbly. Quartz occurs, not only mixed with the

spessartite and rhodonite, but also as thhi white bands v/eathering out,

and as black vitreous quartzite and dark grey fine-grained q uart/ite, inter-

laminated with the manganese-silicate-rcck. In one place the spessartite-

rhodonite-rock contains rosettes of a greyish-green to brownish amphibole,

which occurs as asbestiform to prismatic radiations sometimes with a

nucleus of spessartite. Thiis rock also contains a small amount of a

rhombohedral carbonate—? rhodochrosite. Both garnet and rhodonite

are often quite black, tending to form hard grey braunite ore. But I did

not see a single piece of ore that was merchantable.

Mr. D. Laxminarayan reports the following output from this

Output. deposit :

—

Year. Long tons,

1906 742

1907 495

13. Dumpi Kalan.

(Madhu Lall Doociar Mining Syndicate.)

This deposit, although of no economic importance, is of interest be-

cause it forms the western termination of the series of deposits Nos. 13 to

21 (see page 896) that stretch in an west-east direction over a length of

12 miles from Dumri to Khandala. I did not visit the locality myself, but
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luivc extracted the following from a report by Mr. J. H. Gootlchild made
on behalf of Messrs. 81iaw, Wallace and Company of Calcutta :

—
• The grmind is Cijvorocl vvitii I'f- and cornfields. Along the line (/f a wide

ditch between the two lields sonio 1 u se ore se?nis to have been discovered nnd
an cxc;ivati :n started out <>t which some 130 torn or so of mnngnnese ore were
taken out. Tlie rxc ivnticn h;'.d been cnniplct 'ly filled up with mud by the

rccrnt rains so thit it was impossible for mo to form any idea as to the nature of

the dei^osit, or e ven to tell where th^ pile of ore lying close by, hnd been taken
from. A sample from this p'le gave:

—

Manganese 30 C.5

Iron 0-33

Silica 8-40

Phosplionis . . . . . . . . . . 0 177

14, Satak.

Within the limits of this village manganese-ores have been traced at

intervals for about | mile. The ores to the west of, and in, the village

only just cropped out at the surface and have been exposed by j^its dug, in

some places, into the alluvial soil of the fields. This part of the ore-band

has a general strike of east-south-east and is worked by the Central India

Mining Company, and will be described below as Satak I. What is prob-

ably a continuation of this band reappears to the east of the village in a

mound striking E. 10° N. This part of the band is leased by the

Central Provinces Prospecting Syndicate and will be described below as

Satak IT.

Satak I.

(Central India Mining Company.)

The most westerly and also the largest of the excavations of the Central

Iiidia Mining Company is situated 1.32 paces east of the road from Char-

gaon to Kerdi and j ust to the south of the road leading from Dumri Kalan

to Satak. It had been excavated in the alluvial clay soil, and con-

tained a depth of some feet of water, which concealed the ore, except

roimd the edge. The ore has a strike of about south-west and a dip

to the south-east in one place at about 40°.

This is probably only a local deviation from the roughly east-west

strike of all the deposits on the Dumri-Khandala line of strike. In one

place the ore was bedded in layers 2 inches to 1 foot thick and was a hard

grey-black braunite varying from finely to coarsely crystalline, and usually

containing various impurities (often original spessartite). In addition to

a soft variety of ore composed of a network of soft and hard ores, there is

also, in this quarry, a large amount of manganese-ore rendered quite value-

less by the presence of abundance of unaltered or but partly altered gar-

nets. Quartz-spessartite-rhodonite-rock (rhodonite-gondite), some very

similar to that of Chargaou, is also abundant. It contains red, orange,

IV u
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and yellow, trapezohedra of the manganese-garnet, yellow being the

predominant colour at this locality. These trapezohedia are sometimes

as large as Ij inches in diameter, have their faces striated parallel to the

faces of the rhomb-dodecahedron, and show a concentric sheUy structure

on fractures. The large spessartites are often set in matrix of rather

glassy quartz. Some of these spessartite-rocks contains a soft chocolate-

brown fibrous mineral, possibly an altered amphibole.

The quality of the ore did not seem good, and except in the driest

weather it would be necessary to put in a pump to

Quality of the ores, remove the Water. Mr. H. D. Coggan, however, has

given me the following figures representing the

average analysis of the ores raised from this deposit during 1905 and

1906 :—

Silica

1905. 190(5.

51-74
1

52-00
6-80

1

6-30

0-112 0-C68

The quantity of ore extracted in the years 1904 to 1907 is, according

Output. to Mr. Coggan ;—

Year. Long tons.

1907 ...... c .. . 1,598

Separate figures were not kept before 1904.

Between this pit and the village a series of pits had been dug over a

length of some 150 yards in an east- south-east direction, and since partly

filled up, becaus-d they spoilt the village cattle-grotmd, and because the

ore found was not of sufficiently good quality to make
(Jther occiurences. .

i i .i . i
^

^i ^
it worth while compensating the malguzar or village

landlord for this piece of land. The dips seen at various points were 50°

to 60° to S. 10° W. and very steep to S. 22° W. In one place the ore-

band was at least 24 feet wide, but this width included some interlamin-

ated fine-grained mica-schist and a large amount of garnetiferous ore. A
very interesting rock obtained from this pit is a white felspar-rock com-

posed of orthoclase (?), microcline, and plagioclase. It contains a few

crystals of idiom orphic spessartite and is undergoing replacement by
manganese oxides in a manner very similar to the replacement seen in

the Garbham and other mines in the Vizagapatam district. In other

places there are bands of quartzite in the ore. The ores are of both the

soft and haid facetted varieties noticed above.
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Rubble

Broken qiint'tz

au tl m ica

_

Other outcrops of banded gondite partially altered to ore are «een
right into tlie village on this same line of strike, coarse muscovite-nuartz-
schist being apparently the associated rock. In the village there are a few
pits showing loose pebble-ore deposits resting on mica-schist.

Satak II.

(Central Provinces Prcspectino Syndicate.)

{See Plate .36.)

_

This deposit is situated on the east side of 8atak ^allage, from which
it IS separated by a pond. It takes the form of a low flat bare mound

t't i % "^t ''f'^^
"^^^ «f situated on

the south-west side of the pond, is shomi in Plate 36 figure 2 and
has an outcrop of many large dark-coloured blocks of rock, composed
of manganese-ore, large reddish and small yellow spessartite crystals,
rhodomte quartz, and dark grey quartzite. The width of this outcroi;
IS 2o yards and a small pit on top showed a dip of 50° to S 10° E Fur-
her along the outcrop a dip of 40° to S. 30° E. was shown in another pit.A third pit showed the section illustrated in figure 63. The broken

manga n e s e-o r e
' beds ' shown rest-

PLANE ^ ing unconformably

1
on the upturned

<i>^^^j^.'S-^ edges of the mica-

schist are separated

from the latter by a

thin layer of broken

quartz and mica

fragments, which

also separates these

broken ore-beds

from the layer of

.jl/^fi., . . altered spessaitite-

quartz-rock and
Fig. 63.—Section seen in a pit on the Satak ore moiuul . quartzite that

forms the top of the manganese-ore ' beds ' (A). The probable explana-

tion of this phenomenon is that the mica-schists, being softer than

the manganese-ore, were cut down by weathering so as to leave an

upstanding ridge of the manganese-ore beds (A). Then the manganese-

ore, B, which was probably once a continuation of A above the

present surface, was let down along a miniature strike-fault-plane

or slip-plane to its present position, forming an interposing friction

breccia of mica and quartz from the mica-schist and uppermost layer

of the manganese-rock. If this small slip-plane continue for any dis-

tance along the ore-ridge it must give rise to a greater width of outcrop

IV u 2
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than corresponds to the true width of tlie ore-band. Since tlie above

was written, a cross-cnt 2G9 feet long has been made riglit across the

ore-ridge, wliich 1 was able to examine in December 190(5. This show s

a succession of huninated and schistose rocks dipping at angles vary-

Seciion km-ii in a ing from 15° to 50° to the south side. The most
(loss- cut. abundant rocks are mica-sdiists, of both fine and

moderately coarse grain, and schistose micaceous gneisses. Interbedded

with these, es])ccially with the schists, ai-e subordinate layers of

spessartite-quartzites, sandy schists, black vitreous quartzite, and

finally the most important of these subordinate rocks, a whitish, very

fine-grained rock, sometimes very soft and friable and sometimes hard

and jaspery in appearance. This rock is very similar in appearance to

the Dharwar jaspers of Jabalpur and the Panch Mahals, but Avas found

on microscopic examination to be a very fine-grained spessartite-quartz-

rock or gondite. There are also, about the middle of the cutting, and

thus corresponding to the highest part of the ridge, tw^o bands of

manganese-ore each 7 feet thick, separated by about 12 feet of mica-

schists and other rocks.

There are also other smaller bands of ore evidently formed by the

more or less complete replacement or alteration of the light coloured

rocks. In this replacement or alteration the rocks most afTected seem

to have been the gondite layers, corresponding to each of which there

is consequently a dark streak in the walls of the cutting. The mica-

schists have also been to a small extent affected, frequently shewing

thin veins and small spots of manganese oxides. AVlien the main ore-

bands are examined they also are found to be partly due to the alteration

of gondite, but I could not determine if any of the ore was original. This

alteration or replacement was distinctly more complete at the surface

than lower c1o\mi.

Intrusive in the rocks seen in this cutting are some masses and veins

Felsjjathic intru- of felspar-rock sometimes containing j^ellow crys-

tals of garnet, presumably spessartite. In one

place there was a veinlet lying parallel to the bedding of the ore-band,

only a yard long, .3" thick at the middle, and dying out lenticularh'

at either end. This veinlet contained a vug in which were developed

idiomorphic crystals of felspar up to | inch in diameter and showing

the following forms:—(110), (001), (010), (101), and a negative hemi-

orthodome. Since the felspar-rock is often partly replaced by manganese-

ore it must have been intruded into the other rocks before the

secondary ores were formed, but after the foliation of the rocks and

consolidation and metamorphism of any original manganese-ores. For the

source of the manganese that brought about the replacement ^ve must

look to the spessartite-bearing rocks. Another interesting .structural

feature is well seen in this cutting. Each band of ore, instead of
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being abruptly cut ott" at the surface by overlying talus or soil, bends

over on to the underlying rocks and rests unconforinably on their

upturned edges, so that the banils, all taken together, tend to form

a horizontal layer stretching along the whole length of the cutting

near the surface, thus accounting for the great width of out-

crop. It follows from what has been written abo\e that, if the section

seen in this cutting is representative of the whole ridge, no great qmntity

of ore is to be obtained from the rock in situ. It has been niention((l

above that the ore-bands are best at the surface, the ore deterioratijig

in depth both in (quantity and ([uality. The quality of the ore being

extracted fioni the talus-ore deposits is much better than that of the

ore in situ ; one must suppose from thb- that the portions of the ore

band, that were removed in the formation of the talus-ore deposits

were of better quality than that now left in the ore-mound and that

consequently the ore-bands must have improved towards the surface

still more than they do now.

The manganese-ore seen in situ along the ridge is the hard crystalline

mixture of biaunite and psilomelane, but it is difficult to find a piece

free from at least a little impurity (usually white felspar or quartz).

A pit on the north side of the east end of the ridge showed (5 feet

^ J
. -t

pebbles of manganese-ore separated from under-
le a uh-uic pi

.

lying biotite, musccvite, and felspathic schists, by
a 1-foot layer of gravel of mica and quartz ; whilst other pits along the

base of the ridge on the north side showed up to G-i feet of detrital ore

resting on decomposed schists and pegmatite. In places these deposits

are as nmch as 10 feet thick. The detrital ore, as mentioned above,

is of better quality than that found in situ ; and, during 1906, owing to

the high price of manganese, was extensively woi'ked.

Tram-lines have been put down in the cutting above mentioned

and bifurcate on the north side of the deposit so as to run through these

talus-ore pits. The ore extracted is carted to .Salwa station.

A sample was taken, partly from the ore seen in situ in the pits on

Nature iiiid quality the ridge, and partly from the detrital ore.

of the ore. fj^g ^^j-g
^^r^g evidently a mixture of bramiite and

psilomelane, several pieces containing whitish qiiartzose, jaspery, or

felspathic, patches. The analysis made at the Imperial Institute is

as follows :

—

SV( /;/pie Xd . 24.

Mangajiese peroxide . . ....... 40 'Ol

JMangane^^c protoxide . . . . . . . . 30")S
F erric oxide . . ......... (i 2(>

Silica (combined ) . ......... ;'>T)2

8ilica(free) 0-17

Phosphoric osidc . . . . . . . • . . 0'ir>

Moisture at 100°C. . . .
' OIG
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This shows that the ore consists i>f about 55% braunite and 45%
psilomelane, and is equivalent to :

—

Mangancnc . . .52 '37

Iron . . . .4-38
Silica . . . .5-69
Phosphorus . . . 0*065

The output of ore from this deposit for the years 1905 to 1907 is

Output. shown below :~

Year. Long tons.

1005 .... 115

1906 .... 3,581

1907 .... 7.789

15. Beldongpi.

(Central Provinces Prospecting Syndicate.)

{.Sfe Plate 37.)

This ore-deposit it situated about | mile west by south of Beldongri

village, and is being worked by the Central Provinces Prospecting Syndi-

cate, who hold it on mining lease. The original outcrop projected only

a foot or two above the surface of the fields in which the quarry is sit-

uated ; but by removing the •eovering of alluvial soil the ore-body had

been exposed to a length of 270 leet at the time of my visit in February

1904, and for a small distance further at the noith-east end by the end

of 1906. The strike of the ore-band is E. 5'^ N. at the west end of the

quarry and gradually curls round to E. 10^ N. at the east end, and in

the latest workings (not shown in the plan, Plate 37, which was con-

structed in 1904) at the east end, to N. 30° E. The dip averages about

50° to 55° to the south side ; the width of the ore-band as exposed

was 70 feet measured horizontally, corresponding to a true thickness

of 57 feet (taking dip as 55°). Even by December 1906 the ' country

'

on the north side of the ore-band had not been properly exposed, so

that it is not certain that this is the full thickness. The ' country '

on the south side consists of very schistose micaceous gneisses, the mica

being usually biotite. Some decomposed mica-schist was also seen,

underlying the talus-ore in the south-east corner of the quarry, the sec-

tion being given on page 910.

The nearest outcrop oi rock is Beldongri Hill, about 350 yards

S. 10° E. from the quarry. This hill is ccmposed of muscovite-bearing

quartzites striking E. 5°—10° N., with a rather doubtful dip, probably

about 30°, to the south side. The hill is the seat of a deity Known as

Gorakhnath.
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The ore-band itself is of very variable character. Possibly about

half its thickne.^'S consists of merchantable ore.

bimd.*"'""^*''^ The other half consists partly of manganese-ore

rendered worthless by iiatches of spessaitite not

completely converted to manganese-ore
;
partly of spessartite-rhodonite-

rock, similar to that in the Kamthi Lady Pit at Chsirgaon ; and partly

of thin bands ol biotite-quartz-schist and dark grey quartzites acting as

partings to the ore-layers. The original outcrop, G, consists of spessartite-

rhodonite-rock, and has for many years been worshipped by the

villagers as symbolical of some deity and consequently been preserved

from quarrying ; but although it consists largely of unmerchantable

material, yet to leave it interferes with the correct working of the

deposit. One specimen from tliis point shows orange-yellow garnet in

a soft, dull black matrix of manganese-ore, which shows signs of

platey structure and may correspond to rhodonite that has suffered

alteration prior to the spessartite. Another specimen from C) shows

a layer of botryoidal psiloraelane on the surface of altered

spessartite-rock. Along the south side there is a large number of

partings, between the ore-layers, of altered spessartite.bearing rocks

and grey quartzites. One of these partings is composed of greyish and

white clay containing brown streaks of iron oxide and numerous pisolites

and ramifying veinlets of manganese oxides, which are soft, yield a dark

brown streak, and often pass centrally into compact psilomelane. Near

the east end of the south side of the quarry were seen at least two feet

of dark grey quartzites with partings of the above pisolitic clay. An
8-inch band of these quartzites was rose pink in the middle, and a

microscope section showed this rock to be composed of coarse-grained,

much strained, and often granulitized, quartz, with abundance of rho-

donite and a yellow-brown pyroxene ; the rock is hence practically iden-

tical with the pyroxenic quartzite found at Junawsini (see page 971).

At the east end of the quarry, on the south-east side of the deity

Felspathif intra- mentioned above, there was exposed in 1904

a mass of very coarse-grained felspar (microcline)-

rock, the felspar crystals often beijig one to two inches in diameter.

It contained a little quartz and rather scarce scattered yellow man-

ganese-garnets up to J and 1 mch in diameter and was often dark brown-

ish in colour, owing to impregnation and replacement by manganese

oxides. The exposure was not clear enough to show whether this rock

was a part of the ore-body or, as seemed more probable, a subsequent

inti usion. But in December 1906 a very clear section was visible showing

without doubt that the felspar-rock is intrusive. This is illustrated

in figure 6-1. In one place this intrusion vras 6 feet across. In another

it contained a patch 1 foot in diameter of yellow manganese-garnet.
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whilst ramifying strings of this garnet occurred in it in other places.

.Some patches of the rock, however, were free trom garnet. The man-
ganese required for the formation of the garnet was presumably absorbed
from the ore-body at the time of the intrusion of the felspar-rock.

Fig. G4.—Intrusion of felspar-reck into the ore-body at Beldongri.

The manganese- ores found in this (|uarry are rather varied in char-

mlitv ^t't^i"- The large bulk of the ore is composed of

the four following varieties, which pass into each

other :

—

Nature and
of the ores.

(1) Grey, fine-grained, crystalline, rather friable, consisting of

predominating braimite grains in a subordinate psilomelane

matrix.

(2) Similar to 1, but less friable, probably on account of a larger

proportion of psilomelane.

(3) Similar to 2 but coarser-grained and not friable, and evidently

containing a higher proportion of psilomelane.

(4) Hard, fine-grained, and with a still larger proportion of psilo-

melane. 1 to 3 all contain little cavities, often arranged

in 1 ayers, lined with soft black manganese oxidt. This

variety is practically free from them.
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The following analysis is of a ])icce of variety No. 2 and was carried

out at the Tmperial Institute —
Spcciiiiiii So. 1071,

Maiiganeso peroxide . . ...... (i(J

MaiiRHncse protoxide ......... 20
Ferric o.xidc........... 2

Alumina ...........()
l^aryta 0
Lime ......... .1
jMaeiicsia ........... 0
Silica ( combined)
Silica (free) .

Pliosplioric oxide

Atsenic oxide

('oinl)ined water

Moisture at 100°C.

Carbon dioxide

•()()

•84

•20

•38

•01

•33

•32

•()()

•OS

•007

TjS

•20

•05

100-207

Specific i;ravity

This is equivalent to

Manganese .

Iron .

Silica .

Phosphorus .

l\Ioisturc

4-26

58 -95

1 •!•!)

5-32

0 -035

0^20

Stated ill teuns of its niiueralogical coaiijositinii the analysis is as

follows :

—

Apatite
Calcite

Braunite

Psilomelane :

—

Fe4(Mn05)3
Al4(Mn05)3
Ba2Mn05
Ca2Mn05
:Mo2:\In05

HiMnOs
Mn2Mn05

5^58

©•05

0 51

1 •()3

0^75
9^82

27 -82

0-18

Oil
53 31

Arsenic oxide

Moisture

46 ^76 40 •76

0 -007

0^20

Subtract oxviren absu.ii

100 -507

0^30

100^207

1 The following addit i(/iiiil con.stituc'iU

NiO, C03O4. TuO....
K2O

in this oic liave since been determined —
0 -020

0 12



908 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT I V :

Tliis, as well as the two sauiples of which, the analyses are given on

page 909, indicates that the manganese-ores of tliis mine average about

half braunite and half psilomelane.

Another variety that is not uncommon, especially in the north-

west side of the -pit, is a smooth ore, looking very like metallic lead, and

havdng a hardness of 4. It usually contains remains of spessaitite-

garnet. The follomng analysis of a piece of this ore was carried out at

the Imperial Institute.!

Specimen No. 1079.

Manganese peroxide 30 96
Manganese protoxide ......... 22 "00
Ferric oxide . . . . . . . . . , . 7'49
Alumina ........... 0 '40

Baryta 0 • 78
Lime 2-31

Magnesia 0'15
Silica (combined) . . . , . . . . . . r41
Silica (free) 17-72

Phosphoric oxide .......... 0'05
Arsenic oxide .......... 0"005
Combined water . . . . . . . . . . 0 • 16

Moisture at 100°C. 4-21
Carbon dioxide . . . , . . . . . . O'U

99-755

Specific gravity . . . . . . , . . . 3"22

This is equivalent to :

—

Manganese . . . . . . . . . . .40-43
Iron . . . . . . . . . . . .5-24
Silica 19-13

Phosphorus 0-02

Moisture 4-21

and shows that such ore should be rejected on account of its low man-

ganese and high silica.

On page 116 it is shown that the analysis corresponds to a mixture

of a mineral of the formula 6Mn3Og.Fe2O3.8H2O, with quartz and

spessartite. To this mineral, related to psilomelane, the name beldon-

grite has been temporarily given.

There is still another variety of ore ; this is rather coarsely crystalline,

compact, and steel grey in colour, with a somewhat yellowish or bronzy

lustre in the sun. It is quite different to any other variety I have seen

1 The following additional constituents have since been determined :

—

NiO, C03O4, CuO* 0-018

K2O 0-01

NagO . 0-33
* Chiefly cobalt.
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in any of the Indian deposits and occurs at Beldongri as a band * one

inch thick, in the fine-grained liard brannite-ps'ilonielane mixture at

the point D, on the south-east side of the quarry. Hardness = i) to G*5,

and .streak brownish black. Strongly magnetic, exhibiting polarity.

A piece of this ore was analysed at the Imperial Institute with the result

given on page 41. The analysis there given is ecpiivalent to :--

Manganese . . . . . . . . . . 44 02

Iron 20-1!)

Silica 1-77

Phosphorus........... 0'47

Moisture . . O'lS

Such ore, on account of its high phosphorus and low manganese,

should be rejected when a high grade manganese-ore is required, although

if such ore were found in quantity near the coast, it would be exported

as a phosphoric manganiferous iron-ore.

The mineralogical composition of this ore is discussed on page 46,

and it is showTi to correspond to the formula 3Mn304.2Fe203. I nave

named it vredenhurgite.

To show the character of the Beldongri ores as exported the hamples

Nos. 25 and 26 were taken. They were analysed at the Imperial In-

stitute with the following result :

—

Sample No. 25. Sample No. 26.

Manganese peroxide .... 49-77 51-63

Manganese protoxide.... 27-90 29-35
Ferric oxide ..... 8-05 7-77

Silica (combined) .... 4-54 4-80
Silica (free) ..... 0-54 0-00

Phosphoric oxide .... 0-14 0-14

Moisture ...... 1-17 0-88

These are equivalent to :

—

No. 25. No. 2G.

Manganese ..... .53- 11 54-28

Iron ...... 5-635 5-44

Silica ...... 508 4-80

Phosphorus ..... 0-06 0-06

Moisture ...... 1-17 0-88

Sample 25 repre.s:nts 314 tons of .stacked ore, badly cleaned, many of the

pieces of ore containing remains of spessartile ; a fair proportion of the ore was soft.

Sample 26 represents 533 tons of stacked ore, much better cleaned. This ore

was mostly rather soft and finally granular and occasional pieces showed a little

spessartite.

* I have since found that what is probably the same mineral occurs in small
quantity in specimens I have collected at several other localities in the Central Prov-

inces. A specimen from Garividi, Vizagapatam district, seems to be the same
mineral (sec page 44).
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The analyses do not show as nmch difference as might liave been

expected m\d indicate that a considerable i)roi)ortion of spessartite can

be present without very seriously afl'ectijig the quality of the ore.

These analyses indicate an average composition of 45 to 48% braunite.,

most of the remainder being psilomelane (see page 908).

As will be seen from the sketch-plan of this deposit, the ' country
'

on either side of the ore-body is covered by detrital or talus-ore, cf which

^ ^
a fair quantity should be obtained in opening

up the ore-body. In the south-east corner of the

pit the following section was seen :
—

1 fed talus-oic wiih very abundant tiny ;)i"olitie giaiiul<'s of niang;mese-orc ;

this passed down into :

—

;j feet pisolitic gravel of manganese-ore,

1 foot pisolites of manganese-ore in a matrix of ferruginous ehvy,

2 feet deeomposed mica-schist t onta'ning pisolitic concretions of manganese
oxide, witli some quartzite pi'bbles pbove.

The question arises as to whether these pisolitic grains, averaging

about J inch in diameter, are of concretionary or detrital origin. I broke

a large number of them and found that they consisted of the various

sorts of ore found- in the quarry and sometimes even contained spessar-

tite. Hence they can hardly be of other than detrital oiigin. T^ut the

pisolites in the mica-schist must of course be of secondary, concretionary

origin.

The overburden in the north-east coriier of the quarry consists of

alluvial clay passing dov\n into talus. In this cla}/ are inany fragments

and jjebbleS; amongst v^'hich are some well-rounded pebbles of white

quartz up to (J inches aTid more in diameter.

The methods of working at the time of my visit in 1904 \vere of the

The working of tlio usual crude kind. The ore was quarried and carried

out of the quarry by hand, cleaned, and stacked
;

and the waste material run in trucks along tram-lines to the new dump-

heap shown in the sketch plan (Plate 37). The lines were so laid that

the trucks descended by gravity to this dump-heaj) and had to be

pushed back to the quarry by hand. The old dump-heaps and the huts

were put in the position shown, partly because it was not at first

realized what was the size and strike of the deposit, and j)artly because

by the time these factors were ascertained a rival firm had obtained a

prospecting license over the ground situated round the sm?ll area origin-

ally secured by the Central Provinces Prosj^ecting Syndicate oii mining

lease. Now* that this prospecting license has expired the Central

Provinces Prospecting Syndicate are removing the old dump-heaps ; for
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not only arc tlu\y too close to the (lep'>.sit, hut sotnc of t liciii lie actually

oil the line of strike of the dejjosit. liy Decemher JitOti, some of flioso

cluin])s had been removed to a safe distance. Althou<.';h the i»it was quite

sliallow, not more than 20 to 'M) feet deep in 1904, ^^et a considerable

amount of water accumulated every nitflit in the (lee])er i)arts of the pit

and had to be removed every morning by baling with kerosine tins.

A ] 0-inch Tangye duplex pump has now been set ;ip at the mine. The
ore from this deposit is carted to Salwa Railway (Station, Bengal-

Nagpur Railway, distant about seven miles.

The output from this deposit during the years ISOl
Out put.

, , . „ ,,
' to 1!)07 IS as follows :—

\''ear. Long tons.

1901 3,114
1902 . . 4,094
1903 5,347
1904 l,r>85

190". 1.344

1906 3.5.53

1907 7,257

16. Nagardhan.

At the time of my visit in February 1904, only a small pit 3 feet

deep had been dug in a field. It showed 2 feet of alluvial clay resting on

one foot of talus-ore, the pebbles being one to three inches in diameter.

The ore was a hard crystalline variety containing scattered prismatic

aggregates of a fairly soft mineral (pyrolusite). This pit was situated

only G4 paces west of the boundary of Nandapuri village and the ore

in it had doubtless been derived either from the Nandapuri deposit,

which lies immediately the other side of the village bo, ndary, or from

an extension of this same deposit into Nagardhan limits. The work

that was conmiencod here by the Central India Mining Company has been

abandoned.
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17. Nandapurl.

(Central India Mining Company.)

This deposit is held on mining lease by the Central India Mining

Company. The accompanying figure (65) shows all that was visible

at the time of my visit. The only ore of possible value then exposed

Fig. 65. —.Skctcb-plati of tho Niindnpnri workings.

was the talus-or pebble-ore seen in the .^hallow pits at the north

end. Sample 27 was taken from ore collected fiom these pits. The
ore was partly the fine-grained braunite-psilomelane mixture and paitly
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coarsely crystalline braunite. The analysis canied cnit at the Imperial

Institute is as follows :

—

Sample No. 27-

Manganese peroxide ....... 52 '40

Manganese protoxide ....... 23'10

Ferric oxide......... 8'74

Silica (combined) ........ 5-1,

T

Silica (free) 0 00
Phosphoric oxide . . . . . . . . 0 21

Moisture at 100°C 0 22

This is equivalent to :

—

Manganese . . . . . . . .
.51-05

Iron 612
Silica 5-15

Phosphorus 009
Moisture 022

The above analysis indicates that the braunite and psilomelane are

present in about equal proportions, and shows that the talus-ore is of

fairly good quaUty.

A section seen in one of these talus-ore pits was as follows :

—

2 feet soil,

2 to 3 feet pebble-ore,

3 feet fine gravel of manganese-ore pisolites,

1 foot 4- decomposed coarse muscovite-quartz-felspar-rock ( ? pegmatite or

gneiss).

The trench shown on the plan was 12 feet wide and 6 o 10 feet deep

and showed a few feet of gravel of manganese-ore and quartz of the size

of peas resting on talus-ore and this on rock in siiu. The latter was

composed largely of fine-graine ; buff-coloured gondite with bands,

lenticles, and patches, of quartz. This rock was often changed to man-

ganese-ore in patches, or along a network of fine lines. The rock also

contained a fibrous chocolate-brown mineral — apparently a pale-

yellowish amphibole (?) impregnated along cracks with oxides of man-

ganese and iron. In the excavation B the same rock was exposed, the

spessartite-garnets being in places as large as J inch in diameter.

Neither the strike nor the dip of the rocks was seen, but, judging

from other deposits along this belt, the strike should approximate to

east and west, with the dip to the south side.

This deposit was abandoned owing to the small quantity of ore ob-

tained from it : but, in 1907, 537J- tons of ore were
Output.

won.
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18. Lohdongri.

(Oentkal Puovixces Prospecting Syndicate.)

(iSVe Plaice :}S lo 10.)

This property is licld on a mining lease by the Central Provinces Pros-

pecting Syndicate. The accompanying rough sketch-plan (Pig. (56 )

constructed by means of a pocket- compass and pacing, illustrates this

deposit as it was in February 1901. Since then the deposit has been

very actively worked and has been so cut up that it is no longer possible

to unravel its structure easily. The deposit formed a low flat grassy

mound about 380 yards long from east to west and 200 broad, by about

30 to 35 feet high. It is interesting to note that the name means ' iron-

fPEBMATlTE

ROAD

Fi<r. 66.— R<]Ugh >iko1( li-]^laii of the Lohdtngri manganese-ore deposit (Feb. 1004).

hill ' in the vernacular. This mound consisted of a mass of ' beds ' of

manganese-ore, crumpled as shov/n in the section in Plate 40, and

covered at th'^ surface by detritus derived from these ' beds '

giving rise to loose fragments scattered all over the mound. The

ore-layers varied in thickness from about 2 inches to 2 feet and more,

and in addition to being crumpled about axes or lines parallel to the strike,

which is east and west, they showed in places some small crumplings

about axes at right angles to the strike. The total thickness of the ore-
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beds may be about 60 feet, but it is impossible to estimate this with any

accuracy. Its limits are obscured on all sides by talus-oro, but the breadth

of the ore-body near the surface is probably not nmch greater than the

actual breadth exposed in the workings, which is about 110 yards ; for tho

ore-beds at both the north and south boundaries are dipping ste^'ply,

with practically no overlying layers to be accounted for.

The immediate ' country ' of the ore-body was not exposed in Feb-

ruary 1904, nor even in December 1906 ; but two pits dug to the north

of the ore-body showed a coarse muscovite- pegmatite containing deep

violet-blue to violet-black tourmaline.

By my third visit—December 1907—however, the rock underlying

the ore-beds had been exposed. It was the usual mica-schist with some

associated quartzite. In another place a 1-foot parting of mica-schist

in the ore-body had been exposed.

A very large proportion of the ore-body consists of manganese-ore,

but there are a few layers of various quartzites, the varieties seen being

dark-grey coarse-grained vitreous, white vitreous, and grey sandstone-

like, quartzites. Some layers are composite. That is, one side of the layer

may consist of braunite and psilomelane whilst the other is quartzite,

there being a passage from one to the other in the interior of the layer.

There are also, in various parts of the deposit, irregular veins of quartz.

At the very east end of the south part of the quarry the ore is

sometimes fluted parallel to the strike, this being, probably, a sort of

slickensiding phenomenon.

At about the point A
there was exposed, along

a joint plane roughly at

right angles to the strike,

the section illustrated in

figure 67. The orei-beds

thus folded were a little

shattered, and very much so

in the middle of the fold.

Along the quarried wall of

manganese-ore at B there

was a considerable quantity

of vein-quartz (?) in the

manganese-ore. At C, the

section from the south edge

of the deposit to the fold-

X

S.8°W.

Fig. 67.—Diagram of a fharp fold in the manga-
nese-ore layers at Lohdongri.

IV
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axis shown on tlio plan, was as in figure 68, which shows the

course of two ore-beds.O

j

The cliff, just to the

I x-"'' west of C, formed by

y y^y' quarrying, cut these beds

/ y'' ,^ along the line D E and it

Nly{'^ ^_ ^^^^ ^old that is shown

-^"-^ in the photograph form-

1'^^^'^ J'JT-^----"' "^v^^^"
Plate 39, figure 1.

I ''^X > The quarrying across

I E \\ \ the west end of the
—

»

mound gave a practically

continuous section across

Fig. 68.—The course of two ' ore-beds ' at C (See plan of the ore-body and it

Lohdongri, fig. 66.) was from the evidence

of these exposures that the section shown in Plate 40 was constructed,

the southern part, however, being based on the sections seen along the

east-west part of the quarry running along the south side of the mound.

Plate 38 is a photograph of the ore-layers as exposed by the quarrying

across the west end of the hill. Practically all the rock seen is manganese-

ore, and the floor of the quarry on which the chaprasi is standing is com-

posed of ore in situ ; in fact, the quarrying had nowhere been carried

sufficiently deep to pass through the ore-beds into the underlying rock,

when this was taken (1904). Fig. 2, Plate 39 shows a view of the south-

ern part of this western section, Plate 38 showing the northern part

of the section. This second view, being taken from a greater distance,

also shows, in the foreground, a large quantity of quarried manganese-

ore piled into rectangular stacks.

There is often a space between the layers of ore. The width of these

spaces may be only a small fraction of an inch or it may be as much

Spaces in the ore- ^ inches. This Space is, as a rule, filled

body. with clay of a reddish colour, which usually contains

numerous pisolites of manganese-ore. I fractured a large number

of these and found that at least a large proportion of them were of de-

trital origin. Both they and the clay had probably been washed down

cracks or joints, of which there are many to be seen in various parts of

the deposit, these vertical cracks also containing red clay full of pisolites.

It seems probable, however, that some at least of these pisolites are of

concretionary origin. The spaces between the ore-layers do not, however,

always contain clay, but are sometimes empty. There are also some

irregular open spaces in the ore-body that may once have acted as water

channels. One of these, seen in December 1906 on the south side of
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the ore-body, was a horizontal channel, about a foot in diameter and height,

which ran for some feet into the deposit. The surfaces of the hiyers

of ore in the clay-fdied spaces are sometimes covered with fine crystals

of braunite. By offering rewards to his quarr)'-.

men, Mr. E. L. Young, v, ho is in charge of this

deposit, has succeeded in obtaining several fine crystallizations, which

he has kindly permitted me to examine. The faces shown are the

tetragonal pyramid, the di-tetragonal pyramid, the basal plane, the

prisms of the first and second orders and possibly one or two other forms.

The most commonly developed face is that of the pyramid, and when this

is alone the mineral takes the form of the tetragonal octahedron, of which

a fine example with faces two inches across is figured on Plate 2.

As already noted (page 915), practically the whole thickness of the

Nature and ((iiality ore-deposit consists of manganesc-ore, nearly all

of the ores. q£ yy}^^^^ is marketable under favourable market

conditions. There are two chief varieties of ore. One, the comparative

abundance of which distinguishes this deposit from nearly all the other

deposits of the Nagpur-Balaghat area, is a coarsely crystalline variety

showing hard shining facets of braunite up to J inch across, usually asso-

ciated with a fair amount of dull psilomelane. All the pieces of this

variety contain, here and there, cavities, lined with soft substance**,

either black or red, probably oxides of manganese and iron, respectively.

The second, and more abundant variety, is the fine-grained hard grey

crystalline ore showing patches of somewhat more coarsely crystalline

braunite. This contains a much larger proportion of psilomelane and is

also somewhat cavernous with soft whitish, red and black substances 'n

the cavities.

In addition to the above two varieties there is also a small quantity

of ore somewhat like the soft blackish variety found at Ss'itak (see page

899). A specimen (No. 1089) of the crystalline ore was analysed at the

Imperial Institute with the following result -.^—

Manganese peroxide
Manganese protoxide
Ferric oxide .

Alumina
Baryta .

Lime
Magnesia
Silica (combined)

Speciinen Xo. 1089.

1 The following additional corstituents have since been deteim
NiO. C03O4, CuO
K2O
Na20

IV

47-63
33-63

8-78

0 03
0-84

0 85
0-.-8

6 83

ni-d :

—

0-032
0-14

0-17

x 2
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Silica (free) .

Phosphoric oxide

Arsenic oxide

Ci)inl)iiied water
Moisture at 100°C.

Carbon dioxide

Specific gravity

This is equivalent to :

—

Manganese
Iron
Silica

Phosphorus
Moisture

001
0-08

0-005
0-78

007
00)

100165

56-12

615
6-84

0-035

007

In terms of mineralogical composition the analysis can be re-written

&s follows :

—

0-18

Cakite . 0-11

BfAunite (including 8-78% Fe203)' '.

08-54

Psilomelane

—

AU(Mn05)3 . . 008
Ba2Mn05 1-12

Ca2Mn05 1 -32

Mg2Mn05 . 1-32

H4Mn05 . 301
Mn2Mn05 . 24-63

31-48 31-48

0 005
007

Subtract oxygen assumed
100-395
0-23

100165

The duplicate half of the specimen analysed does not seem to contain

such a large proportion of psilomelane. Judging by the eye it contains

at least 80 per cent, of coarsely crystallized braunite in plates, varying

from J to 1 inch, but usually about \ inch across. This may indicate

that the braunite does not correspond to the formula 3Mn203.MnSi03,

as was assumed in making the foregoing calculation, but to one of the

other formulae 7Mn203.2MnSi03 or 4Mn203.MnSi03 (see page 70).

At the time of my first visit (February 1904) there were some 9,000 tons

of ore stacked. A sample of some 300 lbs. of ore was collected by pacing

over the stacks and picking up pieces of ore at regular intervals. The sam-

ple thus collected was found to consist largely of the second variety

of ore noticed above, with a fair proportion of the coarsely crystalline
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Fig. 1.-FOLDING IN THE LOHDONGRI MANGANESE-DEPOSIT.

rnoio^rapdeci \.>\ L. i-^. t l-i mui . > -c " • ex . v . ^ . t .

Fig. 2.-LOHDONGRI MANGANESE-DEPOSIT WITH ORE-STACKS IN

THE FOREGROUND.
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braunite (the first variety). A complete analysis of this sample made at

the Imperial Institute showed the following result A—
Sample No. 28.

Manganese peroxide . . . . , .49-70
Manganese protoxide . . .... 2.'? .'')!t

Feme oxide 10-2!)

Alumina ......... 270
Baryta 0 85
Lime .......... 5 CO
Magnesia ......... 1'64

Silica (combined) ........ 3'5.')

Silica (free) 0-86

Phosphoric oxide ........ 016
Arsenic oxide . . . . . . . . 0'015

Combined water ........ 0 7.')

Moisture at 100°C 0 30
Carbon dioxide ........ 0'17

100 17.-)

This is equivalent to

Manganese
Iron
Silica

Phosphorus
Moisture

49-73

7 20
4 41

0 07
0-30

The surprising feature of this analysis is the low percentage of com-

bined silica, indicating as it does only 35 per cent, braunite. The

manganese percentage is also lower than might have been expected
;

this is due no doubt to the large proportion of psilomelane, in which the

base portion of the manganate contains a larger proportion of calcium and

magnesium than usual.

As typical of the ore despatched from this mine, Mr. W. H. Clark

has kindly provided the analytical figures given below. The complete

analysis was made on a proportional mixture of the 7 samples, the rang'j

of analysis of which is given after the complete analysis ; the total ton-

nage represented is 2,246. This and the other analyses given below,

were all made by Mr. R. D. Connell, Chemist to the Central Provinces

Prospecting Syndicate.

Manganese peroxide
Manganese protoxide
Ferric oxide

Alumina .

Baryta
Lime
Magnesia .

4(i-49

25-35
12-81

1-86
0-92
2-22
0-75

1 The following additional constituents have since been deteriuined :-

NiO, C03O4, CuO 0 02
K2O 019
Na20 013
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ouica . . . . . o 78
Phosphoric oxide 0-204

•Arsenic cxide 0 049
Sulphuric oxido

. 0-080
Nickel and cobs It oxide traces
Ccnibined water 1-90

Moisture . . . . . 0-40

Total 99-813

Manganese .... 49-03

Iron . . . . . 8-97

Phophorus . . . . 0-089

The following are the partial anal3^ses supplied :

—

Date of analysis

.

January, 1906. November, 1906.

Details of sample. Range of seven samples

.

(1)

Tonnage. 156 to 450. 6,000.

Manganese ..... 47-12 to 49-78 50-64

Iron ...... 8-22 to )0-(i2 7-32

Silica ...... ()-40 to 7-45 7-05

Phosphorus ..... 0-0i")4 to 0-098 0 ()<((»

At the time of my first visit, in February 1904, work had been com-

pletely stopped, because the price of manganese was then only 8J pence

The working of the P^^ ''^i^; and the produce from this ore-body averages

deposit. only 48 to 51 per cent, manganese. With the subse-

quent rise of prices the 9,000 tons of ore then stacked have been removed

and exported. This ore was formerly sent to Salwa station some 7 miles

distant and blended with higher grade ores like those of Beldongri. Bu t

the deposit has now been connected up with the tramway system of

the Central India Mining Company, and the ores are now railed via

Kacharwahi and Waregaon to Tharsa station, Bengal-Nagpur Rail-

way, a total distance of 9J miles ; trains of 25 to 40 trucks are drawn

by small locomotives, each truck carrying 1 to If tons according to size.

For this service the Central India Mining Company charges the Central

Provinces Prospecting Syndicate Rs. 1-4 per ton, the saving to the Cen-

tral Provinces Prospecting Syndicate being about Re. 1 per ton over

the former cost of carting. To work the deposit must be a very simple

problem ; for not only is the ore well bedded, but the beds are broken

up by cross joints. Hence no blasting is required, but simply crowbars

and picks to prize out the ore. As this is pretty uniform in quality,

very little is rejected, and, since the country has hardly been touched,

practically all that it is necessary to throw away is the refuse from the

1 For thi.' sample some ore was taken from every truck-load despatched during

Ootober 1906, each truck-load being about 1^ tons.
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detrital ore accumulations on the slopes of the mound, and the

quartzitos, red clay, and vein (juartz, occurring in the ore-body. Hence

the dumps or waii-heaps at this deposit are smaller in projwrtion to the

amount of quarrying done than at any other deposit visited. It is a

pity that no attempt is made here to find out the depth to which these

ore-beds extend. As has been already explained, the ore-beds are at

some places horizontal or but slightly dipping. If a pit were put down
at such a point, it should soon penetrate into the underlying ' country,'

unless there were a phenomenally great thickness of ore-beds at the

point chosen. By my third visit (December 1907) the working of the

ore-bed had just uncovered the underlying mica-schist in 2 or 3 places.

Work was begun on this deposit in 1900, and up to the end of 1906

over 107,000 tons of ore were extracted. It is surprising that a

mining company could go on working such a deposit as this for 7 years

before finding out how deep the ore went, when the geological condi-

tions were so favourable that a pit some 20 or 30 feet deep would

have shown this some years earlier !

The output from this deposit from 1900 to 1907
Output. . r ,1

is as lollows :

—

Year. Long tons.

1900 . 3,404
1901 15,395

1902 . 19,140

1903 7,207
1904 1,331

1905 20,922

1906 39,970
1907 40,418

Towards the end of 1906, a trench some 30 yards long was dug at a

Workings west of point about h a mile due west of the Lohdongri
the village. mine, and immediately to the west of the village

of this name. This revealed the existence of manganese-ore in situ.

What I saw was a small thickness of ore -layers resting on micaceous

schists, with a layer of coarse grained vitreous quartzite separating

the two, the strike being probably east and west. The ore itself was

medium-grained, hard and crystalline, with cavernous black spots.

There was also some dull dirty black ore formed by the replacement

of the layer of quartzite mentioned above. A specimen of ore brought

from here consists of psilomelane mixed with a crystalline mineral

looking like facetted braunite, but rather strongly magnetic. In

one place I found vein-quartz containing radiate limonite. A pit

dug 15 yards to the north of the trench showed very schistose musco-

vite-gneiss.
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Mr. Young has obtained from this pit some trapezohedrai crystals

of spessartite, the occurrence of which is of especial interest because

not a sign of this mineral has been seen in the main Lohdongri quarry,

although over 100,000 tons of ore have been extracted from it.

Although the ground between this pit and the main deposit has not

been examined for ore, yet it seems probable that this occurrence is

only an extension of the main ore-body. Moreover, someone has dug
some shallow pits at intervals for about J a mile further to the west,

in which fragments of loose ore and spessartiferous rock have been found.

At a point about a mile west of Lohdongri village there is an outcrop

by the roadside, just on the Lohdongri side of a nilla, of darkened spessar-

tite-quartz -rock. All the facts enumerated above point to a more or

less contirmous run of manganiferous rock or manganese-ore between

Lohdongri and Beldongri, although, in many places, this supposed

manganiferous band must be buried too deeply beneath the surface to be

economically workable.

19. Kaeharwahi

(Central India Mining Company.)

{See Plate 41.)

This deposit, worked by the Central Lidia Min.ing Company on a

mining lease, is situated about if miles almost due east of Lohdongri

village and is about f mile south by east of Kticharwahi village. It

is situated in cultivated fields and is worked by an excavation in the

alluvial soil. In the irregular excavation the ore-body was exposed

for a length of about 100 yards and a width of 92 feet measured horizon-

tally. Neither wall of the deposit could be seen, so that the full

thickness had possibly not been exposed.! Taking the average dip as 60°.

the above horizontal width corresponds to a true thickness of 80 feet.

The actual dips seen were at 60°—70° to the S. 5° E. on the south side

near the west end, curling round to S. 40° E. towards the middle, and

further along returning to a dip of 55°— 70° to S. 10° E. ; this latter may
be regarded as corresponding to the average strike of the deposit, namely

E. 10° N. Some shallow trial pits, which had been put down on the

extension of the strike to the east, had passed through alluvial clay

and failed to strike the ore-body ; hence it is possible that the ore-body

being worked was once a small hill that has been since buried in the

alluvium of the Sur River.

1 I revisited this deposit in December 190G. The quarry had then been consider-

ably deepened (to 60 feet or more in i)laces) and widened and the ' countrj' ' cm the

south side had been exposed and possibly that on the north as well. If so, the

figure given above is the true width.
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In February 1904, the bands of rock associated with the ore-layers

Constitution of the Seemed to consist mostly of thick- and thin-bedded

orc-body. quartzites, of dark grey colour, of either coarse

or fine grain, and often containing disseminated manganese-ores. In

December 1906, the excavations had in many places reached a depth

of about 60 feet and the ore-body was much better exposed.

Many additional rocks to those seen in 1904 had thus become un-

covered. They included very friable rather fine-grained rocks composed

of white quartz and mica flakes arranged in folia so as to render the rock

schistose. These micas usually show some shade of rich brown, copper,

brownish red, or even crimson, and are probably manganiferous varieties.

Another rather common rock is a fine-grained granular rock of white

quartz with numerous scattei'ed prismatic granules varying in colour

from pale rose to rich deep crimson, the colour of this mineral often

showing a gradual change from pale to deep in one hand-specimen. In

one place a band of felspar-rock was found intruded between two layers

of this rock, and it was then seen that the above-mentioned mineral

is deepest in colour at the contact with the felspar-rock, lightening

in colour away from the contact.'^

Excluding the rocks intrusive in the ore-body and to be noticed

later, the ore-body may therefore be described as consisting of layers

of manganese-ore interbedded with hard vitreous quartzites, often black

in colour, and soft friable schistose rocks—usually consisting either

of manganese-mica-quartz-schist or of blanfordite
(
?)-quartzite, but

sometimes containing various granular minerals, not yet examined,

in the same friable quartzite matrix. The ore-layers take the form

of beds 5 to 10 feet thick separated by perhaps equal thicknesses of

the rocks mentioned above, the actual layers of rock varying from

an inch to one or 2 feet in thickness, and being often replaced by manga-

nese-ore. The ore-layers themselves are often rendered worthless by
thin inter-laminations of quartzite, etc., or patches of vein-quartz or

felspar. From a hasty examination of this quarry in 1906 it did not

seem as if more than ^ of the width of the ore-body could consist

of layers of ore worth extracting ; thig is, however, possibly an under-

estimate due to the ore-bands being obscured by wet detritus. The

ore extracted is said to be of as good quality as it ever was, and this

statement is corroborated, as far as manganese contents, by the

figures given on page 927.

The rock exposed in the south wall of the quarry at the time of my
' Country

'
second visit is probably the wall-rock of the ore-

body, rather than a layer interbedded in it. This

1 SubsequeDt micros.copic examination has shown that the crimsop mineral is an
amphibole allied to juddito, ard that the rock containing it, and also many of the
micaceous schists, contain felspar as well as quartz.
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wall-rock is a soft felspathic mica-schist or very schistose micaceous

gneiss,''similar to that seen at Beldongri, and includes some layers of a

pale green soapy schist that may be talcose. The north wall at this

time showed a friable mica-quartz-schist, which may only be another of

the layers so abundant in the ore-body, or may actually form the north

wall of the quarry.

Resting on the ore-body there is an overburden of 3 to 5 feet of allu-

vial clay, containing scattered grains of mano-anese-

ore and quartzite, and this is separated from the

ore-body by a variable thickness of manganese -ore, gravel, and detritus.

Near the east end of the quarry I found an exposure of rocks of

Blanfordite. braiinite- extraordinary interest. One of these is a coarsely

and albite. crystalline, white albite-rock containing scattered

crystals up to one inch long, and dense aggregates, of a brown altered

form of the mineral I have called blanfordite (see page 125). This

rock passed into one made of finely granular braunite with

abundance of fresh blanfordite of crimson colour, up to ^ inch long.

In places the rock might be called blanfordite-rock : thin sections of it

show interstitial apatite and a certain amount of a monoclinic

amphibole with pleochroism as beautiful as that of the blanfordite ; this

1 have called juddite (see page 159).

Another type is a felspar-rock containing both aggregated and iso-

lated crystals of braunite. Some of these are octahedra up to \\ to

2 inches in diameter, and are often twinned on (101), as explained

on page 58, to form either butterfly or interpenetration twins. Others

are barrel-shaped crystals showing both the tetragonal and di-tetragonal

pyramid. They are mostly doubly terminated and are sometimes twin-

ned on (101). The strike of the braunite-albite-rock seemed to be about

E. 20° S. It was impossible to see if this rock were an intrusive in the ore

body, as seemed more probable, or if it were interbedded with the ore-

layers. In the latter case it would be necessary to suppose a local flexure

in the strike of the ore-body, which is at this end of the quarry about

E. 10° N. The amount of this rock exposed is small and might have

been overlooked, had I not first found the blanfordite-braunite rock on

one of the ore-stacks. The coolies were able to show whence they had

quarried the ore in this stack, for it had just been rejected by the con-

tractor for containing too much ' silica,' as all visible impurity is de-

signated by many of the contractors.

On my second visit in December 1906, the rock carrying the braunite

and blanfordite crystals was much better exposed, and seemed to be

arranged parallel to the strike of the other rocks ; it is hence probably

an intrusive parallel to the bedding planes. Many of the braunite crys-

tals obtained were of large size, up to 3 ot 4 inches across, and showed

all the faces noticed on the Lohdongri crystals (see page 917).
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The ores found in this deposit consist partly of the fine-grained psilo-

, I •, nielane-braunite mixture and partly of more uni-
Niiliiro iitui (|iinlity

. .

of the oios. formly crystalline material of both fine and medium

grain. I5(^t li varieties usually show black films, and cavities containing

either ferruginous matter or a black powder.

A specimen of ore composed of the former variety, with some patches

of the crystalline medium-grained variety, was analysed at the Imperial

Institute with the following result '.^—
specimen No. 1093.

Miinganese |)eioxidc . . . . . . . 41-,34

Manganese protoxide ....... 42-16

Ferric oxide ......... 4'48

Alumina 0-39

Baryta OoO
Lime . . . . . . . . . . 1'41

Magnesia 0-83

Siliea (combined) ........ 8'18

Silica (free) 0-46

Phosphoric oxide ........ 0-20

Arsenic oxide ......... O'OOS
Combined water ........ 0'63

Moisture at 100°C. . 0-05

Carbon dioxide 009

100-225

Specific gravity ........ 4-73

This is equivalent to :

—

Manganese . . . . . . . . . 58 "74

Iron 3*14
Silica .... 8 '64

Phosphorus 0 -00

Moisture . ....... 0 'Oo

The analysis can be expressed minetalogically as follows :

—

Apatite .......... 0 '40

Calcite 0-20
Braunite (containing 4 48 r"e203) . . . . . S2 "04

Mn2Mn05 14-46

Impurities :

—

AI2O3 . .
0-39

Coo 1-04

Mgo 0 '83

H2O 0-63
Quartz 0 4()

AS2O5 0 -005

Moisture 0 "05

100-565
Subtract o.xygen assumed . . . . . . . 0'34

100 -225

1 The following additional constituents have since been determined :

—

NiO, Coabi, CuO 0-08
K2O trace
Na20 . 0-23
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This interpretation of the analysis indicates that the psilomelane pre-

sent has the composition Mn2MnO.-,.

A conipk'te analysis of the braunite crystals noticed on page 924 is

given on page 68. It shows the presence of :

—

Specimen No. 1110.

Manganese
Iron
Silica

Phospliorus

57 -8(1

3-85

8-W)

0 035

Some of the ore that was stacked looked as if it were of veiy good

quality ; but most of the stacks would have been the better for reclean-

ing. Hence the sample (No. 29) taken from these stacks cannot be

regarded as representative of the ore as it would be when propej-ly cleaned.

The pieces in the sample often contained ferruginous and siliceous matter,

and were of both the varieties mentioned on page 925. The partial

analysis by the Imperial Institute was as follows :

—

Sample No. 29.

Manganese peroxide

Manganese protoxide

Feiiic oxide
Silica (combined)
.Silica (free)

Phosphoric oxide

Moisture

This is equivalent to :—

Manganese
Iron
Silica

Phosphorus
Moisture

39-43

35 M
10-8ti

5-70

2-23

018
0-38

52-58
7-00

7-93

0-08
0-38

and indicates that the sample contained about 57% braunite and 40%
of psilomelane. Such ore is, of course, easily marketable.

Seven partial analyses by Messrs. J. and H. S. Pattinson, of various

types of ore from this deposit, kindly supplied by Messieurs Jambon and

Cie. and H. D. Coggan, show the following limits and mean :

—

Limits of 7 analyses. Mean of 7 analy-

ses .

Manganese 48-96 to 57 -CO 52 -81

1
Iron 2 -42 to 10-l(j () -55

•Silica 0 -43 to 9 •()() 7-57 }• Dried at 21 2° F.

Phosphorus 0-049 to 0 1 03 0-009
1

Moisture 0-22 to 0-41 0-28 J
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One of these being an analysis of a sample of the general stock of

this deposit at a particular time is given below separately :

—

Manganese
Iron

Silica

Phosphorus
Moisture

.31-77

7-40

(i-43

0-07B
0-24

A sample of the stocks of Kacharwahi and Waregaon ore at Tharsa

station in 1903 was analysed by Messrs. J. and H. S. Pattinson, with

the following result :

—

Manganese
Iron
Silica

Phosphorus
Moisture

53 01
6-64
7-20
0-058
0-.35

The character of the ore obtained from this deposit is, however, best

seen from the following figures, supplied by Mr. H. D. Coggan, showing

the average analysis of the ore raised during the three years 1904 to

1906 :—

1904. 1905. 1906.

Manganese ...... 50 -83 53 -53 53 -r,3

Silica ....... 8-85 7-51 8-25

Phospliorus ...... 0 -OGo O-OS] ()-!47

These figures represent the analysis of the total output from the

deposit for each year.

The photograph (Plate 41, figure 1) illustratfs the disastrous effects

Tfce working of the that may result from allowing a deposit to be
deposit. wf.rked by contract vvjthout proper supervision

on the part of the lease-holder. In this case the contractor had set

his coolies to work all the good ore-bands a-iJ leave as upstanding

ridges the valueless bands of quartzite, etc., the sole object being to

extract the maximum quantity of ore in the minimum of time, without

any regard to the future working of the deposit. As a result of this

policy the mati or waste had been dumped quite close to the edge of

the excavation, and later this had been increased in size so that

the waste was in many places actually slipping back into the quarry. It

is customary on the Indian manganese mines to pay the coolies so much
per 1,000 cubic feet for the manganese- ore as measured in the stacks

and also per 1,000 cubic feet of the volume of the cavity made in
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excavating, the latter payment being for the piirpo.se of recompensing

the coolies for the work of removing the worthless material as well as

the valuable ore. At the time of my visit (February 1904) the

contractor had stopped this second payment and as a result the

coolies, who had, of course, to do a certain amount of dead-work

to get at the ore, were, instead of removing the refuse to the dumps,

piling it on the ridges and pinnacles of quartzite that had been left in

the pit as the result of the previous bad work. This method of work
explains the gravel-pit-like appearance of the excavation as shown in

Plate 41, figure 1.

This was, of course, only a temporary phase of the working, and
in December 1906 none of the waste was lying in the quarry, but had

all been carried out. Although the depth had been greatly increased

the same tendency to work at the ore-bands and leave the intervening

layers of quartzite, etc., as upstanding ridges was noticeable. Such

a method of work is of course largely due to the natural objection the

coolies take to quarrying the barren quartzites, etc., for which they are

paid at a much lower rate tbaii for the manganese-ore, and unless con-

stantly supervised they invariably, both here and at all the other mines,

work at the ore as long as they can and only remove the ' country ' or

barren rock when they can no longer get at the ore with ease. During

1907, however, a commencement has been made in working away

the ' country ' on either side of the deposit in a series of horizontal

slices or steps, the intention being to work the deposit regularly bench

by bench. The question is—How long will it pay to work in this way

both this and many other deposits, without resorting to mining ?

A 4-inch centrifugal pump driven by a small vertical engine has been

put in to remove the water that enters the pit and forms pools of

water in all the deeper parts. The water is baled from the various

pools to the sump, two men throwing the water from one pool to

another by means of a kerosine-oil tin fixed to the middle of a

couple of ropes, the opposite ends of which are held by the men. From

the sump the water is pumped out of the quarry.

The ore is carried to Tharsa station, a distance of about 7 miles, over

the Central India Mining Company's steam-tramway.

The output of manganese-ore from this deposit from 1904 (when the

figures were first kept separate from those of Ware-

gaon and other deposits) to 1907 is as follows :

—

Year. Long tons.

1904 . • • •
3-063

1905 8,379

1906 •''>'340

1907 3,938
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Fig. 2 -MANGANESE-ORE STACKED AT PRINCE'S DOCK, BOMBAY,
READY FOR SHIPPING
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During 1007 the existence of nianganese-orc between the Kficharwahi

and Waregiioii deposits, at a distance of G or 7 feet below the surface,

has been proved hy means of a trial pit. The occurrence is being openefl

Jessopniid Coinpuny's up by Messrs. Jessop and Company. Such work
Kafhnrwahi.

jjf^^j hocn done at the time of my visit, showed

a steep dip to the N. 20" E. The rocks and minerals exposed were man-

ganese-ore, quartzite, gondite, and tnuscovite-rock. The ore was braunite

with much residual spessartite, and did not look of much value.

20. Wapegaon.

(Central Indi.\ .Mining Company.)

This deposit is situated a little over a mile east by north from

Kacharwahi, and is connected by a light tramway of 2-foot gauge to

Tharsa station. Bengal-Nagpur Railway, 5| niiles to the south. It

is the junction for the lines from Lohdongri and Manegiion and fiom

here some 300 tons of ore a day can be carried to Tharsa. Work was

started at Waregaon in March 1902. In quarrying the ore, a large

excavation has been dug in the alluvium. It was, at the time of my
visit in February 1904, 360 feet long and 160 broad, and contained water

at a depth of 22 to 25 feet. The ore-band had been exposed for a length

of about 300 feet, and the horizontal width where it was apparently

widest was 48 feet. The strike is about E. 20° N. and the dip very vari-

able (30° to 50°). but averaging about 40° to the S. 20° E. Taking this

dip, the true thickness of the ore-band works out as 31 feet. By means

of a pumping-engine to remove the water, the quarry had been exca-

vated to a depth of 35 to 40 feet, when it was found necessary, early in

1904, to discontinue the work. This was partly owing to the fact that

all visible ore of good quality above the water-level had been extracted,

that still left in the bottom of the pit being difficult to win on account

of the 10 to 15 feet of water above it,l and partly because the ore was

getting more siliceous and some hat aisenical with increasing depth.

To extend the pit along the strike was impossible, except at great

expense, owing to the fact that huge piles of waste had been dumped
at both ends of the quariy, as well as along its sides. At a point about

200 feet west of the west end of the quarry

—

i.e., on the further side of the

dump lying across the west end of the quarry—a small trial-pit that

had recently been dug (February 1904) revealed the existence of good-

quality ore at a depth of only 3 to 4 feet from the surface. The several

small pits that had been put down as the result of the discovery showed

that the strike of the ore in these pits would, if it did not curve round,

carry the ore to the north of the main quarry, indicating it to be

either a parallel band of ore to that exposed in the main quarry,'''or

1 There are said to be springs along the bottom of the pit.
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the same band of ore brought up by a fold. Sample No. .30 was taken

from the ore being worked here.

Owing to the water in the main pit I could examine it round the

Nature of tlio ore- edges only, where there was the usual overburden

of alluvial clay and pebble-ore resting on mica-

schists, which apparently form both the hanging and foot walls of the

deposit. The following section, seen at the east end, may be taken

as typical of the overburden :

—

.'J
feet alluvial clay with scattered pisolites of manganese-ore,

2-| feet rather small talus-ore with some quartzite pebbles,

8 feet of a mixture of small pebbles of iiiangane.se-ore and quartzite, with clay
and debris of mica-schist.

10 feet waved mica-schists of various colours, red, yellow, white, and black, due to
impregnation with oxides of iron and manganese. (In one place the
micH -schist eontait'.ed altered magnetite crystals up to } inch diameter.)

Along the south edge of the quarry the mica-schist was seen to rest

on interbanded dark -grey to black quartzites, and poor quality man-
ganese-ore, with bands of spessartite, etc., in both ore and quartzite.

This dark-grey to black qtiartzite is seen under the microscope to owe
its colour to very abundant minute inclusions of idiomorphic crystals

of some black manganese-mineral. It also, in one case, contains a

pyroxene having pleochroism in pink and green. At the west end of the

pit, the rock that corresponds to the ore-band occupying the middle

of the pit has been left unquarried and consists of very massive spessar-

tite-rhodonite-rock, only partly altered to manganese-ore. Along the

north side of the pit were exposed, interbanded with one another, mica-

schist, manganese- ore, gondite, and quartzite ; it was not quite certain

that the full width of the deposit had been exposed in that direction.

At one place near the south edge of the quarry there was exposed a large

mass of soft white rock of quartz and felspar, with many black man-

ganiferous patches, due doubtless to impregnation or replacement of

this rock by manganese oxide. This quartz-felspar-rock is probably

an intrusive in the ore-body.

From the waste heaps, both of the main quarry and of the new ex-

cavations, some fine specimens of coarsely crystal-
Spessartite crystals.

^ , ^ i ^ •
'

i mi
lized spessartite-quartz-rock were obtained, ihe

spessartite crystals would some of them, if perfect trapezohedra, be 1 ^

to 2 inches in diameter. Besides the usual trapezohedral faces, which

are, as at Chargaon, often striated parallel to the faces of the rhomb-

dodecahedron, a few crystals show tiny hexoctahedral faces ; while

on one, rhomb-dodecahedral faces are rather well developed (see

pages 171 to 174).

As already noticed no ore of good quality was visible in the main

Nature and quality of pit. It is Said that when this pit was first

the ores. Started the ore analysed 52 per cent, manganese
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on cargo lots, and then decreased to 50 per cent., and after that to

47 per cent., on the last cargo sent, which was reported to be very

arsenical. Eight partial analyses by Messrs. J. and H. S. Pattinson

of various types of ore from this quarry, kindly supplied by Messieurs

Jambon and Cie, show the following limits and mean :

—

IJinits of 8 nnalyses

.

Aieaii of 8 analy-

ses .

Manganese
Iron

Silica

Phosphorufi

Moi.sdire .

45-16 to 56 -10

4-46 to 14-24

1 -23 to 9 -56

0-0.53 to C-088
0-26 to 0-78

50-45
8-22
6-88

0-068
0 -50

Dried at 212°

The manganese- ore being extracted from the new excavations men-

tioned on page 929 was the hard grey finely crystalline variety with

bands of softer ore. Sample 30 was taken here, and many of the pieces

of ore included in it had slight ferruginous and clayey coatings. The
analysis by the Imperial Institute gave the following result :

—

Sample No- 30 .

Manganese peroxide . . . . . . . .48-66
Manganese protoxide . . . . . . . .25-73
Ferric oxide 9-88

Silica (combined) . . . . . . . . 5-]6

Silica (free) 0-80

Phosphoric oxide . . . . . . . . O'lG

Moisture (at lOO'C.) 0-(i5

This corresponds to :

—

Munsranesc 50-73

Iron 6-92

Silica 5-96

Phosi)horiis 0-070

Moisture . . . . . . . . . .0-65

which is sufficiently close to the mean of the 8 analyses of ores from

the main pit to show that the ore from these new pits is of the same

qualitv as that from the old quarry. The above analysis indicates a

composition foi the ores of about equal parts of braunite and psilomelane.

For an analysis of Waregaon and Kacharwilhi ore stacked at Tharsa

station, Bengal-Niigpur Railway, previous to despatch, see page 927.

The analysis of the ore sorted from the waste heaps during 1906 is

given by Mr. Coggan as :

—

JIancanese . . . . . .. . • .52-14
Silica S-M
Phosphorus 0-081

IV
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At my second visit in December, 190G, the quarry was filled with

water to within a few feet of the top. This water is said to be mainly

due to springs and only partly to the rains, and in consequence the water

remains at a high level right through the hot weather, since the quarry

has been abandoned. It is by no means certain, however, that all the

merchantable ore has been extracted, and indeed it seems probable

that, if the waste-heaps at the east end of the quarry were removed and

the excavation extended in that direction, an extension of the ore-

body would be found. At the time of this second visit the waste heaps

were in part being worked over for the recovery of ore previously thrown

away, as the prices then permitted of the export of a lower grade ore

than previously. The excavations to the west of the main quarry were

again being worked and a certain quantity of ore being won.

The output from this deposit from 1904 to 1907
Output. . p 11

^

IS as follows :

—

Year. Long tons.

1904 2.'m
1905
]90G 2,538

1907 528]

Previous to 1904 some .30,000 tons are said to have been extracted
;

but till 1904 the output figures of the different deposits were not kept

separately.

21. Khandala.
(D. Laxminarayan.)

This deposit is situated a mile east by north from Wsiregaon. The

outcrop starts from the right bank of the Sur River and is traceable for 218

paces in a W. 25° S. direction and may be as much as 24 yards wide. The

outcrop consists of spessartite, quartz, and rhodonite, some of the garnets

being up to ^ inch in diameter. The spessartite-rock is often partly con-

verted to manganese-ore and is usually blackened. But there is no-

where sufficient ore to be worth working, and as far as can be judged from

the outcrop, this occurrence is of no economic value. One sample taken

from here by Messrs. Ogilvy, Gillanders & Co., of Calcutta, and analysed

by E. Riley of London, showed :

—

Manganese . . . . . . . . .37-54
Iron 5-48

Silica 24-66

Phosphorus 0-14

Moisture ........ 0-36

The immediate country of the deposit was not seen ; but a little to

the north and south of the band were outcrops of a white quartz-rock

(vein-quartz) containing muscovite.

(
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Immediately to the soutli of the point where the manganese-silicate-

, . rock reaches the river, there is seen in the bank, for
I\laiif;.iiics('.lai('i'it(\ .

'

()2 paces gomg down stream, a layer 5 to G feet

thick of vesicular manganese-laterite, mottled brick-red, orange, and black,

and containing pebbles of the muscovite-quartz-rock, suggesting that

the laterite has been formed by the breaking down of this rock with

introduction of iron and manganese from without.

It will be interesting to record the rocks to the south of the ore-band,

, ^, ^^^^^
,

exposed along the river-bank, because this is the only

place along the whole length of the Dunn i Kaliin

—

Khandala band of deposits where the rocks accompanying the ore-

deposits are at all well seen.

In order going down stream they are as follows :

—

1. White vein-quartz containing muscovite. Perhaps a very coarse

quart zite.

2. Muscovite-schist.

3. Rocks obscured by the manpanese-laterite.

4. Fclspathic quartzite.

5. IMuscovite-quartz-schist.

6. Tourmahne-bearing quartzite.

7. Muscovite-schists intruded by coarse pegmatite, composed of pale pink
felspai, quartz, and muscovite, with a htt.le touvmxline.

8. Fine-grained white gneiss containin<.' a Httle muscovite.

9. Medium-grained tourn aline-trianite, probably intrusive.

10. Very coarse pegmatite with fels])ar indivi(hials up to 1 foot long.

The dip seen is 45° to 50° in a direction varying from S. 5^ W to

S. 5" E.

The following output has been reported from this deposit :—

Year. Long tons.

1907 220

J

GROUP V.

22. IVIandPi.

22 A. Panehala.

23. Manegaon.
24. Guguldoho.
25. BhandcirboPi.

This group of deposits lies in hilly country about 7 miles to the east-

north -east of Ramtek and about 7 miles due north of the Waregaon

deposit. The Manegaon and Guguldoho deposits, although apparently

not continuous with one another, probably represent one band of original

manganiferous sediments. Together they form a band over 3 miles in

length. The Gtiguldoho deposit continues into the Bhandara district to a

distance that has not been ascertained, and may correspond in horizon

to the ore-band seen at Asalpani, s?-..iie 13 miles to the east-north -east in

IV
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the Bhandiira district. Similarly the Mandri and Panchala deposits are

probably continuous, the total length of these two deposits being over 2

miles. It is not known what is the connection between the Manegaon-

Guguldoho, and the Mandri-Panchala ore-bands. They are roughly paral-

lel to one another. The Borda deposit lying over 9 miles to the west-

north-west of the west end of the Mandii deposit is possibly a conti-

nuation of the Mandri-Panchala band in that direction. This group of

deposits is served by a branch of the light 2-foot gauge railway construe

ted by the Central India Mining Company. It is 8 miles from Miinegaon

to Waregaon and a further 5| miles from Waregaon to Tharsa station,

Bengal-Nagpur Railway. The railway passes through the Mandri

deposit. The ores of Panchala and Guguldoho are first carted as far as

the railway.

22. Mandri.

(Central India Mining Company.)

(See Plate 40.)

The Mandri manganese-ore deposit is situated some 6 miles north of

Waregaon. It lies on the north side of the Rilmtek range of quartzite

hills, and is on the same line of strike as the Borda deposit situated

about 9| miles to the west-north-west. The accompanying rough

SCI11STS_AN0^
QUARTznTs

I o T I ... 4 %/,

% 5 1

Fig. 69.— Sketuh-plnn of ore-bands and hills at Mandri.

sketch-plan (Fig. 69) shows the relation of the ore-bands, which are two

in number, to the neighbouring low hills. The schists indicated are

hornblende and mica-schists, and the quartzites accompanying these

schists often contain hornblende or pale green mica. The biotite-gneisses

are often well banded and slickensided. The quartzites forming the two

small hills on the north-cast side of the ore-bands are viterous, greyish,
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whitish, und browiiisli, in colour, of medium to coarse grain, and often

contain miiscovitc scales. They also are often slickensided ; the accom-

Fig. 70.—Slicken.sides-grooving in quartzites at Mandii. Fi-Kin a photo.

panying figure, which is from a photograph of an outcrop of these

quartzites on top of hill No. 1, does not show the grooves as well as it

might. The direction of these slickensides-groovings is S. 28° W. at

41°, but inmost other places, as in the ore-band, it varies from S.15°

to 45° E. at 25° to 40°, and hence is, on the average, directed along the

strike of the ore-bands.

The ore-bands, which are two in number, may be designated as the north

band (A) and the south band (B), respectively. They are roughly parallel

and about 100 yards distant from each other, the character of the

intervening rock being hidden by surface debris. The ore-bands ar^j

bent and contorted in a most unusual manner, as indicated in figure 2 of

Plate 40 ; but they have a general strike of E. 34° S. for band A and E. 25°

S. for band B. Both bands had been, at the time of my visit, exposed

along their strike by workings of any depth up to 10 to 15 feet,

following all the curves and bends of the ore-bands. These workings,

besides the variable strike, also showed that in both bands the dip, which

is almost always fairly steep, is constantly changing, being sometimes

towards the north-east and sometimes towards the south-west side of the

band, indicating frequent overturns of the ore-bands. The ' country '

consists of the above-mentioned quartzite on the north side and of mica-

schists on the south side of each band
;
and, throughout, both ore and

' country ' are much slickensided, as noted above.

The northern band (A) is 285 paces long as measured in a straight line

The northern band and 323 as measured along all the bends. It varies

in width from 6 to 14 feet and lies on the south side of
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the top of the small quartzite hill, No. 1. At its western end the ore-band,

as far as can be judged from surface indications, terminates abruptly

against quartzite, from which it is possibly separated by a fault indicated

by the presence of some vein-quartz. At the east end the ore-band

descends to low ground and possibly dies out in lenticular fashion, for

there is no trace of it on the quartzite hill, No. 2, lying immediately to the

north of ore-band B. In one place the ore-band is divided into two parts

by a 1-foot-parting of soft fine-grained mica-schist. The rock compos-

ing the ore-band is softish black manganese-ore, usually showing

remains of yellow spessartite. In one place was found a horny-looking

spessartite rock with veins and layers of pinkish rhodonite.

By December 1906, these excavations had been much deepened ; in

one place a depth of 50 feet down to the surface of the water was mea-

sured, and the water was said to be 10 feet deep, giving a total depth of

60 feet from the surface. The ore is said to be just as good at this level

as at the surface. At this spot, i.e., near its western end, the band had

been faulted, so that steeply dipping ore-layers, with an underlying

layer, 2 feet thick, of a friction-breccia of quartzite fragments and pulver-

ized mica-schist, etc., rested against the edges of ore-layers having only

a shallow dip (nearly horizontal).

The southern band (B) is 650 paces long as measured in a straight line

and 707 as measured along all the bends. It varies
The southern band (B).

. c>a i. x i. rri.m Width from 24 to 40 feet, ihere is no reason

why this band should not continue for some distance to the east ; it

is simply a question of removing the over-burden of pebble-ore and

soil in order to find out. It may also continue to the west, except

that if band A be terminated by a fault, then this same fault may
also cut off band B. The western portions of this band lie on low

ground, but the eastern end runs across the southern slopes of the

quartzite hill, No. 2, nearly reaching the top of it at C (Fig. 2. Plate 40).

At this point a pit shows that the ore has been overturned in exactly

the same manner as is shown in fig. 59 for Mansar. At H (Fig. 2, Plate 40)

a thickness of 4 feet of mica-schist divides the ore-band into two parts,

6 feet lying to the north and 18 feet to the south, of the mica-schist

parting. The ore-band is composed mostly of dirty ores, very frequently

spoilt by bands of spessartite, rhodonite, dark grey quartzite, white

quartz and micaceous films.

The ores consist of the usual mixtures of braunite and psilomelane. The

former tends to predominate, and occurs as minute grains, set sometimes

>iature and quali- in hard psilomelane and sometimes in a soft black

ty of the ores. matrix. It is this latter constituent that imparts

to such a large proportion of these ores their sooty character, so that,

unlike the majority of the ores of this district, the Mandri ores almost
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invariably soil the fingers. There is also a certain proportion of good
hard grey ore. A sample was taken of some 1,G80 tons of ore stacked at

this deposit in February 11)04.

Such a large proportion of the pieces, however, contained yellow

An experiment in spessartite that I thought it would be interesting
cleaning. make an experiment on the cleaning of the ores.

The sample was consequently coned and quartered twice, and one

quarter, weighing 58 lbs., of the original sample was set aside as sample

No. 31. I then cleaned one half of the original sample, forming sample

No. 32, weighing 57 lbs., of the cleaned ore ; and sample No. 33, weighing

38 lbs., composed of the portions of ore rejected, these being mostly very

garnetiferous pieces. Complete analyses of these three samples were

made at the Imperial Institute with the following results :l

—

Sample Sample Sample
31. 32. 33.

Manganese peroxide , . . . . .

j

54 -GO 56-64 48-65
Manganese protoxide. . . . . .

j

21o5 19-70 21-95
Ferric oxide ....... 10-79 9-73 9-58

Alumina ........ 1-81 2 17 3-80

Baryta ........ 0-55 0-71 0-62

Lime ........ 0-83 0-95 1-70

Magnesia ........ 0-45 0-38 0-40

Silica (combined) ...... 5-09 4-25 5-48

Silica (free) ....... 0-67 1-35 3-35

Phosphoric oxide ...... 0-18 0-20 0-26

Arsenic oxide ....... 0 004 0-005 0-022

Water (combined) ...... 2 -.55 3-01 2-71

Moisture at 100° C 0-69 0-49 1-10

Carbon dioxide ...... Oil 015 0-12

Total 99-874 99-735 99-742

Manganese ....... 51-2(5 51-11 47-80

Iron ........ 7 -.55 6-81 6-71

Silica 5-78 5-60 8-83

Phosphorus ....... 0-078 0-087 0113
Moisture ........ 0-69 0-49 1-10

On studying these figures it is seen that thpre is a decided difference

between the original sample 31 and the rejected material 33, the latter

showing an increase in the amounts of silica and phosphorus and a decrease

1 The following additional constituents were subsequently determined :

—

31 32 33

NiO, C03O4, CuO Trace 0-005 Trace
K2O 0-34 0-26 0-21

NagO 0-25 0-19 0-25
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in the amount of manganese. This is of course what one would have ex-

pected, except that it is not so great as the character of the rejected

material suggested. Sample 32 should however have shown a decided

improvement in analysis over that of sample 31. But the figures show

very little difference between the two. In preparing the sample for

analysis duplicate lots of the final powder were bottled. Thinking that

a mistake had been made in labelling, and that the two samples sent

for analysis as 31 and 32 were either both 31 or both 32, I sent one of

the remaining samples to Messrs. J. and H. S. Pattinson of Newcastle

for analysis. The result is shown below :

—

Sumph No. 32.

Manganese peroxkk- ....... 57'27

Manganese protoxide . . . . . . . 19'66

Ferric oxide ......... 9-86

Alumina.......... 1'58

Baryta 0-53

Lime .......... 1'15

Magnesia 0 43

Potash 0-73

Soda 0-17

Combined silica . . . . . . . . 4*20

Free silica 0-25

Sulphur 0-025

Phosphoric oxide . . . . . . . . 0-179

Arsenic oxide......... 0-066

Cobaltous oxide ........ Nil.

Nickelous oxide ........ Nil

t!upric oxide ......... Trace.

Lead oxide ......... Nil.

Zinc oxide ......... Nil.

Titanic oxide ......... 0-08

Chlorine Trace.

Fluorine Nil.

Combined water ........ 3-00

Moisture at 100° C 0-70

Carbon dioxide ........ Nil.

99-880

Manganese 51-44

Iron 6-90

Silica (total) . . , 4-45

Phosphorus . ...... 0-078

This analysis is remarkably close to that of sample 32 carried out at

the Imperial Institute, and shows that no mistake was made in the bottling

of the samples.

Taking the analyses of samples 32 and 33, it is evident that if they

were mixed in the proportions of the v;eights of ore to which they corre-

spond, namely 3 to 2, the analysis of the original sample would not be as

good as that shown for sample 31. Taking only the four constituents
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Mn, Fe, SiO->, and P, tlie calculated analysis of the sample before

cleaning works out as follows :

—

Mangaiu'sc 4'.)-7H

Iron «-77

Silica «-8'»

Phosplu.nis 0-097

Comparison of this with the analysis of samj)le ."51 indicates that the two

portions into which the original sample was divided were not exactly

alike, and that either (1) for the amount of ore taken the pieces of ore

should have been broken to a somewhat smaller size than they were to

ensure the final sample obtained on reduction being truly representative of

the whole, or (2) the weight of the original sample should have been consi-

derably larger, if the size of the pieces of ore was to be kept the same,

namely 1 to 2 inches in diameter, for the first halving. Considering then

only the portion of the sample which was subjected to the cleaning opera-

tion, that is considering only analyses 32 and 33, it is evident that the residt

of cleaning is to raise the analy.sis of the sample from 49 -78 per cent, ot

manganese to 51-11 per cent. This improvement is, however, much less

than I should have expected and shows that a relatively large amount

of visible spessartite can be present in the ores without the quahty of

the sample being very seriously lowered, although, when prices rule low, a

dif?ereiice of H per cent, in the percentage of manganese present may
make all the diflerence between whether the ore can be exported at a

profit or not. The conclusion to be drawn from this experiment is that

when the prices are high a fair amount of spessartite-bearing material may
be allowed to remain in the ore, but that when the prices are low it may
be advisable to clean out this foreign material and raise the quality

even at the cost of a considerable rejection of ore (in this case 40 per

cent). The result? of this experiment should not, however, be taken as

generally applicable as regards the amount of improvement to be

effected by cleaning. It merely indicates the method to be adopted

in determining the advisability of subjecting the ores of a particular

mine to rigid cleaning. Each case should be decided on its merits by

means of an experiment similar to that described here. For convenient

cleaning the pieces of ore should be not smaller than one inch in diameter.

That is to say the pieces in the sample before the initial division of it

into two portions, one to be reduced without cleaning, and the other to be

cleaned, should not be smaller than the size mentioned above. As the

size of the pieces of ore must not be too large in proportion to the size of

the sample to be halved, it would be as well to take about 1,000 lbs. of

ore for the initial halving, and so avoid the difference obtained in my
experiment between the analyses of the two halves of the sample, the

one given by sample 31 and the other calculated from samples 32 and 33.
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Five analyses of specimens and samples of ore from Mandri, by Messrs.

J. and H. S. Pattinson of Newcastle, kindly supplied to me by Messieurs

Jambon and Cie., showed the following limits and mean :

—

Manganese
Iron
Silica

Phosphorus
Moisture .

Limits of 5 analy-

ses.

51 -83 to

3-83 to

5-0.5 to

0-0fi2 to

0-4!t to

55-04
5-82
7-06
0- 156,

1- 15

Mean of 5 analy-

ses.

53-23
5- 27
6- 04
0-10(i

0-73

while another specimen, described as ' yellow stuff, bad looking,' and

doubtless spessartite-rock only partly altered, gave the following

result :—

•

Manganese 25-22

Iron ............. 16-61

Silica 16-00

Phosphorus .......... 1 -05

Mr. Coggan has also supplied me with the following figures showing the

average analysis of the ores raised at this deposit during the years 1905

and 1906 :—

I'JOS 1906

Manganese .
51-87 48-21

Silica .
6-30 7-38

Phosphorus .
0-097 0-120

It will be noticed that the 1905 ore, when prices were comparatively

low, corresponds roughly with that of my cleaned sample .32, whilst that

of 190G, when prices ruled high, corresponds roughly with that of the

material rejected in the cleaning of sample 32. This suggests that the

poorer quality of the ore despatched during 1906 may not be the result

of the deposit deteriorating in quality with increasing depth, but may
be due to the fact that poorer ore could be exported at a profit in 1906

than in 1905, in consequence of which the ore was perhaps not so carefully

cleaned.

Owing to the tortuosity of the ore-bands and their consequent very

The workincr of the variable strike and dip, the working of the Mandri

fle))osit. deposits is perhaps a somewhat more difficult

problem than usual. They had up to December 1906 been worked

by means of narrow cleft-like openings following down the ore, whilst

very little, and in some places none, of the 'country ' had been touched

.
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The consequence is that now that a depth of 30 to 60 feet has been reach-

ed in several parts, it is becoming increasingly difficult to win the ores.

The waste has often been dumped on the very edge of the worl:ing.

To ensure the life of this deposit it will now be necessary to carry out

large amount of dead-work, consisting both of the removal of the old

waste to a respectable distance and the quarrying of the ' country '.

As the ground slopes away in many places towards the south side, it

would pay to carry several cross-cuts in from the south-south-west right

up to the ore-band. With rails along these cross-cuts, both the ore and

the waste could be readily removed to a safe distance to the south of the

deposit.

A centrifugal pump is to be put in to remove the water which now
accumulates in some quantity in the deeper parts of the workings, and

rails have already been run out to various parts of the deposit to bring

the ore to the tramway from Manegaon to Tharsa, which crosses the

Mandri ore-bands near their western end.

During 1907 a beginning has been made in removing the ' country

'

of a portion of the deposit in a series of steps, to enable the lower portions

of the ore-body to be worked. It becomes a question as to how deep

it will pay to follow the two comparatively narrow ore-bands by open-

cast methods before working them by underground mining methods.

^ ^
The output from this deposit from 1904 to

1907 is shown below :

—

Year. Long tons.

1904 11,745
1905 12,769
1906 4,471
1907 7,055|

The effect of the previous methods of working this deposit is reflected in

the output figures. For these have decreased considerably during 1906

and 1907, in spite of the high price of manganese during these two years.

22A. Panehala.

{Central India Mining Company.)

During 1906, manganese-ore has been discovered by the Central

India Mining Company within the limits of the village of Panehala, and
the deposit secured on prospecting license. This ore is found over a

length of perhaps J a mile. The western end of this deposit is situated

some 600 yards to the east-south- east of the east end of the Mandri
workings, i.e., almost exactly on the continuation of the line of strike of

the Mandri ore-band, B. As the strike of the Panehala deposit is about

E.20°S. on the average, there can be little doubt that it is really a conti-
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miation of the Milndri band. In airprobability, when the intervening

ground is opened up, the Milndri and Panchala deposits will be found to

be continuous. At the time of my visit, December 190G, very little

work had been done on the Panchala ores. It showed, however, that

instead of dipping steeply to the deep as at Mandri, the ore-band is

probably rolling gently about axes running east-south-east, and is therefore

probably kept at the surface over a considerable width. Thus, at the

eastern end there were two openings situated about 150 yards apart

measured across the strike. In each of these openings the rock was

evidently rolling, gentle anticlines and synclines being visible. It is

therefore possible that the intervening ground is occupied by these

rolling ore-beds. It is also possible that these excavations are on

separate ore-bands.

There seems little doubt that there is a large quantity of mangani-

ferous rock in the Panchala area. A considerable portion of this con-

sists of very hard rhodonite and spessartite-bearing rocks, massively

bedded, and often partly altered to manganese-ore, the rocks being very

similar to those of Manegaon. There is also a large quantity of ore,

partly hard and crystalline (braunite-psilomelane mixture), and partly

sooty and speckled in appearance like that of Mandri.

In the workings at the western end the ore-beds were seen to rest

on felspathic mica-schist, whilst in one place two lenticular masses of

mica schist, each a few yards long and up to 3 feet thick, were seen to be

included between the layers of ore. The maximum thickness of the ore-

layers seen was perhaps some 15 feet, but this is not necessarily the full

thickness. Mr. Coggan informs me that the analysis of the ore extracted

during 1906 is as follows :

—

Manganese . . . . . . . . . 47 • 58

Silica .......... 8-57

Phosphorus 0 109

The ore has to be carted J to 1 mile to the steam-tramway at Mandri.

The output for 1906 and 1907, the two years during which this deposit

Q^j^j,^,^ has been worked, is as follows :

—

Year. Long tons.

1000 1,791

1907 535^

23. Manegaon.

(Central India Mining Company.)

The principal ore-band is about 1| miles long and is

considerably bent along its strike, as shown in the accompanying
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figure (71). It lies mostly

on the southern slopes

of a wooded ridge of

micaceous quartzites

running approximately

east and west. At the

eastern end a ravine

divides this ridge from

its continuation to the

east, which is an isolated

hill rising to about 200
Scale 1" = 2 miles. feet above the ravine

,oJ% '^l;.,^)^" * ^ ,*^",o
n' and composed of vitreous

(22), Piinchala (22AJ, Manegaon (2.}), Guguldoho (24), .

and Bhandarb ri (25), deposits. quartzites Sometimes

containing mica-scales and tourmaline needles, with an intercalated thin

band of muscovite-schist. Thi? isolated hill separates the Manegaon

ore-band from what is probably its eastward continuation, the Guguldoho

deposit. The ore-band apparently dies out between these two

deposits or else dives below the above-mentioned isolated quartzite

hill. In the ravine is seen purplish gondite with mica-schists imme-

diately to the south and probably quartzites to the north. The

ore-band then rises straight up the ridge to the top, reaching an elevation

of about 180 feet above the outcrop in the ravine. Going westward,

the ore-band is found to leave the crest of the ridge and gradually

descend the southern slope of the quartzite ridge nearly to the

base, after which the western part of the band gradually climbs again

to about half-way up the slope, and then disappears.

The dip of the main ore-band varies of coarse with the strike, being

almost invariably to the south side at angles which

are nearly always high—50° to 75°— , but sometimes

approaching the vertical. The strike itself, although conforming on the

average to the direction shown on the

^ map, is locally very variable. Figure

72 shows a good example of local

twisting of the strike seen towards the

middle of the length of the ore-band,

where it rises to form a small hillock

on the flank of the quartzite ridge, the

ordinary strike about here being E.

15°N. The rocks of the ore-band, on

the hill at the east end of the deposit,

often show slickensides striations.

The direction varies from E.15°S. to

Fie. 72.—Plan showing local twisting „ orotp pnalpQ of 9"!° tn 30°
of strike of ore-band at Manegaon. ^•'^'^ ^' ^ angles Ot tO .

The main ore-band.

E.<0 S. at 48,

/

it? S. at 54

S 7 w. ai, 85

E. SO S.
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The thickness of the main-band was, in February 1904, nowhere
fully exposed

;
but, on the hill at the east end of the deposit, a cleating

down the south slope showed a thickness of 92 feet, measured horizontally
,

with a dip of about (50°. This corresponds to a true thickness of 80 feet.

This gives the thickness only of the band exposed on top and down the

south slope of the hill. The ore-band certainly also crops out for a little

way down the north slope ; but how far could not be ascertained on

account of debris. But the total thickness of the ore-band may be

as much as 100 feet at this point. There are indications of almost as

great a thickness in other parts of the band ; but in between the points

of great thickness the ore-band probably contracts considerably in width,

for in places it practically disappears at the outcrop. Even by the time
of my second visit in December 1906, a complete section of the ore-body

had nowhere been rendered visible by cross-cutting the ore-band. The
extreme eastern end of the ridge was however being opened up. This

opening showed a thickness of 51 feet, the dip being vertical. The north

wall of the deposit was not, however, exposed, so that the full width

of the deposit must be greater than 51 feet ; but it hardly seemed likely

that it could be as much as 100 feet. The thickness of 51 feet included

a layer, 6 feet thick, of mica-schists, with some sandy white quartzite,

situated near the southern wall of the ore-band, whilst there were also

some thin layers of mica- and quartz-schists acting as partings between

the ore-layers.

At the western end there is a parallel band, the eastern end of which

The sulisidiai V f ie-
^^^^ somc 50 yards to the south of the main-band,

ij^iiid. and extends for some 600 yards in a west-north-

west direction, its western extremity lying further to the west than that of

the main ore-band. This subsidiary ore-band is represented by two

parallel outcrops, probably due to a synclinal fold. They crop out 25 to

40 yards apart, except at the western end, where the outcrops run to-

gether at the Surface. This band, also, was not properly exposed;

but in one place where the dip was 50°, it was at least .30 feet wide

measured horizontally, corresponding to a true thickness of 2.3 feet.

The main mass of the hills on which these ore-bands occur consists

as already mentioned, of vitreous quartzites, usually
L oiin ly

. micaceous. There is also a certain amount of

felspathic quartzite, and of a very acid pyroxenic gneiss. The actual

' country ' of the ore-bands is but poorly exposed. But in two places

the main ore-band is seen to rest on mica-schists, which in

one place form the overlying rock also
;
whilst in another place the

south wall-rock is 1^ feet of fine-grained quartzite overlain by coarsely

crumpled mica-schists. The ' country ' of the subsidiary band was

nowhere exposed, but will perhaps also be found to be mica-schist.
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Hence we may regard the ore-bands as being immediately enclosed in

mica-schists and these, in their turn, in quartzites.

Although the main ore-band is so thick, yet at many points

Ciim-ictcr of ilic oic
only a comparatively small proportion of it consists

biuuls. of merchantable manganese-ore. Apart from the

bands of quartzite and soft micaceous sandstone-like quartzite that are

found interbanded with the manganiferous rocks, a very considerable

proportion of the latter is either quite fresh or only partly altered to

manganese-ore. Among these manganiferous rocks there is a very large

quantity of rhodonite-bearing rocks. In places the rock is entirely

composed of this mineral, then being of a beautiful rose-pink, often veined

and mottled with black, owing to partial alteration. Sometimes

the rock contains scattered orange spessartite, and at others forms a very

tough massive, rhodonite-spessartite-rock, often partly altered to manga-

nese-ore. There are also many varieties of spessartite-rock and spessar-

tite-quartz-rock (gondite). Many of the varieties of rhodonite-rock, if

they could be obtained in sufficiently large pieces, would make a

handsome ornamental stone. Similar rhodonite- and spessartite-bearing

rocks are also found in the subsidiary ore-band.

There are several varieties of manganese-ore found in this deposit.

One is a finely crystalline ore of magnetic braunite,

of Uio")it"'"'
varying from friable to hard, according as the ce-

ment is soft black oxide, or hard grey psilomelane.

Another variety is hard psilomelane, with only a small percentage of

scattered braunite grains. A third is very dirty and shows rather large

braunite grains, partly in a sooty matrix and partly in a psilomelane

matrix. The ore often contains remains of orange garnet or blackened

rhodonite. Sample No. 34, representing some 1,900 tons of ore, was

taken from the ore-stacks and consisted of all the above varieties, several

pieces showing remains of garnet and some of quartz, and it looked as

if the quality of the ore stacked could easily be raised by more careful

cleaning of the ore. The analysis carried out at the Imperial Institute

shows :

—

Sample No. 34.

Manganese peroxide ....... 49 -45

Manganese protoxide . . . . . . . 23-04
Ferric oxide . . . . . . . . .14-06
Silica (combined) ........ 2-61
Silica (free) 2-70
Phosphoric oxide ........ 0*21
Moisture at 100°C 0-35

This is equivalent to :

—

Manjjanese . . . . . . , . . 49-15
Iron ... 10-26
Silica 5-31
Phosphorus . . ...... 0-09
Moisturu . ...... 0-35
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and indicates an abnormally low percentage of braunite—about 25

per cent.

The following figures supplied by Mr. H. D. Coggan show the average

analysis of the ores raised at this deposit during the years 1904 to 1900 :

—

1904. 1905. 1906.

Manganese ..... 49-87 50-26 49-67
Silica ...... 6-10 8-36 6-85

Phosphorus ..... 0-128 0-095 0-106

They agree very closely with that of my sample.

Four other analyses of Manegaon ores, supplied by Messieurs Jambon

& Cie., two made by Messrs. J. and H. S. Pattinson & Co. of Newcastle,

and two by Messrs. W. H. Pearson of London, show the limits and mean

values given below. Two of the analyses were made on hand-specimens

and two on samples of a considerable amount of ore. These analyses,

whilst showing that higher grade ore than that usually exported can be

obtained at this deposit, are not to be regarded as typical.

Manganese
Iron
Silica .

Phosphorus
Moisture .

Limits of 4
analyses.

53 31 to 56 31 55 00
3 46 to 4 63 4 20

6 95 to 8 66 7 83

0 063 to 0 112 0 085
0 •17 to 0 •19 0 18

Mean of 4

analyses.

At the time of my first visit in February 1904 the ore-bands had been

The working of the Opened up for a considerable portion of their length

deposit. by means of irregular excavations, the usual care-

lessness being shown in the disposal of the waste. On a subsequent

visit in December 190(5 it was found that this mistake had been recti-

fied and the handling of the ore greatly facilitated by means of a system

of tramlines and ore-shoots, although the ore-shoots were no longer

in use. These lines connect up with the line running to Tharsa via

Milndri and Waregaon, the total distance being 13J miles. All the

talus-ore deposits on the south side of the ore-band were being care-

fully worked over. As will be judged from the figm-es given above for

the length and width of the deposit a very considerable quantity of

manganese-ore (averaging 50 per cent, manganese and upwards) should

be obtained from Manegaon before it is worked out. The situation

of the ore outcrop on the slope of a ridge will possibly make it a little
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more difficult than usual to work by open-cast methods. Thus, in

many ])laces it will not bo possible to make deep trenches across the

deposit in order to show its true width and character, owing to the

fact that the north end of the trench would have to be cut out of

solid quartzites. Still the slope of the hill is usually not too steep for

the necessary dead-work to be done to allow the deposit to be

scientifically worked, for it must not be overlooked that being on a hill

side it will be possible to work it to a much greater depth, as far as

drainage troubles are concerned, than a deposit situated in alluvial

fields.

The figures of output from this deposit from
Output.

^^^^ ^^^^ shown below:—

Year. Long tons.

1904 5,57G

1905 8,227

190fi ]r),.525

1907 11,270

24. Guguldoho

(Jessop & Co.)

The situation of this deposit is shown in figure 71 on page 943, from

which it will be seen that this is probably only a continuation of the

Manegaon ore-band, which, as explained on page 943, either dies out

temporarily or dives below the quartzite hill separating these two de-

posits. The Guguldoho portion of the band was traced for another

mile and a half to the east to the boundary between the Nagpur and

Bhandara districts and then on the other side of the boundary for some

300 to 400 yards.

The total length of the portion of the Manegaon-Guguldoho band

lying in the Nagpur district is thus about 3 miles. The Asalpani deposit,

lying some 13 miles east by north from this point on the Nagpur-

Bhandara boundary, may possibly be a continuation of this band,

especially as ore is reported as having been found recently in the

interevning ground.

The strike of the ore-band averages east to west at the west end and

curls round to east by south at the east end. The dip is usually very

steep, often vertical, and invariably, as far as seen, to the south side

of the strike.

IV z
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The most western exposure of the Guguldoho part of the band is

I)escrii)tion of the where it reappears, in the ravine marking the bound-
oie-band. ^ry between Manegaon and Guguldoho, from be-

neath the quartzite hill dividing the two deposits. But it is not well

seen until the high ridge, which can be called Guguldoho Hill (hill to

west of ' 21 ' in fig. 71), is ascended. Spessartite-bearing rocks run along

the top of this ridge for about J mile to the east, and then reach the

workable part of the ore-deposit, which extends for some 350 yards

along the crest of the ridge practically to its east end, where the descent

begins. The band then runs down the east end of the ridge, forming

a very well-marked outcrop at least 20 feet wide and mostly composed of

spessartite, rhodonite, and quartz. After crossing the stream-bed at the

base, where there is a little hard crystalline manganese- ore, it rises again

up the west end of another ridge, the outcrop here consisting of externally

blackened rhodonite-quartz-rock, in places altered to hard crystalline ore

or to the softer sooty variety. This outcrop often stands up like a verti-

cal ruined wall—in one place 20 feet wide—almost buried in trees,

bamboos, and long grass. The outcrop then continues across several low

spurs on the south slopes of a second long east to west ridge (B in fig. 71 ).

The outcrop has now changed from rhodonite-quartz-rock to spessartite-

rock partly altered to ore. An interesting rock found here is sage-green

spessartite-rock with a band of pale amethystine quartz. Under the

microscope there is seen to be in places in the spessartite-rock a very

large quantity of apatite.

The outcrop then gradually slopes down to the valley, crosses the

road shown, and enters the Bhandara district at a point 75 paces south

of where this road crosses the forest lane dividing the two districts ; from

here it was traced 300 to 400 yards further into the Bhandara district.

At this point the ore-band was exposed as an outcrop of pinkish buff

spessartite-quartz-rock striking E.25°S. ; it evidently continued past

where I abandoned it. It might be worth the while of some mineral

prospector to track it through the Government Forests of the west end

of the Bhandara district ; for it might again change in character to another

deposit of merchantable ore.

The small hillocks and hills occurring to the south of the ore-band are

^ ^ ^ ,

composed of muscovite-gneisses, usually having a
' ' fairly steep dip in a southerly direction. The ridges

on which the ore-band is found consist of quartzites, often micaceous,

with bands of mica-schists
;
and, as at Manegaon, it is the latter with

which the ore-band is more particularly associated. The excavations

made in the ore-body on top of Guguldoho hill show that the north wall
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of the deposit consists of ordinary mica-schists, while the south wall in

one place is of mica-schist and in another of interlaminated mica-schist

and quartzite. In the absence of cross-cuts it is not possible to say what

is the thickness of the mica-schists in which the ore-body is apparently

immediately enclosed. But it cannot be very thick, because outcrops

of quartzites are seen quite close in on both sides.

This, as noted on page 948, is situated on the very top of Guguldoho

Tiio workable part Hill, the summit of which is some 350 to 400 feet

of the ore-hand. above the level of Sonegaon village. Messrs. Jessop

and Company had made a large number of irregular, shallow excavations

along this part of the ore-body at the time of my visit in February 1904.

They showed that here also a considerable part of the ore-bodj^ consists

of unaltered or only partially altered rhodonite-spessartite-quartz-rock

or rhodonite-rock (often pale greenish in colour). The thickness of the

ore-body varies from 15 to 40 feet measured horizontally, the solid man-

ganese-ore being in one place as much as 16 feet wide. The dip is very

steep, 50° to vertical to the south side, and the strike somewhat variable

— between W. 22° N. and W. 30° S., and averaging about east and west.

Towards the west end of this portion of the deposit (350 yards long) the

back of the ore-band dives below the surface for about 100 yards, then

reappearing from beneath the schists.

The manganese-ores consist largely of sooty varieties, especially corn-

Nature and quality "^on being an ore composed of fairly large granules of

of the ore. a bright very magnetic mineral set in a sooty matrix

containing a certain proportion of psilomelane. This is the ore to which

I have often referred as ' speckled ore '. There is also a certain amount of

the hard grey ore composed of tiny braunite grains set in a fairly hard

matrix of psilomelane. This ore shows fairly numerous cavities con-

taining ochreous matter. The speciality of this deposit is, however, the

large amount of concretionary ore showing every variety of stalactitic,

botryoidal, mammillated, and concentric, structure. Plate 6, fig. 2, shows

specimen of a botryoidal variety. This ore occurs especially near the

surface, and also in geodic cavities in the varieties of ore first men-

tioned, at intervals right to the bottom of even the deepest excavation

(21 feet). It is probable that it was formed by the secondary solution

and re-deposition at the surface of the ordinary braunite-psilo-

melane ores. If such be the case then this concretionary psilomelane

will probably become much scarcer deeper down, where the man-
ganese-ore, if it still persist, may be expected to consist of the various

varieties of the braunite-psilomelane mixtures.

IV z 2
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it

As the speckled variety of ore is found at several deposits, a piece of

was sent to Messrs. J. and H. S. Pattinson and Co. of Newcastle

for analysis. The result is shown below :

—

Manganese peroxide

Manganese protoxide

Ferric oxide

Alumina .

Baryta
Lime
Magnesia .

Potash
Soda
Combined silica

Free silica

Sulphur
Phosphoric oxide

Arsenic oxide

Cobaltous oxide

Nickelous oxide

Cupric oxide

Lead oxide

Zinc oxide

Titanic oxide

Chlorine and fluorine

Combined water
Moisture at lOO'C.

Carbonic oxide .

Specimen No. 1155

4(i-2.3

10-83
31-64
2-35
0-13
0-25
0-24
0-05
0-06
0-30
0-05
0-025
0-076
0-001
0-05

Nil
Trace

Nil.
0-05
0 • 13

Nil.

1 -00

0-55

Nil.

100-012

Manganese . . . . . . . . .42-27
Iron 22-15
Silica (total) 0-35
Phosphorus 01)-33

'

It is evident, both from the fact that the ore contains only 0-30 per cent,

of combined silica, and from the strongly magnetic character of the

granules of hard bright mineral, that the latter cannot be braunite. They

must be either mangan-magnetite or vredenburgite.

From a comparison of this analysis with that of vredenburgite given

on page 909, it will be seen that there is a striking resemblance between

the two analyses, especially in the amounts of manganese and iron. As,

however, the amount of the granular mineral in the ore cannot be more

than about 50 to 60 per cent., it is evident that if it is to contain all the

iron it cannot be vredenburgite, because it would also need all the

manganese in the analysis. But a portion of the manganese must be in

the matrix in the psilomelane and the sooty oxifles. The latter may of

course also contain a portion of the iron. For the present, until some of

this mineral can be isolated and separately analysed, it will be better to

regard this mineral as mangan-magnetite. Owing to the presence of such

a large amount of soft oxides that do not correspond to any definite
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mineral, and the composition of which is not known, it will not be

possible to rearrange this analysis in terms of the mineral composition

of the ore. The striking points about this sort of ore, from the commer-

cial point of view, are its freedom from silica and its low percentage of

phosphorus. In spite of this, however, the manganese amounts to only

42 per cent., being to a considerable extent replaced by iron. If such

ore could be stacked separately in considerable quantity it would form

a valuable ferruginous manganese-ore, although under present circum-

stances it could not be exported at a profit. It is very exceptional

for the sum of the percentages of manganese and iron in a manganese-

ore to be as high as 64 per cent.

A specimen was also selected for analysis of a piece of very homogen-

eous psilomelane, forming a large hepatiform mass of concentric structure.

The analysis of this is given on pages 100 to 106, where the composition

of the mineral is also discussed. It is found to be a potash-psilomelane.

I will reproduce here only the constituents of commercial importance :

—

Manganese 57-78
Iron 1-05

Silica (total) 0-2.5

Phosphorus ......... 0'3G6

It will be seen that except for the high phosphorus this is an ore of

exceedingly good quality.

About 900 tons of ore had been stacked and from this I took sample

No. 36, which was composed of about equal parts of concretionary

psilomelane and the sooty psilomelane-braunite ore. The analysis, by the

Imperial Institute, shows :

—

Sumpk No. 36.

Manganese peroxide . . . . . . . . 62 03
Manganese protoxide . . . . . . . .8-75
Ferric oxide 23-34

Silica (combined) . . . . . . . .1-58
Silica (free) 1-32

Phosphoric oxide ........ 0-42
Moisture at 100°C 0-54

This is equivalent to :—
Manganese . . . . . . . . .46-24
Iron . . . . . . . . . .16-34
Silica 2-90

Phosphorus 0-183
Moisture .......... 0*54

and indicates that the ore contains only about 16 per cent, braunite on the

average. It is evident from this analysis that the ores being high in

both iron and phosphorus, with a corresponding reduction in the

percentage of manganese, are akin in chemical composition, as in physical

aspect, to those of the Vizagapatam district, rather than to those of this

area.
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The talus-ore deposits.

To work this deposit economically it would probably be necessary to

put in an aerial ropeway, or a gravity incline if the slope be not too steep,

The workiii" of the ^0 bring the ore from the top of Guguldoho hill to its

deposit. base, so as to save the cooUe labour that would other-

wise be necessary to carry the ore down in baskets. Further, to get the

ore to Tharsa station, Bengal-Nagpur Kailway, some 15 miles distant, it

would probably be advantageous to connect this deposit by tramlines to

the Miinegilon-Waregaon system, belonging to the Central India Mining

Company. Otherwise bullock-cart transport would be required. Owing,

however, to the character of the ore, this deposit could probably be

worked at a profit only when prices were very favourable. At the time of

my visit, when the price of manganese was 8J to 9 pence per tmit for 50

per cent, ore, the place was deserted, and none of the ore that had

been extracted had ever been removed. During 1906, however, a consi-

derable amount of ore has been exported from this deposit. It is carted

to a point on the tramway system of the Central India Mining Company
about a mile south of Mandri and then railed to Tharsa station.

Towards the east end of this band, at the foot of the spurs on which

spessartite-quartz-rock was found cropping out, a

little quarrying had been done on the talus deposits.

One quarry showed, on its north side, a vertical depth of 10 feet of debris

consisting of manganese-ore—some of good quality, but often spoilt by

spessartite, quartz, etc.— and quartzite. This talus thinned rapidly, so

that on the south side of the excavation it was only 2 feet thick. Some
95 tons of ore had been extracted from this and another similar excava-

tion some 130 yards further west. Sample No. 35 was taken from this

ore, which consisted of the hard grey psilonielane-braunite mixture, one

or two pieces containing a little rhodonite or quartz. The analysis

made at the Imperial Institute is as follows :

—

Sample No. 33.

Manganese peroxide ........ 48-75

Manganese j)rotoxide........ 2(\-55

Ferric oxide . . . . . . . . . 12'24

iSilica (combined) . . . . . . . .5-0]
Silica ( free) . . . . . . . . . 1 • 38

Phosphoric oxide . . . . . . . . 0'34

Moisture at 100°C' 0-28

This is equivalent to :

—

Manganese ......... 51 "43

Iron 8-57

Sihca 6-99

Phosphorus O'lS

Moisture f>-28

and indicates that the ore contains about 56 per cent, braunite, most of

the remainder being psilomelane.
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It is interesting that the talus should contain marketable manganese-

ore, while the outcrop on the spurs above is fairly fresh manganese-

silicate-rock. It means, of course, that the part of the band denuded

away at this point was composed largely of manganese-ore, the underly-

ing partly altered or quite fresh rock being now left.

^ ^

The output from this deposit during 1906 and 1907
'

is given as follows :

—

Year. Long tons.

1906 1,121

1907 2,2691

The 1906 output must include the 900 tons I foimd extracted in 1904.

25. Bhandarbopl.

(Jessop & Co.)

About half a mile north-north-west of the village I was shown three

or four shallow holes (about 2 feet deep), from which some dark purplish

boulders and pebbles of rather soft gondite, partly altered to manganese-

ore, had been dug, while I had also seen some loose blocks of similar rock

to the north-west of this place. It is quite possible that there is a band

of such rock, somewhere in the neighbourhood, but I had not time to

search for it. It is noticeable, moreover, that these pits are almost

directly on the line of strike of the Mandri and Panchala deposits, which

lie about 2| miles to the west-north-west.

Messrs. Jessop and Company return the following figures of output for

1906 and 1907 ;
—

Year. Long tons.

1906 3,600

m'l 890

I do not know whether by Bhandarbori they mean a part of what I call

Guguldoho, or whether they have found a deposit of considerable size in

Bhandarbori limits.

Including 596 tons from Bhardachur-Guguldoho Hill.
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CLASS II.

Deposits ehapacterized by the association of Piedmontite with the Ore,

which occurs in Crystalline Limestone.

GROUP VI.

26. Mohugaon.
27. Pali

28. Ghogara (Peneh River).

29. Mandvi Bir.

30 Junawani.

31. Junapani.

32. Rajkota.

These seven occurrences are not grouped together as being geo-

graphically close to one another ; but because of their dissimilarity from

all the other deposits in the Nagpur district, and similarity to one another

as regards both mode of occurrence and mineralogy. Since the associated

rocks are identical in each case, it seems possible that they all represent

one horizon in the metamorphic series, this horizon having been broken

up into widely separated outcrops by the system of faulting that almost

certainly exists transverse to the general strike of the rocks of this district.

It also seems possible, however, that the Pench River exposure re-

presents one band, and the other six occurrences a separate band of the

same rocks.

The manganese-ore usually occurs as nodules of varying size, often

elongated and twisted, and located in bands, in a piedmontite-bearing

crystal-line limestone. Occasionally the ore is in the form of lenticular

masses or even of small beds. In one case—the Pench River exposiu-e

—

there are nodules of piedmontite associated with the ore. It hence seems

possible that some of the ore may have been formed by the alteration of the

piedmontite ; but I think the main bulk of the ores is original and has

been formed by the compression of original manganese oxides, deposited

at the same time as the sediments from which the limestones have since

been formed by metamorphism—sometimes direct, and sometimes with

passage through a gneissic stage with subsequent chemical alteration.

See pages 300 to 303.

The ores themselves are usually mixtures of braunite with one of the

manganates, usually the crystalline form hoilaudite, but sometimes the

amorphous form psilomelane.

Associated with the piedmontite-bearing limestones there is often a

black or dark brown limestone, seen under the microscope to owe its colour
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to the deposition of oxides of manganese along the cleavage and twinning

planes of the calcite, in the same way as I have described for the Chhiiid-

wiira district. 1

As shown by the analysis of the specimen given on page 956 the

amount of manganese in these black limestones may rise to nearly 18 per

cent. This same rock often contains spessartite also. The limestone

sometimes contains bright shining specks of manganese-ore, probably

representing original rhodonite. These are of considerable interest

;

for when this rock undergoes silicification, i. e., is partly or almost en-

tirely replaced by silica with the formation of chert, as so often happens

amongst the limestones of this region, the manganese-ore is left as bright

shining specks in the resulting chert, to the history of which it affords a

ready clue.

At Pali, in addition to the ores mentioned above, there is also found

some very beautiful pyrolusite of secondary origin, noticed in detail

on page 959.

Considering the mode of occurrence of the manganese- ore, it can seldom

be profitably worked, involving as it does the quarrying of a large amount

of limestone to obtain a relatively small amount of manganese-ore. When,

however, the manganese-ore occurs in lenticular masses or small

beds then it may pay to work it ; moreover, by the weathering away^

of the limestones at the surface residual accumulations of nodules

of ore of considerable size may be formed. These too would often

pay to work.

26. Mohugaon.

The outcrop of manganiferous limestone is about 1 mile east-

south-east of Mohugaon village and occurs in some low ridges of

crystalline limestones striking E. 10° N. The actual ridge in which the

manganese occurs is about one furlong in length and is composed of

parallel bands of rock of varying composition dipping at about 40° to

S. 10° E.

These bands, reckoning from north to south have outcrop widths as

follows :

—

(1) :— 12 feet ]>ink limestone with green accessories;

(2) :—30 feet grey limestone with manganese- ore nodules and [liedmontito
;

(3) : - 9 feet brownish black limestone with spessnitite-bearing patches;

(4) :—36 feet same as (1) ;

(5) :—24 feet same as (3).

1 Bee. G. S. I., XXXIII, p. 201, (1906).
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Separated from the crvstalline limestones by a shallow depression,

.Mohugaon

HILLS NOT
EXAMINED

] Alluvium

Ciystalline limestone
1 Matigtwiferaus Limettcne

\CalcJpl{/r»

Fig. 73.—Sketch-plan of the Mohugaoii manganese-ore deposit.

there occiirs to the south an outcrop of what may be described as

calciphyre with very little calcite ; and as these calciphyres strike so

as to run into the h'mestones, the two rocks must be separated by a

fault, as shown in the section (fig. 73).

The late Mr. Gow Smith made a few shallow pits on and to the south of

the above outcrop of crystalline limestones, and these showed a foot or

two of manganese nodules and limestones debris mixed, resting on the

fresh rock
; therefore there is little hope of any marketable ore being ob-

tained here.

The ore itself is dark grey, crystalline, and is probably a mixture of

braunite and hollandite. The specific gravity varies from 4-00 to 4-80.

That the black crystalline limestone is of no commercial value is

shown by the following analysis by myself :
l

—

]VIn02 20-99
MnO 5-83

re203 1-99

BaO 0-04

CaO 35-89

Insoluble .siliceous residue ....... 3-47

P2O5 0 12

Water (combined) ........ 2-86

Moi,sture at 100°C 1-27

CO2 27-46

99-92

1 In the form in which this analysis was first reported [JBec. G. S. I. XXXI, p. 47,

(1903)] the presence of 17-27 per cent. SrO was shown ; owing to the lack of requisite

chemicals in the Geological Survey laboratory I had to divide the alkaline earths

into CaO and SrO (which was supposed from qualitative tests to be present) by weigh-

ing first as carbonates and then, after ('alcination, as oxides. This method is of course

unsatisfactory, and later, feeling doubtful of the presence of so much strontium, I ex-

amined the rock spectroscopically and could not detect the presence of this constituent.
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MaiiKaiu'se 17 -79

Iron 1-39

Pho8])lioni.s 0-05

Specific gravity . . . . . . . • •
2 '97

27. Pali.

(Central India Mining Company.)

{See Plate 42.)

The crystalline limestones in which the manganese-ores are con-

tained are situated on the east side of the Pench River, to the north and
north-east of Pali village. They have a dip that varies in amount from
15° to nearly 90°, averaging about 45°, and which varies in direction from

east-south-east; in the southern part of the band, to south-south-east or

even south, where the band of limestones has curled round so as to

strike east-north- east to east. These limestones rest on a great thick-

ness of quartz-pyroxene-gneisses, which lie on the north-west side of

the crystalline limestones and rise to form several small hills. Intru-

sions of tourmaline -pegmatite and tourmaline-granite are seen in many-

places in both the quartz-pyroxene-gneisses and the crystalline lime-

stones. The limestones are usually medium-to coarse-grained and
vary in colour from white, grey, pink, and yellowish, to brown and
black. They are sometimes tree from accessory minerals, but often

contain some or all of the following minerals :—quartz, diopside,

amphibole, garnet (yellow), epidote, and piedmontite. In many places

the rock is black due to the deposition of a dust of manganese-

oxide along the cleavage and twinning planes of the calcite. This

black limestone often contains, besides spessartite and apatite, abund-
ant, shining black grains of a manganese-ore (braunite). In many
places the limestone has been silicified so as to be con c rted into a black

chalcedonic chert. The spessartite often remains imchanged, and in

cases where black manganese-ore grains were present in the original

black limestone, these have persisted as shining black specks in the

resulting black chert. In many places the limestones, especially those

with piedmontite, contain nodules and small lenticles of crystalline

manganese-ore. As at Mohugaon these could not be profitably extrac-

ted irom the solid limestone. At one place, however, at the east end
of the manganiferous limestone, two pits exposed an accumulation of

nodules, formed no doubt by the removal in solution of the containing

limestone. The quantity was, however, not large ; a sample taken here

was analysed at the Imperial Institute with the following result :
—

Sample 15.

Manganese peroxide ........ 50 '70
Manganese protoxide . . . . . . . .24 '05

Ferric oxide . . . . . . . . . 7'75
Combined silica . . . . . . . .3'21
Free silica . . . . . . . . .2-24
Phosphoric oxide . . . . . . . .0'21
Moisture at 100°C 1-32
Carbon dioxide . . . . . . . . .1-14
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This indicates the ore to be composed of a mixture of braunite and psilo-

melanc (or hollandite). Stated in the usual way the analysis is as

follows :

—

Manganese
Iron
Silica

Phos|)horus

Moisture .

50-78
5-42
5-45
0-09
1- 32

Piedmontite is very abundant in many of these limestones and in

Piedniontitc and pied- Some places occurs in nodules up to 1 inch in
niontite.gneiss. length. Sometimes it is uniforml)^ distributed

through both pale-coloured limestones and gneisses in such abund-
ance that the rock appears pink. In some specimens collected, pied-

montite is found in a fine-grained rock composed of plagioclase, ortho-

clase, and quartz, with a little mica, some spessartite, and abundance
of apatite and sphene. Secondary calcite is being formed at the

expense of the felspars, and this rock is taken as evidence that the

piedmontite-bearing and other manganiterous limestones have been
derived from original piedmontite -and spessartite-bearing gneisses,

in the same way as the crystalline limestones of Class I of the Chhind-
wara district (the pale-coloured crystalline limestones of the Nagpur
district) are regarded as having been derived from original quartz-

pyroxene-gneiss\ See also Part II, pages 300—303.

Both ends of the outcrop of these limestones are obscured by allu-

vium. The total length is about 1,400 yards and the breadth varies

from 60 to perhaps 100 yards. The mineralization is irregular, but

generally speaking, the black limestone, its silicified form the black chert,

and the limestone containing lenticles of manganese-ore, occur about

the middle of the thickness of limestones.

Several small pits had been dug by Messieurs Jambon & Cie., at vari-

ous points along the outcrop. They revealed either the black limestone,

the black chert, or the manganese nodules. At

about where the strike of the limestones changes

from north-north-east to east-north-east, a large pit (shown in Plate 42)

had been excavated. It was of irregular shape, some 45 paces long by 10

broad, and showed an imevenly weathered surface of crystalline lime-

stones, of which portions had been dissolved away leaving upstanding

pillars and masses of limestone between. The banding of these limestones

had also been brought out by the differential weathering, the bands

containing accessory minerals, such as pyroxene and epidote, standing

out as ridges, while the bands composed mostly of calcite were repre-

sented by furrows or grooves between these ridges. This is well shown

The workinijs.

1 Fermor, Bee. Q. S. I. XXXIII, pp. 168—170.
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by Plate 42. A considerable part of the limestone was once black and

has since been largely converted into black chert, but some of the black

limestone still remains. The most interesting feature of this quarry

is, however, the occurrence in the limestone of pockety masses of most

p J

beautiful pyrolusite (Plate .3). These masses have

apparently been formed by the solution of the non-

manganiferous and consequently light-coloured limestones with forma-

tion of cavities in which manganese dioxide was deposited by waters

carrying manganese-salts derived from the neighbouring manganiferous

limestones. But whether the cavities were first formed and then the

pyrolusite subsequently deposited in them, or whether it was a case of

simultaneous solution of the limestone and deposition of manganese

oxide, cannot of course be definitely determined. In the former case,

however, we might have expected some of the cavities to be filled only

partly with pyrolusite. I was unable to find any such cavities and am
inclined to think that the second theory is the true one and that the action

was similar to the reaction by which manganese dioxide is precipitated

in the Pattinson process for estimating manganese. The equation would

then be somewhat as follows :

—

Mn H2(C03)2 + CaCOg + O2 ' • " '

= Mn02 + CaH2(C03)2 + CO2

The masses of pyrolusite seem never to be very large and are probably
nearly all connected to each other by thin veins and bands. When
amass of pyrolusite is broad, it is apparently never more than 1 to 3 feet

deep and when it fills a cleft in the limestone it is never more than 2 feet

wide. A large proportion of the pyrolusite is found in beautiful radiate

masses with concentric, more or less spherical, surfaces of parting, which
are roughly at right angles to the radiations. These spherical surfaces

are 1 to 2 inches in diameter. They have a beautif al dark steel-grey

colour something like that of a black-leaded stove, and the effect is

improved by the fact that the spherical surfaces are not quite smooth, but

are made up of little circular scales of ore. These masses are often of

great purity. As pure a piece as could be picked out was analysed

at the Imperial Institute with the following result :

—

Spccirneti No. 932.

Per cent.
Manganese peroxide (irn02) . ...... 9.5 •.'57

Manganese protoxide (MnO) . . . . . . 0'4I
Ferric oxide (Fe203) . ... . . . . .0-06
Alumina (AI2O3) ........ 0-4.3

Baryta (RaO) 1-34
Lime(CaO) 0-00
Magnesia (MgO) 0-09
Combined silica (Si02) . . . . . . . 0'33
Free silica (Si02) . . . . . . . . O'OO
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Specimen No. 932.—contd. Per cent.

Phosphoric oxide (P2O5) . . . . . . .0-01
Arsenic oxide (AS2O5) ....... 0-012
Combined water (H2O) ....... 1-40
Moisture at 100°C 0-12
Carbon dioxide {CO2) . . . . . . .0-09

99-922

This is equivalent to :

—

Manganese . . . . . . . . .60-79
Iron 0-04
Silica 0-33
Phosphorus 0-004
Moisture 0-12
Specific gravity . . . . . . . . .4-88

The ore is, however, not always pure, but is often mixed with crys.

tallized quartz ; and sometimes the rock takes the form of quartz con.

taining spherical aggregations of pyrolusite. The pyrolusite is also

often extremely fine-grained, so as to be almost amorphous. A sample

of pjTolusite weighing 28fb was broken from in situ. It consisted

mostly of the botryoidal-radiate ore with compact pyrolusite between.

Some pieces contained a little chalcedony. An analysis made at the

Imperial Institute showed the following :—

Sampk No. 16. Per cent.

Manganese peroxide ........ 72-71
Mangane.se protoxide........ 2-98
Ferric oxide 2-98

Combined silica ........ 5-31

Free silica . . . . . . . . .13-17
Phosplioric oxide . . . . . . . . 0'13
Moisture at 100°C 0-43
Carbon dioxide . . . . . . . . .0-15

This is equivalent to :
—

Manganese 48-33
Iron 2-09

Silica 18-48

Phosphorus ......... 0-06

Moisture 0-43

Owing to the miode of occurrence of the ore it will be seen that it could

not, even if the average manganese contents were very high, pay to

extract it for use as a source of manganese in the manufacture of ferro-

manganese, owing to the great expense that would be incurred in blasting

the limestone. Both physically and chemically, however, the average

ore is not suited for this purpose ; but owing to its high percentage of

manganese peroxide (Mn02), 72 "7 per cent, in the above sample, it is well

suited for the manufacture of chlorine. Picked pieces, similar to that

of which the complete analysis is given above, would, on account of

the remarkably low percentage of iron, be especially suited for use in

the manufacture of glass. Just before the time of my visit, some 25 to 30
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cart-loads of this ore are said to have been removed for sale for chemical

purposes. It should be noticed that this pyrolusite was found quite

by accident, the quarry having been started so as to investigate the

nodule-ore, and it is quite possible that similar pyrolusite might be

found at other places along this belt of rock if it were carefully pros-

pected.
28. Ghogara (Pench River).

About 2 miles north-east of Pjxrsioni there is a very fine exposure

of crystalline limestones in the Pench River stretching for some quarter

of a mile across the strike of the Hmestones, which is at right angles

to the course of the river. The limestones, except in the rains, afford

a means of crossing the river, which is forced at one point to flow

through a narrow gorge. This natural ford is known to the natives as

Ghogara and with their usual appreciation of the beauties of nature

they have sanctified certain portions of it. Thus in the rains, only one

small pinnacle is said to remain uncovered by water. This is known

as Mdhddeo. In another place the visitor is shown the wheel-marks

of Mahadeo's gdri, these being the parallel banding in the limestones

;

while the footprints of the bullocks are represented by nodules of man-

2anese-ore in the crystalline limestone.

This must be the exposure referred to by Captain Jenkins under

the name of Gokula.^ He describes the scene in very picturesque

language and says :
-

1
' The limestone .... passes into a quartz rock, coloured by manganese-

ore ; the dark stripes given by which are very variously contorted.'

This occurrence was also noticed by H. W. Voysey^ who says :

—

'At Nayakund,Pnruni,a,nd the beJ of the Pesh river, granite and gneiss of

various kii.ds, also quartz rock and sandstone; and folia-ted black manganese ore is i;i

great quantity .'

These crystalline hmestones form a barrier stretching from the west

bank in anE.5°N. direction, the rocks themselves dipping to theN.15°W.

at 50°. In the cold season the water, which occupies only a por-

tion of the bed of the river, reaches this barrier near its western end,

and then flows eastward along this steep dip-surface of rock until it

reaches a gap through which it falls in several small waterfalls ; it then

continues its way southward in a deep narrow channel across the strike

of the limestones, until it again reaches an entirely alluvial bed with

some rock exposures in the banks. In this exposure the rocks have been

most wonderfully carved out by the water into numerous upstanding

masses separated by narrow channels. All the surfaces have been cut

into intersecting concave depressions, most perfectly smooth, and where

1 As. Res., XVIII, p. 210, (1833) ; and Glean. Sci., I, p. 227, (1829).

2 As. Res., XVIII, p. 127, (1833) ; and Glean. Sci., II, p. 28. (1830).
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the water was flowing at the time of my visit (in the cold weather, when
the water is low) it could be seen to follow all the scallopings of the rock.

Huge potholes are abundant. In oiie of them was a central upstanding

knob, and the stone that had carved out the circular hollow round it

was still in its place. All these rocks are very beautifully banded, this

being due in some places to the varied colours of the limestones— pink,

white, yellowish, brown, and black— and in others to the accessory

mmerals arranged in lines, in one place crimson piedmontite, in another

vellow-green epidote, in a third orange spessartite, and in a fourth black

manganese-ore. In some places there are, intercalated in the limestones,

bands of calciphyre and quartz-pyroxene-gneicis. These rocks are often

much banded, and the layers that contain much calcite are weathered

into grooves some 3 inches deep with upstanding ribs of rock consisting

largely of quartz, felspar, pyroxene, and epidote. As these rocks are

often much waved along the strike, these water-corroded outcrops

simulate nothing so much as gigantic clam-shells.

The dip of the rocks is almost constantly steep (vertical in places)

to about N. 10°—20° W. Although the economic value of this locality

as a source of manganese-ore is practically nil, it will be necessary to

devote a considerable amount of space to its consideration, for such

a beautifully clear exposure is not often found in this part of India.

The following section was measured roughly by pacing southwards

across the strike from the barrier. It includes all the bands of man-

ganiferous limestone :—

16 yards. Pink limestone within thin bands of green accessory minerals, such as

epidote and diopside.

17 ynrds. Giey limestone containing abundant nodules and irregular masses of

manganese-ore : nd abundant tiny grains of piedmontite, often
arranged in line^. Also small nodules of piedmontite.

8 yards. Similar to proceeding, but the limestone white in colour. Contains a
band very rich in piedmontite.

7 yards. Black limestone, with numerous streaks of quartz striking across the
limestone, mostly to the S.35°E.

8 yards. Black limestone interbanded with white, with lenticles and streaks of
manganese-ore and piedmontite bands.

8 yards. Pink limestone.

18 yards. White limestone.

The remainder of the section (some .3r)0 yards) consists of various

non-manganiferous limestones with intercalations of quartz-pyroxene-

gneisses. It will be seen from the above that the manganiferous lime-

stones measure some 40 yards horizontally across the strike. /. ssuming

an average dip of 60°, this corresponds to an actual thickness of about

35 yards or about 100 feet.

As at Pali and Mohugaon, one finds here the black crystalline Ume-

etone, the piedmontite-bearing limestones, and lines of manganese-ore

nodules, occurring both in the piedmontite-bearing and the piedmontite
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B

free limestone. Besides spessartite in the black limestones, there are

also white limestones containing abundance of spessartite in small yellow

and orange grains, and at one place there is an indication that the black

limestones have been formed from the greyish white ones by impreg-

^ nation with manganese oxide. Figure 74 is

T a rough sketch of an actual example. It

! was seen on the upper surface of the rocks

and is practically equivalent to a section at

right angles to the dip. AB is the direc-

tion of bedding of the rocks, and it seems

as if waters containing manganese salts in

solutions must have percolated along the

cracks CD and EF (thpy were not as

straight as shown in the figure ) and taken

Fig 74.-Sectiou showing mu.ga-
advantage of the bedding planes, such as

lu'se iniprogniit ions in limestone. AB, by creeping along them, and impreg-

nating the hmestones by the deposition of oxides of manganese along

the cleavage and tAvinning planes of the calcite, with consequent black-

ening of the rock. Where the white and black limestones are inter-

banded, the latter sometimes occur as bands swelling out—in one

case from 9 to 18 inches. It only needs an extension of the process to

account for the formation of masses of such rock 10 to 20 feet thick.

As these black limestones nearly always contain spessartite, it seems

probable that this action is purely local and that the manganese oxide

is derived from the decomposition of spessartite in one part of a bed

of limest(me, with the re-deposition in another part of the manganese

thus taken into solution.

The manganese-ore nodules usually occur arranged in lines, and may
be of any size up to 6 inches long, but are sometimes in thin bands

up to 2 or 3 feet long. They weather out with a smooth surface. The

usual shape is that of a lenticle or flattened lenticular band with the ore

arranged in layers parallel to the outside of the nodule. But they are often

strangely contorted into S-shaped forms, and occasionally into curves

of several turns. In some

places they are even faulted,

as shown in the accompany-

ing sketch, the different parts

of the nodules being separat-

ed by limestone. This, of

course, indicates that the

limestones have been folded

V r,K r^- ^- . . . r since the formation of these
75.—Diagrammatic sk^tf hes of some manga

manganese-orea.

2 A

75.—Diagrammatic skftf hes of some manga
nese-ore nodules.

IV
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Olio nodule was separated into several pieces by parallel cracks

to -jfo
inch wide, filled with a light crimson mica, which showed the

following pleochroism under the microscope :

—

il= lilac :

b= yellowish pink ;

C= light rose to lilac-rose.

It is a fortunate thing, considering the unique interest and beauty

Nature and (|iuility ^'^^^ exposure, that thesc manganese-ore nodules

of the ores. can never be economically extracted. A sample

was, however, taken by chipping from the outcrop of the nodules. The

ore thus obtained was all extremely fine-grained, dark steel-grey, and

usually showed concentric banding due to the structure of the nodules.

Some of it could be scratched with little difficulty and some could not

be scratched at all with a knife. Some looked quite pure and some

contained little streaks of calcite, while a little limestone and piedmontite

was attached to some pieces. Some pieces, rejected from the sample,

consisted of alternate layers of ore and limestone. The result of a partial

analysis at the Imperial Institute is as follows :

—

Sample No. 18.

Manganese peroxide .... . 50-06
Manganese protoxide.... . 13 fi?

Ferric oxide ..... . e-8!)

Silica (combined) .... . f)-78

Phosphoric oxide .... . 0-09
Moisture at 100°C . 0-21

Carbon dioxide ..... . 3-49

is equivalent to —
Manganese ..... . 42-28

. 4-82

. 10-02

Phosphorus ..... . 0-04
Moisture ...... . 0-21

analysis and physical characters of the ore indicate a mixture

of braunite and a manganate, in some cases psilomelane and in others

hoUandite.

The limestone in which the nodules occur is usually the variety con-

taining piedmontite. The latter, besides being abundantly dissemi-

nated through the limestone in minute grains, is also often found as

deep crimson-coloured nodules up to .3 and i inches long arranged in

bands in the limestone. These nodules are some-

times coarsely crystalline, but are more usually

either finely crystalline or else fibrous in structure, the water-smoothed

surfaces of the nodules then resembling crimson silk. In many cases

she noduled consist of piedmontite on the periphery tin I manganese-

Piedmontitc.
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ore internally (sec Plate 14), and as micro-sections of this manganese-

ore often show what is a])|)aiTntIy residual piedniontite, it seems as

if this maiigauese-ore, and by inference many of the other manganese-

ore nodules, may have arisen from the alteration of original piedmontite,

the change beginning in the middle of the nodules and extending out-

Avards. |Some of the ores have, I expect, been formed by the direct

consolidation of original concretions of manganese oxide (see page 302).

These piedmontite nodules are usually associated, with a white felspar

(albite-oligoclase) and quartz, and are often abruptly terminated at

one end, or broken into two parts separated by calcite, so that it seems

as if they must have been fractured during the last set of eartli-rnove-

ments to which these rocks were subjected.

See page 396 for psilomelane deposited at the waterfall.

The Mandvi Bir-Junapani Band.

The manganese-ore deposits of Mandvi Bir, Junawani, and Junapani,

consist of a series of lenticular masses and nodules of manganese-ore

enclosed in a band of crystalline limestones, together with the overlying

residual accumulations of loose nodules of ore in clay, formed by the

removal of the limestone in solution by meteoric waters and. the conse-

quent concentration of the once sparsely distributed ore-nodules. At

the eastern end, however, according to both Mr. Goodchild and Mr.

Vredenburg, the manganese-ore forms a definite bed. The whole of the

band lies within the Junawani Forest Block, but has been divided into

three portions named after the deserted villages of Mandvi Bir (the

western portion), Junawjini (the middle portion), and Junapani (the

eastern portion). At the time of my visit in February 1904 I was able

to examine only Mandvi Bir and the western portion of Junawani. By
the courtesy of Messrs. Shaw, Wallace and Company and Cooverjee

Bhoja, however, I am able to make use of a report on all three of these

properties made by Mr. J. H. Goodchild towards the end of 1905. My
colleague, Mr. Vredenbarg, has also visited these deposits—in September

1906—and has kindly put his notes and specimens at my disposal.

These deposits, as already mentioned, lie within Government Reserved

Forest, in a hilly tract of country covered with jungle, which in places

is quite thick, but usually takes the form of thin tree jungle with long

grass. The area is, of course, included in the J-inch Revenue Survey

map of the Nagpur district ; but this scale is too small for detailed geolo-

gical work, and fortunately there are some beautiful contoured Forest

Survey maps of these jungles on the scale of 4 inches= 1 mile. The whole

length of these deposits lies on sheet 7.3

IV 2 A 2
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It must have been these deposits to which Captain F. Jenkins referred

as early as 1829.^ He speaks of the village of Kumilri as being

' the last to be met in approaching the jungle, which hero is very high and thick.

* On entering the jungle, the surface rock appears to be white mica schist, en.

tirely disintegrated ; and proceeding on three or four miles, the ridges of rocks,

from which the specimens from Kumdri are taken, are met with.'

The specimens he collected included red limestone which
' constituted the principal mass of the rocks, which appeared to have an east

and west direction, and to be vertically disposed
; for, though there was no

distinct appearance of stratification, the rocks were divided from each other

and lay in sharp ridges ... Towards the north of these the hme-stone passed
(forming all gradations of colour, from a white grey to deep black) into a rock,

composed almost entirely of manganese.'

K(h)umari is situated a little over two miles nearer Nagpur than Chor-

baoli, and is on the southern side of the Junawani jungles. It is very-

curious that the first records of manganese-ore in the Indian Empire

should be of the Pench River exposure at Ghogara and the comparatively

inaccessible deposits in the Junawani jungles ; both being occurrences

of nodules of manganese-ore in crystalline limestone.

The limestones are very impure and contain an abundance of accessory

minerals. Quartz, mica, and apatite, are nearly always present ; in addi-

tion to these the limestones often contain piedmontite, sometimes rho-

donite, and spessartite, and in one case manganhedenbergite (page 971).

They are sometimes white or grey with scattered accessories and at

other times are blackened owing to impregnation with manganese

oxides, in the same way as in the Chhindwara district,^ and as at

Pali and Ghogara ; in still other cases they are chalcedonized to black

chert. The non-manganiferous limestones associated with the man-

ganiferous ones are often pink in colour, containing epidote, pyroxene,

and sometimes hornblende, and then look exactly like the essonite-

bearing limestone of Bicliua in the Chhindwara district,3 except that

there is no essonite-garnet in the limestone of this area. The band of

manganiferous limestone has been traced for 6 miles, the strike being

east and west with a steep dip to the south side throughout the whole

length of the band. At the western end Mr. Vredenburg traced the

band for a mile further west than I had seen it and even then it had not

disappeared. To the east the band goes as far as Junapani hill (1,280

feet), which is about J mile west of the main road from Nagpur to

Jabalpur. Here, according to Mr. Vredenburg, the evidence seen in

various pits points to the fact that the band doubles on itself and runs

1 Asiatic Researches, XVIII, pp. 207, 208, (1833) ; abstract in Gleanings in

Science, I, pp. 226. 2-27. (1829).

2i?ec. Q. S. I., XXXIII, pp. 200, 201, (1906).

3 Ibid., p. 199.
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west again as a parallel ba/ul situated about a furlong to the south of

the main portion of the band. This southern band has been traced v\cst

as far as the Kund Nala, a distance of l^- miles ; it probably corre-

sponds to the limestone band that farther west lies about J mile to the

south of the Mandvi Bir and Jutiawani workings, but which was not

noticed to be manganifcrous where I crossed it. At the eastern end,

where the band is apparently doubled at the surface, separate names have

been given to the two portions. The northern is known as the Kaskuri

band and the southern as the Bhdnddeo band, the portions to which

these names are given being both within Junapani limits. Mr. Vreden-

burg's opinion with regard to this duplication of the bands at the sur-

face is that the limestone is in the form of a definite bed, which has been

folded into a syncline, so that the two bands are two outcrops of the

same bed of rock. The termination of the manganiferous limestone at

Junapani is then explained on the h3'pothesis that the base of the

syncline here comes to the surface. Everywhere the manganiferous

portion of the limestone seems to be at or close to its base.

The limestone band is very easy to trace, because its position can be

found from that of the underlying rock, which often gives rise to small

ridges and hills. This underlying rock varies in composition from a

rock composed almost entirely of epidote and quartz, when it can be

called epidosite, to one in which there is a large amount of felspar present,

usually u'licrocline, when the rock can be called efidote-gneiss. Some-

times quartz is very scarce or practically absent, the rock being then

composed almost entirely of epidote and microcline. The name of

this rock would also be epidote-gneiss. The rock underlpng the epido-

sites is probably quartz-pyroxene-gneiss. l The rock overlying the

limestone band is also probably the 'juartz-pyroxene-gneiss. Other

rocks occurring in this area, though less closely connected with the lime-

stones, are fine-grained schistose biotite-gneisses, and mica-schists,, There

are also numerous intrusions of pegmatite and granite, often carrying

tourmaline, in the limestones.

It will be seen from the descriptions given below that there exist

at several places, especially in the Junapani portion, considerable masses

The working of these of Ore, which seem, in most places, to be of lenti-

deposits. cular shape. To judge from Mr. Goodchild'a ac-

count of the Junapani deposit there must be at this place a lenticular band
or bed at least 40 yards long and some 4 to G or more feet wide ; whilst

I myself saw several ore-bodies of considerable width (up to 12 feet)

in Mandvi Bir and Juna wani. In addition to these there are abundant
small nodules in situ in the limestone that could not be profitably worked

i Rec. G. S. I., XXXIII, p. 188, (1906).



968 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [PaRT IV :

on account of the blasting that would be required to extract them, and

the difficulty of cleaning off them, when extracted, all the adherent

matrix. The considerable residual accumulations derived from the

dwindling of these nodule-bearing limestones could, however, be easily-

worked. In fact it can be estimated that hy working the various patches

of loose ore scattered at intervals along this band of limestone, together,

with the masses of ore in situ, not less than 10,000 to 50,000 tons of ore

could be obtained, and possibly a considerably larger quantity. Very

careful cleaning of the ore would be required and then a product should

be obtained that showed an analysis of about :

—

Manganese ........ 50—52
Iron 2—4
Silica .'5—

9

Phosphorus 0-05—0-12

This is good-quality ore, though rather low in manganese ; and the ques-

tion arose as to wheth.er it would pay to cart ore of this grade all the

way to Kamthi, the nearest station on the Bengal-Nagpur Railway.

Cliorbaoli is about 23 miles from Kamthi and the various parts of the

Mandvi Bir-Junapani band are 2 to 7 miles from Chorbaoli. A local

contractor at the time of my visit was willing to cart at the rate of Rs. 4

per ton, but this was probably an underestimate and Rs. 6 is probably

nearer the true cost. Now, however, that the Bengal-Nagpur Railway

branch to Ramtek with a siding to Kandri has been finished, freight

charges will be much reduced, because it will now be necessary to cart

to Kandri only, which is only about 7 miles from Chorbaoli. On account

of the comparatively small amount of ore to be obtained as a rule from

any given point, it is not probable that these deposits will lend them-

selves to much capital expenditure for plant, except perhaps for a light

tramway along their whole length.

During 1906 and 1907, owing to the high prices of manganese, these

^ ^ ^
deposits have been opened up by the Madhu

' Lall Doogar Mining Syndicate and a considerable

quantity of ore despatched to the rail-head, the Junapani end of the

band furnishing most of the ore. The. output for these two years is as

follows :

—

Year.

1906
1907

Long tons.

4 ,2,58

16,200

The 1906 figure probably includes the ore extracted in previous

years.
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29. Mandvi Blr.

(Madhu Lali, Docuiar Minino Syndicate)

The Miindvi Bir excavations can be divided into three, A, li, and C,

recivoning lioni west to east. The first is situated on a, little spur about

200 yards east-south-east of liill f ,371, situated about 3 inches south-

south-east of ' Mahim Jhiri ' uu the map. Several pit? on this spur

showed ] to 4| feet of ore nodules resting on decon)posed pegmatite, vein-

quartz, and tourmaline-granite, doubtless intrusive in the crystalline

limestone. This spur joins to the north the main range of hills com-

posed of epidosite and epidote-gneiss dipping at (55° to 8.10°E. Be-

tween here and Miindvi Bir B, which lies about -} mile to the east, is an

outcrop of the black manganiferous limestone. At Mandvi Bir B three

pits stretched over a length of some 70 yards all showed ore in situ. In

one pit the very siliceous ore-band was 12 feet wide and near another

pit the outcrop of ore-bearing rock was 17 yards wide. The rock to

the north of the ore-band was epidosite and to the south was crystalline

Hmestone dipping at 50° to S.10°E. A few yards east of here on the line

of strike of the above-mentioned ore-band there is an outcrop oi cry-

stalline limestone containing piedmontite and other accessories, as well

as much contorted nodules and thin bands of manganese-ore.

Some little way east of B, probably in the ndld just to north-east

of A 1331 on the map, there is a rock composed of nodules of manganese-

ore joined together by decomposed limestone. This is doubtless an

example of crystalline limestone in process of being dissolved away
so as to leave a residual deposit of ore-nodules.

The Mandvi Bir C pits n>ostly show nodule accuuiulations. But

an excavation at the head of a ndld at '1250 showed an irregular mass,

5 feet wide, composed of a mixture of hard grey ore and black limestone.

The total length over which the Mandvi Bir ores occur is ? mile
;

but the manganiferous limestone has been traced for 1| miles further

west than Mandvi Bir A by Mr. Vredenburg.

The ore is nearly always crystalline, usually hard, but sometimes

Nature and quality ^oft. It is probably a mixture of braunite and
of the oien. hoUandite or psiloroelane, as is the case of the Juna-

wani ores (see page 972). The ores often contain bands of siliceous

matter, calcite, etc., and would need a lot of cleaning if worked. It

would, probably, not pay to work the lenticles and nodules of ore in situ

in the limestone ; but a few hundred, or a thousand or two, tons of the

loose accumulations of nodules might possibly be collected at various

points along the outcrop. A sample was taken from the ore in situ

at Mandvi Bir B. It consisted of hard fine-grained crystalline ore con-
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tainiiig a little quartz, and was analysed at the Imperial Institute with

the following result :

—

Scmplc No. 21. Per cent.

Mangsnrse peroxide
Manganese protoxide

Ferric oxide

Silica (combined)
Silica (free)

Phosphoric oxide

Jloistiire at 100°C.

Carbon dioxide .

•50

•16

•71

•8G
•14

•32

•34

•06

Judging from the combined silica this sample must have consisted

of about 59 per cent, braunite with about 37 per cent, of hollandite and

4 per cent, of quartz, apatite, moisture, etc. The analysis is equivalent

to:—
Manganese
Iron
Silica

Phosphorus
Moisture .

54^71

3 •SO

9^00
0-14
0^34

Samples taken by Mr. Goodchild gave the following results on analy-

sis :-

A. B. C. D.

Manganese .... 51-67 53-92 27-75 41-54
Iron ..... 3-35 2-38 9-49 2-72

Silica 2^40 5-65 33-75 8-65

Phosphorus .... 0^06 0-10 0-04 0-10

A. Average selected ore.

B. Loose ore from west end of deposit.

C. Siliceous ore from iti situ towards west end of deposit.

D. Ore from in situ about middle of deposit.

In September 1906, Mr. Vredenburg found that a pit in the ore at C

had exposed some hematite intercalated in the manganese-ore. Some

of the specimens collected are massive and finely crystalline, and some

are more coarsely crystalline, so that they could

almost be called specular hematite.
Hematite.

30. Junawani.

(Madhu Lall Doogar Mining Syndicate.)

This continuation of the Mandvi Bir band can be divided into 3 parts

A, B, and C, reckoning from west to east. Junawani A stretches for

about 250 yards on either side of /\ 1357. The most western pit

shows bands of hard- grey crystalline ore in grey crystalline limestone.
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There is also some granular soft ore containing mica. From one part

of this pit I collected a large piece of manganhedenbergite (page 131),

which contained spessartite and manganese-mica ; while a band of quartz-

ite contained both rhodonite and a rich brown pyroxene. The middle

pit showed a large quantity of manganese- ore nodules and bands in

crystalline limestone, while at the east end of Junawani A were several

pits all showing the residual nodule deposit. A large quantity, nearly

2,000 tons, of ore had been collected here, and sample 23, the analysis

of which is given later (page 973), was taken from the ore-stacks.

Junawani B is some 750 yards east from A, and a pit here showed

siliceous ore in situ in the limestone. The grey limestone is composed

of calcite, with quartz, piedmontite, and a bronze-coloured mica

('? phlogopite), and is associated with a sericitic quartzite.

Junawani C, situated some 1 to 1| miles further to the east, I did

not visit.

The Junawani ores are hence spread over a length of 1| to 2 miles.

The nodules and bands of ore that occur in the Hmestones are usually

Nature and quality lenticular in shape and are often composed of layers
of the ores. Concentrically arranged parallel to the exterior

of the nodule. These bands and nodules are sometimes folded. The
ore itself is bright-grey finely crystalline and can be scratched with mo-
derate ease with a knife. A specimen from the middle pit of Junawani
A was analysed at the Imperial Institute with the following result :

^

—

Specimen No. 1062. Per cent.

Manganese peroxide . . . . . . . . 58'58
Manganese protoxide . . . . . . . . 23'23
Ferric oxide . . . . . . . .

Alumina .......... 0"72
Baryta 3-06
Lime 2 15
Magnesia 0-00
Silica (combined) ........ .3-16

Silica (free) ......... 1-42
Phosphoric oxide . . . . . . . . 0"38
Arsenic oxide ......... 0 -009
Combined water ........ 0-04
Moisture at 100°C 0-3G
Carbon dioxide......... O'OO

99-819

Specific gravity . . . . . . . . .4-53

The following constituents were subsequently determined :

—

NiO, C03O4, CuO* 0 -048
K2O 0-33
Na20 0-32

* Mainly nickel.
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This is equivalent to :

—

Manganese
Iron
Silica

Pliosphonis

Moist lire

55-08
4-28
4-58
0-17
0-3()

The analysis can be expressed in terms of its inineralogical composition

as follows :

—

Apatite
Braunite .

Hollandite or Psilomelane
:

0-88

31 -08

Fe4(Mn05)3 . . 12(U
Al4(Mn05)3 . . 1-81

Ba2Mn05 . 4-89

CagMnOs . 3 17

H4Mn06 . 0-15
Mn2MnU5 . 43-96

05-99
Quartz
Moisture at 100°C.

AP2O5

Subtract oxygen assumed

. 05-99
1-42

.
0-30

. 0 -009

100-339
. 0-52

99-819

The manganate is probably present as the crystalline form, hollandite,

and not as the amorphous form, psilomelane.

The above analysis of a single specimen can be compared with that

of a mixture of 14 samples of manganese-ore taken by Mr. Goodchild

all along this belt in Mandvi Bir, Junawani, and -Junapani. The analysis

was carried out by James E. Ferguson of London, and is as follows :

—

Dried at 212'F. Per cent.

ilanganese peroxide .... 03-25
Mn 49-59

Manganese jjrotoxide.... 12-42 )

Ferric oxide ..... 4-28 Fe 2-99

Alumina ...... 1-65

Baryta ...... 4-59

Lime ...... 0-31

Magnesia ...... 0-19

Silica ...... 6-25

Phosphoric oxide .... 0-153 P 0-067
Arsenic oxide ..... 0-009 As 0-006
Sulphur trioxide .... 0-085 S 0-034
Carbon dioxide ..... 0-240

Copper oxide ..... 0-086 Cu 0-069
Lead oxide ..... 0-013 Pb 0-012
Zino oxide ..... 0-070 Zn 0-056

Nickel and cobalt oxides 0-030 Ni and Co 0-023
Combined water 2-90

Alkalies and undetermined, by difference 3-474

100-000
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The interesting features of this analysis are tlic liigh percentage

of baryta and the donionstration of the presence of copper, lead, zinc,

nickel, cobalt, and arsenic. As the silica has not been (lividcnl into

' combined ' and ' free ', it is not possible to calculate the mineral com-

position of the sample. But the high proportion of manganese dioxi'Je

and baryta indicate that this ore contains an even larger proportion

of hoUandite or psilomelane than the picked specimen (1002) of which

the analysis is given above.

The sample (No. 23) taken by me from the loose-ore beds of Juna-

wilni A (see page 5)71) was of the same fine-grained crystalline ore

and was analysed at the Imperial Institute with the following result :

—

Sample No. 23.

Manganese peroxide

Manganese protoxide

Ferric oxide

Silica (conibinedl

Silica (free)

Phosiilioric oxide

Moisture at 100°C.

Carbon dioxide .

Per cent.

51 -85

26-81

4 00
5-55

1 -00

012
0-23
0-10

This indicates that the ore is about half braunite and half psilomelane

or hollandite. The above analysis is equivalent to :

—

Mangane.se
Iron
Silica

Phosphorus
Moisture .

53-59
3-28

G-55
0-05
0-23

Two samples were taken by Mr. Goodchild from the same rich patch

of nodules and loose fragments. Sample E represents ore, mostly small,

excavated and selected in Mr. Goodchild 's presence, wliile sample F
' was taken from a pile of 50 tons of re-selected ore from which still further

rejections of siliceous pieces would be made on loading into carts '.

Manganese .

Iron .

Silica

Phosphorus

51-12
3-13
10-30

0-045

52-01
3-61
7-20
0-048

It will be seen from the analyses given above that the quality of the

ores in these nodule deposits is moderately good, the phosphorus es-

pecially being very low. There is no doubt that from this particular

part of the deposit a few thousand tons of merchantable ore could be

extracted.
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31. Junapani.

(Madhu Lall Doogae Mining SyndicateI.)

The foUowing account of this part of the Mandvi Bir-Janapani

band of manganiferous limestones is taken mostly from Mr. Goodchild's

report (see page 965 ), but partly from Mr. Vredenburg's notes.

This is described by Mr. Goodchild as the Chorbaoli concession, but

Chorbaoli is the name applied to a part of the Government reserved

forest on the east side of the main Nagpur-Jabalpur road, which runs

within a short distance of the east end of this concession. The eastern

end of the band cannot be more than about J mile west of a point on th(>

road near the 33rd milestone from Nilgpur, the Chorbaoli Rest House

being at milestone 31. The eastern end lies in a small hill (1,280 feet)

near Junapani, which rises to some 60 feet above the stream at its base.

Solid black ore had been uncovered for about 40 yards along the strike.

, ,
The thickness of this ore varied from 4 to 6 feet,

Ihe Kaskuri band. ... , i

rising m one place to 10 teet. J^rom a pit at the

south-west end of the outcrop, where the ore-body is 4 to 6 feet thick,

Mr. Goodchild took samples G, H, and J below :
—

G. H. •J. K.

Manganese .... 47-82 53-78 46-17 48-86
Iron ..... 2-98 2-23 3-06 2-81

Silica ..... 10-90 4-55 11-75 7-40

Phosphorus .... 0-060 0-040 0-055 0-059

Sample G was taken right across the ore face.

Sample H consisted of selected yjieces from this pit.

Sample J represented the smalls made by working the ore with a pick.

From the north-east end of this outcrop, where the thickness of the

ore was 4 feet, Mr. Goodchild took sample K above. This ore could

be improved by dressing. Just beyond this point towards the north-

east the ore pinches out altogether.^ ' The hill is capped by an irregular

layer of loose nodules and clay often accompanied by bands of quartz

pebbles '. Samples L and M below ' were taken here as the working

of this layer by means of shallow excavations might be more profitable

than working the black ore of the pockets, although the selected ore,

after separating clay, etc., would not average more than 20% of the whole

1 This syndicate has been actually working atJunawani and Junapani; but the

Central India Mining Co. claims prior rights to a portion of the area.

2 As explained on page 967, Mr. Vredenburg thinks this is the end of a synclinal.
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material excavated. The greatest thicknes? visible of this layer was 10

feet.'

L. N.

Manganese ......
Iron .......
Silica

Phosplioiiis ......
50-93
2-89
4-80
0-073

48-94
3 -.'")()

(1-80

0-112

52-87
2-59
4-05
0-009

Sanii)lR L ' was taken at a point where the jiicccs were larger and better lookinq

but not abundant'.

Sample M ' was mostly rubble lying pretty thickly '.

Mr. Goodchild expresses the opinion that by working the pocket

of black ore and the cap of loose stuff a few thousand tons of 50% ore

could be obtained. It is noticeable that the loose ore contains rather

more phosphorus than that in situ.

A specimen of Junapani ore obtained for me by Babu Nensi Ramji

of Ramtek showed the same concentric layers and finely crystalline

character as the ores of Mandvi Bir and Junawani.

Further 'pockets ' {i.e., lenticular masses) of ore were seen 100 and

200 yards respectively towards the south-west from the above hill. From

the second, where a pit shows the thickness of ore to be about 2 feet,

Mr. Goodchild took sample N above.

About 300 yards further west from here begin the ' Kaskuri work-

ings ' which extend for nearly | mile westward. There is here a very

marked outcrop and Mr. Goodchild thinks this is the most promising

part of the whole Mjindvi Bir-Junapjini band, and that a considerable

quantity of ore might be obtained from the loose ore and the outcropping

boulders. These boulders consist of ' nodules cemented together

forming a hard conglomerate.' I suggest that the rock is probablv

decomposed limestone containing abundant nodules of manganese-

ore and is similar to what I myself saw at Mandvi Bir. Mr. Goodchild

took here sample 0 from the loose ore and sample P from the outcropping

boulders. The analyses were s follows :

—

0. r.

Manganese......... 50-61 49 •12

3-11 2 •92

6-85 5 -00

Phosphorus ........ 0-039 0 •074
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According to Mr. Goodchild, about half a mile south of the Kaskuri
workings there is another patch of loose ore derived from what must

be a second band of limestone parallel to the main
baud. 11 IS near the place marked on the Forest

Survey map as Teli Deo. Mr. Goodchild refers to these as the Teli Deo
workings, Teli Deo being situated at the point indicated. It is probable,

according to Mr. Vredenburg, that Teli Deo has been mistaken for Bhana-
deo, which is the name given to a small hill close to the southern band
near the Kund Nilla ; the southern band being only J to J mile south

of the Kaskuri band. ' A good deal of ore is found lying in the

bed of the stream. Just above the stream where a few pits have been

mjide, the limestone has been laid bare standing in pillars with nodules

of ore ' both in situ in the pillars and embedded in the clay filling the

spaces betwe n them. A sample, Q. taken from these pits gave the fol-

1 owing analysis :

—

Manganese . . . . . . . . . 51'24:

Iron . . . . . . . . . . 3'75
Silica . . 7-ri5

Phosphorus 0-049

No manganese-ores have been reported for the length of about 1

mile between the Kaskuri workings and Junawani C, but no doubt

manganiferous limestones and nodules of manganese-ore exist.

Mr. Vreden urg's specimens show that the rocks associated with

the manganiferous limestone in the Kaskuri and Bhanadeo bands are

the same as in the Mandvi Bir and Junawani portions of the area, the

limestones being underlain by epidosites and epidote-gneisses and these

in their turn by quartz-pyroxene.gneisses, whilst they are overlain

by quartz-pyroxene-gneisess. Mr. Vredenburg found, however, that

there is often some mica-schist intervening be'.ween; he limestone and

these underlying epidotic rocks. Owing, moreover, to the reappear,

ance of epidosites at Ghatmara Deo about ^ mile to the south of the

Bhanadeo band, he thinks that the structure of the rocks in this

neighbourhood is to be explained by folding, so that the Kaskuri and

Bhanadeo bands correspond to the same bed of ore and mangani-

ferous limestone, as already explained on page 967. He notes also that

hematite occurs in the north-east pit on the Kaskuri band on Junapani

hill in association with the manganese- ore, as at Mandvi Bir.

32. Rajkota.

At a distance of about 2 miles to the east of the main road from

Nagpur to Jabalpur, and practically on the continuation of the Mandvi

Bir-Junapjlni band of manganifero' s limestones, there is a hill named
Rajkota. Specimens brought from here by Mr. Vredenburg show the
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existence of crystalline limestone containiiiff j)iedinoiitite, in associa-

tion with (|uartz-|)yr(ixene-<!;neisses sometimes passing into caleipliyres.

If the syncline of manganiferous limestones comes to the surface at

Junapilni so as to disappear to tlie east, it is evident that still further

east (namely at Rajkota) what was once a part of the same band

reappears.

The Nimfir District.

When vvorkins; in this district in the field season of 1902-03 T found

four occurrences of manganese, one in the Chandgarh section of the

district, and three in the ITarsud tahsil. The. four occurrences, curiously

enough, belong to four different formations, the Lametas, Bijawais,

Deccan Trap, and Vindhyans, respectively. They are probably all

examples of surface impregnation and replacement, and consequently

can in no ca.se be expected to continue to any depth. Moreover, the

quality of the ores is very poor ; hence in no case can the occurrence

described be regarded as of any possible economic value.

The following is a list of the manganese localities :

—

1. Chandgarh.

2. Jamdihi 5^ala.

• 3. Bunkuta.

1. Chandgarh.

In the nala situated about |- mile S. E. of Chandgarh, where it flows

over Lameta rocks, there is in one place an exposure of a sandy facies of

this formation. This rock is pinky yellowish, laminated, with black

layers owing their colour to impregnation with oxide of manganese. One
specimen collected contained a certain proportion of calcite as well as

of manganese oxide (17'IM and ! 7-116).

2. Jamdihi Nala.

In the Jamdihi N^id at a point about li miles N. N. W. of the village

of Gohugaon, and | mile S. E. of the left bank of the Narbada river,

th ere is a series of outcrops, for a distance of about 200 yards along the

stream, of a manganiferovis breccia. The breccia shows vvhite angular
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fragments of quartzite, set in a black matrix, which is in some places

soft like wad, and in others is hard grey psilomelane, the wad and

psilomelane bciag usually mixed together. In places the rock is cal-

careous. Although the amoimt of this manganiferous rock must be con-

siderable, yet it is improbable that it is of any economic value. As

regards its origin I suggest that it is a surface replacement form of one

of the siliceous breccias so common in the Bijawar rocks of this area

(17-324 and 17 325).

Further down the nala, about § mile from its mouth, there is a small

patch of calcareous grit of I;ameta age, v/ith basalt of Deccan Trap

age resting upon it with a curved surface. Between the two there are

some laminated shaly beds about 2 feet thick containing a hard layer

about 1 inch thick, of a calcareous rock containing a manganese-garnet.

This remarkable occurrence has not yet been carefully investigated and

no explanation is offered here (17'562 and 17'601).

3. Bunkuta.

About half a mile higher up stream than the manganiferous breccia

mentioned above, a small nala joins the right bank of the Jamdihi

Naia at a point where it is running N. E. A little way up this nala to the

south of the deserted site of Bunkuta, marked on the 1-inch Revenue

Survey map Nos. 10 & 1 1 E. of this area, there is an outcrop of Vindhvan

shales that have been secondarily rendered manganiferous, and now

show little patches of pyrolusite, and mammillations of psilomelane,

and are blackened in many places (17 '353),

The Seoni District.

A reference to Plate 43 will show that intervening between the

manganese area of Chhindwara and that of western Balughat lies the

southern end of the Seoni district, which, like the manganese areas

just mentioned, is occupied by thp metamorphic and crystalline complex.

Hence it seems probable that manganese-ores or the associated

manganese-sihcate.rocks of the gondite series occur also in the Seoni

district. That this is probably the case is indicated by the fact that

during 1907 Mr. T. B. Kantharia found a piece of manganese-ore in a

nala near Kurai, 20 miles south of Seoni town and 10 miles north

of the Nagpur district boundary. The specimen consisted of

psilomelane with hollandite. and a bronze-tinted mineral, probably

sitaparite. During 1907 many prospecting licenses for manganese

have been taken out in the Seoni district. As early as 1869
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The Wun (Yeotmal) District.

T. W, H. Hughes' drew attention to the occurience of manganiferous

sandstone in the Kamthi series in the Wardha Valley coal-field.

Later2, he mentions the occurrence of manganese, as a ' coloring

medium', some of the Kamthi sandstones holdmg as much as 6 per

cent, of it, and says3

—

'Soutli of Sii piii' are tlie Miilagaih hills, whose highest summit* is one of the most ele-

vated points to which the Kamthis rise within the Wun division of the field. They are

composed of fine granular sandstones of varying colours, sub-vitreous variegated sand-
stones, pink argillaceous shales, and a few conglomcra e bands. Some of the sandstones
are slightly manganiferous of a dark eolour. General direction of dip, south-west.'

In 1874^ he discovered manganese-ore in red clays at the base of Mala-

garh hill, on its east side , and therefore tmderlying the above-mentioned

sandstones and shales.^

'These clays alternating with others, and occasional calcareous and ordinary sand-
stones, extend down to the Kawarsa stream, in whose banks they are well exposed. The
ore is most abundant near the hill, but throughout the entire series of these clays, it is

present in limited cjuantity ; sometimes in concretionary lump< of moderate richness, but
more generallj' sparsely distributed in strings and irregular laminaB that apjaear to bind

the clay into masses of indefinite shape.'

An analysis by Tween^ gave :

—

This occurrence is hence of no economic importance both because

of the very poor quality of the ore and because of its limited quantity.

The ore is psilomelane of bluish black colour.

1 Rec. Geol. Surv., hid., VII, p. 125, (1874).

2 3Iem. Geol. Surv., Ind., XIII, p. 68, {1877)-
3 hoc. cit., p. 76.

4 966 ft. above sea-level.

5 Rec, VII, p. 125.

6 Mem., XIII, p. 76.

7 Loc. cil., p. 114; Rec, VII, p. 125.

Loss on heating

Oxide of manganese .

Iron-oxide and alumina
Sand and clay .

8-5
44-6
6-8

40-1

Total 100-0

2B



CHAPTER XXXVII.

DESCRIPTION OF DEFOSIT^—continued.

Coorg, Goa, Haidarabad, and Kashmir.
Coorg.

Goa.—History—The grant of concessions—Geology—Origin of the ores—Nature

and quality of the ores—Extent of tlie deposits—Communications and transport

—

Fanuswadi—Dab Dabba—Other deposits.

Haidarabad.

Kashmir.

Coorg.
No manganese- ore has yet been recorded from this province ; but

that it possibly exists is indicated by a very manganiferous iron slag

found by Mr. W. S. Sullivan on the Kibberi Betta estate near Mercara.

Goa.
It was not till the end of 1905 that the existence of manganese-ore in

^
the Portuguese territory of Goa seems to have

been discovered. The first claim is said to have

been manifested on the 5th January 1906 by Haji Ismael Mirza Bagdadi.

He was quickly followed by Mr. Boyce of Belgaum, Captain Lacerda,

Mr. C. Jambon, and Messrs. Lam & Co. The numerous occurrences of

manganese discovered as the result of the great activity displayed in

prospecting Goa during 1906 and 1907 have led to the formation of

several syndicates and companies. The following is a list, for which I

am indebted to Mr. A. Ghose, of the principal concessionaires at the end

of 1907,—Messieurs Jambon & Cie. having transferred their rights to

the West Coast Manganese Syndicate :

—

Concessionaire. Local Office.

Mr. C. P. Boyce Belgaum.

Graham & Co. . . . . . . . Mormugao.
Goa Mining Co Sanvordem.

Killick, Nixon & Co. . . . . . . Mormugao.
Captain Lacerda ....... Nova Gca.

D. B. Lam & Co........ Sanvordem.

Lena Manganese Syndicate . „ . . . BichoHm.

Shaw, Wallace & Co. ...... Mormugao.
Shimoga Mmganese Co., Ltd. .... Bangalore.

Standard Manganese Syndicate ..... Mormugao.
Tata, Sons & Co Bombay.
West Coast Manganese Syndicate .... Bicholim,
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The total exports of ore from the port of Mormugiio up to tlio 3Jst

March 1907 amounted to 70,749 tons. Now* the total of Mytore and

Sandur ores exported through this port up to the end of 1906 was about

50,000 tons
; hence, allowing for the amount that must have been ex-

ported during the first quarter of 1907, it seems very doubtful if anyGoa

ore had been exported up to 31st March 1907. When I visited Mor-

mugaoin November 1907, however, there was a certain amount of ore

lying on the stacking ground that was said to have been railed from

Collem and Sanvordem stations on the West of India Portuguese Rail-

way.

And I am informed by the British Consul at Goa that 99,962 tons

of manganese-ore were shipped from Mormugao during the year ending

March 31st, 1908. Of this, some 7,000 to 8,000 tons represent the pro-

duce of Goa.

Perhaps 15,000 tons were mined in Goa during the same year.

The regulations for the grant of rights to work minerals in Portu-

guese India are of course different from those

in Gol^™"* in force in British India. Mr. A. Ghose, who

has had special opportunities of becoming ac-

quainted with their intricacies whilst acting as agent to Messieurs

Jambon & Cie., tells me that the following is a rough outline of the

process that a would-be concessionaire has to go through :

—

On finding a deposit an application for a manifest (manifesto) has to

be sent in. A claim thus manifested can be demarcated only after the

expiration of at least three months from the date of granting of the

manifest, and then only when the Government Mining Engineer is

satisfied that the mineral sought for is actually in existence in the

area. After demarcation a plan of work is given by the Mining

Engineer to the owner of the claim on payment of a special fee to the

demarcator, who may be the Mining Engineer himself or any authorized

engineer or surveyor of the Government. One year after the date of

the demarcation a full mining concession is granted. Work can start

frora the date of the manifest; but export cannot take place until the

date of the mining concession, unless special sanction be obtained,

but in no case before the grant of the plan of work.
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Those wlio wish for further information about the mining regulations

in Portuguese colonies can'consult ' Portuguese Colonial Mining Laws,

Decree of 19JG'. This is a translation of the Boletim Official do Gov-

erno General da Estado da India, No. 84, dated October 23rd, 1906, and

consists of 50 foolscap pages of print. This translation was made by

Mr. R. A. Becher, His Britannic Majesty's Consul at Goa, and is dated

Mormugao, October 1906.

Very little seems to be known about the geology of Goa. But as far

as I can iudse from the few exposures I saw
Geology.

. 1 • •

round Bicholim, and the remains of rocks in-

cluded in specimens of manganese-ores from different parts of Goa, the

country consists mainly of Dharwar rocks, very largely obscured by a

covering of laterite. Judging from what is known of the geology

of North Kanara, it is not improbable that some of the hills in Goa may

consist of gneissose rocks, but of this I have no evidence except for the

gneisses exposed in the railway cutting at Dudh Sitgar railway station.

On the eastern borders of Goanese territory, where it adjoins the

Belgaum district, the country consists of Deccan Trap, this forming the

Western Ghats. Of the rocks I have seen that are probably of Dharwar

age the following may be mentioned :—quartzite, magnetite-, hematite-,

and limonite-quartzites, phylHte and basic igneous rocks, as well as

quartz-veins traversing these.

The manganese-ores occur partly in the laterite and partly in the

underlying decomposed Dharwar rocks. As
Origin of the ores.

. . . ,

far as 1 can tell from the three deposits visited,

the manganese-ore found in the decompossd Dharwars has been formed

by their superficial replacement. The laterite is of the low level variety

and is probably, in many places, as much as -50 feet thick ; in rare cases

it may be more, though I have not seen any such section myself. The

laterite does not rest as a horizontal sheet on the underlying rocks, and is

thus different in mode of disposition from most occurrences of high-level

laterite I have seen ; for it seems to have followed the contour of the

land, and in quarries and other sections is seen to rest on the underlying

rock with a very irregular surface and to include fragments of this

underlying rock. From this, and the relations of the two, it seems to

me clear that the laterite has been formed by a combination of impreg-
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nation and raetasomatic replacement by means of ferruginous solutions

acting indiscriminately on the DMrwar rocks. The source of the iron

is probably to be looked for in the abundant ferruginous rocks found

amongst the Dharwar rocks. In some cases the formation of the laterite

has probably taken place by the mere re-arrangement on the spot of

the iron-ores of the Dharwars. But in those cases where the laterite

has formed on the top of nou-ferruginous rocks, such as quartzites, the

iron must have been brought in solution, at least from the nearest

occurrence of ferruginous rock. In some cases the laterite has forra^ed

on the top of comparatively fresh rock, and in other cases on altered

rock. Sometimes this altered rock seems to have been the quartzite

partly replaced by manganese-ore referred to above. In such cases, at

least a portion of the manganese in the overlying laterite must be taken

as representing the manganese contained in the quartzite. It may
remain in the laterite either in the form in which it was contained in

the quartzite, or it may have been dissolved and re-deposited, or re-

arranged by segregative tendencies. In other cases the manganese in

the laterite may be brought in solution together with the iron at the

time of the formation of the laterite. In either case the question

arises—Where has the manganese come from that is now found in the

laterite, and the underlying decomposed quartzite or other rock ? The

answer must be the same as in the case of most of the ores formed

superficially on the outcrops of Dharwar rocks in other parts of India :—

The source is not evident, but probably the manganese was originally

distributed in small quantities through the various rocks—especially

iron-ores and phyllites— of the Dharwar series, and has subsequently

been concentrated under the influence of percolating waters and de-

posited in the form of manganese -ores in the situations where it is now

found.

The commonest of the Goa ores seems to be pyrolusite ; but a

fair amount of psilomelane and wad are also
Nature and quality of < n m n

the ores lound. ihe ores are usually very cavernous

and often mixed with iron-ores, such as

ochre and limonite
;
and, as might be anticipated from their mode

of origin, they often contain residual patches of quartzite and other

rocks. #
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The following analyses by Dr. Schulten of Calcutta, kindly supplied

by Mr. Ghose, are the only ones of Goa ores I have :

—

Average Samples.

Fantjswadi.

Kolambi. Morlem.
No. 1.

t

No. 2.

Manganese ....
Iron ....
Siliceous matter
Phosphorus ....

47-65

10-63

4-25

0-150

49-45

8-59

6-47

0-151

54-38

3-62

1-41

0-156

42-70

17 08
2-27

0-167

Picked bad specimens of laleritic manganese-ore.

Kulaa
No. 7.

Faiuswali
No. 8.

Servona.

No. 1. No. 3.

Manganese ....
Iron . . , . .

Siliceous matter . .

Phosphorus . • „ .

38-39

20-58

2-24

0-139

21-32

39-53

2-70

0-167

38-57

20-70

216
0-195

37-52

25-11

2-09

0-212

As far as I can judge from the appearance of the Goa ores, the

manganese is not hkely to be very high, its place often being taken by

a considerable amount of iron. In fact I should think that the Goa

ores are practically all third grade, and below ; I have not seen any

that looked as if they ran above 47% manganese, i.e., were second grade.

On account of their mode of origin, these ores are liable to run high in

silica if the cleaning be not carefully carried out. This silica is in the

form of quartz, and if the ores were carefully cleaned the sihca percent-

age could often be reduced to very small amounts, though probably at

the expense of a considerable loss of ore. Considering the resemblance

of these ores in every respect to those of Mysore, one would expect

the phosphorus to be low ; but the foregoing analyses indicate the

contrary.
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Judging from tlie mode of origin and the spasmodic way in which

the ores seem to be distributed in the work-
MxU'ntof tliu deposits. . . . i-i i i .1 /-( i

mgs, it IS not likely that the (jroa deposits

will ever be found to be very large. In fact, considering their

irregular mode of occurrence and low grade, it is rather fortunate

they are situated so near the sea, for otherwise, in most cases, they

would not pay to work. Indeed, even with such a favourable

situation it is probable that only a very few of the deposits are really

profitable to the lease-holders as producers of ore. In fact it is probable

that those who have made money over the Goa deposits have not as

a rule done it by the sale of the ore, but by the sale of the deposits.

Goa is served by one line of railway, the West of India Portuguese

Railway, from Londa Junction in the

transport!"'''^'""'
^'"^ Belgaum district, to Mormugao. It is

worked by the Southern Mahratta Railway.

The ores of those deposits within reasonable distance of the railway

are carted to the railway and thence railed to the port of Mormugao.

The stations that are most used for this purpose are, I believe,

CoUem, Kalay, and Sanvordem. But Goa is essentially a country of

creeks running far inland, and these water-ways play a great part

in the transport of the country. The manganese-ores of those deposits

not near the railway are carried in boats to Vasco-da-Gama, from

whence they are carried by rail to the port of Mormugao, one station

further on. The distances that the ores have to be carried in this way

are in some cases considerable. Thus from Piligaon, some 2 miles

from Bicholim, one of the chief manganese centres in Goa, it must be

about 20 miles to Vasco-da-Gama.

1. Fanuswadi.

(West Coast Makganese Syndicate).

This deposit is situated nearly 2 miles east of BichoHm, on rising

ground just to the north of the road to Sanquelim. It is in the Bicholim

sub-division of the Sanquelim district. It was opened up' in 19J6 by

Messieurs Jambon & Cie., and transferred in 1907 to the West Coast

Manganese Syndicate. No ore was shipped by Jambon & Cie., but
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since the transfer some 1.800 tons had been shipped up to the time of

my visit. The main pit is a large irregular excavation orientated

roughly east and west. The surface rock is the ordinary cavernous

ferruginous low-level laterite of Goa, containing remains of quartz, and

sometimes of quartzite, but differing from the most common form of this

laterite in also containing abundance of pyrolusite in the form of

veinlets and patches. It extends downwards to variable depths in

different parts of the quarry, being irregularly penetrated from below by

tongues of a soft white very fine-grained quartzite. This latter is, of

course , the original rock, and was probably once a hard grey quartzite.

It is now much decomposed and is traversed by a network of veins and

patches of pyrolusite, which in places is in large enough masses to be

worth mining. In some places the white quartzite part of this

mixture of quartzite and pyrolusite is stained reddish brown due to

impregnation with oxide of iron ; and to me it seems probable that the

laterite has been formed by the replacement of the quartzite part of this

mixture, the pyrolusite in the laterit^ representing, at least in part,

the pyrolusite that had formed in the quartzite prior to the formation

of the laterite. In some places the quartzite seems to have been

replaced by a network of the brown compact limonite instead of

pyrolusite. The ores of this deposit are now all pyrolusite (with a little

wad), the pieces of which are sometimes mixed with brown horny

limonite. But formerly, according to Mr. Ghose, concretionary nodules

of psiomelane were sometimes found in the laterite. The ores of this

deposit as shipped are probably fairly high in iron with a corresponding

diminution in the quantity of manganese ; and also high in silica,

though below the commercial limit of 10%. The Fanuswadi ores are

sent by cart to Kolambi, some 2 miles distant, and then by boat to

Mormugao.

2. Dab Dabba I.

(Goa Mining Company.)

This deposit is situated about 1 mile S. E. of Bicholim on the east

side of the road from Piligaon to this town. The deposit has been

opened up by means of a large irregular pit, which is said to be one of

the largest workings in Goanese territory. Nearly the whole of the
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rock exposed is laterite. Of this rock there seems to be a great

variety, from the ordinary ferruginous laterite free from manganese-ore

to rock showing all the structures of laterite, but composed almost

entirely of pyrolusite. The ferruginous part of the laterite consists of

some variety of limonite, either yellow ochre, or the brown compact

limonite, or some intermediate variety. Some of the ferruginous portion

may be ferruginous clay. Besides the pyrolusite, there is also a little

psilomelane present in the form of thin veinlets in the ferruginous

laterite. The excavations must be some 25 feet deep. In the lower

parts a few patches of residual quartzite are to be seen. These

quartzites are soft and white and show the same network of pjTolusite

as at Fanuswiidi
;
and, as before, the evidence points to the laterite

having been formed by the impregnation and replacement by iron

oxides of the quartzites, in which the manganese -ores had already

formed. On this interpretation, at least a portion of the manganese-ore

in the laterite, may, as at Fanuswadi, be taken as representing the

manganese-ore contained in the quartzite before it was replaced. On
the other hand a portion of the manganese in the laterite may have

been introduced at the time of formation of the laterite. That portion

of the manganese in the laterite that represents the manganese-ore in the

quartzite need not necessarily have retained the precise form in which

it was present in the quartzite, but has probably been largely re-

arranged by segregative actions. The ore won here is practically all

pyrolusite.

3. Dab Dabba II.

(Shimoga Manganese Company, Ltd.)

This deposit, which lies on the side of a low range of laterite hills,

is situated just to the west of the road from Piligaon to Bicholim, a

little further north than the Dab Dabba deposit belonging to the Goa
Mining Company. In one opening a bedded limonitic rock striking

S. 20'' E., with a very steep dip to the east side, was exposed. This

rock contains a large number of tiny sparkling octahedja, which

turn out to be magnetite, and is seen through a lens to contain

quartz also, the whole suggesting a magnetite-quartzite, a large propor-

tion of the magnetite of which has been converted into limonite. In
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another place, close at hand, is a small cave in limonitic rock containing

a great abundance of the tiny magbetite octahedra. In the workings

this bedded limonitic rock is seen to be passing into laterite, processes

and patches of which project irregularly into the limonitic rock. In

places this laterite contains abundance of fine-grained blue pyrolusite.

Judging from the stacked ore, the pyrolusite forms in the limonitic rock

also, by direct replacement, without the formation of laterite. The

whole of the surface of the hills just here shows lateritic rock, often

containing abundance of angular and rounded fragments of the limonitic

rock with some of phyllitic rock. This resembles the lateritic con-

glomerate of Ramandrug, and seems to have been formed by the

superficial cementation of the loose pieces of the rock of this place by

oxides of iron. The amount of ore in this deposit did not seem to be

large.

Other deposits.

I was also able to examine some specimens of Goa ores in the

possession of Mr. Ghose. The Vaotim (or Vaomti) deposit is situated

about 1 i miles E. N. E. of Fanuswadi, and is held by the West Coast

Manganese Syndicate. Mr. Ghose 's specimens
Vaotiui. CI r 1

from here are mixtures of laterite, yellow

ochre, and pyrolusite, with occasional psilomelane. One of them shows

a patch of decomposed quartzite. The Kandiapsir deposit, held by

Captains Lacerda and Rollo and some of their friends, lies some 2k miles

N. E. of Ponda in the Ponda division of the
Kandiapiir. -r»iT - mi • -i i

ronda district. The ore is said to be mainly

psilomelane. A beautiful specimen from here showed compact

psilomelane arranged in bands round a flat cavity lined with a soft

black coat of minute felt-like crystals. From this deposit, said to be

one of the largest in Goa, about 2,000 tons of ore have been despatched

to Mormugao. The ore is sent by cart to the coast and then by boat

to Mormugao.

I have also been able to examine some samples brought by
Mr. H. D. Coggan from the Embarbacem

Mdan, Villian, Kumaii, ^—^^^^ Amongst these I found re-
and Kajri. =

mains of schistose micaceous hematite, and

sericite-phyllite, both very characteristic of the Dharwars. The local-
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ities from which Mr. Coggan's samples were obtained are Malan, about

2 miles north ol' Kalay station;' and Villian, Kumiiri, and Kajri,

near Peritem, these three places all lying some 1(5 miles to the south

of Sanvordem station on the We ,t of India Portuguese section of the

Southern Mahratta Railway.

The fragments composing the samples consisted mainly of mixtures

or intergrowths of psilomelane, pyrolusite, hmonite, and a fibrous

radiate mineral that is probably altered manganite. This manganite

is sometimes intergrown with psilomelane, into which it possibly changes
;

whilst at others it is massive, passing into pyrolusite ; it also often

occurs as linings to cavities, when it takes the form of small radiate

crystals. Some pieces contain a compact brownish black substance

that gives a brownish black streak and is probably to be regarded as a

manganiferous ochre. One very pretty specimen consists of columnar-

radiate limonite, the columns of which are often pressed one against the

other, but sometimes have spaces between them. In the latter case

the columns of limonite are often covered externally with a thin coating

of manganese-ore, which is sometimes psilomelane and sometimes altered

manganite ; whilst occasionally there are thin concentric layers of

manganese-ore alternating with the hmonite layers in the interior of the

columns. Some specimens indicate that where both manganese- and

irorx-ores occur together the manganese-ore has been deposited

subsequently to the iron-ore. Other specimens I have seen indicate

the reverse order of deposition.

Amongst other deposits that have been found the following may be

enumerated :

—

Avodupalle, Chendo, Karapur, Kolambi, Korqui, Kulan, Kurado,

Feringesey Bat, Malpona, Morlem, Servona.

Haidarabad.

Captain T.J. Newbold, F.R.S., first recorded 'the occurrence of

manganese-ore veins in the laterite of the Bidar district in 1840.1

Later 2 (1844:) he gives a very full and lucid description of the find. He

1 Mad. Journ. Lit. ScL, XI, pp. 45, 245, (1840); XIT, p. 24,^(1840).

2 Journ. As. Soc. Beng., XIII. pp. 992-995, (1844) ; repruited in ' Western India,'

pp. 73-76, (1857). He also mentions this occurrence in Jour. Roy. As- Soc, VII, p. 214,

(1843); VIII, p. 234,(1840).
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says that the lateritic bed of Bidar is 28 miles from E. S. E. to W. N W.

and 22 miles from W. S. W. to E. N. E., and has an average

thickness of 100 feet, rising to a maximum of 200.' Bidar town is

situated on it at an elevation of about 2,330 feet. After giving one of the

best descriptions to be found anywhere of the physical characters and

structure of laterite, Nowbold comes to the occurrence of the

manganese -ore. His description is worth quoting in full. He says-:—
' At the western base of the cliffs, about 16 miles W. by N. from Beder and

I5 miles from Hvilfergah, on the Isft of the road leading do .vn from the table land

into the plain, the laterite is seen penetrated by a great number of veins, which

at first sight, from their dark aspect and singular direction, might be taken for

those of basalt. They are composed of black often earthy manganese combined

with iron. The veins are extremely tortuous, and crossing each other in every

direction, and give a reticulated appearance to the rock. On the sides of the

veins the laterite is so hard as to stand out in relief from the weathered portions

of the rock. The veins are usually thicker near the bottom of the cliii fining off as

they ascend until they are gradually lost in the substance of the laterite : others

are horizontal. As they diminish from an inch to a line in thickness, they gradually

lose the deep bluish black colour, becoming mixed \\ ith the matter of the matrix

and pass into a brown, yellov,ish brown, and lastly, a purplish thread which is lost

in substance of the rock.

' The bluish black substance of the veins is compact and hard, in some parts;

sectile and earthy in others, easily frangible'.

Newbold 3 also mentions a similar occurrence at Kalyana (Calliany

of Newbold) in the Bidar district, and n another place 4 refers to

—

' Veins of amethystine quartz in the vicinity of Hyderabad, near which I

detected manganese '

.

It is also said ^ that 'iron and steel sands with manganese' occur in

the Hyderabad territories.

Kashmir.

Baden H. Powell ^ mentions the use at Lahore for decolourizing

glass of peroxide of manganese, variously called ' jugm,' ' missi siya,'

' nijni'. and ' injam (or ingani)', said to be imported from Kashmir

and Kabul.

* Of. cit, p. 989.
2 Ibid. p. 93.

3 Journ. Roy. As. Soc, Mil, p. 234, (1840).
4 Mad. Journ. Lit. Sci.,XL, p. 245, (1840).

5 Reports by the Juries, Madras Exhibition ( 1857), page 3.

6 ' Punjab Products', Vol. 1, pp. 25, 113, (1868).
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DESCRIPTIONS OF DEVOSJTS—continued.

Madras Presidency—Bellary District and Sandur
State.

Bellary distrid^The Dainlial-Chiknayakanhalli band—The Sandur-Copper

Mountain band.

Sandur State—History—Geology—Foote's account—Phyilites, slates, and litho-

marges—Ferruginous quartzites—Basic igneous rocks - -Granites and gneisses

—

Relations of latter to the Dharwars—Lateritic rocks and hematitic breccias—The

manganese- ore deposits—List of deposits—Place names—Deposits visited—Situa-

tion of the deposits—Outciops lateritoid and lichen-covered— i'rominence of the

outcrops of manganese- and iron-ores—Manganese-ore deposits apparently beds
;

but really surface replacements—Evidence supporting the superficial replacement

theory—The Nara^^andevarkerra Ghat sections—Ramandrug Main Bed sections—
The Ramandrug lithomarges—Summary of origin—Depths to which deposits

extend—Width of the deposits—Length of the deposits—-Quantities of ore—Are

the quantities too large to have been formed by sujjerficial replacement ?—The

manganese minerals present^Psilomelane and wad formed by replacement of

phyllite—Pseudo-raanganite in cavities—Botryoidal and lead-like psilomelane

—

Braunite ? and hollandite ?—Chemical composition of the ores.

Descriptions oj deposits—The Ramaudrug deposits—Sannasil Haruvu (Raman-

drug No. 2)—Ramandrug No. 4—Ramandrug Main Bed—Ramandrug Barracks

deposit (Manganese Cave)—The Kannevihalli deposits—The Kumaraswami deposits

—The Kamataru deposits—Yelakala Gadda—Badapatti Banda—Alada-marada

Banda—Durgi'unma Kolla—Pilal-Marada Gundu—Karada Badasala Kativi

—

Hunasc-raaiada Kativi.

Bellary District

Foote ' , in his account of the geology of this district, describes

four of the bands of Dharwars as lying at least partly within the Bellary

district which they all cross in a general south-easterly direction. They

are :

—

1 The Dharwar-Shimoga band.

2. The Dambal-ChiknayakanhaUi band, designated the Chitaldrug

band by the Mysore Geological Department.

3. The Sandur-Copper Mountain band.

4. The Penner-Haggari band.

Manganese-ores have been found in each of the first three bands.

1 Mem. G.S.I., XXV, (1895).
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l.-THE DHARWAR-SHIMOGA BAND.

This crosses the very west end of the district. Mr. A. Ghosc, of

Messieurs Jambon and Cie., tells me that the South Indian Mining

Syndicate and Jambon and Cie. each have manganese concessions on a

series of low spurs to the west of Teligi Hill, which lies about 10 miles

N. N. E. of Harihar and is in the Harpanahalli taluk. Foote marks

three bands of hematitic quartzite on the map at Teligi hill. A speci-

men from here shown me by Mr. Ghose was a cavernous mixture of

pyrolusite and limonite, in which the pyrolusite was radiate-concentric

and seemed to be subsequent in time of formation to the limonite-

Nodules of psilomelane ha\ e been found by one of Mr. Ghose' s explorers

near ' Currabaguddy ' Hill, some 8 miles N. W. of Teligi Hill.

2.-THE DAMBAL-CHIKNAYAKANHALLI BAND.

Mr. J. M. Maclaren, formerly of the Geological Survey of India,

found an unimportant occurrence of manganese-ores at the northern

end of a ridge of limonitic quartzites, about 2 miles south of Hamigi

m the Dharwar district, at a point about a mile east of Handigenura

and 6 miles west of Huvinhadagalli in the Huvinhadagalli taluk of the

Bellary district. 1

3.—SANDUR-COPPER MOUNTAIN BAND.

No manganese-ores seem yet to have been discovered in the Copper

Mountain portion of this band. The range has been explored by

Mr. Ghose's scouts, but without success. In the Sandur portion of the

belt, however, a large number of deposits have been discovered. Most

of these lie within the limits of the Sandur State and are described

under that heading. Outside this State, Messieurs Jambon & Cie. have

obtained deposits in the N. W. end of the Sandur syncline, in the

portion lying in Hospet taluk. The chief of these is Kalhalligudda.

A small portion of the deposits at the southern end of the Sandur Hills

lies outside the limits of the Sandur State in the reserved forest of

Tonashagiri and Tumraguddi, in the Kudligi taluk of the Bellary

iJlec. G.S.I. , XXXIV, p. 129, (1906).
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district. These also liavo been secured by Messieurs Jarabon and Cie.,

but there seems to be some dispute as to the possession of a portion of

thcni. One of these deposits—Pilai-marada Gundu—is noticed on

page 1031, in describing the Sandur deposits.

It is probably to some of these that Foote refers in his Bellary

Memoir, in the following words i
:
—

'The two other localities yielding manganese-ore occur some 7 and 8 miles,

respectively, south-east of the Kannevihalli spur. The manganese nodules are seen

exposed on a narrow terrace a little below the edge of the Kamaraswami plateau

where crossed by the foot-paths leading from Tonashagiri and Somahalli respec-

tively to Kammatarnou (Combudhurroo) at the eastern end of the plateau.

The sections seen do not expose tlie rock sufficiently to show whether or not the

nodules are plentifully distributed through the matrix or only of rare occurrence '.

Sandur State (Bellary District).

{See Plates 44 to 46.)

Newbold 2 was the first to mention the occurrence of manganese-

ores in the Sandur Hills, to which he variously
History.

f i i
• •

i

"

referred as the 'copper mountain range m the

Ceded Districts' and the 'hills' 'of the Ceded Districts'. Various

manganese-ores from this area were exhibited at the Madras Exhibitions

of 1855 and 1857 3. Mr. R. Bruce Foote, formerly of the Geological

Survey of India, mentioned the occurrence of manganese-ores at

Ramandrug in the Sandur Hills in 18S9 -i, and later 5 gave a more

detailed account of the ores at this and a few other localities.

Mr. A. Ghose, agent to Messieurs Jambon & Cie., having discovered

Newbold 's reference to the occurrence of manganese-ores in these hills,

sent a couple of scouts there in 1904. The specimens they collected

were analysed with disappointing results. In February 1905, Mr. Ghose

himself went to Ramandrug, and there discovered the deposit now

1 Mem. G.S.I., XXV. p. 195, (1S95).

2 Had. Jour. Lit. Set., X, p. 125, ( 1839) ;
XI, p. 46, (1840) ; Jour. Boy. As. Soc,

VIT, p. 214, (1843) ; VIII. p. 155, (1846).

Reports by the Juries, (1855), p. 6 ; (1857), pp. 2, 4.

iRec. G.S.I. , XXII, p. 26, (1889).

5 Mem. G.S.I., XXV, pp. 98, 100, 125, 194, 195, (1895 J.
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known as the 'Main Bed'. On the way to Tonashagiri he discovered

the Kiimataru deposits and afterwards the Kumaraswjimi deposits

During the remainder of the year he prospected the whole of the western

and southern parts of the state and located some 90 deposits of

manganese- ore. He started to open up the deposits now known as

R^mandrug Main Bed and Ramandrug No. 4 in 1905, and during 1906-

1907 mapped most of the deposits he had discovered. To Mr. Ghose

belongs the credit for the discovery of the large ore-bodies in situ. The

occurrences recorded by Mr. Foote were all of nodules, either loose, or

in situ in argiUites or schists.

The Ramandrug deposits were further opened up by a succession of

managers, and the result of their work was to show that these deposits

are of considerable size. In 1907, the interests of Messieurs Jambon &
Cie. were transferred to a company known as the General Sandur Mining

Company, Limited, with a capital of Rs. 48,00,000, the purpose of

which is to work primarily the manganese-ores of the State, and, second-

arily, should it prove feasible, the iron-ores, and to manufacture ferro-

manganese, and iron and steel, in India. In consideration of a salam

'

of Rs. 50,000 and a royalty of 6 annas a ton on manganese -ores, and |

anna a ton on iron-ores, with a guaranteed rtiinimum of Rs. 25,000 per

annum, all to go to the revenues of the Sandur State, the Government

has granted this company a monopoly of the iron- and manganese-ore

deposits in the form of a mining lease for 25 years over the hilly portions

of the State, in which all the deposits lie.

This arrangement does not apply to the deposits situated within

the Jagirs of Swamihalli and Kamataru ; on the ore from these deposits,

also, a royalty of G annas a ton is to be levied.

Up to date a considerable amount of capital has been sunk by

Messieurs Jarobon & Cie. in fitting up the Ramandrug deposits with

an aerial ropeway ; whilst the Southern Mahratta Railway has con-

structed a 5|-m-ile siding from Mariyamanhalli station on the Hospet-

Kottur Branch of the Southern Mahratta Railway to the foot of the hill

at Ramandrug; where the unloading station of the aiirial ropeway is.

A survey is in progress for a further extension of about 20 miles to the

deposits round Kamataru at the southern end of the State. The

amounts of ore despatched from this area to the port of Mormugao
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during 1905 and 1906 were as follows :-

1905. 190G. 1907.

Long tons. Long tons. Long tons.

Ramandrug ...... 1,200 447 15,455

Kanncvihalli . ..... nil 2,762 7,595

In September 1907 I was able to pay a very brief visit to these hills and

cursorily examine a few of the chief deposits, Mr. R. 0. Ahlers, then

mines manager, showing me the Ramandrug deposits, and Mr. Ghose

those of Kamataru.

Geologically. theSandur Hills and Copper Mountain area consists of

two great synclinal folds running from N. W.
Geology:

^ g joined together at their centres.
root€ s account. > j o

The rocks belong to the Dharwar system, and,

according to Foote', to whom we are indebited for a full account of the

geology of the Bellary district, consist of alternating schists and henia-

titic quartzites, wdth contemporaneous trap beds and occasional argUlites.

The plains surrounding the Sandur Hills are occupied— except where they

are joined by Dharwi'irs to the Copper Mountain range—by a series of

crystalline rocks, which Foote divides into ' plutonic granitoid' and

' metamorphic gneissoid'. The Sandur synclinal takes the form of a

drawn out oval, pointed at both ends, with its long axis rimning

N. W. and S. E. Its total length is about 36 miles and its width at

the widest part about 12 miles. It is bounded by N. W.- and S. E.-

running ridges that come nearly together at the N. W. and S. E. ends.

It is thus in the form of an elliptical hollow surrounded almost continu-

ously by high ranges of hills. The exceptions are at the N. W. end of

the syncline, where a tributary of the Tungabhadra makes its escape,

and about the middle of each of the two long sides of the syncline,

where it is breached by a tribatary of the Tungabhadra known as the

Narihalla. The Narihalla cuts through the S. W. bounding wall of the

basin by a gorge known as the Oblagandi, crosses the middle of the

1 Mem. G.S.I. ,
XXV, 'Geology of the Bellary District '.

2 c
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basin in a N. E. direction, and leaves it again through the N. E wall

by a gorge known as the Bhimagandi. In the interior of the basin

lies the little town of Sandur at an elevation of about 1,900 feet above

sea-level. This is not much greater than the average level of the

Bellary plains close to the outside of the syncline. The hills rise to

3,000 feet and over, in many places forming long ridges, the tops of

which as seen from a distance often look remarkably level ; this being

due probably to cappings of a lateritic rock. Two of the highest points

are the military sanitarium of Ramandrug, or Ramanamallai, 3,2.56

feet at the trigonometrical station, and Kumaraswiimi's peak (probably

that known as Hiregutti), which is 3,400 feet high (according to General

CuUen). The State of Sandur consists of the interior of this basin and

its bounding walls, the frontier lying in most cases at the base of the

hills on the outer side^ but rising up the slopes at the southern end-

The N. W. end or point of the syncline lies, however, for a distance

of 8 miles, in the Hospet taluk of the Bellaiy district ; whilst the

Kudligi taluk of the same district and the Chitaldrug district of Mysore

State encroach on the S. E. end or point of the syncline.

As the result of an examination of the rocks of such portions of the

syncline as I had occasion to visit in connection with the examination of

manganese-ore deposits, I find that some modifications of the nomen-

cribed as • phyllites ', using this term to describe rocks intermediate in

crystalUne character between slates and schists. The varieties of

phyllite I noticed are chlorite-phyllite, sericite-phyllite, biotite-phyllite

and chlorite-calc-phyllite 1. These phyllites almost invariably contain

magnetite, often to be distinguished with a lens as tiny octahedral

crystals, and easily detected in the powdered rock with a magnet.

The ' argillites ' of Foote seem to be phyllites that have been chemically

altered at the surface with the leaching out of various constituents and

the leaving of a light-coloured rock—white, buff, pink—that can now
often be best described as 'lithomarge' ; some of it in fact is probably

nearly pure kaolin. There is to be seen every variety of rock from the

fresh phyllitej through decomposed rock—probably Foofce's argillite

—

Phyllites, slates, and
litliomargcs.

clature of the rocks as used by Foote are

advisable in conformity with modern usage.

Thus Foote's ' schists' I find are better des-

i I have not proved that the rhombohedral carbonate is calcite.
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still retaining the slaty cleavage or incipient schistosity of the phyUite,

to variegated lithomarges still showing banding as far as colour goes,

but often devoid of any remnants of the structures of the original

phyllite or slate. The ' ferreous schists' and ' argil lites ' of Foote

f regard as iron-impregnated and replaced phyllites.

Foote's term ' hematite quartzite ' must be regarded as generic and

not as accurately describing the mineral composition of nearly the whole

of the rocks that he includes under it. It
PpiTiigiuo'.is qiiartzitps. ...

would be better replaced by ' ferrugmous

quartzite lor the reason that these quartzites where I came in con-

tact with them were at least as often magnetite-or limonite-quartzites.

In fact I think it is probable that the original form of the rock in most

cases was a magnetite-quartzite', in which magnetite occurred in scat-

tered grains and bands in a quartzite, the siliceous matter being on the

whole much more abundant than the magnetite. The ' quartzite ' part

of the rock is often so fine-grained as to be better called ' jasper '. It

is possible that there are some original hematitic beds amongst these

rocks, and consequently some original hematite ; but the majority of

the hematite occurrences I saw seemed, wherever the evidence was at

all clear, to be of secondary origin and the result of the replacement of

other rocks at \he surface by ferruginous solutions. The rock replaced

was in some cases probably once a quartzite, perhaps ferruginous, but

was also often the altered phyllites. If this view of the origin of the

hematite-ores of the Sandur Hills be correct, they will be found to thin

out in depth, in the same way as those of the Jabalpur district—supposed

by Mallet to be of enormous extent—were shown to do by the prospecting

operations conducted by Mr. E. P. Martin and Professor H. Louis 2^

and in the same way as the manganese-ore deposits yet opened up have

been ^ound to do. If, however, any of the outcrops of hematite in this

state do represent original deposits,—by which I mean the iron oxides laid

down at the time of deposition of the Dharwars and since compressed,

and probably rendered crystalline, during the earth-movements by

which the rocks of the Sandur syncline were folded and metamorphosed,—

; hen they may continue to great depths, in fact to as great depths

1 By this I mean the original form as a quartzite ; for the Mysore gealogists have a •

theory thut some of these ferruginous quartzites have been formed by the chemical
alteration of a ro 'k rich iu the iron-amphibole, cummingtonite.

2 Agricultural Ledger, No. 3 of 1904.

2 C 2
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as the accompanying phyllitic rocks, and hence occur in great quantity.

But the exi?tence of original hematite deposits must not be assumed.

Cases have been exposed of hematitic rocks being of superficial origin

;

but none have yet been exposed in this state in which it would be

considered as evident that the ores continue to any considerable

depth.

Foote also mentions the occurrence in the Sandur roclcs of interbed-

ded traps, as well as intruded dvkes. All the
Basic igneous rocks. . .

i- i • i t n i
basic Igneous rocks of which I collected

specimens were found on microscopic examination to have once been

plagioclase-augite-iron- ore-rocks, the iron-ore being ilmenite in most

3ases, and probably in all. Often the rock has been converted by

alteration into an epidiorite, with chlorite, epidote, zoisite, and uralite,

as secondary minerals. When fairly fresh, however, the rocks could be

termed dolerites or gabbros, according to the coarseness of grain, or

augite-diorites, if the term gabbro be considered objectional in the case

of a dyke-rock free from olivine.

The plutonic granitoids and metamorphic gneissoids of Foote are

^ J

.

^
granites, gneissose granites, and gneisses, mostly

biotitic, or with the biotite chloritized. In the

granite of Bellary Fort Hill I found abundance of idiomorphic sphene,

and in a gneiss from Gunda near the foot of the Ramandrug ridge,

scattered pyrite.

With regard to the relations of these crystalline rocks—granites,

„
, ^. , gneissose granites, and gneisses—to the Dhar-

K"lations oi the granites " ^
.

and gnei.sses to the Dhar- wilrs, Foote says, referring to the writings

ofNewboldi;

—

' The principal point on which his views < annot now be accepted is his assump-

tion that the schistose bands in the jDeninsula have been brought into their present

positions by being broken through by great outbursts of granite. At first sight

this appears to be the case, but on closer and more extended examination of the

country this idea is found to be untenable, for the old granitoids are nowhere seen

to be irrupted into the schi.sts ; on the contrary the latter were deposited on the

former by quiet, long-continued sedimentary action. This is of course a total

change in the relative positions of the two rock series : the granitoids assume their

true position as the true fundamental rocks of the country, and the schists are

seen to be vastly younger in age than Newbold supposed them to be.

1 Loc. cit, p. 22.
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' The granitic intrusions in tlio schist series which Ncwbold regarded as intru-

sions of the granit;)id mass aio all found to be intrusic-ns of much younger pegma-
toid veins, and of very small extent and importance'.

It is curious how ideas change. During the last few years the

Geological Survey of India has been arriving at the conclusion that

these very crystalline granites, showing little or no evidence of having
suffered structural deformation under the influence of tectonic move-
ments, are really younger in age than the crystalline schists and foliated

and schistose gneisses, which all show such abundant evidence of having

been subjected to prolonged and severe compressive movements. Thus
the Bundelkhand Granite is younger than the Bengal Gneiss, the Bellary

Granite than the Salem Gneiss. Similarly the Dharwar rocks, being

less severely metamorphosed forms of portions of the ancient schists and
gneisses, are now regarded by some as older than the Bundelkhand and
Bellary Granites. The evidence of intrusive relations that Foote had
not discovered have since been found in more than one part of India,

as, for example, by myself at Jothvad in Narukot State, and by the

Mysore Geological Department at several localities in Mysore'

.

Capping the Ramandrug ridge, on which it gives rise to a plateau

and also covering a considerable portion of the

titfe'brecdes!"'''
'""'^ Kamataru plateau, is a rock that Foote refers to

as ' pseudo-laterite ' in the following words 2;

—

' The summit of the Ramandrug ridgo is very frequently much obscured by

hsematitic debris which occurs in two forms : firstly, as an ordinary pseudo-laterite,

either massive or encrusting, and secondly, as a breccia of angular fragments of

haematite rock, often very rich in iron and of a deep reddish or blackish purple

colour. The enclosed fragments are of all sizes. Masses nf the haematite rock

in situ often protrude through the overlying breccia, and where the beds are much
crumpled it is often hard to be sure whether the protrusions are parts of the breccia

or part of the rock in situ. These protrusions are so frequent and large that the

breccia cannot be shown on the map as a continuous deposit'.

As far as I could see there was every passage from this ' pseudo-

laterite ' into the hematitic breccia, the ' pseudo-laterite ' being formed

from the breccia by chemical alteration, in which the iron oxide of the

hematite passes into solution and gets redeposited in the hydrated

1 e.g., Bee., Mysore Geological Department, III, p. 16.

2 Mem. G.S.I. , XXV, p. 100.
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limonitic form with all the structures characteristic of laterite. In

fact I can see no reason why the rock should not be called ' laterite ',

•without the prefix ' pseudo '. It is as true laterite as any other. The

only difference is that here it can be seen in process of formation, the

process being the chemical alteration of the hematitic breccia, and o

the same rock in situ, and in some places of manganese-ore, the lateriti-

zation in the latter case being doubtless mainly one of replacement of

manganese-ore by iron oxide. Some good examples of this lateritiza-

tion of manganese-ores are to be seen amongst the outcrops of manga-

nese-ores on the Kamiitaru plateau, where irregular tubes, patches, and

processes, of limonitic laterite are seen protruding down into the man-

ganese-ore ; sometimes when there has been an open space along the

bedding planes of the manganese -ore the laterite has grown down the

crack, doubtless enlarging the width of the space by replacing the

manganese-ore. Specimens can be collected showing residual pieces

and patches of manganese-ore in the laterite. It is true that this

laterite is often in patches only a foot or two across ; but that is because

it starts to form thus, these patches growing till they join, and not

because it is not laterite. At Raman drug, on the other hand, although

there are frequent projections of the underlying rock—not only hematite

as noticed by Foote, but manganese-ore at least as often as iron-ore,

the two looking very much alike until broken open— -yet the laterite is

often of considerable thickness ; in fact, I saw it up to about 30 feet thick

covering the manganese-ore deposit of Ramandrug No. 4. This lateri-

tic capping to the Rnmandrug plateau gives rise, like other lateritic

oappings in other parts of India, to vertical and rugged scarps, although

only of small thickness. This laterite is usually like the laterite of

other parts of Itiaia in its freedom from manganese—except included

pieces or residual patches of manganese-ore derived from the underlying

manganese-ore deposits
; but in a few cases it contains manganese

that seems to have been deposited with the iron as a part of the

process of lateritization, as, for example, on Prospect Point at Ramandrug,

where there is some pisolitic laterite with black manganiferous outer

layers to some of the pisolites. This laterite contains remains of

altered phyllites. Sometimes these lateritic deposits are free from

all included or residual fragments
;
but, as noticed by Foote, they some-

times take the form of breccias cemented together by oxide of iron.
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In other cases the included fragments are rounded, suggesting that they

have been water rolled hefore being cemented by the oxide of iron.

This is probably the truth in some cases, but in others I am inclined to

think that the rounding of the fragments is due, not to their being

cemented detrital fragments, but to their being the remains of a rock

that has been partly replaced by secondarily deposited oxide of iron,

the replacement tending to leave the residual fragments with rounded

outlines.

We can now pass to the consideration of the manganese-ore

deposits. As already mentioned, Mr. Ghose has located some 90 of

them. They all lie in the western and

poSs.
'"•'"S^^""'-'^'^-"''^' southern parts of the State. The North-eastern

and DonimaH ranges forming the north-eastern

boundary of the State have not yet been prospected, except for a couple

of days spent by Mr. Ghose in the North-eastern range. This led

to the location of one deposit (Hirai Gangadi) near Joga village ; further

prospecting of this and the Donimali Range may lead to the discovery

of many other deposits. The deposits located by Mr. Ghose may be

divided into four groups :—

1. The Ramandrug deposits,

2. The Kannevihalli deposits,

3. The Kumaraswami deposits,

4. The Kamataru (or Kammatharuvu) deposits.

The Ramandrug deposits all occur within about a mile of Raman-

drug, and are situated mostly on the edge of, or a little down the west

slope of, the plateau. The Kannevihalli deposits are situated on the

hills for a distance of about If miles on either side of the Oblagandi

gorge, where the Narihalla enters the syncline. The Kumaraswami

deposits are situated partly on the top of the plateau, and partly down

the outer slopes of the hills in the south western corner of the State.

They are all within 2| mile of Kmnaraswami Pagoda. The Kamataru

deposits lie on the southern side of the State near its south-eastern

corner, and are partly on top of the plateau, and partly on the S. E. and

S. W. slopes of a bay in the hills projecting up from the south.

All these deposits lie within State lands, except some of those in the

Kamaraswami aiea that lie within the Swamihalli J^gvc, and most of

the deposits on the Kamataru plateau, which lie within the Kammat-
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haruvu Jttgir. Both these jagirs are held by the Kumaraswami temple,

of which the Raja of Sundur is the hereditary trustee. Since all the

manganese -ore deposits of the Sandur State lie in the hill ranges, which

are forest-covered over nearly the whole of their length, all the

deposits that lie outside the two jagirs mentioned above ate in State

Forests, a portion of which has been leased to the British Government

for a number of years, in consideration of an annual payment to the

Sandur State. The mining rights are, however, retained by the

State.

A map of this State, kindly supplied by Mr. Ghose and on which he

has mapped in the manganese-ore deposits, shows 9 deposits in the

Ramandrug area, 10 in the KannevihalH area,
List of deposits. ^ . i nf? •

v,

20 m the Kumaraswami area, and 27 in the

Kamataru area. This makes a total of 66 deposits. In addition there

are 20 other deposits of which the exact positions on the map had not

been identified. By enquiry amongst the inhabitants of the areas where

the manganese-ore deposits occur, Mr. Ghose has found that each of

these deposits has a vernacular name. The name applies of course not

to the deposits as such, but to the separate hillocks, hills, and outcrops,

etc., in which they appear. The names are in Kanarese and are of a

descriptive character, such as Yelakala Gadda meaning ' rocky place
',

and Alada-marada Banda meaning banyan-tree outcrop '. Mr. Ghose

Bays that he confirmed these names by getting them from more than

< ne person. For the sake of future reference I give below a list of the

deposits discovered by Mr. Ghose with the names that he has assigned

to each.
Group I.—The Rdmandrug deposits.

1. Sanna il Haruvu. 6. Ramandrug Barracks.

2. Kurubara Matti. 7. Ramandrug Fortwall.

3. Ramandi-ug No. 4. 8. Faringhi Kotal.

4. Ramandrug Main Bed. 9. No name assigned.

5. Ramandrug Cemetery.

Group II.—The KannevihalH deposits.

10. Gedel Tattu Haruvu. 15. Mottu Kolla.

11. Seshagiri. 16. Ganigithi Kolla.

12. Gedel Tattu. 17. Alada-marada Banda.

13. Bora-marada Penta. ]8. Mudiki Thaggu.

14. Achcha Kolla. 19. Budana Gundu.
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Group III.—

20. Hatti Ponta.

21. Iruku Kolla.

22. Ullu Basappana Mamdi.

23. Sabe Kolla.

24. Boki Kolla.

25. Dumku Nil- Kolla.

26. Nawalswami Kativi.

27. Tareard-marada Kolla.

28. Subrayanhalli Nir Kolla

29. Kaiadi Kolla.

The Kumdrasivdmi deposits.

30. Kaniga-marada Kolla.

31. Clu iinangi-niarada Kolla.

32. Mottii Kolla.

33. Sillu Kolla.

34. Tapal Paddi.

35. Hulisatta Bandi.

3G. Hadial-marada Kativi.

37. Erakan Mule.

38. Yelusuttina Kote.

39. Bandijadi Kativi.

Group IV.— The Kamdtarn (or Kanimdf Haruvu) deposils.

40. Pam-kollatha Tattu.

41. Danada Thurumandi Banda.

42. Nagappana Banda.

43. Gale Banda.

44. Kare-marada Banda.

45. Yelakala Gadda.

46. Maleva Gadda.

47. Badapatti Banda.

48. Anne-marada Gadda.

49. Done Banda.

50. Kenchamman Dona.

51. Chtiradevara Gadda.

52. Alada-marada Banda.

54. Kaldi Gundu.

55. Pilal-marada Gundu.

56. Karada Badasala Kativi.

57. Jaldi Kolla.

58. Mala Kolla Banda.

59. Janal Haruvu.

60. Hanumanthana Kativi.

61. Pathargani Miile.

62. C'liintamon Banda.

63. Hunase marada Kativi.

64. Kanakeri Wade.

65. Ycrindari.

66. Jogannaditha Kolla.

53. Durg^mma Kolla.

Deposits whose position has not been accurately identified on the map.

67. Etti Mar Kolla.

68. Mottu Kolla.

69. Alada-marada Haruvu

70. Mat Kolla.

71. Ja'nekal Haruvu.

72. Done Kolla.

73. Bora-marada Dinne.

74. Karadi Kolla.

75. Kadlekan Haruvu-

76. Min Kolla.

77. Agar Gundi.

78. Manal Haruvu.

The last word in

Place names.

79. Budana Gundu.

80. Chinna Budana Gundu.

81. Girenath Kolla.

82. Gadigal Tattu.

83. Tambalnaikana Paddi.

84. Miasal Haruvu.

85. Kattedar Boilo.

86. Kabbangoi Tattu.

87. Hirai Gangadi.

88. Agasar Tattu.

89. Haltimara Doni.

90. Ram Kolla.

each of the above names describes the sort of

topographical feature. It would take up too

much space to give the meanings of these
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names
;
moreover, this is unnecessary, because Mr. Ghose proposes, in

a paper he has in hand on the manganese-ore deposits of the Sandur

State, to give a section on the place-names, on account of the

remarkable precision they indicate amongst the inhabitants of these

parts in the distinction of different sorts of natural features one from

another.

Although Mr. Ghose has named these as 90 different deposits,

this is only because they are separate outcrops. Many of them are

close together and on the same line of strike. Some of these, when

opened up, will doubtless be found to be continuous with one another,

whilst some, though close together, will probably be found to be separate.

In my brief visit I was able to visit only a few of these deposits.

Near Ramandrug I saw Nos. 1,3,4, 6, and 9. Of the Kannevihalli

deposits I probably crossed Nos. 10 and 12.
Deposits visited.

a t- ^ t
At Kamataru i spent two days only ; but

under the guidance of Mr. Ghose I was able to examine, though in

most cases only cursorily, Nos. 40, 41, 45, 47, 52, 53, 55, 56 and 63.

Nevertheless, I saw all the deposits that had been opened up,

namely, those at Ramandrug; and, according to Mr. Ghose, atypical

selection of the remainder. I must confess that the Kamataru

deposits, which seem to be the best yet discovered in these hills, seem

all very much alike on their outcrops. The chief differences are in size

and actual position, i.e , on the plateau or down the slopes—and not in

character of the ore. Consequently, I think I am in a position to judge

of the mode of occurrence and origin of the Sandur deposits almost as

well as if I had examined every one of them with the greatest care.

The Sandur deposits crop out either on the tops or edges of plateaus,

such as those of Kamataru and Ramandrug,
1
ua lono e c po

slopes of the hills ; whilst detrital

deposits, none of which are included in the foregoing list, may occur on

the slopes or at the foot of the range below the deposits in situ

from which the detritus has been derived. On the tops of the

plateaus the deposits tend to be obscured by the lateritic deposits

to which the plateaus seem to be due. Those deposits that occur

on the slopes of the hills usually occur on the outer slopes facing

the low-lying ground outside the syncline ; but a few have been found,
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in the Kannevihalli and KumaraswJimi areas, on the inner slopes

of the hills, facing the interior of the synclinal basin. Those deposits

that crop out on or near the top of the ridges or plateaus are

often 1,200 to 1,300 feet above the plains at the foot; whilst

those on the slopes occur at lesser heights, but probably rarely less

than 800 feet above the plains Wherever a deposit crops out

it tends to have a very rugged, rough, and irregular surface, so

that at first sight it might often be mistaken for laterite.

This character is not universal, however, for the outcrops often show

signs of dip and strike
;
and, when they do, the

!ioho\?-''povt mr ' ""^ indications are that the manganese-ore deposits

agree in strike and dip with the other rocks of

the syncline. But whether lateritoid in aspect or not, the outcrop is

usually whitish as seen from a distance, owing to a coating of lichens.

This lichen-coated outcrop is not confined to manganese-ores The iron-

ores have a similar outcrop, so that until one has had long experience

of these outcrops, it is usually necessary to blaze every one of them

to ascertain if the deposit be of iron or manganese. For sometimes

where not lichen-covered, the manganese outcrop takes on a brownish

or reddish colour, due to ferruginous coatings, and sometimes the

iron outcrops are black in colour due to the ore being a compact

metallic blue-black hematite. Mr. Ghose gives it as the result of

his experience in these hills that an outcrop with white lichens

invariably indicates either manganese- or iron-ore. I did not notice

anything to contradict this whilst in Sandur. But in Mysore, where

also iron- and manganese-outcrops are usually lichen-covered, I found

examples of quartzite with a similar covering.

Owing to the fact that the manganese- and iron-ores are both very

r, . , resistent to weathering, whilst the associated
Frcmincnce ot the out- °

crops of manganese- and rocks,—namely phyllites and slates, with only
uou-Oip.

subordinate quartzites—are very soft and

weather easily into clays, the manganese- and iron-ores seem to pre-

dominate and the other rocks to be insignificant in amount, their out-

crops being covered either with soil or with the debris of the harder

manganese- and iron-ores. One is very liable therefore to form an

exaggerated idea of the enormous quantities of ores of manganese

and iron to be obtained in this State. As an example I may mention



1006 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [ PaRT IV :

that during two days' wanderings on the deposits round Kamataru, I

saw no other rocks than manganese-ores, iron ores, and laterite. After

discussing the origin of these deposits I shall show, however, that,

although the quantities of manganese-ores in these hills are very

large, yet they are not nearly so large as seems at first sight to be

the case.

From the outcrops one would imagine that the manganese-ore

Manganese-ore deposits
deposits are of the nature of beds

;
for they

apparently I.eds, but really sometimes show fairly distinct signs of bedding,
sui ace replacement.

. which is conformable with the bedding of the

other rocks in these hills. Until some of the Riimandrug deposits had

been opened up, it was not possible to say that this was not the truth.

The work carried out by Mr. Ahlers in developing these deposits has

shown that they are of superficial character, and probably do not extend

to greater depths than 50 to 100 feet below the original ou tcrops. The

best example is at Rjimandrug Main Bed. The section across the

deposit is probably somewhat as in figure 76. At the top is a capping

of several feet of laterite, which occupies the surface of the plateau at

this point. A little below the top the outcrop of manganese-ore begins

and had been extensively quarried into at the time of my visit.

w.s.w.

0 10 20 30 40 EO PEET
scale:-i 1 1 1 1

'

Fig. 76.—Section across Ramandrug Main Bed deposit.

From the working faces in this quarry one would judge the deposit

to be a true bed of manganese-ore dipping into the hill-side at an
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average angle of about G5°, and possessing a thickness of not less than

AB, or about 90 feet. The outer or lower boundary of the bed was

seen in the face CD, where the manganese-ore seemed to rest upon a

few feet of iron-ore and this upon soft white lithomargic rock, the

whole being apparently confc rmably bedded ; but the inner edge of

the supposed bed was not exposed, being covered by the lateritic

rock. Hence 90 feet is only the minimum thickness of this apparent

bed. To test the continuous-bed hypothesis Mr. Ahlers drove the

tunnel DE into the working face below the level of the base of

the manganese-ore in the face CD. I was driven in a total horizontal

distance of 66 feet, with a total rise of 20 feet at the inner end, and

had the ' bed ' been continuous should soon have cut the manganese-

ore. But, except for a few tiny segregations of manganese-ore, and

veinlets of limonite, it showed not a trace of either manganese- or

iron-ore. Instead of this it was all the time in variegated banded

lithomargic clays, which did not have such a steep dip as the

manganese-ore ' bed ' on the outcrop. My explanation of this

phenomenon is shown in the section in figure 76, in accordance with

which I suppose the mangan?se-ore deposit to have been formed at

the surface by replacement, either of the clays or of the rocks of

which they are the alteration products, by manganese oxides deposited

from percolating waters. I must say that Mr. Ahlers had already

come to this conclusion before I visited the place, and that we agree in

a general way as to the origin of these manganese-ore deposits The

evidence of the two other deposits that have been opened up, namely

Sannasil ilaruvu and Rstmandrug No. 4, point to the same general

conclusions as to the origin of the ores.

We can now consider this theory in more detail. Many interesting

.
1 .X sections are to be seen in thi road-cuttings on

Kviaence supporting the o
superficial repliieeiiieiit the ghat road leading down from Ramandrug

^^T^hJ Nan'iyiindevaikeira to Narayandevarkerra, a village in the plains

Ghat Sections. ^]^g ^gg^ Sandur synclinal. At

many places on the way down are to be seen sections showing

nodules of manganese-ore in the altered phyllitic rocks. They are

usually of ovoid or flat lenticular shape, a few inches long, with

their length parallel to the cleavage and bedding—which are usually

coincident—of the rock. From these nodules small stringers of
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manganese-oxide are seen to ramify out into the phyllitic rock,

their direction tending to follow the lamination. In one place a section

is exposed showing the altered clayey rocks traversed by a network

of quartz veins. In this section there are also numerous nodules

and veinlets of manganese oxide. These not only cut the clayey

rock irregularly as regards the bedding or himination, but they also

cut the quartz veins, showing that they have been formed after

the quartz veins, and therefore after the phyllitic rocks that the

quartz veins have pierced. This is supported by microscopic examina-

tion, which shows that these nodules have been formed by replacement

of the phyllitic rocks, remains of which they almost invariably contain.

Other sections on this ghat road show small thicknesses of massive

quartzites. These also have been in places impregnated with man-

ganese oxide so as to be quite black, though still containing a large

percentage of quartz ; whilst in other places nodules of manganese-ore

have been formed in them, this ore being sometimes good hard

metallic psiloraelane, though never present in sufficient quantity to

be worth extraction. Any one examining these sections would, I

think, agree with me, that in every case the manganese-ore is

subsequent in time of deposition to the containing clayey rock. More-

over he would agree that this clayey rock, which is often a variegated

lithomerge, has been formed by the alteration of the phyllites seen

fresh in some places. He would further agree that there was some

connection between the alteration of the phyllit?s and the presence

of manganese-ore.

Let us no^v turn to Rilmandrug Main Bed. There, at the N. W.

end of the main bench, is a good exposure,

.socSins."'^'"^
'^^''^ ^''^ beside the tramway line to the ropeway at

Prospect Point, of some of the rocks forming

the ' country' on the foot-wall side of the deposit. The fresh form of

the rock is a fairly hard greyish rock of rather dark grey colour with a

greenish to brownish tinge. This rock dips into the hill-side conformably

with the ore-deposit an 1 is finely laminated parallel to the dip, Tt would

probably be best described as a laminated siliceous magnetite -slate,

tending to be flaggy. Under the microscope it shows a finegrained

mixture of magnetite and quartz, with limonite and a micaceous

mineral. The rock is fairly heavy, and small chips of it are easily
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picked up by a magnet. It also gives a fairly strong reaction for

manganese, showing that this dement is present in appreciable

amount. It is not, of course, jjossible to be sure that this manganese is

an original constituent and was not intioduced by percolating solutions

;

especially when there is such an abundance of manganese-ore close

at hand, i ut the rock seems to be fresh. It is only a portion

of the rock in this exposure that has the characters given above. The

remainder has suffered a partial alteration of a very interesting

character. The altered rock, which is illustrated in the accompanying

figure (77), appears variegated in patches of red, white, and black. The

black part is almost invariably separated from the white by a zone of

red colour, as indicated in the figure. A careful study of the rock in situ

b = blank

;

r = red

;

w = white.

Fig. 77. —Piece of altered magnetite-slate.

has suggested that the probable explanation of the phenomenon is that

under the influence of solutions saturating the rock the iron and

manganese have started to segregate. The manganese has segregated

faster and retreated into the thin black zones marked ' b ' in the figure.

[Occasionally the very centre of the black band is occupied by a thin

veinlet of psilomelane, marking the final stage of concentration.] The

iron has retreated less rapidly than the manganese, forming red zones (r)

on either side of the manganese bands. In so doing the iron, which

was partly in the protoxide form in the fresh rock (as magnetite),

suffered peroxidation with the formation of the red colour. The

white, part represents the rock bleached of its manganese and a

part of its iron ; for it has not lost all its iron and gives a slightly

reddish streak, due to the fact that the portion of the iron that has

not retreated into the red zones has been peroxidized n the same

way as that which has retreated. In one place the beginning of the

change is seen in the appearance of a small red area in the midst of the

otherwise fresh rock. Doubtless this patch would have continued
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to grow with the retreat towards its edge of the manganese, and

later, as the patch became larger, a white spot would have appeared in

its middle, and this, with the retreat of the iron after the manganese,

would have increased in size until the retreat of iron and manganese

could go on no further, on account of being stopped by manganese and

iron retreating from another white patch. What this occurrence

seems to me to teach is that firstly there are still rocks near the

manganese-ore deposits containing original manganese, and, secondly,

that there is a great tendency for changes to be set up in such

rocks with the segregation of the manganese and iron, not only

from the other constituents of the rock, but from each other. The

foregomg deductions are more or less confirmed by the fact that the

black zones react for manganese rather strongly, probably more

strongly than the original rock, though it would need a quantitative

test to confirm this ; whilst the red zones and white zones do not

yield any appreciable quantity of manganese although, it will be

remembered, the fresh rock contains it.

Further along the tramway line to the ropeway a second somewhat

similar section is to be seen. Dark irregular drawn-out patches

are thickly scattered through a light ground. The light parts represent

what now look like soft white shales, whilst the darker parts are

yellow ochre in colour and are almost invariably separated from the

white portions by a thin zone or layer to thick) of hard

limonite. This, then, is another example of segregation, the segrega-

ting material being in this case iron alone. Either the original phyllite

or slate did not contain any appreciable quantity of manganese, or

the manganese it contained was removed during the changes by

which the iron was made to segregate. Considering the large amount

of iron present, it is possible that some of it has been introduced

by the waters causing the segregation

Underlying the deposits at both Ritmandrug Main Bed and No. 4

there is a large amount of variegated and banded lithomargic rock. This

rock at No. 4 contains numerous black patches
The Ramaudiug litho-

occasional segregations of harder
marges. ° °

oie (psilomelane). Moreover, the manganese-ore

deposit at No. 4 is seen to send down ' roots ' or projections of man-

ganese-ore into this lithomargic rock, as shown diagrammatically in
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figure 78. At Ritmandrug Main Bed, as already noticed on page 1007,

a tunnel driven into the working face has shown that the manganese-

ore does not continue down on its dip for any depth, but gives way

to these lithomargic rocks.

On page lOlG, in noticing the manganese minerals found in these

deposits, I have described how the psilomelane
Siimnuny of origin. ,11 i i i 1 1 i

and wad have been derived by replacement

from phyllitic rocks. What I think all the foregoing evidence, taken in

conjunction with this, points to is that where these manganese-ore de-

posits now are there were originally phyllites, containing both magnetite

and a small quantity of manganese. Waters then percolated through the

masses of rock and took the manganese and iron into solution, leaving

the leached rock behind in the form of a lithomargic mass of variegated

colour. The solutions containing manganese and iron may not have

deposited their burden exactly in the same place as where they obtained

it. They had the whole length of the Sandur Hills in which to operate.

WTiere, however, conditions were favourable the manganese and iron in

solution, doubtless as carbonates, were oxidized and deposited, though

not usually in the same places. Once a certain quantity of one element

had been deposited, segregative tendencies would probably come into

play and cause the selective deposition of further quantities of the same

substance at the same place—the other constituent being carried

further on and deposited elsewhere, in some cases close by, and in

others at a considerable distance. Wherever the deposition took place,

solution of the phyllitic rock, in some cases fresh and previously

unaltered, and in other cases already altered during the leaching out of

its iron and manganese, had to take place to make room for the

substance being deposited. Thus it is that the deposits seem to have

been formed by metasomatic replacement. From the fact that the

manganese-ores so often contain magnetite, it looks either as if the

magnetite were less soluble than the manganese in the phyllite, or as if

in a very large number of cases the rock replaced by the manganese-ore

were fairly fresh. As regards the disposition of the material taken into

solution when the manganese was deposited, the same difficulty arises as

in the Central Provinces In some cases, perhaps, the masses of

lithomarge associated with the manganese-ore deposits represent the

aluminous material taken into solution. But, considering the banding

Z D
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and remains of original structures of phyllitic rocks these lithomarges

show, this does not seom very probable. Hence it seems necessary to

suppose that the aluminous and siliceous material of the replaced rocks

was usually completely carried away in solution.

At Ramandrug Main Bed, as will be seen from Fig. 76, the manganese-

ore extends 50 feet, or a little more, inward

poStTSUd. from the original outcrop along the bedding

planes of the replaced rock. The depth at

Ramandrug No. 4 is about the same ; whilst the indications at Sannasil

Haruvu are that the bottom of the manganese-ore will be reached at a

similar depth. It is perhaps hardly fair to judge from these three

deposits situated in one part of the State as to the depth to which the

deposits in other parts will be found to continue. In the Kamataru

area, where no work has been done on the ore except to break up a few

surface boulders, the ores seen in the outcrops display all the mineralo-

gical and structural peculiarities of the Ramandrug ores. Hence we

can fairly suppose that, like those of Ramandrug, the Kamataru ores have

been formed by superficial replacement, although one would never have

Supposed it had the Ramandrug deposits not been opened up. At

Kamataru, however, it is probable that the ores sometimes continue to

a greater depth than at Ramandrug. In the first place, the tendency

with deposits formed by superficial replacement is for the ores to be

best in quality at the surface, and to become poorer, owing to the

presence of a larger residue of the original rock material, the greater is

the depth from the surface. In discussing the minerals of the Sandur

deposits I have mentioned that the ores at Kamataru are generally of

higher grade than those at Ramandrug. The meaning of this may be

that the Ramandrug deposits have been eroded to a greater dehth from

the surface than those of Kamataru, or that the replacement at

Kamataru has been more complete. In either case we should expect

the Kamataru deposits to extend to a greater depth from the surface

than those of Ramandrug. That this is probably the case in at least

one or two cases is indicated by the outcrops. Thus at Durgamma

Kolla there is a very fine cliff- like outcrop a Uttle below the edge of the

plateau (see Plate 46). It is 48 feet high at its highest point, and one

may conclude from this that the manganese-ore may continue in depth

for a greater distance than 50 feet from the top of the outcrop along



Chap. XXXVIIT. ] sandur state. 1013

the direction of bedding of the replaced rock. Nevertheless, it is not

probable that any of these deposits, except perhaps with rare exceptions,

continue inwards for greater depths than 100 feet.

I have assumed, on account of the similarity of ores, that all the

Possibility of original
deposits are of the same origin as those of

beds or lenses of manga- Ramandrug. Considering, however, that only
TlGSC-OrC

three deposits have yet been opened up, it is

necessary to recognize the possibility that some of the outcrops may
represent original manganese-ores deposited contemporaneously with the

enclosing rocks, and therefore, like them, possibly extending to consider-

able depths. But if any deposits of manganese oxide were laid down

during the period of sedimentation of the Dharwars, it is more pro-

bable that the deposits were of lenticular shape, than that they were

continuous beds like the sandy and clayey sediments. And in this

case such an original deposit would thin out lenticularly in depth,

although it might be taken up again by other lenses deeper down

along the dip of the rocks.

We can now turn to the question of the width of these deposits. At

Riimandrug Main Bed the full width, across the
Width of the deposits.

p -r^w ^ , 1-1 1

strike of the Dharwar rocks, to which the rocks

have been replaced with the formation of the marketable manganese-

ores, has not been exposed. As shown in the figure 7G on page 1006, it is

at least 90 feet. At Ramandrug No. 4 the width of the manganese-ore

deposit across the strike of the rocks is about 90 paces as paced on the

top of the plateau above. If the interpretation of the structure of^this

deposit given in figure 78 bs correct, however, this 90 paces must be

greater than the true thicknes, owing to the rolling of the replaced

beds. About 100 feet would probably be about the true thickness of

the rock replaced by manganese-ore. Nevertheless, the effective width

of the deposit itself is the 90 paces, if the depth of the deposit is only

to be reckoned as 50 feet. At Sannasil ' Haruvu it is about 24-'i feet

across the strike of the manganese-ore deposit, of which an actual

thickness of 110 feet may be considered as the maximum for the man-

ganese-ore, the remainder being iron-ore (see page 1021). Many of the

Kamataru deposits have outcrups of considerable width. Thus the

Alada-marada Banda deposit is 46 paces across, the Durgamma Kolla

)l u -l
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outcrop 133 feet wide, the southern outcrop of Hunase-marada Kativi 84

feet across, and the northern outcrop of the same deposit 200 feet across.

The length of many of these deposits is consideiable. Sannasil

, , Haruvu T measured as 408 feet ; the Raman-
Length of the deposits.

. -r. T • 111 , r,^ t
drug Mam Bed is probably at least 700 feet

long, although it would be difficult to give an accurate figure with-

out a careful survey ; Alada-marada Banda is 112 paces long
;
Durgsimma

KoUa is 423 feet long (according to Mr. Ghose) ; the southern outcrop

of Hunase-marada Kativi is 357 feet, and the northern about 500 feet

long. Many of the deposits show, of course, outcrops of less length and

breadth than the figures given above.

We can now make a rough guess at the amount of ore available in

the Sandur Hills. Mr. Ghose thinks that if we
Qufintities of ore.

i ^ t , i • i i ji
take the 40 largest deposits the average length

can be taken as 400 feet, and the average width 50 feet. If we assume

that the average depth to which each deposit extends is only 50 feet, then

the number of cubic feet of ore is 400 x 50 x 50 x 40= 40,000,000, which,

taking an average specific gravity for the ore of only 3'5, =
40,000,000 X 62-5 x 3-5 „ _

,—
2240

= 0,900,000 tons approximately.

If the average depth to which the deposits extend be taken as 80

feet instead of 50, then the amount of ore works out as Gj million tons.

Mr. Ghose regards even the latter as a conservative estimate.

These figures have to be reduced, however, to allow for interbanded

iron-ores ; nevertheless considering the fact that on opening up a

deposit the length and width are often found to be greater than indicated

by the outcrop, I am inclined to agree that they do not overstep the

mark. Probably if we allow for the other 50 deposits, and for deposits

in other parts of the State not yet explored, it will not be exaggerating

to say that there are probably 10,000,000 tons of manganese-

ore to be extracted in this State. A considerable proportion of this

10 million tons will, however, be fairly ferruginous, and have to be sold

as ferruginous manganese-ore, rather than as manganese-ore proper.

Nevertheless, making all deductions there can be no doubt that there

are large quantities of manganese-ore in the Sandur Hills. The

figure given above can only be regarded as a guess. It is, of course,

passible that it not only does not overshoot, but that it is very much
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below, the mark. This can only be shown in years to come as the

deposits are further opened up.

Considering the enormous quantities of manganese-ore that must be

allowed to be present in these hills even on the
Arc the quantities of ore . .

, ,

too liuge to have been most Conservative estimate, one cannot help
formed by superficial re- wondering if the mode of formation ascribed
placement. °

to them above is adequate to account for their

accumulation. It must be remembered that even if we allow—simply for

the sake of argument, and probably much overstepping the mark—that

the manganese-ore deposits of this State contain in all 100,000,000 tons

of ore, and that the average manganese contents of the ore is 50 per

cent., which also oversteps the mark, so that we allow 50,000,000 tons of

manganese to be present, yet this forms a very small proportion of the

whole of the mass of rock composing these hills. Thus, one cubic mile

of rock alone, of specific gravity 2"7, would weigh 11,090,000,000 tons;

so that, even if all the manganese had been derived from a cubic mile of

rock only, it would correspond to 0'45% only of manganese in the

original rock. Now the average amount of manganese in the earth's

crust is usually taken as about 0"08. If the whole of the 50,000,000

tons of manganese had been derived from 6 cubic miles of rock only, it

would correspond to only 0'075% manganese in this rock But

there are many times this amount of rock in the Sandur Hills ; and

even though the solutions producing the surface replacements did not,

in all probability, draw on nearly the whole of this rock for their

manganese, yet it will be seen that the amount of manganese in the

fresh rocks must have been amply sufficient to give rise, by the process

of secondary replacement, to the manganese-ore deposits we now find.

It is further to be remembered that the rocks with which the manga-

nese-ores are associated were probably more or less contemporaneous in

time of formation with the manganese-bearing rocks of the Centra]

Provinces. And it may easily have happened that at the same time as

there was a great precipitation of manganese oxides taking place in the

Central Provinces and Central India, the deposits being formed in other

Dharwar areas, although not sufficiently manga niferous, except perhaps

in rare cases, to be called manganese-ores, were yet often more highly

manganiferous than usual. So that if it be considered that an average

amount of 0'08 per cent, of manganese in the rocks of Sandur would
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not have been sufficient, considering the amount of rock that is Hkely to

have been drawn upon, to provide all the manganese now concentrated

in the deposits at the surface, it would not be unreasonable to suppose

that the average amount of manganese in the Dharwilrs of Sandur, and

for the matter of that in other Dharwar areas of India, was considerably

higher than 0'08 per cent.

The principal minerals in the manganese -ore deposits of the Sandur

Hills are psilomelane and wad, with subordinate

preseut."'^"^*"^^
° mi.iorals

^mounts of pyrolusite, of altered raanganite

(' pseudo-manganite ' ), and of a hard grey crys-

talline mineral. The typical ore is an irregular mixture of psilomelane

Psilomelane and wad wad, in which both minerals often contain

formed by replacement of minute Scattered Octahedral crystals of a very
phyllite

. . .. .. , , .,.

magnetic mineral that is in all probability

magnetite. It might possibly be mangan-magnetite ; but this it is

not possible to test, because it would be impossible to be quite sure

that any grains of it when isolated were free from attached or included

manganese-ore. These magnetite grains are identical in shape and

size with those to be found in all the phyllites and slates of these

hills. Further the ores often contain fragments of altered rock of

slaty aspect, usually with a reddish streak; these, which also contain

the tiny magnetite octahedra, must be regarded as altered phyllite or

slate^ often impregnated with or partly replaced by iron oxide. An
examination of specimens containing such fragments shows that this

altered phyUite or slate passes gradually into wad, the streak changing

from reddish through chestnut to blackish brown, probably as the per-

centage of manganese increases The wad retains both the slaty struc-

ture and the magnetite grains of the phyllitic rock. Further, in the speci-

mens in which it is mixed with psilomelane, it looks as if the wad finally

passes into psilomelane, probably by the accession of more manganese.

The psilomelane itself, although it does not show the slaty structure of

the wad and altered phyllite, yet often does show a roughly laminated

structure, parallel to the bedding of the phyllites and wad. From this it

seeniS inevitably to follow that the psilomelane is the final product in the

passage of phyllite into manganese-ore by the process of metasomatic

replacement : the first stage of the alteration is a soft slaty rock usually

of ferruginous character, the iron itself being probably a secondary
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introduction ; the second stage is the production of wad from the

altered phyllito, and sometimes direct from fresh ])hyllite by the intro-

duction of manganese in solutitn, the wad retaining the original

magnetite grains, lamination, and slaty cleavage, of the phyllite ; the

third stage is the conversion of this wad into psilomelane, the latter

retaining the magnetite grains and often the original lamination

planes of the phyllite, but not its cleavage. Some of the psilomelane

looses even this lamination. The tell-tale to this process is the

magnetite, which seems to be the only mineral of the original phyllite

that has been able to resist solution and replacement, and conse-

quently to remain in the finished psilomelane. This psilomelane is the

compact dull grey variety, with little sparkle about it, except when it

contains the glistening points of magnetite. It does not all contain

admixed wad. Thus in the Kamataru deposits the tendency is for the

psilomelane to 'predominate, and the ores from this area are consequently

of higher grade than those of the Ramandrug area, where the wad is

much commoner.

As might be imagined, the ore produced by this process is often

cavernous. Sometimes these cavities have been

pyS^rSies. filled With various minerals. One of the com-

men est of these is the radiate fibrous mineral

that I once described under the name of ' manganite 'i. As I have

noticed on page 84 the analysis of this mineral since made by Mr. Fawcitt

shows that it has suffered partial alteration into pyrolusite. I have

consequently made use of name ' pseudo-manganite ' to express the

fact that although it often has the physical properties of manganite

to a large extent, yet it has usually been partly altered so as to be

intennediate in composition between this mineral and pyrolusite.

When in this intermediate condition it commonly shows a bronze

tarnish. But it has frequently been still further altered with the

production of radiate pseudomorphs of pyrolusite needles of rich

black colour. Both these minerals may occur as radiations projecting

freely into the interior of the cavities ; or they may occur as radiations

in the mass of psilomelane or wad without

psUomdaaa
^
''"'^ there being any open spaces. In these cavities

botryoidal, or even stalactitic, linings of psilo-

1 Rec. G. S. I., XXXIII, pp. 229-232,(1906).
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Brauuitc? and liollandite?

melane are sometimes present, instead of the pseudo-manganite orpyro-

lusite radiations ; sometimes these Unings of psilomelane form the basis on

which the radiations rest. Traversing the ores in veinlets there is some-

times the lead-like variety of psilomelane. Not infrequently theie are

patches and veinlets of a bright grey metallic

-

looking mineral that has not yet been satisfac-

torily identified. It suggests hollandite in appearance. But it fails to

give a satisfactory reaction for barium, whilst it contains a certain

amount of silica. It is slightly magnetic, and fairly hard. Hence for

the present it can be regarded as probably braunite ; but this is not

certain and needs confirmation by complete analysis, for it is not

typical of braunite. It is also not certain that all the bright mineral

is of one species. There may be some examples of hollandite.

I have very few data as to the chemical composition of the man-

ganese-ores of the Sandur Hills. Though the

the ore?'''

compositioa of
^^^^ ^f^^^ j^^j. ^^^^ ^^^^^ ^^^^^j^

cient manganese to be classed as first-grade,

those mined at Ramandrug are partly of second and partly of third

grade; and, generally speaking, it can be said that no first-grade ores

have yet been mined in any quantity. The reason for this is that

these ores usually contain a considerable amount of iron taking the

place of a portion of the manganese that one would otherwise expect

to be present from the appearance of the ores. But it is possible

that when some of the Kamataru deposits are opened up it may be

found possible to obtain considerable quantities oi" ore running over 50%
manganese. The following are some analyses supplied by Mr. Ghose of

bulk samples of the ores of Ramandrug Main Bed. They were car-

ried out by V. Spiera of Kamthi :

—

Average sam-
ple, foot of

main outcrop.

October 1905.

Average samples of stacks, January 1906.

Manganese i8-60 43-69 40-26 47-65

Iron . . . - 12-74 12-89 12-54 1117
Silica 0-70 0-80 115 0-90

Phosphorus 0-009 0-009 0-015 0-012
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The following are some analyses, supplied by Mr. Aubert, of hand-

specimens of ores from the Riimandrug deposit. They were picked

to illustrate various types of ore. The analysts were Messrs. W. H.

Pearson of London :
—

1 2. 3. 4. 5 6.

Manganese 54-39 53-54 5005 41-21 39-47 47-84
Iron 5-38 5-55 11-45 19-40 1690 10-

Silica 0-69 0-50 0-50 0 65 r 0-3

Phosphorus 0016 0 03 0 026 0-033 0-023 0-5

The means of the foregoing figures are the following :

—

Mean of 4
analyses of

samples.

Mean of 6

anal\ses of

hand-speci-

mens.

Manganese ....... 4505 47-75
12-33 11-45

0-89 0-61

Phosphorus ....... 0011 0 030

From these it may be concluded that the average figure for the

Ramandrug ores is

—

Manganese ........ 45

Iron 12

Silica ......... 1

Phosphorus ........ 0-02

But I believe that in actual practice the ore is found to be of lower

grade than this.

The chief characteristics of the Ramandrug ores are thus seen to

be the high iron, and very low silica and phosphorus. Besides

ores corresponding to the foregoing analyses, large quantities of ores

of much lower grades are also mined. They are characterized by lower

manganese and correspondingly higher iron, but except occasionally are

not at present made use of. Every grade of ore ranging from
manganese-ores of the above composition through manganese-ores

very high in iron and manganiferous iron-ores, to iron-ores very low
in manganese, could be obtained, were there a demand for them.
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44 to 56
13 to 4

1 to 0-50

001 to 0-03

I have no analyses of the Kamataru ores. Mr. Aubert tells me,

however, that several analyses of ores from this area range between

the following limits :

—

Manganese......
Iron .......
Silica ......
Phophorus . . . . . .

Descpiptions of Deposits.

My visit to the deposits of the Sandur Hills was so hurried and brief

that I had to confine myself to a general survey of a few of them, in

order to work out their origin and mode of occurrence, and was not able

to give that attention to details, such as dimensions, dips, and varia-

tions in composition from one part to another of a deposit, as would

have enabled me to give a connected account of each. To do this would

be the work of some months. Hence 1 propose to supplement what

has been written in the foregoing pages merely by a few notes on some

of the deposits visited.

On page 1003 will be found a list of deposits divided into groups

according to the area in which they occur.

Group I.—The Ramandrug Deposits.

In addition to the deposits listed on page 1002, which all occur on

the edge of, or on top of, the Ramandrug plateau, there are several

occurrences of manganese-ores of no commercial importance, but consi-

derable scientific interest, to be seen in the sections on the ghat road

down to Narayandevarkerra. These have already been noticed on page

1007, and also by Foote. According to him l :

—

'The schist beds in which the manganese-ore occurs in the form of compact

earthy-textured, dark grey or black concretionary nodules, lie rather more than

half-way down the ghat road which leads to Narayan Devar Kerra. The schists are

drab in colour, and the nodules show up distinctly'.

A ' fair specimen ' of this ore was analysed by Mr. Philip Lake,

with the following result :

—

Insoluble matter and Si02

Fe, O3 + Al., O3 . . . .

Mn"0„ ......
CaO '

Combined water ....
Moisture .....

38-96

12-82

42-90

0-78

3-16

0-67

99-29

1 Mem. G. S. I., XXV, p. 194, (1895).
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This corresponds to 27" 12 % manganese. Foote suggests that the

ore is braunite or hausmannite. The available oxygen is stated to be

7'33 % ;
accepting this, the27"12 % manganese should have been return-

ed as 30-86 % MnOo and 2-48 % MnO, instead of as 42-90 % Mn02, the

analysis then totalling up to !)8'73 only. A simple calculation shows

that 27-12 % Mn require only 10-52 % oxygen for hausmannite and

11-27 % for braunite, whilst 15-22 (42-34— 27'12) is available. The

analysis indicates, in fact, that the mineral is psilomelane, as indeed is

shown by the physical characters of the specimen preserved in the

Museum of the Geological Survey of India.

1. Sannasil Hapuvu (Ramandpug No. 2),

This is the most northerly of the Ramandrug deposits. It is situ-

ated 2/2 miles N. N. W. 01 the Ramanamallai G. T. S., 3,256 feet, on

the top of a spur of the ridge, and must be about the same height above

the plains as the other Ramandrug deposits, namely, about 1,200 feet.

The length of the deposit, from the last outcrop seen at the N. N. W--

end of the deposit, to the point where it begins to disappear down the

slope at the S. S. E. end and is either covered up by debris or dies out,

I paced as about 136 paces. The width measured by Mr. Ahlers across

the strike at the point where the deposit is being worked is 245 feet.

From the outcrop alone it is difficult to say what proportion of the

total thickness consists of manganese-ore and what of iron-ore. The

cuttings or workings on the north-east side of the spur on which the

deposit lies show that there is a thickness of about 40 paces of iron-ore

separating the manganese-ore into two bands. Hence it can be taken

that one half the full thickness is manganese-ore and the remainder

iron-ore. On the western edge of this cross section of the deposit the

rocks are seen to be vertical, whilst on the eastern edge they dip at angles

varying from 55° to 65° to the N. N. E., i.e., towards the interior of

the incline. I think 65" may be taken as the average dip across the

whole section. Hence of the 120 feet that may be manganese-ore, the

true thickness works out as 120 x sin 60°^— IO8-7, or, at a maximum,
110 feet.

The ores in this deposit consist of the psilomelane-wad mixtures.

These are often cavernous, then frequently containing abundance of

good crystallizations of pseudo-manganite, or of the pyrolusitic pseudo-

morphs. There is often a little of a yellowish and whitish mineral in
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minute crystals. It has not yet been identified. The iron-ores are

mainly soft earthy hematite, which has evidently been formed by the

replacement of shaly rocks, probably representing original phyllites or

slates. There is also some limonite. The manganese-ores show plenty

of evidence of their formation by metasomatic replacement, both of the

decomposed phyllitic rocks, and also of the some of the earthy hemati-

tes or hematitic ' shales '. The workings had not been carried suffi-

ciently deep to fihovr the downward passage into the decomposed phyl-

lites.

A ropeway was being constructed, with its brake-gear not many feet

below the edge of the ridge, in order to carry the ore down to the

plains below, a vertical distance of some 1,000 feet.

3. Ramandpug No 4.

This deposit is situated on the N, W. side of the spur from the

Ramandrug Plateau known as Prospect Point and about a mile S. S. E.

of Sannasil Haruvu. The top of the plateau is laterite, of which there

must be a thickness of some ;30 feet. Hence the top of the manganese-

ore deposit must be this distance below the level of the plateau. There

was originally a large cave in the manganese-ore in the nearly vertical

scarp where it cropped out just under Prospect Point. This was

still left at the time of my visit, and showed very rugged vesicular sur-

faces of manganese-ore exactly like laterite in appearance. In Figure 78

I have given a rough sketch of what seems to me to be the correct inter-
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pretation of the structure of this deposit. The portion indicated therein

as the manganese-ore deposit looks as if it forms a thick rolling bed, the

inward termination of which gives way to lithomargic rocks as shown.

This bed-Uke mass rests upon lithomargic rocks, which are laminated

conformably with the ' bedding ' of the manganese-ore, and into which

roots or processes of manganese-ore seem to have grown down from the

main mass of manganese-ore. The lithoraarges themselves are so

largely replaced by and impregnated with manganese oxide, mostly in

the form of wad, that they are coloured with white patches in brownish

black. The beds overlying the manganese-ore ' bed ' had not been ex-

posed by the quarrying operations, and were obscured on the hill-side by
tumbled blocks of laterite, soil, and vegetation. The portion that is

indicated as the manganese-ore deposit in the figure contains a consider-

able amount of iron-ore, associated with the manganese-ores in no very

regular fashion. The iron-ores consist of hematite, varjdng from soft

red to hard blue-black, with a considerable amount of limonite and some
yellow ochre. In one place there is a veinlet of hematite and hmonite

about one inch thick traversing the manganese-ore, and pointing in this

particular example to the deposition of some iron-ore subsequent to

that of the manganese-ore. The manganese- ores consist of the same
ores as at the Main Bed deposit.

At the corner of the Prospect Pouit spur some 200 feet below the

top of the plateau is the loading station and brake-gear of an aerial rope-

way, which carries the ore, both of this deposit
Prospect Point ropeway.

i r -n ^ t m •
f f

and or Kamandrug Mam Bed, just round the

other side of Prospect Point, This ropeway has, according to Mr. Ahlers,

a vertical drop of 750 feet, and a length of supporting rope of 2,400 feet

from brake-gear to unloading station at the bottom of the hill. These

ropes, of 1 inch diameter, are carried on 7 trestles. The hauling rope is

an endless one of J inch diameter. The capacity of each bucket is 0"6

tons. When there is a full supply of ore 50 trips a day, equivalent to

30 tons of ore, can be made with a working day of 10 hours. At the

bottom of the ropeway there are two shoots, one for each bucket, through

which the ore is tipped into 1-ton trucks standing on 2-foot gauge rails.

These trucks are run out on to an elevated platform between the

metre-gauge rails of the Southern Mahratta Railway siding from

Mariyamanhalli, and the ore tipped sideways into the railway wagons.
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4. Ramandrug Main Bed.

(See Plates 44 and 45.)

Tliis deposit is situated about a mile W. N. W. of Ramanamallai
G. T. S., 3,256 feet, in the bay of the plateau immediately to the

south of the Prospect Point spur. It possibly joins on to the No. 4

deposit on the N. W. side of the Point underneath the laterite. There

is the usual lateritic capping on the plateau here, and the top of the

deposit is a few feet below the top and about 150 feet above the top of

the Prospect Point ropeway. It is the biggest of the Ramandrugjdepo-

sits and the one that was first opened up. The deposit has the usual

N. N. W. strike of all the Ramandrug deposits, with a steep dip,

which can be taken as averaging 65° across the middle section of the de-

posit, into the interior of the syncline, i.e., to the E. N. E. The

length of the deposit, from Prospect Point to where it disappears on

the edge of the hill to the S. S. E., may be about 700 feet.

The deposit is at present being worked by two benches parallel to

the strike of the ore-body. One of these—the main bench—is about

140 feet below the top of the plateau, and the other some 50 to 60 feet

lower. The upper one is that shown in figure 76, and is some few feet

below the base of the ore-body as seen on the working face. The tunnel

driven into the working face for 66 feet, and the information it gives,

have been noticed on page 1006. The ore is extracted by drilling

and blasting, and stacked on this bench, where it is cleaned. Then

it is lowered to the lower platform by one of two contrivances.

One of these is a rough gravity incline with a double pair of 2-foot rails.

The other, a more ambitious structure, was not finished at the time of

my visit. It was 103 feet long at an angle of nearly 30°. The

loaded ore -trolly is run on to rails on a cariiage, which is then

lowered bodily, hauling up an empty trolly on a similar carriage with

rails. At the bottom of the incline the trolly is run of? the carriage

and run out to the loadnig station of the ropewaj'" at Prospect Point,

to which there is a double track of rails. The waste from the

southern part of the deposit is run out to the south on tram lines and

tipped down a slope into the valley below. For the disposal of the

waste from the north part it is intended to carry an elevated shoot fron:

the main bench over the lower bench, so as to tip the waste down the
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hill-slope below. Plate 44 gives a general view of the deposit, and

Plate 45 a clear view of the ore-body.

It is along the cuttings made for the rails to Prospect Point that the

sections noticed on pages 1008—'0 and illustrated in figure 77 are to be

seen.

The typical ore is the blotched or mottled mixture of wad and psi-

lomelane, but is sometimes psilomelane alone or wad alone ; it sometimes

shows the cavities lined with pseudo-manganite, and pyrolusite ; also

lead-like psilomelane, and scattered patches and spots oi the hard crys-

talline mineral. There is perhaps less iron-ore mixed with the mangan-

ese-ores than at the other Ramandrug deposits. There is also some of

the grey to yellowish mineral in minute crystals seen at Sannasil

Haruvu.

Q ^ ^
"^he output from the Ramandrug deposits

" ^" from 1905 to 1907 is shown below :

—

Year. Long tons.

1905 . . . 1,200

1906 447

1907 15,455

These are figures of ore despatched rather than of ore actually

quarried.

6. Ramandrug Barracks Deposit (or ' Manganese Cave ').

A little below the edge of the cliff by the barracks of the Raman-

drug Cantonment there is another outcrop of manganese-ore, in which

there is a large cave. The cave faces S. W., is 22 paces long from

N. W. to S. E., and 13 feet in breadth. 1 forgot to measure the

height. But it must be two or three times that of a man. In

this cave one is practically surrounded by manganese-ore on all

sides except that in which the opening is. The ore is the usual mixture

of psilomelane] and wad, the former tending to predominate. There

is also a little pseudo-manganite. At the back of the cave, at the

bottom, the rock looks like iron-ore, but when broken it shows poor

manganese-ore inside. This deposit is not being worked at present.

It is probably the reappearance, across the valley between Prospect

Point spur and the Barracks spur, of the Ramandrug Main Bed.

Either the manganese-ore that once joined the two was removed at the

time of the erosion of this valley ; or the valley was formed before the

manganese-ore, in which case the manganese-bearing solutions have



1026 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [ PaRT IV :

replaced two portions of the same beds of rock, although they were

separated by an intervening break. The former alternative seems the

more likely.

Group II.—The Kannevihalli Deposits.

The second locality noticed by Foote l :—

' occurs 2 miles south of Kannevihalli on the western flank of a small spur

extendint; northward from the south western apex of the cvirve cf the Kumara-

swaini section of the Sandur hills. The ore which is much blacker in colour and

of richer quality than that occurring on the Narayan Devar Kerra ghat, is

imbedded as nodules in a greyish soft argillite which is greatly weathered on the

surface. The nodules are of all sizes, from that of a small nut up to a child's

head. They occur in large numbers, and could easily be quarried along the bare

side of the hill and shot down to the foot of the spur
'

This is probably not one of the deposits mapped by Mr. Ghose, for

it is doubtful if anyone would consider such nodule deposits worth

working under present conditions. It must be somewhere near the

Iruku Kolla deposit in the Kumaraswami group.

I did not visit any of the Kannevihalli deposits myself, except for

a few outcrops I crossed on the way from Ramandrug to the mouth of

the Narihalla. The occurrences T crossed were none of them of any

value and were exposures of phyllites and fine-grained sandstone-like

quartzites impregnated and partly replaced by manganese oxide.

In the bed of the Narihalla leading through the Oblagandi gorge to

Sandur there are to be seen many good expo-
The Narihalla.

i t_ . r r .^^
sures of rock

;
but, as tar as i noticed, none were

of manganese-ore. In the bed of the stream, a considerable proportion

of the pebbles and boulders of every description of rock were coated with

a shiny black glaze, which, at least in the one specimen I tested, seems

to be due to manganese oxide. Many of the fragments when broken

open were found to be manganese-impregnated and replaced rocks of

various descriptions. Some of these specimens were very interesting,

showing every stage in the metasomatic replacement of phyllites, slates,

and fine-grained quartzites, by manganese oxide. Several of the

partly-replaced specimens were beautifully variegated in various shades

of white, brown, red, purplish, and black, due to different combinations

of iron and manganese with the original colours of the rocks.

1 Log cit., p. 195.
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During 1!J06 a start was made to open up a deposit of detrital ore

lying on the low ground at the foot of the hills. Now, however, pre-

parations are being made to work the deposits in situ from which this

ore was derived. It is proposed to bring the ore down by a ropeway.

The output from Kannevihalli in 1906 and 1907 is as follows:

—

Year. Long tons.

1906 2,762

1907 7,595

Group III.—The Kumapaswaml Deposits.

Beyond the list of deposits given on page 1003 I have nothing to

say about these deposits, because I was not able to visit any of them.

Group IV.—The Kamataru (Kammatharuvu) Deposits.

The deposits to which Foote refers on page 195 of his Bellary

Memoir are probably ones situated on low ground to the south of the

Kumaraswami and Kamataru areas in the Tonashagiri and Tumraguddi

Re.?erved Forests in the Kudligi taluk of the Bellary district (see

page 993).

In two days spent round Kamataru I was shown some ten of the

deposits of this group by Mr. Ghose. The astonishing feature about

them is that they should have remained undiscovered so long. On the

plateau itself, which is given up to cultivation in parts and fairly bare,

in the other parts, there are some ten deposits all within a radius of a

mile from Kamataru village. They mostly take the form of long low

outcrops showing faint signs of dip, are fairly bare, except for lichens

in places, and are usually black. They do not as a rule rise more than

five to ten feet above the level of the plateau. But there are also

outcrops both of laterite and of iron-ore
;
and, further, there is a great

similarity between the outcrops of the manganese- ores and iron-ores,

and often a similarity of these with the laterite outcrops. And the

only way in which it would be possible for a geologist or prospector

crossirg the plateau to miss the manganese-ores, would be for him to be

deceived by their similarity to iron-ore or laterite, to break the rocks

in only a few places, and happen to strike on the ferruginous rocks in

every case. These remarks do not apply to most of the other deposits

in the State, for they occur in parts well covered with jungle f nd grass,

which I am told gets as high as a man during the cold weather. T was

Z E
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fortunate to be in the area during the monsoon before the grass had

grown very long again after being burnt down in the previous hot

weather.

Starting from No. 40 (Pam-kollatha Tattu), situated about J mile

N. W. of Kamataru village, a line of deposits runs for about li miles

across the Kamataru plateau to No. 52 (Alada-marada Banda),

situated at the apex of a triangle or bay of low ground that projects up

from the south into the southern edge of the Sandur Hills. At this

point the line of deposits branches. One branch continues the previous

line for If miles further—along the S. W. edge of the S. E. spur of

the Sandur Hills, which forms the N. E. side of the triangle—as far as

deposit No. 59 (Janal Haruvu).

The total length of the N.W.-S.E.-running line of deposits is

therefore a little over three miles, and it is possible that several

of the deposits along this line represent one band of replaced rock and

will be found to be continuous beneath the soil orlaterite when they are

opened up. Howevei, they cannot all represent one band of replaced

rock ;
because in more than one place there are two or even three

parallel outcrops, which have been entered up as separate deposits.

But probably the replacement of three bands of rock would explain the

occurrence of the whole of the deposits.

The other line of deposits branches off at right angles and runs

S. W. along the S. E. edge of the Kamataru plateau, starting

with No. 6() (Jogannaditha Kolla), and ending up with No. 60

(Hanumanthana Kativi) situated about 1| miles S. W. of the branching

point.

Nearly all the Kamjitaru outcrops, when broken open, show the hard

compact psilomelane, frequently with the included magnetite grains,

and with usually only a comparatively small amount of associated wad.

The ores of this area will therefore probably turn out to be of higher

average grade than those of the Rsvmandrug area. These ores, also,

sometimes show pseudo-manganite, pyrolusite, and the hard grey

crystalline mineral.

Because the Kamataru deposits had not been opened up and show

a remarkable similarity to one another as far as outcrops go, and

because I was able to examine them only very cursorily, I shall notice

the more striking only of the ones I visited.
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45. Telakala Gadda.

This deposit is situated about J mile S. 20° W. of Kam^vtaru

village. The manganese-ore exposure is small. But the interesting

feature is the way in which the manganese-ore deposit is being conver-

ted into laterite by the growth of limonitic patches and processes, which

gradually take the place of the manganese-ore and break it up into

isolated patches, leaving pieces of the ore in the laterite. The final

stage of the process is the complete disappearance of the manganese-ore

with the formation of typical laterite, with all the characteristic vesic-

xilar and tubular structures. Nearly all the manganese-ore seems to

disappear entirely ; but a certain proportion of it separates out in the

laterite in pyrolusitic patches, and sometimes the limonite forming the

edge of the tubes is replaced by psilomelane. Associated with the

manganese-ore is hematite, which is suffering the same conversion into

limonitic laterite. The laterite in both cases often contains abundance

of yellow ochre.

47. Badapattl Banda.

This deposit can be taken as typical of those on top of the plateau.

The outcrop is flat, not sticking up much above the surface of the

ground. It is also much corroded, so as to look very much like laterite.

Consequently the true strike is difficult to see, but it is probably about

E. 35° S. The outcrop is 11 paces wide with hematite cropping

out on either side. After going 40 paces N. E. over hematite and

laterite there is another band of manganese-ore 7 paces wide, mixed

with hematite and much obscured by laterite. About 100 yards

further N. E. there is another low outcrop, but it is reckoned as

another deposit under the name of Kare-marada Banda. The typical

ore of the Badapatti Banda deposit is dark grey psilomelane with

veinlets of a bright crystalline mineral. There are also wad, magnetite

specks, and a hght grey radiate mineral, in the ores.

52. Alada-marada Banda.

This is the deposit situated at the head of the apex of the triangle

at the point where the line of manganese-ore deposits branches into

two. The outcrop is on top of the plateau, but also goes partly down

the N. N. W. slope of the valley. It is 112 paces long, and 46 across.

The strike is N. W. with a doubtful dip to the N. E. at The strike

2 E 2
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of the outcrop is, however, N. N. W. To the S. E. the outcrop ends in

a small cliff overlooking the valley, and approaches the Durgftmma

KoUa deposit. From this end of the outcrop a fine view is obtain-

able over very hilly country in which rugged granite hills predominate,

the nearer portions being in Bellary and the farther in Mysore. The

ore is partly the hard grey psilomelane without any admixture of wad,

and is partly the mixture of these two minerals typical of Ramandrug.

On top of the outcrop there are little patches of laterite. There are

also small isolated tubes of laterite going down into the manganese-ore,

though probably only for a small distance.

53. Dupgamma KoUa.

(See Plate 46.)

This is probably the finest of the Kamataru deposits. It lies

immediately to the S. E. of Alada-marada Banda. There are here three

parallel bands of ore of which the lowest lies outside Sandur, in the

Tonashagiri Reserved Forest of the Bellary District. This is treated as

a separate deposit under the name of Pilal-marada Gundu. The first

band forms a bold outcrop on the edge of the S. E. end of the Kama-

taru plateau along the N. E. side of the triangle of low land. Accord-

ing to the measurements of Mr. Ghose the length of the outcrop on the

top of the plateau is 42.3 feet, and the breadth 133 feet. This outcrop

seems to be composed nearly entirely of the hard grey psilomelane, with

occasional hematite, and a few lateritic patches. The ores, however,

also show some of the radiate mineral and some wad and pyrolusite.

Below the manganese-ore ' bed ' occupying the crest of the ridge there

is a thickness of iron-ore (hematite altering to limonite), and below this

the second band of manganese -ore. This gives rise to an overhanging

cliff 48, feet high at the highest pomt, and 75 paces long. The surface

of the cliff is very irregular, corroded, and iron-stained, so that it is

brown, and looks like iron-ore at first sight. Wherever broken into, it

shows manganese-ore—the hard grey psilomelane with some soft oxide.

In one place the face of the clifi is covered with pebbles of hematite,

manganese-ore, and limonite, in a lateritic cement. This coating was

perhaps deposited in a fissure in the manganese- ore ; the manganese-ore

on the S. W. side of the fissure then broke off and rolled down the hill-

side, leaving a portion of the filling adhering to the present cliff of

manganese-ore. This clifi is illustrated in Plate 46. A little below the
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manganese -ore outcrop there is a spring issuing from the rock. It is

iron-charged and is depositing its iron in the form of a limonitic slinw;

as a coating on the masses of manganese- and iron-ore lying in the nahi.

Mr. Ghose tells me that lower down, at the foot of a hill called Kiilhatti-

marada Tattu, the water of this spring has deposited soft black

manganese oxide on the rocks exposed in the n-dld. It seems probable,

as far as one can judge from an outcrop, that the Durgsimma Kolla

bands contain a large quantity of good -quality ore.

55. Pilal-marada Gundu.

As already explained this is really the third and lowest band of

Durgamma Kolla, but it lies outside the limits of Sandur, being in the

Reserved Forest of Tonashagiri, in the Bellaiy district. It also forms

a sort of cliff. The ores are similar to those in the Durgamma
Kolla bands.

56. Karada Badasala Kativi.

This is really a S. E. continuation of one of the Durgamma Kolla

bands. The ores are the same except for one variety. This is an

oolitic ore composed of ooUtes of lead-like psilomelane to 7 inch in

diameter, very thickly crowded in a soft matrix giving a deep brown

streak. This is the only occurrence of oolitic ores I saw m Sandur
;

but Mr. Ghose says similar ores occur at several other localities. The

ore is exactly like some of the oolitic ores of Mysore.

63. Hunase-marada Kativi.

This is one of the most south-westerly of the deposits on the Une

running S. W. from Alada-marada Banda, and is about 2 miles south

of Kamataru village. The deposit crops out along the edge of the

plateau and is mostly very flat. The strike seen was E. 5° S. with

a moderate dip to the north side. The length of the outcrop seen

by me was 357 feet and the width 84 feet. According to Mr. Ghose,

however, there is another outcrop to the north of this, that is 500 feet

long and up to 200 feet wide. In one place there is a band of laterite

apparently interbedded with the manganese-ore ; in reality it probably

fills a cleft in the manganese-ore. There are also smaller patches and

veinlets of laterite in the manganese-ore ; and interbedded hematites.

The ores are similar to those of the other Kamataru deposits.
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DESCRIPTIONS OF DEPOSITS—continued.

Madras Presidency—cow«ww(?f/.

Chengalpat District.

Coimbalore District.

Ganjdm District—Boiiani- Gudhiaii—Nautan-Barampur—Mathura—Kalikot

-Rambh^.

Kadapdh District.

Karnul District.

Madura District.

Nilgiri Hills.

Nellore District.

Pudukottai State.

Chengalpat District.

A specimen of ' Purple Clay Ironstone, containing a vein of

Manganese 'i was sent to the Madras Exhibition of 1855 from the

Red Hills, while at the 1857 Exhibition ' Brown wad and brown fibrous

manganese have been exhibited from the Red Hills, Bangalore and

Cuddapah '.2 The Red Hills are composed of laterite.

Coimbatore District.

Mr. F. A. Nicholson^ says that ' manganese was detected in the

black sand from VuapaneU in Coimbatore taluk'.

G^njam District.

The manganese of this district was first discovered in June 1902

at Boirani, by Mr. T. Chaudry, who also found signs of manganese-ore

at Mathura and Nautan-Barampur, and in all three places conducted

a certain amount of excavation to examine the various deposits.

A brief visit to this neighbourhood in December 1904 showed

me that manganese is present as stains, impregnations, and coatings,

1 Jury Reports, p. 6,(1856).
2 Ditto .p. 2, (1857).
3 Coimbatore District Manual, p. 23, (1887).
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on many of the rocks adjoining the road from Rambha to Boirani, a

distance of about 30 miles; and since manganese-bearing rocks were

found in situ at these localities, it seems possible that careful prospect-

ing over the whcle of this estate might lead to the discovery of

payable manganese-ore, especially as manganese-garnet and rhodonite,

so often associated with the manganese-ore deposits of the Central

Provinces and Vizagapalam, are amongst the minerals found here.

But up to the present no commercially valuable manganese ore deposit

has been found. All the occurrences are in the Kallikota and Atagada

Estates.

The rocks of this neighbourhood consist of vaiious—usually very

garnetiferous—gneisses and gneissose granites, the latter often showing

banding or streaking due to the drawing out, while still plastic, of

white felspar- quartz schlieren into cylindrical bodies, which usually

show a dip of 20°-45° to the W. 10°-30" S. There are also hypers-

thene-granulite intrusions. Th? garnetiferous gneisses—containing

graphite in one case and probably belonging to the khondalite

series—often give ri>e to well-wooded, rjuuded hills, while the gneissose

granites usually form very jugged, rocky and bold, tors and hills,

much less thickly jungle-clad.

Ill the valley between thes^ hill ranges in which Kahkot and Boirani

are situated, besides the above rocks, low mounds and hills of quartzites

—

often garnetiferous—are found, and it is on this low ground also that

the manganese localities at present known are situated ; it must be

remarked that the rocks of the valleys are often obscured by alluvial

deposits devoted mainly to the cultivation of rice. The strike of

these rocks seems to range between E. and N. E. with the dips in

either direction.

The manganese localities visited will be noticed as follows

Atagada Taluk

:

—
1. Boirani.

2. Gudhiari.

Kdlikot Taluk

:

—
3. Nautan-Barampur.

4. Mathura.

5. Kalikot.

6. Rambha.
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1. Boirani.

This deposit is situated perhaps ^ mile S. 40° E. from Boirani village

in some very slightly elevated ground, nearly barren of vegetation and

surrounded by rice fields on the lower ground. It was discovered by

Mr. T. Chaudry in June 1902, the surface indications being abundance

of small granules and nodules of psilomelane lying on the groimd,

as well as black stains and impregnations in some garnet-felspar-rock

cropping out there.

The source of all the manganese here is probably the manganese-

garnet of a band of the rock I have called kodurite (see page 255),

which when fresh consists of manganese -garnet, orthoclase, and

apatite. The garnet is a manganiferous one intermediate in compo-

sition between grossularite and andradite, and has been called grandite,

(seepage 165). The felspar is white and the garnet occurs in abundance

as small scattered and aggregated crystals of yellow and orange colour.

Somewhat extensive excavations in the form of irregular pits have

shown that this rock has a strike varying between E. 30' N. and

N. 30" E. and that it is at least 21 feet wide, having a dip to the N. W.

side of 35° to 50°. Almost everywhere the kodurite is greatly altered,

the change taking the form of the replacement of the felspar by

chalcedony and opal of various shades of white, black, brown and green,

while the garnet may also be completely removed, or may remain as

fresh crystals set in an opal-chalcedony matrix (see fig. 2, Plate 8).

In other places the rock has yielded a soft bright yellow-green material.

For an analysis of the Boirani kodurite see page 257. The rock im-

mediately underlying the kodurite band seems to have been originally

felspar-rock, with quartzite beneath this. The felspar-rock has been

very largely replaced by manganese in the form of psilomelane, so as

to form in one place an ore-bed of 4^ feet thickness. This bed was

followed to a depth of 35 feet by means of a drive on the dip, and,

judging from information supplied by Mr. Chaudry, the section must

have been somewhat as follows :

—

Above:—Silici(ied and decomposed kodurite.

G'' Decomposed felspar-rock with nodules and strings of psilomelane.

2' Cavernous psilomelane, with the cavities filled with a siiiceous limonite, pro-

bably representing the remains of original felspar-rock or gnei.ss, and

still retaining some felspar.
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r Psilomelano in which the limonitic material is small in extent.

fi" Psilomelane, mostly nodular or botryoidal and containing but a wmall

amount of limonite.

(>" Psiloiuohmo gradually passing downwards into:

—

Soft limonitic rock of unknown thickness, spotted and latched with soft

black manganese oxide.

To judge from specimens collected there can be no doubt whatever that

the ore is the result of the replacement of felspar-rock or of felspar-

quartz-rock by manganese oxide, and that the underlying limonitic

rock is the result of replacement of quartzite by iron oxide. It seems

a fair deduction to suppose that the replacing manganese has come

from the overlying koduritC; which at some time or other has been

subjected to the action of waters that brought silica in solution and

removed, in some places completely, all the original constituents of the

rock.

The ore itself is psilomelane, very seldom free from felspathic or

limonitic patches. It is either nodular, cellular, or botryoidal in

shape. About 20 tons of ore had been collected, and a sample of this

was analysed by Messrs. J. and H. S. Pattinson with the following

result :

—

Sample No. A. 19.

Manganese peroxide . . . . . .41-65
Manganese protoxide ...... 2-72

Ferric oxide ....... 28-14

Baryta 0-05

Silica (combined) 6-75

Silica (free) 3-50

Phosphoric oxide ....... 1 -635

Arsenic oxide . ....... 0-050

Water (combined) ....... 6-50

Moisture at 100° C 2-55

This is equivalent to :
—

Manganese ........ 28-44

Iron 19-70

Silica . 10-25

Phosphorus 0-712

It will be seen from the above that the ore is quite unmarketable

further, considering its origin, it is not probable that the ore con-

tinues to any great depth, while the thickness of the ore-layer is 3^ feet
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as a maximum, and in other places not more than six inches ; hence

tho profitable working of the deposit would be quite out of the ques-

tion, even if the ore were of first rate quality, and even if the deposit

were not 30 miles from the railway.

The various workings have exposed the ore-bed for about 200 yds.

in a N. E. direction. About 100 yds. to the N. of the deposit

occurs streaked gneissose granite, the relations of which to the ore-

deposit are not apparent.

About half a mile S. 10°E. from the above deposit a pit in a rice

field had exposed 4 feet or so of a loose gravel
Manganese-la terite.

01 granules oi manganese-ore averagmg t to

2 inch in diameter, mixed with granules of quartz and limonite, and

resting below on decomposed whitish felspar-quartz-rock, often traversed

by manganiferous veins, or pseudomorphed into chalcedony. About 50

yards S. S. W. of the above pit some manganese-laterite has been

found extending for some yards and occurring to a depth of 2| feet or

so, resting below, according to Mr. Chaudry, on debris of felspar, quartz,

and limonite, fragments of which can also be seen included in the

laterite in places. This laterite consists in the main of granules of wad

and psilomelane set in a ferruginous clay and is apparently the same

material as the above-mentioned loose granules, here cemented together.

The source of the manganese was not to be seen, but this occurrence

may perhaps be indicative of another band of manganese -garnet-bear-

ing rock below the surface.

2. Gudhiapi.

About 50 or 100 yards W. of N. from the E. end of the range of

gneissose granite hills occuriing to the S. W. of Gudhiari village, the

usual manganese-ore granules are to be seen scattered about through

a yellow-brown sandy soil.

3. Nautan-Barampup.

Ninety paces N. 20^E. from the road from. Kalikot to Eoirani, at

about the mile-stone -, a pit, 6 feet deep, shows large boulders and

fragments of garnet-rhodonite-rock, often with a little quartz, and

exactly like the similar rock found so frequently in the Nagpur district

of the Central Provinces, except that in this case there are often little

strings and patches of a light blue-green mineral (apatite) and occasional
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felspar ? The garnet is a manganiferous variety, but whether it is

spessartite, spandite, or manganese-grandite, has not been determined.

Some pieces of rock are entirely garnet, and both these and the pieces

of garnet-rhodonite-rock are blackened in patches ; bat not a single

piece of good manganese-ore did I see. The rock is probably in situ

just below the bottom of the pit, and but for the absence of any

fragments or pebbles of good m.anganese-ore, it might be worth while

to open up the deposit on the chance of finding a parallel band of good

manganese-ore. This pit was in the middle of a field, and nowhere

else were any signs of similar rock seen ; but, to judge from some

hillocks of khondalite near by, the strike of the manganiferoiis rock is

perhaps about N. E. 26 yards S. 10°W. of this pit there is another

showing banded khondalite, often manganese-stained and impregnated.

4. Mathura.

On the south side of the Rambha-Kalikot road, at a point about

300 to 400 yards S. 30°W. from the Nautan-Barampur rhodonite-garnet

pit, another pit had been dug on the top of a low mound. This pit

showed S feet of khondalite in layers 1 to 6 inches thick, with a very

gentle dip, possibly to E. 10° N. The khondalite is banded and very

rich in both garnet and sillimanite. It is partly stained brown by iron

oxide and partly blackened by secondary manganese oxide. Under the

microscope some black patches are seen of a black and apparently

original mineral. This is probably graphite rather than manganese

oxide, which, as far as is known, occurs in khondalite as a spcondary

constituent only.

5. Kalikot.

A cutting along the base of the hill at the back of the new bungalow

being built for the manager of the estates showed a debris of boulders of

a soft decomposed khondalite, often showing little scales of graphite, and

derived from the hill above. Little psilomelane veins and soft black

patches and stains were visible in many of these boulders and also in

similar material extracted in the course of sinking a well in front of the

bungalow ; also veins of porcellanic lithomarge.

6. Rambha.

The road from Kalikot to Rambha passes through a very fine

avenue of banyan trees on approaching Rambha and just before
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crossing the railway. To the right of the road in this avenue was an

excavation, probably for murram, showing 3 to 4 feet of a red-coated

debris of fragments and grains of limonite, decomposed quartzite, and a

little manganese-ore, resting upon similar material, coated black

externally with manganese oxide, so that there was a horizontal line of

junction between the red- and the black-coated material. This is

probably due to deposition of manganese oxide from water filling the

excavation during the rains, and taken in conjunction with the common

occurrence of small amounts of manganese as veins and impregnations

in the rocks of this neighbourhood, indicates that the meteoric waters

must often contain manganese in solution ; this points to a wide

distribution of rocks containing manganese minerals, and suggests

that it may be worth while prospecting the portions of these estates

lying more remote from the main road.

Kadapah District-

According to Dr Balfour, peroxide of manganese occurs in this

district i, but no further information is available as to the character

of the deposit.

Karnul District.

At the 1857 Madras exhibition the following specimens from this

district are said to have been exhibited :—

(a) impure braunite 2
;

(h) magnesian limestone with dendritic manganese 3
;

(c) peroxide of manganese from Roodrar in the KoU Kuntla

taluk 4
;

{d) slightly magnetic steel-grey iron sand 5
;

According to Mr. N. G. ChettyS ' manganese is to be found in

Nandavaram, Banganapalle, Nagireddipalli in Sirvel Taluk

and several places in Koilkuntla '.

1 Cyclopcedia of India, 1st Edit., p. 1183, (1867).

2 Jury Reports, 1857, p. 2.

3 Ibid., p. 4
4 Ibid., p. 2,.

5 Ibid., p. 3.

6 Kamoo District Manual, p. 99, ( 1886).
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Madura District.

According to the Rev. C. F. Muzzy, whose collections arc fully

described by Mr. J. H. Nelson l ' manganese abounds on the hills 2,' while

a specimen from Puda-kudi of ' wood-opal striped with oxide of iron or

manganese' is mentioned^. Various other minerals containing manganese

are also enumerated, viz. :—aplome, carpholite^ jeffersonite, and

arfvedsonite, but it is not stated how or by whom these minerals were

identified. A less complete list of these collections was given earlier by

Dr. E. Balfour. *

Nilgiri Hills-

Newbold ^ says that manganese-ore ' has been discovered by Colonel

Cullen and Dr. Benza on the Neilgherries ', and later ^' that it has also

been found ' in the iron ore near the lake at Ootacamund, and in the

Kaiti valley '; while the' Gazetteer of Southern India ' 7 states that

' the black oxide of manganese is found about the hills in many places,

existing in small veins and retiform deposits'.

Whilst staying at Ootacamund in October and November 1907 I

was able to confirm the last statement. The characteristic rocks of

the Nilgiri Hills are various members of the charnockite series. These

rocks have been to a very large extent altered at the surface with the

production of soft variegated lithomarges and other clays. This

alteration goes down to some depth, in many cases certainly 50 feet

and probably considerably deeper in places. The alteration is, however,

very irregular, so that in many places masses of the charnockite rocks

crop out at the surface, whilst isolated residual boulders of these rocks

are often found in the clays. At many spots round Ootacamund

one finds, especially in the cuttings by the roads and foot-paths, and

on the foot-paths themselves, black veinlets of a soft black

manganese oxide, best designated wad, traversing the lithomarges,

in which they often form a perfect network. These veins range in

1 ' The Madura Country ', pp. 4-16 and 23-42, (1868).
2/6Mi.,p. 30.

3 P. 15.

4 Catalogue of the Government Central Museum, Madras, 1855.
5 Mad. Jour. Lit. Sci, XI, p. 45, (1840).
^ Jour. Boy. As. Soc, VIl, ip. 2U, (1843); also see Jour. Roy. As. Soc, VIII,

p. 234, (1840).
7 Pharoah and Co., Madras, p. 470, (1855).
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thickness from tliat of a piece of paper to 4 inch and over. In

some places the manganese oxide forms irregular patches, with remains

of the charnockite scattered in it. In one place, namely, in a new

cutting where the Ootacamund railway cuts through the line of hills

joining Cairn Hill to Elk Hill, I found one of these patches of wad

over a foot in diameter. The manganese in all these cases must have

been deri'^/od from the rocks of the charnockite series during their

alteration into lithomarges. For doubtless the rocks of the series

contain a small proportion of manganese—probably in the ferro-

magnesian constituents, such as hypersthene, augite, and garnet

—

although the analyses given in Dr. Holland's Memoir on this series do

not return this constituent, probably because it was not looked for.

Amongst the spots where this manganese oxide occurs the following

may be specified :

—

1. On the path leading along the ridge from Snowdon to

Dodabetta.

2. In the new railway cuttings at the western end of Ootacamund

Lake.

.3. In the other railway cutting mentioned above.

4. At several points on the road to Governor's Shola.

5. By the side of the De Winton Road a little before reaching the

path to Monte Rosa, as one goes from Sylk's Hotel, and in

the path leading up from this point through the plantation

on the hill behind.

In places there is a small capping of lateritic rock on the lithomarge,

and in one of these occurrences of laterite I found a little dark brown

wad. This was near the road-metal quarries close to the 3rd milestone

on the New Pykara Road.

Nellore District.

Dr- Alex. Hunter^ gives the following minerals as having been sent

from Nellore by Mr. F. N. Crozier to the Madras Exhibition :

—
' jet black

sand containing iron and manganese ' and ' garnet aplome spar'. On

page 702 aplome garnet from Kaligiri used as emery is mentioned.

1 Letter No. 347, dated 1st November 1856, to Chief Secretary to Governmont.

Quoted in Boswell's Nellore District Manual, p. 7, (1873).

2 Loc. cit.
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Pudukottai State.

In the ' Review of Mineral Production in India for 1897 ', page 48,

it is said that maneanese-ore is reported to occ ur in this State ; but

I have been unable to obtain any confirmation of tliis supposed

occurrence.



CHAPTER XL.

DESCRIPTIONS OF BYj'POSITS—continued.

Madras Presidency—Vizagapatam District-

History—Output and labour—Physical characters of the distiict—Geology

—List of deposits—Nature and quality of the ores—Communications and trans-

port.

The Kodur Mines—Output—Garividi—Kodur—Duvvam—Devada—Sandan-

andapuram—Sivaram—Perapi-^Itakerlapilli—Mulagam—Govindapuram—Garbham

—Kotakarra—Gadasam—Avagudem—Aitemvalsa—Gotnandi—Bondapilli—Garra-

raju Chipurupalli (Garuja)—Perumali—Kamabhadrapuram—T^duru—Chintela-

valsa—Thonaum—Other localities.

In addition to being the district in which manganese-ore was first

^. ^ mined for export, its ores were amongst the earliest

known in India, Specimens of manganese-ores from

Vizianagram and Bimlipatam were sent to Dr. A. J. Scott of Edinburgh

by Dr. Alexander Hunter, who, according to Scott, had given a

description of the former ore in several of the Madras journals. In a

paper published in 18-521, Scott gives the following analyses :

—

Silicic acid

Peroxide of iron

Lime
Magnesia
Water
Red oxide of manganese
Oxygen

Total

Metallic manganese

Vizianagram.

99-738

53-428

Bimlipatam.

8-300 9 09
12-910 11-72

1-244

2-339 0-668

0-539 0-432

73-786 76-177

1-864 0-655

99-986

54-929

^ Edin. New Phil. Jour., LIII, pp. 277-9, (1852): the A'^zianagrum analysis is

erroneously given as totalling to 99-735.



Chap. XL. 1 VIZAGAPATAM DISTRICT. 1043

Scott remarks that the analysis of the Vizianagram ore agrees most

nearly with that of marcellin from St. Marcel in Piedmont, investi-

gated by Damour, who considered the, mineral to be a mixture of

braunite and silicate of MnO ; but Rammelsberg remarked that if it

possess a distinct crystalline form, as it appears to do, it cannot be a

mixture ; and he suggests that the crystals may be braunite and that

the analysis has been made with a specimen containing impurities.

Combined silica is, however, now considered to form an essential part of

the formula of braunite , and the above analyses conform very roughly

to the formula 7Mn20.,. 2Mn2Si03.

In 1855, E. Balfour published a letter that had been sent to him

in 1850 by Mr. F. H. Crozier.i

Mr. Croziet forwarded with this letter a black mineral that he

supposed was antimony-ore, as the natives said it was surma. It was

to be found in some quantity a few miles to the south of Cheepooroo-

pully (ChipurupaUi).^ He says :

—

' When at Bimlipatam some raonthp since 1 met an encampment of Mundoola-

wanloo or itinerent sellers of medicines on route from the northward to Madras.

On examining the articles they had for sale in the prepared and original state,

I found some of the ore correspond in appearance uith that we had obtained

from Cheepooroopully, and they confessed that they always made a detour from

the direct road to that place for the express purpose of procuring it
.'

Further :

—

' I sent for one of the soorma merchants in the bazar, and on my showing him

several pieces of that by me, he at once said it was sooima of inferior description

and worth about 2 annas a lb., in the crude state : he further said that he had

been in the habit of purchasing the same ore from the Mundoolawanlco caste

I have referred to '.

Balfour says that :

—

' the ore, first mentioned by Mr Crozier, which the people consider an

inferior description of the sulphuret of antimony, soormah, so largely used in

medicine and for the toilet in this country, has been carefully analysed by

Dr. A. Scott, who has reported it to contain 53 and 54 percent, of metallic

manganese, and oxygen ab iut 22-558

According to the Reports by the Juries, Madras Exhibition, 1855,

page 3, the manganese-ores from Vizianagram and Bimlipatam :

—

' occur in huge veins from 3 to 5 feet in thickness amongst primitive granites.
'

1 On the Iron Ores ; the Manufacture of Iron and Steel ; and the Coals of the
Madras Presidency, Madras. 1855, pp. 238-240.

2 Doubtless in the area now known as the Kodur Mines.

2 P
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According to the same Reports, page 6, peroxide of manganese was

also obtained from the same area. According to the Gazetteer for

Southern India, page 29, published by Pharoah and Co. in 1855 :

—

' manganese-ore of great purity has recently been discovered to a very con-

siderable extent in the Coomaram Tannah
'

of which Chipurupalli was the chief station.

Mr. D. E. Carmichael says l ' that manganese (sddda) is to be had on the

rock at BimUpatam and is delivered in the to\vn at two annas a maund '.

Dr. King in 1886 2 described the use of psilomelane as road-metal

on the road to Palkonda at a point about 6 miles to the northward of

V^izianagram, He also says 3 that :

—

' traces of a similar development of crystalhme limestone and associated

manganese-ore occur near Ramachandrapuram 4 in the Salur zamindari ; the high

road, when it bifurcates to Bobbilli on the one side and Salur on the other, being

also metalled for some distance with debris of the ore '

.

The known workable deposits of manganese-ore of this district

nearly all lie in the Vizianagram Zamindari, and the above-mentioned

ores from Bimlipatam and Vizianagram were, in all probability, not

actually extracted at these towns but in the adjoining country.

A syndicate was formed in 1891 to work these deposits, and there

was a small initial export of 674 tons in 1892 (not reported in the

official statistics), with an export of 3,130 tons in 1893. In 1895,

the syndicate was converted into a company under the title of the

Vizianagram Mining Company, Ld., with the sole rights to work

manganese-ore in the Zamindari of that name. A brief account of

the work up to 1896 has been given by Mr. H. G. Turner^, one of the

directors of the above-mentioned company, and formerly Collector of

the Vizagapatam district.

The success of the Vizianagram Mining Co. gave rise to active

prospecting by other people and concessions vv-ere obtaincid by

Messrs. Gordon WoodrofTe & Co. of Coconada, Messrs. A. S. N. & Co.

of Nellore, and by Mr. H. G. Turner. But all the best deposits had

apparently been secured by the V. M. Co., and very little ore has yet

been extracted from any of the other deposits except Avagudem.^

1 Vizagapatam District Manual, p. 155, (1869).
a Rec. G. S. I., XIX, p. 155, (1886).
3 Page 156.

4 ?Ilainabliadrapur<>i!!.

5 Jour. Iron Sie i Inst., 1890, No. II, pp. 165-1 0

6 Since trausftrred to the V. M. Co.
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During 1905 and 1906 the Madras Manganese Company—since con-

verted into the Bobbili Mining Co., Ld.—started work on several small

deposits situated within reach of Chipurupalli and Garividi stations.

The importance of the industry that has developed to work the

Vizagapatam deposits can be seen from the

following table giving figures of both output

and average daily number of workers :

—

Output and labour.

Year.
Output in

long tons.

Average daily

number of

workers.

1892 . 674 (a)

1803 . 3,130 (a)

1894 . 11,410 (a)

1895 . 15,810 600 to 1,100

1896 . 56,869 1,200

1897 . 74,467 2,750
1898 . 62,980 3,530

1899 . 84,652 4,780

] 900 . 92,008 4,242

1901 . 76,473 2,770

1902 . 68,171 3,966

1903 . 63,074 2,939

1994 . 53,602 1,980

1905 . 63,789 2,508

1906 . 111,501 5,848

1907 . 159,219 8,417

(a) Figures uot available.

Topographically the Vizagapatam district is composed of two belts.

One consists of low-lying plains adjoining the
Physical characters of

gea-coast and stretching mwards to distances of
the district.

, •, , ,

30 to 50 miles irom the coast ; whilst the other,

lying to the north-west of the coastal belt, is composed of the wild

hills known as the Eastern Ghats, which rise to elevations of 3,000 and

4,000 feet. These plains and the eastern portions of the ghats are

drained by a number of comparatively short rivers and streams flowing

on the average in a south-easterly direction to the sea. The largest of

these, for which no name is given on the map (Atlas Sheet 108), flows

by Palkonda aud Chicacole The monganese-ore deposits of this district
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are all situated, as far as is known, in the coastal plains, but three

occurrences of manganese-silicate-rocks (Nos. 21, 22, and 23, on

Piate 56) have been located in the eastern fringe of the ghats, and a

close search in these densely wooded hill tracts might lead to the

discovery of economically valuable deposits of manganese.

Geologically the Eastern Ghats, the eastern fringe of which is shown

^ J

on the map (Plate 06), are composed, in this

part of their course, of alternating bands of

gneissose granite, the charnockite series, and the khondalite series, with

an average strike of N. N. E. The rocks in the plains to the east are

largely obscured by alluvium given up to cultivation ; but wherever they

appear at the surface either in isolated hills or mounds, or as obscure

outcrops in the fields and stream-beds, they are found to be composed

of rocks of the same three groups as in the Ghfits. These plains have

not, however, been geologically mapped into these three divisions. The

manganese-ore deposits mostly occur as low mounds and hillocks

protruding from the alluvium, but in places the presence of manganese-

ore beneath the surface is indicated by pebbles of ore at the surface.

As has been earlier more fully explained (Chapter XIII), these

deposits are regarded as having been formed by the chemical alteration

of apatite- spandite -felspar-rock (kodurite), spandite-rock, pyroxene-

spandite-rock, and other varieties of the kodurite series, with consequent

concentration of manganese oxide into workable deposits of psilomelane,

pyrolusite, and braunite. These manganese-silicate-rocks are supposed

to be basic segregations from a magma that was considerably more

acid (approaching a granite), and the whole mass of acid and basic

rocks is held to have been intruded in the molten condition into the

pre-existing rocks. The junction between manganese-intrusives and

the older rocks is hnt rarely seen, but, judging from the relative prox-

imity of rocks of the three series above mentioned, it seems as if the

manganese rocks have always intruded themselves into the rocks of

the khondalite series. The khondalite series of T. L. Walker consist

chiefly of khondalite (sillimanite-garnet-graphite quartz-schists), and

granular crystalline calcareous rocks composed of some or all of the

following minerals :—diopside, woUastonite, scapolite, felspar, garnet,

and oalcite ; and the manganese-intrusives seem to be more intimately

associated with the latter rocks than with the typical khondalites.
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The following is a list of the manganese-ore deposits 1 have

visited, or concerning wliich 1 have been able

' "
to obtain definite information :

—

1. Garividi.

2. Kodur.
j

3. Duvvam. }• The Kodur Mines.

4. Devada. I

5. San lanandapuram.

6. Sivarani.

7. Perapi.

8. Itakerlapilli.

9. Mulagam.

10. Govindapurain.

11. Garbham.

12. Kotakarra (I and II).

13. Gadasam.

14. Avagudem.

15. Aitemvalsa.

16. Gotnandi.

17. BondapiUi.

18. Garraraju Chipurupalli (Garuja).

19. Perumali.

20. Ramabhadrapuram.

21. Taduru (Tadiyur).

22. Chintelavalsa.

23. Thonaum.

24. Other localities.

These will be described later in order of number. Where I know

from a personal visit or from definite information the situation of a

deposit I have indicated it on the map (Plate 56) by a cross ( + ), but

where I do not know the situation of the deposit relative to the village

within the limits of which the deposit is situated I have simply under-

lined the name of the village on the map. The district is divided into a

large number of taluks, some of these corresponding to zamindaris. The

deposit given in the above list are situated in the following taluks :

—

Chipurupilli ta'uk:—Nos. 1, 2, 3, 4, 6. 7, 8, 9, 10, 14, 15, 16, 17.

Vizianagram taluk:—No. 6.

Gajapatinagram taluk:—No=. 11, 12, 13.

Palkonda taluk:— 18.

Bobbili taluk:—No. 19, part of 20 (Bankuruvalsa).

Salur taluk :—Part of 20 (Sonpuram and MamidipiUi).
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Since the foregoing list was drawn up the Madras Manganese Co.

has, during 1906, started work at the following additional localities, about

which I have practically no information 'for output from them see

pages 435 and 463) :

—

Gadabavalsa, Lakshmipuram, Nimmalavalsa, Sarveswarapuram,

Viziarampuram, Batuva, Viswanadhapuram, Challapuram, and Ravi-

valsa; and, in 1907, at the following additional localities :

—

Baidapilli, Chinna Ranyam, Kothavalsa, Chokkarapalera, Gotnandi,

Vedullavalsa, Gumadam, Mukkunarasannapeta, Regati, Dannanapeta,

Gunpam, Palavalsa, Duggivalsa, Kondapalem, Sivandhoravalsa, Buthar-

ayavalsa.

In addition to the localities given in the list on page 1047, the

output of which will be found given under the headings of the respective

deposits, the Vizianagram Mining Co. have raised ore at the following

localities during 1907:—

Deposit. Manganese-ores.
Ferruginous

manganes e -ores.
Total.

Bajuvalsa.... 16 286 302
Batuva .... 103 312 415

Boddam .... 1,694 684 2,378

Chinna Palavalsa 8 19 27

Chipiirupalli 834 834

Danna'iapeta 842 842
Devarapilli 419 419

Gadabavalsx 59 357 416
Jada .... 685 205 890
Kot^apeta 54 141 195

Lingalavalisa 2100 8 2,108

iSaiduvalsa . . • 54 54
Nellimarla 3,033 909 3,942

Vedullavalsa 172 731 903

The principal ore is psilomelane,oheri very cavernous, and frequently

containing scattered granules of braunite ; these

otlh'orT P^«^ Pl^«es into big plates of this mineral,

which is sometimes, as at Garividi, the pre-

dominant mineral. Kidney-shaped and stalactitie varieties of psilo-

melane have been found at Garbham, and the lead-like variety at

Avagudem. Pyrolusite is also of fairly frequent occurrence, especially
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at Kodur and Sandanaudapuram ; whilst vredenhurgite (at Garividi) and

manganmagnetite (at Kodur, Garbham, and elsewhere) have also been

found.

Since 1906 the Vizianagram Mining Go. has divided its output into

manganese-ores and manganiferous iron-ores, all ores with 43% Mn
and over being classed as manganese-ores, and all ores with 35—43%
Mn and not less than 15% of iron being classed as manganiferous iron-

ores. As already explained (see page 498) I consider this latter term

inappropriate as applied to ores with more manganese than iron ; I have

therefore designated such ores ferruginous manganese-ores, instead of

' manganiferous iron-ores'.

The samples taken by me from deposits Nos. 1, 2, 4, 5, 7, 11, 12, 14,

and 20, were analysed at the Imperial Institute. The results are inserted

later in the descriptions of the respective deposits ; but the limits

and mean of these 12 analyses are shown in the following table :

—

Limits. Mean.

32-21 to 49 05 42-96

4-80 to 15-70 11-22

1-10 to 10-30 4-29

0-13 to 0-48 0-27

0-50 to 1-85 0-90

Manganese
Iron

Silica

Phosphorus
Moisture

These can be compared with the analyses of Kodur and Garbham

ores given by Mr. Turner in the Jour. Iron Steel Inst., No. II of 1896,

page 160 :

—

Manganese
Iron

Silica

Phosphorus
Moisture

I. II. III. IV. V.

48-65 46-15 50-35 45-08 47-09
7-10 10-35 6-38 13-23 10-80

2-23 3-20 3-21 4-60 2-45

0-12 0-21 0-24 0-27 0-26

1-10 1-30 1-65 1-80 1-48

Note.—I and II. Kodur ore ; III aud IV. Garbham ore; V, Garbham ore (cargo
test).

and with the following summary of figures representing the average

quahty of the ores mined by the Vizianagram Mining Co. They are
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based on figures—scattered through the text under the headings of their

respective deposits—kindly supplied by Mr. T. Caplen in 1906 :

—

FerruginfMis manganese-

(8 analyses). ores 1 (7 analyses).

Limits. Mean. Limits. Mean.

Manganese 41-45 to 49-69 44-34 35-43 to 38-51 36-75

Iron 2-35 to 1-290 9-08 12-87 to 19-32 15-20

Silica 3-05 to 5-70 4-15 4-93 to 6-90 5-72

Phosphorus . 0-26 to 0-45
0-32J 0-20 to 0-455

1

0-335

Communications
transport.

As regards railway communications, a glance at the map will show

that the East Coast Section of the Bengal-

Nagpur Railway passes right through the

manganese area, the stations of Sigram, Chipu-

rupalli, and Garividi, being most convenient. The output of Garbham,

the Kodur mines, and Perapi is despatched from Garividi, from which

the distance to the port of Vizagapatam is 56 miles. The projected

railway from Raipur in the Central Provinces to Vizianagram will

further improve the communications, especially for the Ramabhadra-

puram deposits. The ores are at present carted from all the deposits

to the railway, and the example of the Central Provinces in the

construction of mining tramways has not been followed

.

The Kodup Mines.

(See Plates 47 to 50.)

The following deposits :

—

1. Garividi,

2. Kodur,

3. Duvvam,

4. Devada,

5. Sandanandapuram,

-Termed ' mauganiferous iron -ores ' by the Vizianagram Mining Co.
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given in the list on page 1047 are usually known as the Kodur Mines

and are all being worked by the Vizianagram Mining Co., Ld. Kodur

was the first to be worked seriously, not only in this district, but in

the whole of India.

These quarries (for they are open cast workings rather than mines

are situated along a Une about 3 miles long, running S. E. from

Garividito Kodur and then S. 40"^ E. from Kolur to Devada and S. 3^ E.

from Devada to Sandanandapuram. The chief of these mines is that

known as Kodur (more correctly Koduru), which is partly within the

'^0
Kh.

Sc. "x.

'.JJUARRY

iGarividi
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Fig. 79.—Geological sketch map of the Kodur Mines, Vizagapatam district.
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limits of Kondakoduru (or Kondapalem) and partly in Duvvam,

none of the excavations being within Koduru village limits.

As is shown in the map (Fig.^79) of this area, parallel bands of

rock showing a similar change of strike lie on either side of the

manganiferous belt. On the N. E. side of the ore belt occurs a belt of

wollastonite-scapolite-gneiss (composed of wollastonite, >capolite, green

pyroxene, brown garnet, with subordinate calcite, felspar—both ortho-

clastic and plagioclastic— ,
quartz, and sphene), which crops out in a

series of small hills and tors of barren blackish aspect (one of these hills

is shown in Plate 50, fig. 2). These gneisses are so folded and vary .?o

in dip that it is extremely difficult to say if they dip under or over the

ore-belt. Forming another curve outside the gneisses is a belt of khon-

dalite (graphite-garnet-sillimanite-quartz-schist) marked by the three hills

shown on the map at a distance of 1 to H miles from the ore- belt.

In these hills also the dip is variable, being to the E. N. E. in the most

southern one and to the S. W. and S. S. W. in the middle and northern

ones respectively. Furthc to the east of this khondalite belt gneissose

granite comes in

On the S. W. side of the manganiferous belt there is a repe-

tition of the rocks seen to the N. E. of the belt. The scapolitic

gneisses are exposed on the low ground to the west of the Devada

and Sandanandapuram quarries and presumably continue to

the N. W. where, however, the ground is obscured by alluvium.

Although the rocks are much disturbed, still it is evident that the

general dip of this belt is towards the ore-belt. To the 8. W. of

the gneiss-belt is another of khondalite dipping under scapolitic

gneisses and marked by the ridges to the west of the Devada and

Sandanandapuram quarries. To the S. W. again of the khondalite

is gneissose granite.

Hence a section along the line XY of Fig. 79 might be as in Fig. 80,

m which the ore-zone is composed of very felspathic rocks carrying

bodies of manganese minerals and intruded along the bedding planes

of the scapolitic gneisses. The repetition of similar rocks on either

side of the ore-belt may, however, indicate an overturned synclinal,

through the base of which the felspathic and manganiferous rocks have

burst, as shown in Figure 81.
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Fig. 80.

W.S.W. E.N.E.

ms^'y/'/',lii,ri' \ ,

Fig. 81.

G = Gneissose grani'.e; K=Khondalite
;

S= Scap:)lite-wollastonite-di3pside-gneiss
:

Mn=^Ianganese-intrusives

.

Scale :—Ab^ut 2" = 1 mile.

Heights of hills exaggerated.

Figs. 80 and 81.—Alternative interpretations of structure along the lino of section
XY in Fig. 79.
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It has already been explained on page 1016 that the ore-belt is

regarded as composed of decomposed and chemically altered rocks

of igneous origin, to the fresh form of which the name kodurite

series has been applied—after the Kodur mine. These intrusives

consisted chiefly of acid rocks such as quartz-felspar-rock and

felspar-rock (the felspar being orthoclastic), with segregations

of more basic rocks, such as apatite-spandite-orthoclase rocks

(kodurite), apatite-pyroxene-spandite-orthoclase-rock (pyroxene-

kodurite), pyroxene-rock, spandite-rock, and pyroxene-spandite-rock,

arranged as patches and streaks in the non-manganiferous intrusives.

Subsequently the whole of this mass of intrusives has been subjected

to intense chemical action, so that the felspar has been converted

into lithomarge, and the manganiferous rocks into manganese- ores.

In the description of the various deposits the various pieces of evidence

wiU be given from which the conclusions as to origin given in

Chapter XII have been drawn.

From 1892 to 1907 the Kodur mines have produced 276,364 tons

of manganese-ore, giving an average of 17,273

tons a year, the details being as follows :

—

Years. Long tons.

1892 674

1893 3,130

1894 11,410

1895 15,816

1896 26,869

1897 . • 23,947

1898 27,800

1899 29,312

1900 28,163

1901 18,210

1902 14,748

1903 15,985

1904 12,065

1905 14,752

1906 16,048

1907 17,435

Total . 276,364
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During 1900 and 1907, the Kodur ores have been separated into

wo classes, as follows :
—

Manganese

-

ores.

Ferruginous

manganese-
ores.

Total.

1906 16,010 38 16,048

1907 16,943 492 17,435

1. Gapividi.

No ore-body in situ has been located within the limits of this

village, the excavations—which lie to the W. and N. W. of the

village and about a mile N. of Garividi Railway Station—being

entirely for detrital ore in the alluvium. At the time of my visit

(January 1905) extensive abandoned excavations were to be seen,

nearly filled with water, and showing round the sides a gravel

composed of granules of manganese-ore and quartz. In this gravel were

scattered pebbles of manganese-ore and quartz ; but the percentage

of the ore pebbles was evidently too small for this part of the gravel

to be worth working. Immediately to the N. W. of the

village, however, a small amount of quarrying was being carried

on, and here pebbles and boulders of manganese-ore up to a foot in

diameter were being extracted from the clayey gravel in which they

were embedded. And in view of the size of some of these boulders it

seemed that ore in situ could not be very far below. The gravel

consisted of round granules or pisolites of ore, |^ to ^ inch in diameter,

loosely cemented by a sparse reddish clayey matrix. The pebbles

and boulders of ore were broken open to ascertain the quality, and

then, if sufficiently good, carted to Garividi Railway Station. The

owner of the land to the north of the old excavations had some men
employed in digging shallow pits in his rice-fields, extracting the

ore-pebbles from their matrix of brown clay, and then filHng up

the pits again. He sold the ore to the Vizianagram Mining Co., Ld.,

at Rs. 2 per ton.
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These gravel deposits have been worked for several years,

but as the figures for the Kodur mines are

usually grouped together, I do not know-

how much ore has been won at Garividi. The figures for the i-wo

years for which I have been able to obtain separate figures are as

follows :

—

Year. Long tons.

1899 . . .... 1,974

1900 . ... . . 1,978

The best braunite in the Vizagapatam district comes from

Garividi. Some specimens can be obtained in

which single cleavage faces of the mineral

are 3 inches across.

Nature and quality of

the ores.

One piece of this braunite (A. 345) was analysed completely by

Messrs. J. & H. S. Pattinson with the result given in full on page 68,

where it is shown that the analysis corresponds to the formula

15Mn203. 4MnSi03 for this particular piece of braunite. The consti-

tuents of commercial importance are as follows :

—

Specimen No. A. 345

Manganese

Iron

Silica (total) .

Phosphorus .

Moisture

51-88

9-90

8-25

0-031

•25

Another picked piece of ore composed of fairly coarse granular

braunite with a specific gravity of 4"67 (and therefore prol ably contain -

ing a little admixed psilomelane) was also subjected to complete analysis

by the same analysts :

—
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Specimen No. A. 348.

Manganese peroxide (MnOj) ..... 38-62

Manganese protoxide (MnO) ..... 34-48

Ferric oxide (Fl-^Oj) 14-43

Alumina (AI2O3) 1-24

Baryta (BaO) 0-07

Lime (CaO) 0-82

Magnesia (MgO) 0-51

Potash (K2O) 0-25

Soda (Na^O) 0-23

Combined silica (SiO^) 8-05

Free silica (SiOj) 0-10

Sulphur (S) 0 037

Phosphoric oxide (P2O5) 0-055

Aisenic oxide (AsjOs) ...... nil

Cobaltous oxide (CoO) 0 05

Nickelous oxide (NiO ) 0-05

Cupxic oxide (CuO) 0-05

Lead oxide (PbO) ....... nil

Zinc oxide (Zn O) 0-15

Titanic oxide (Ti02) 0-07

Chlorine (CI) . . . . . . . . trace

Fluorine ( F) nil

Combined water (HjO) .... . . 0-60

Moisture at 100°C 0-25

Carbonic oxide (COj) ...... nil

100-112

Manganese ..... . 5113

Iron . 10-10

Silica (total) . 8-15

Phosphorus 0024

This analysis also corresponds closely—but not so exactly as

A. 345, probably owing to a little admixed psilomelane—to the formula

15Mn203. 4MnSi03.

A third picked specimen submitted to complete analysis was

supposed to be a variety of braunite. Analysis, however, showed it to
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be a new mineral of the formula SMnsOt- 2Fe203; to this I have given

the name vredenburgite (see page 49). It is distinguished from brannite

by its duller lustre, bronze tint, and highly magnetic character. The full

analysis is given on page 44 ; the following shows the constituents of

commercial importance :

—

Specimen No. A. 346.

Manganese ........ 45-62

Iron 21-90

Silica (total) 0-20

Phosphorus ........ 0 012

Moisture 0-20

There were 185 cart loads of Garividi ore containing about 140 tons

of ore lying at Garividi station ready for despatch. A sample (A. 28)

taken from these consisted largely of medium to coarsely facetted

braunite ; with a certain proportion of the grey psilomelane, with cavities

filled partly with black powder and partly with braunite, that is so

characteristic of Kodu -. This sample was analysed by Messrs. J. & H.

S. Pattinson with the following result :

—

Sample No. A. 28

Manganese peroxide

Manganese protoxid

Ferric oxide .

Baryta .

Silica (combined)

Silica (free) .

rhosphoric oxide

Ar.'enic oxide

Water (combined)

Moisture at 100°C

54-62

16-02

14-00

194
4-45

0-25

0-31

0-005

3-80

0-75

This indicates the presence of about 45% of braunite and 55% of psilo-

melane, and is equivalent to :

—

Manganese

Iron

Silica (total

)

Phosphorus

46-93

9-80

4-70

0134
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I am indebted to Mr. Caplen, manager of the Vizianagram Mining

Co., Ld., for the following figures representing ores actually mined at

Carividi :

—

Range of analysis.

Avoiage
analysis,

1906.

Manganese 40 to 47 4302
Iron ....... 5 to 13 10-02

Silica ....... 3 to 6 5-03

Phosphorus ...... 0-07 to 0-30 0-259

2. Kodur.

{Plates 47 to 50.)

The group of pits known as the Kodur Mines is situated a little

over I a mile due east of Garividi Railway Station ; work was

begun on this deposit in 1892. The first account of it was given by

Mr. H. G. Turner in the discussion on Mr. J. Head's paper on the

' Manganese-ore deposits of Northern Spain' '.

The character of this deposit when first discovered can be judged

from the following extract from Mr. Tiuner's account :—

' Tiie first mound discovered was within a few hundred yards of the railway.

Unaware of its nature and value, the lailway contractors were breaking up the

boulders of manganese rock for ballast. This mound consisted of about 60 acres

of black manganese rock and boulders intermixed with an alluvium of decomposed

gneis»'.

Since 1892 work has progressed continuously on this deposit, the

yearly production of manganese- ore increasing to a maximum in 1899.

Of the total production of manganese-ore from all the Kodur mines from

1892 to 1907 given in the table on page 1054, probably | has come

from the Kodur mine.

The main pit of the Kodur mine is about 180 to 190 yards long in

a S. of E. direction, and is of irregular shape. Fig. 82 gives a rough

sketch-plan of it as it was at tlie time of my visit in January 1905,

IV

1 Jour. Iron SUtl Inal., No. II, for 1898, p. 156.

2g
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while Plate 47 gives a good idea of the nature of this excavation.

The depth approaches 100 feet at thp deepest parts.

Fig. 82.—Rough sketch-plan of the Kodur Quarry (Jan. 1905.)

The smoke from the pumping engines had sooted over all the walls

of the quarrv except those recently cut, so
The lithomarges. , . . ,

that it was by no means easy to examine the

pits thoroughly. The soft rocks in which the ore-bodies lie consist

largely of lithomargic clays of white, yellow, red, and pink, colours,

often almost porcellanic in structure, together with abundant wad of

dark brown and black colours, occurring as streaks, patches, and spots,

in the above. Ochres also occur. When white the lithomarges are

almost pure kaolin, and might perhaps be sorted out during the

quarrying and sent to pottery works. A specimen of this kaolin was

analysed by Mr. J. C. Brown of the Geological Survey of India with

the following result :

—

Dried at 100° C.

Combined water . . . . . . . 13-08

Silica . 49-84

Alumina ........ 36-96

Lime ......... Traoef=

~99^

Moisture
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This indicates kaolin containing only 6 ,33 per cent, of free quartz,

the presence of which is rendered evident by a gritty feeling on powder-

ing up the rock. The coloured lithomarges owe their colouration to

oxides of iron, and often contain a small quantity of quartz, not usually

visible to the eye, but easily separable by powdering and washing.

^ The yellow ochre found in some places consists

partly of limonite rendered impure by litho-

marge and quartz, which are left behind on treating the powdered ochre

^
with hydrochloric acid. The wads, also, often

consist of lithomarge impregnated with oxides

of iron and manganese, so as to impart a brownish black to black

colour ; when treated with hydrochloric acid they leave a residue of

white lithomarge and quartz. One specimen of black wad was subjected

to complete analysis by Messrs. J. & H. S. Pattinson with the result

given on page 119. As there shown, the analysis indicates the wad to be

an admixture" of oxides of manganese and iron with over 6% of kaolin.

The constituents of commercial significance are shown below :

—

S-pecimen No. A. 338.

Manganese ........ 41-59

Iron 410

Silica 3-40

Phosphoius . 0-114

Moisture ........ 4-35

These lithomarges, wads, ochres, etc., were no doubt formed during

the chemical changes by which the manganese-ores were produced

from the manganese silicates, such as spandite and manganese-pyroxene.

The rocks from which they were derived were no doubt mainly felspar-

and quartz-felspar rocks ; but any or all of the other rocks noticed

below may have contributed to their formation. Such extensive chemi-

cal changes naturally led to great changes in volume, and many small

slips must have taken place in the lithomarges before equilibrium was

set up. In many cases the wad has been formed by the impregnation

of lithomarge with manganese oxide, and this impregnation has often

taken place up to some crack and stopped abruptly at it, so that there

are often very sharp changes from black oi yellow, to white, red, or

2 G 2
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purple. In some cases actual fissures must have been formed down

which fragments of the various soft rocks fell, producing a sort of fault

breccia seen in various parts of the pit. One sucli case is described on

page 1064. The small slips in these lithomarges, etc., have frequently

slickensided them along the cracks.

Before describing the ore-bodies, it will be well to consider briefly

the rocks to be found in various parts of the mine. These are nearly

all in an advanced state of chemical decomposition, the lithomarges

and wads being some of the products ; and it was only a close exami-

nation of the lithomarges that led to the discovery of patches of

less altered rock here and there.

In the extreme S.W. corner of the pit is some coarse-grained

kaolinized quartz-felspar-rock containing
Quartz-felspar-rock.

t i c , •

patches and streaks ot pyrolusite and passing

above into lithomarge and psilomelane with some pyrolusite. The

original rock was evidently a quartz-felspar-rock. Another variety,

now mainly kaolin, contained tiny scattered quartz grains and abun-

dant limonitic specks, possibly representing remains of garnet, so that

the original rock here was possibly garnet-quartz-felspar-rock. At another

point along the south wall in this corner of the mine a coarse-grained

quartz-felspar-rock was found, with the felspar sufficiently fresh to give

a potassium fiame-reaction. In the S. E. corner of L (Fig. 49) kaolinized

fine-grained quartz-felspar-rock was also found.

Amongst the lithomarges, wads, and ochres, being removed at L in

„ , ,
order to get at the underlving manganese-ore,

Felspar-rock. ^
.

J
_

t. &

and well shewn in Plate 49, is a rock, now all

lithomarge, that was probably once all felspar ; and many similar

examples are to be found in other parts of the quarry.

A cutting on top of the bank on the south side of the quarry

between XL and M shows a patch of vein-quartz
Vsin-quartz (rose).

about 4 paces long that seems to be surrounded

by wad with some lithomarge and to be an isolated mass. The

quartz varies in colour from pale reddish to pale violet. Vein quartz

also occur in patches in the lithomarges and wads at M.

In the N. E. corner of the mine (shown in Fig. I, Plate 50) many

interesting rocks are seen in the decomposed walls. On descending at
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A tlu' soft steps were found to be composed largely of a moderately fine-

grained rock, which was apparently once a

{ 4^nvTol'v
'''^'

^ ^
^

' pyroxene-spandite-felspar-rock (with apatite-

pyroxene-kodurite), the pyroxene being now

represented by manganese-oxide pseudomorphs. The walls along Jj

were also composed largely of similar rocks, which in one place were

sufKciently fresh to permit of the preparation of a microscope sUde.

This showed that the pyroxene was entirely converted into manganese

oxide, and the felspar probably orthoclase ; the pyroxene being

moulded on to the idiomorjjhic garnet, and the felspar interstitial with

regard to both.

Along B is also found a rock composed almost entirely of spandite.

The rock is a friable granular rock of medium

titl'rptarroW'"' grain, and dark chocolate-brown colour, and

sometimes shows little patches of the lavender

manganapatite to be noticed below. The garnet (spandite) is deep

orange-red to blood-red where transparent ; and the microscope

shows, scattered through the rock, a small amount of apatite which

is allotriomorphic with regard lo the garnet. Along the wall A
B there is a large quantity of this spandite-rock extending for

20 paces along the path. The rock contains thin yellowish clayey

bands. The garnets are often elongated so that the rock shows

a sort of parallel structure, the long axes of which dip to W. S. W.,

and are hence roughly at right angles to the dip of the rocks (to E.

N. E.).

In this rock there is a veinlet, varying from a fraction of an inch to

4 inches thick and traceable for 4 feet horizon-
Mangau-nuor-apatitc.

i , i • r
tally, of a lavender coloured variety of mangan-

fluor-apatite. It is possible that this is a segregation veinlet formed

during the cooling of the magma from which the spandite rock crystal-

lized out.

Another rock found along B is a black altered rock that looks as if it is

pseudomorphous in manganese oxide after an
Pyroxene-rock. ... .

^

original coarse-grained pyroxene-rock. That

this is the case is supported by the fact that on the path leaduig down

to the water's edge at M there is an exposure of a similar rock, m some
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cases free from garnets and in others containing an abundance of the

usual orange-red manganese-garnet (spandite). On breaking up this

rockit was found to pass inside into an exceedingly tough rock composed

of plates of a dark greenish to greyish black mineral, which, under the

microscope, is seen to be a pyroxene of yellow-green to brownish green

colour, practically non-pleochroic, and showing both prismatic and pina-

coidal cleavages. The extinction angles in sections parallel to the vertical

axis range up to 45°. There is also a certain amount of a colourless

pyroxene (? rhodonite). The pyroxene is seen to be altering very

largely to manganese-ore, which traverses it as a network, extends along

cleavage cracks, and unites into patches. In some cases the pyroxene

individuals are as much as an inch across. In sections showing both

spandite and pyroxene it is seen that the two minerals have crystallized

at about the same time, the spandite having perhaps started before the

pyroxene. This spandite-pyioxene-rock rests on a layer, 6 inches

thick, o'' a coarsely crystalline Hmestone, which is underlain by similar

rock. The limestone is probably a small xenolith like the much larger

once to be noticed below, and contains scattered granules of both the

garnet and pyroxene. Fresh granules of both the pyroxene and garnet

extracted from the limestone gave decided reactions for manganese.

At the junction, the calcite of the limestone interlocks with the large

plates of the pyroxenic rock and a few interstitial plates of calcite also

occur in the latter.

Along the wall B at its northern end the rock is very variegated and

, consists apparently of masses of more or less
Pyroxene-spandite-rock. '^^ •'

blackened pyroxene-spandite-rock (probably

original segregations) in a matrix of Ughter coloured spandite-fels-

par rock. Near B irregular patches of spandite-rock, altered pyroxene-

rock, crumbly fragments of white felspathic rock, and rounded pieces

of pyroxene-spandite-felspar-rock are set in a
A fissure-rock. ^

matrix composed of little grains of kaolinized

felspar and spandite in a soft or kaolinic clay-coloured basis ; and the

whole rock is probably to be regarded as a detrital infilling of a fissure,

opened out in these soft rocks on account of some change in volume

produced by the chemical changes that have affected the whole of this

mass of rocks. One of these included masses is composed of pyroxene(?)-

spandite-rock and is a yard across.
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At F is to be found a crumbly and partly altered rock of fairly fine

grain, composed of orange-red spandite, very

rorlTwudtoT'''^ P^^^ greyish apatite and a little white felspar

giving a potassium flame colouration. The rock

is partly altered with formation of wad and a pale yellowish clay,

but was evidently once an apatite-felspar-spandite-rock (kodurite),

the last-named mineral forming perhaps § of the rock.

In two different parts of the excavation, isolated masses of crystal-

line limestone are found that are almost

limestoue'^''
'"y**"^!'"""

certainly of the nature of xenoliths torn up

from below by the mass of intrusive rocks

composing the manganese-ore belt of rocks. These limestones may
once have formed part of the scapolitic gneisses (see page 243), and

may either have been derived from a variety of those rocks containing

a greater quantity of calcite than usual, or they may have been

formed from the typical diopside-garnet scapolite-wollastonite-rock by

the absorption of materials from the intrusives that carried them up.

One of these xenoliths is exposed at the surface on ^op of the southern

bank of the mine (XL on Fig. 82), with rounded surfaces and curved

hollows, such as are made by a stream on a limestone bed. Some
^^ry jagged quartzose strings and patches were weathered out from

the mass. It is 13 paces long in a N. E. direction and 12 paces

across. The rock is a very coarsely crystalline limestone, contains

green coccolite,— in some place pale green and in others greenish

black,— wollastonite, sometimes in porphyritic crystals an inch long,

sphene, scapolite, and some quartz, and beautiful, pale blue, rounded

prisms of apatite up to i inch long.

The limestone shows a certain parallel arrangement of its consti-

tuent minerals and has a dip of 55° to N. 20^ W.
;

resting on it at

the edge of the excavation is a medium-grained rock composed ui

microcline, and green pyroxene, with sphene, quartz, and ilmenite.

The second locality for these xenoliths is at XL (Fig. 82) in the

separate pit (H) to the north of the west end of the main pit. At the

time of my visit the quarrying operations were uncovering surface

debris from two rounded masses of crystalline limestone 2 or 3 yards

apart. One of these masses contained a patch of woUastonite-rock.

The limestone contained blue apatite.
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A third xenolith of crystalline limestone in pyroxenic rock has

already been mentioned (page 1064). In this place the limestone has

evidently absorbed manganese from the pyroxenic rock, so that mangan-

ese-garnets and -pyroxenes have been developed in it. It is possible

that the blue apatite in the large xenoliths of crystalline limestone

was absorbed from the manganiferous intrusives.

At the western end of the quarry along its southern edge near the

Q]^^^.^
water level were many huge blocks of brown

chert in the lithomarges and decomposed

quartz-felspar-rocks. During the chemical changes that have led to the

formation of the manganese-ores large quantities of silica must have

passed into solution. Such silica must to a large extent have been
redeposited as these masses of chert. This chert contains ramifying

chalcedony veins and small vein -like cavities, which are often found

to contain water when newly fractured.

Dr. Holland has described (see page 38) a specimen from Kodur of

w magnetite containing 2 '16% Mn and 2 "52^
Mangan-magnetite. ° °

AI2O3. At Kodur I found this mineral only

in the ores at A (page 1069) ; but what is probably also mangan-

magnetite, containing perhaps a larger per cent, of Mn, is very

common at Garbham and Avagudem.

It is in the soft lithomargic and other rocks noticed above that the

^, , manganese- ore bodies are embedded. At the
The ore-bodies. .

°

time of my visit the bottom of the pit was filled

with a depth of about 8 feet of water, as shown on Plates 47 and 50.

This water was due to unusually heavy rains in the previous monsoon

(July to September) and was being slowly reduced by pumping. Two
bands of ore were visible : one at the west end not more than 5 feet

thick and dipping steeply to E. 20° N.; and another at the east end

of similar thickness and dipping steeply to E. 10° N. The pit is thus

cut at right angles to the strike of these ore-bands and the excavation

between the west and east end of the pit would appear to have been

made in practically barren lithomarge. But Mr. Tom Caplen, the

manager of the Vizianagram Mining Co ,
Ld., tells me that ore

occupies the whole bottom of the pit.

Mr. W. H. Clark, who was formerly at Kodur, and is now manager

of the Central Provinces Prospecting Syndicate^ tells me that large
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lenticular masses of ore were extracted in excavating this pit, and that

they seemed to run together below and form a mass having the

general shape of the pit.

The ore-body at the western end is not really a continuous band

of ore, but consists of lenticular and boulder-like masses of manganese-

ore in wad and lithoniarge ; there are also often small pebble-like

masses of ore in the patches of wad. usually towards their centre.

A careful examination of this and similar occurrences of wad at other

parts of the deposit makes it evident that these boulder-hke masses of

ore are the result of the replacement of the lithomarge by oxides of

manganese, wad being the first product, passing on the accession of more

manganese oxide into manganese-ore. Plate 48 illustrates a section

seen at this end of the quarry, the black patches (0) being manganese-

ore, the white lithomarge, and the half tones wad.

The pit H, separated from the main quarry, was not deep, and

exposed an ore-band striking N.15 "W., not more than 3-5 feet wide,

and, as far as could be seen, also composed of isolated masses. This

strike brings it to the west end of the main pit at a point some 30 yards

east of the ore-band noticed in the previous paragraph, so that it is

probably another ore-band.

The ore-band at the east end of the quarry is best studied in the

N. E. corner B A (Fig. 82) of the quarry. This is the portion illus-

trated in Plate 50, Fig. I, where coolies are seen actively engaged in

quarrying the ore. On the way down the zig-zag path the soft rocks are

seen to be composed of the various decomposed rocks originally composed

of apatite, manganese-pyroxene, spandite, and felspar, and already

noticed on pages 1062 to 1064,

The rock of immediate interest is the mass of spandite-rock seen

in the wall A B (see page 1063). In places the spandite-rock is altered

to pyrolusite and psilomelane, and at the S. E. end of the cuttmg this

alteration is more frequent. Here there is an apparent dip at 45°

to S. E. and some bands of spandite-rock have been changed to

shiny psilomelane at the centre.

There is also another band of brecciation due to the filling in of a

fissure by spandite, clay, ore, and kaolinized felspar-rock. In the comer
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at A (Fig. 82) a mass of manganese-ore was being worked. A large part

of this mass consisted of crumbly spandite-rock
;
every stage in the

passage ( f this into manganese-ore was to be found, the final product

being a vesicular psilomelane with numerous vesicles averaging aboiit

to 8 inch in diameter. Some of these vesicles are empty and

then are found to contain water when freshly broken open ; some con-

tain a brownish black powder and some shining black braunite, usually

traversed by thin veinlets of psilomelane.

The quantity of ore visible in this part of the pit was not very large.

As shown in Fig. 82 this band of ore continues right across the eastern end

of the mine ; it was also being worked at L as shown in Plate 49,

which is a photograph of this part of the mine.

Besides the ore-bands mentioned above there were obscure exposures

of manganese ore at several points round the sides of the pit, while

little bands and nodules of ore were of frequent occurrence throughout

the soft rocks.

In addition to the main pit there are several excavations to the

north, but as none of these were being worked and time was limited,

I did not examine them ; but they had evidently been excavated in

similar soft lithomargic rocks.

In the process of formation of manganese-ore from spandite-rock

the first variety of marketable value formed is

Nature and qualitj of the composed of hard grey vesicular psilomelane

with a large quantity of a soft brownish black

powder, and often a few scattered specks of braunite. This variety passes

into that most characteristic of Kodur (A. 334), namely, a vesicular

liard grey psilomelane with some of the vesicles empty, some filled with

brownish black powder, and some with braunite. These patches of

braunite seem to be able to grow at the expense of the p.silomelane,

so that patches up to 1 to 3 inches across are sometimes formed in

the psilomelane. Another variety, not found in any quantity, is com-

posed largely of black facetted braunite with a little interstitial psilome-

lane.

Two specimens of ore were selected for complete analysis. A.334

is the typical ore mentioned above. A.336 is a porous dirty ore,



1
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composed of a very magnetic mineral (probably mangan-magnetite),

psilomelane, and soft brownish black oxide.

Specimen Specimen
JNo. A. dJ4. No. A. 33G.

MnOs 71 10 44-68

MnO 9-84 24-85

Fe^Oa 6-57 1314

AI2O3 1-38 6-84

BaO 0-G5 0-53

CaO 0-66 0-86

MgO 0-32 0-50

KjO 3-75 1-01

Na^O 0-21 021

Si02 (combined) ...... 2-00 4-50

Si02 (free) nil 0-20

Sulphur ....... 0-025 0-030

PaOj 0-492 0-261

AsjOg nil nil

CoO 0-05 0»08

NiO 0-05 0-07........ 0-04 0-07

PbO nil nil

ZnO 010 0-10

T1O2 0-06 0-11

Cblorioe ........ Irace Trace

Fluorine ........ nil nil

H2O (combinotl) water ..... 2-60 1-90

Moisture at lOQOC 0-30 0-20

CUs ........ nil nil

100-197 100-141

These are equivalent to :

—

Manganese ....... 52-58 47-50

Iron ........ 4-60 9-20

Silica (total) ....... 2-00 4-70

Phosphorus ....... 0-215 0114
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On the assumption that the braunite has a composition corre-

sponding to the formula 7Mn203. 2Mn8i03, the analysis A.334 can

be expressed in terms of the niineralogical composition as follows :

—

Specimen No. A. 334.

Apatite ....
Braunite (including 6-57 Fe^Oa)

Psilomelane :

—

Al4(Mn05)
Ba^MnOg
CajMnOa
Mg^MuOj
KiMnOg
NaiMnOj
Co^MnOj
NijMnOs
CuaMnOa
ZnzMnOs
HiMnOo
Mn,MnO=

Sulphur
TiO., .

Moisture at IDO". C.

Surplus oxygen

3-47

0-87

0-04

0-73

5-8o
0-38

0-08

0-0^

0-07

0-16

10-03

53-20

74-91

1-132

22-75

74-91

0-025

0-06

0-30

99-177

1-02

100-197

The oxygen error is rather large ; but may be due either to the

presence of some Mn4(Mn05)3, or to other constituents in the speci-

men, such as spots of soft black oxide.

The foregoing ores seem to have been formed by the alteration

in situ, with accession of further supplies of manganese oxide from other

parts of the rock- mass, of masses of spandite-rock ; but frequently

ores are formed in the midst either ol rocks containing no manganese,

such as the quartz-felspar-rocks and their resultant lithomarges, or in

rocks, such as apatite-spandits-felspar-rock, in which the percentage

of original manganese is small. In such cases the resultant ore formed

bv replacement of the pre-existing rock, whatever it may have been,

is pyrolusite or compact psilomelane. A specimen of such pyrolusite
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taken from a stack of such material and composed of compact pyro-

lusite, with cavities Uned with mamniillated pyrolusite, was subjected

to complete analysis by Messrs. J. & H. S. Pattinson with the result

given on page 82 of Part 1. The analysis there given is equivalent to :

—

Specimen No. A. 197.

Manganese -VJ-IH

Iron 0-05

Silica <total) 0-.50

Phosphorus ...... . . 0-41

7

It will be seen from the above that this is very high grade ore,

characterized by very low iron, and high manganese and manganese

peroxide ; it should be suitable for glass manufacture and chemical

purposes.

From some 90 tons of Kodur ore lying at Garividi Railway Station

ready for despatch I took sample A. 27. This consisted of the various

varieties of cavernous psilomelane with scattered specks of braunite

and a few braunite patches. It was partially analysed by Messrs.

J. and H. S. Pattinson with the following result :—

Sample A^o. A. 27.

Manganese peroxide ... . . 57"19

Manganese protoxide . . . . . . 14 "IS

Ferric oxide 1.3-85

Baryta 220
Silica (combined) . ...... 2*93

SiHca (free) 0 20
Phosphoric oxide . . ..... 0-438

Arsenic oxide ....... 0 005

Wat^r (combined) ...... 3-30

Moisture at 100" C 'VC5

This is equivalent to :

—

Manganese ........ 47-11

Iron 9-70

Silica (total) , 3-l5

Phosphorus . . . . . . . 0-191

and indicates the presence of nearly 30 % of braunite.

In the following table the first two analyses were given by Mr.

H. G. Turner in Jour. Iron Steel Inst., No. II, for 1890, page 1(50, whilst

the figures in the 3rd and 4th columns were kindly supplied by Mr. T.

Caplen, manager of the Vizianagram Mining Company, Limited.
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Analyses of merchantable Kodur ores.

Range of Average
Manganese- Manganese- analysis of analysis of

ore, isyo. ore, l»yo. manganese

-

manganese-
ores, 1906. ores, 1906.

Manganese . 48-65 46-15 45 to 55 49-69

Iron 710 10-35 5 to 10 7-41

Silica .
2-23 3-20 2 to 5 3-20

Phosphorus .
0-12 0-2l 0-20 to 0-30 0-297

Moisture MO 1-30

Insoluble 3-52

Partly on

The working of the de-

posit.

account of the irregular nature of the scattered

ore-bodies and partly because of the structural

weakness of the enclosing rocks, it has been

found necessary to excavate the whole of the

mass of rock. Since big falls of side would occur from time to time

were the sides of the pit kept vertical, the pit has been excavated

in a series of steps some 6 to 10 feet high fsee Plates 47 to 50). At the

eastern end of the quarry an attempt was once made to follow the

manganese-ore into the lithomargic ' country ' by means of galleries, the

object being to obviate the necessity of removing the large over-

burden of lithomarges, etc., covering this part of the deposit. The

attempt failed on account of the structural weakness of the rocks

and presumably insufficient timbering and the galleries fell in ; so that it

has been found necessary to remove the overburden and work down

to the manganese -ore, as shown in Plate 49, where the old galleries are

still visible.

No attempt has been made to introduce any labour-saving appliances

for removing the ore and waste from the quarry ; but instead these

products are carried out of the pit on the heads of men, women and

children, as can be seen in Plates 49 and 50. The ore is hand-dressed on

the bank of the mine and stacked, and, after analysis, is hand-trammed

to Garividi Railway Station. During the rains (July to September) work

is stopped because the pit becomes partly filled with water. Before

work can be resumed it is necessary to remove a large part of this
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Fig. 1.-N. E. CORNER OF KODUR MANGANESE-QUARRY.

Photographeil by L. L. Kerincr. Bemrose, Collo., Derby.

Fig. 2.-UNLOAD1NG MANGANESE-ORE AT GARIVIDI RY. STA., EAST

COAST RY.
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water, for whicli purpose a couple of pulsometer pumps are employed

worked by the vertical engines seen in Plate 47. The ore in the bottom

of the pit cannot be touched until well on into the cold weather when

the whole of the water has been removed by continuous pumping

;

after this has been accomplished pumping is still necessary to control

the constant influx of subterranean water.

3. Duvvam.

Part of the main Kodur pit already described is within the limits

of this village. Between the Kodur pit and the Devada quarries

shown in Fig. 79, there are several other pits lying in Duvvam limits. As,

however, they were not being worked, T did not examine them. But

it was evident from the sides that they had been excavated in similar

soft rocks to the Kodur pit.

In the only year, namely, 1899, for which the output figures of

Duvvam have been separated from those of Kodur, the output was

571 tons.

The following figures showing the range of analysis of Duvvam

ores, now no longer worked, were supplied by Mr. Caplen :

—

Manganese . . . . . . 43 to 48

Iron 4-5 to 16

Silica 2 to 4

4. Devada.

There !s here a series of shallow excavations showing similar

kaolin, lithomarge and wad to Kodur, often
The roclvS.

with patches of pyrolusite scattered through

these soft rocks. In places quartz-felspar-rock was seen. In one of the

pits soft altered rather fine-grained quartz-apatite-spandite-felspar-rock

(quartz-kodurite) was found, the apatite being light sea-green in. colour

and up to I inch or more in diameter, while the felspar reacted as

usual for potassium, and the spandite was pale sherry-coloured.

A little to the S. W. of this pit I was shown a spot from which

some eight years previously some hundred-

weights of large crystals of apatite had been

obtained. The excavation then made had become silted up with

clay, but round the edges I found abundance of the soft rather
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fine-grained apatite-felspar-rock with a certain proportion of spandite
;

hence it seems probable that the apatite crystals were obtained

from a pegmatitic variety of the apatite-spandite-felspar-rock (kodurite).

Mr. W. H. Clark kindly showed me a heap of this apatite lying on the

surface of the ground near the Kodur quarry, whither it had been taken.

The crystals are hexagonal prisms, a few of them showing pyramidal

terminations. They are much corroded by tunnels and cavities ; but

whether these are an original feature, or were formed while the crystals

were lying on the ground, I do not know, although I suspect the former

to be the case. One piece indicated a prism. ^ inches in diameter.

The colour on fresh fractures is a beautiful deep sea-green, and the

mineral is mangan-fluor-apatite. I saw, also at the apatite locality,

some of the crumbly brown spandite-rock so abundant at Kodur.

One of the pits had been partly cut into the diopside-scapolite-

woUastonite-rock forming the band to the west of the ore-belt, thus

^ ^ ^
showing that this rock undoubtedly forms the

western wall of these intrusives. That this rock

also forms the north-eastern wall of the ore-belt is indicated by the

small tor of these rocks shown on the map (Fig. 79) a little to the east of

the Devada pits. The rocks in this tor are extremely contorted and are

traversed at the northern end by a granitic intrusive.

I saw very little ore exposed in any of the Devada pits, but some

•50 tons of ore were lying at Garividi Railway
Nature and quality of

g^atio::, from which I took Sample A. 30.
the ores. '

This ore consisted of pyrolusite. and psilome-

lane (both dull and shiny), with scattered facets of braunite in some of

the psilomelane and pyrolusite. There was also some dull facetted ore

suggesting psilomelane pseudomorphous after pyroxene. The sample

was analyst d by Messrs. J. and H. S. Pattinson with the following

result :

—

Samvle No

Manganese peroxide

Manganese protoxide

Ferric oxide .

Baryta
Silica (combined)

Silica (free)

Phosphoric oxide

Water (combined)

Moistvu-e at ] 00°C.

1. 30.

66-20

6-76
10-U
7- 92

MO
nil

0-41
3-60

1-00
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This indicates the presence of some 11% of braunite and is equivalent

to :—

Manganese . , . . . . . .47-08
Iron 710
Silica (total) MO
Phosphorus 0179

In the only year, namely, 1899, for which I have been able to obtain

the output figures of Devada separated from those of Kodur, the

output was 2,167 tons,

Mr. Caplen sends me the following figures shewing the range of

analysis of Devada ores, which, however, are no longer (in 1906) being

extracted :

—

Manganese 42-5 to 50-0

Iron 3-5 to 11-0

Silica 1-5 to 4-5

5. Sandanandapuram.

The succession of shallow pits lying within the limits of this village

^ ,
forms the southern end of the manganiferous

Detrital accumulations. . i i

belt, as far as it has been traced. Most or the

pits disclose only detrital accumulations of pebbles and boulders of

manganese-ore and khondalite, in a matrix composed of pisolitic granules

of manganese-ore, hematite, limonite and quartz, set in a red clay. In

one of these excavations, situated at the
Amethystine quartz.

j f a j j ^nortnern end or bandanandapuram, at a point

a little to the N.E. of the north end of khondalite range of hills lying to

the west of the Sandanandapuram quarries, a considerable quantity of

loose pieces and crystals of quartz was being removed. Some of these

were water-clear, free from flaws, and often pale rose or amethystine

in colour. One piece showing pyramidal and prismatic faces is 9 inches

across. Another doubly terminated crystal is smoky quartz. In the

most southern pit (known as the Dimidi pit)
L/£16rt/>

1 -I 1

the detrital accumulations rest on brown chert,

which here occurs in considerable quantity and is veined and patched

with psilomelane. In an ore stack here the ore was traversed by a

network of cavities lined with chalcedony, some of which was pale

rose-coloured, the ore being both psilomelane and pyrolusite.

ly 2 H
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Towards the north end of Sandanandapuram there is a large pit

Lithomarges
containing a considerable depth of water.

Along the east wall are exposed fine-grained

banded gritty lithomarges of various colours and' in some places a

granular quartz-rock with a subordinate kaolinic matrix. A large

quantity of ore is said to have been obtained from this pit, and, to

judge from heaps of small granules lying on the banks, this ore was
chiefly pyrolusite occurring as segregations scattered through the

lithomargic clays, from which the ore is said to have been separated

by washing and sieving.

On the low ground immediately to the west of these pits there are

numerous outcrops of the diopside-scapoUte-
bcapolitic gneisses.

.

'-

. .

wollastonite-rock, often containing garnets

and in places intruded by quartz-felspar-rock. These rocks are much

twisted, with very irregular dips to the east side of the strike, which

averages N. N. W.

Practically all the ore seen in the ground was in detrital accumu-

lations, although much pyrolusite was appar-

ently once obtained as segregrations in litho-

marge. From the stacks, containing about

100 tons of ore, I took snmple A.29, which was chiefly pyrolusite,

usually slightly cavernous, some pieces being very fine-grained and

some showing stellate crystalline groups up to | inch in diameter.

There v, ere also a few pieces of psilomelane and of compact fine-

grained wad, while one or two pieces looked Uke blackened pyroxene.

The sample was analysed by Messrs. J. and H, S. Pattinson with the

following result :

—

Sample No. A. 29.

Nature and quality
the ores.

of

Manganese peroxide

Manganese protoxide

Ferric oxide

Baryta

Silica (combined)

Silica (free)

Phosphoric oxide .

Water (combined) .

Moisture at lOO^C. .

72-03

4-50

6-85

6-96

1-80

0-10

0-36

3-80

0-75
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This is equivalent to :

—

Manganese . . . . . . . .49-85
Iron 4-80

Silica (total) 1 -90

Phosphi rus ........ 0'157

In the only year (1899) for which the figures for Sandanandapuram

have been separated from those of Kodur the output was 2,690 tons.

The following analytical figures were supplied by Mr. Caplen :

—

Range of analysis

of manganese-ores-

Average analysis of

manganese ores,

1906.

Manganese ..... 45 to 50 4814
Iron ...... 2 to 5 2-35

Silica ...... 1-5 to 5 3-05

PLosphorue ..... 018 to 0-30 0 262
Insoluble ..... 4-10

6. Sivaram.

The rights to work this property, lying some 3 miles east of Kodur^

were acquired by the A. S. N. & Co., who quarried and carted a certain

quantity of ore to Chipurupalli Railway Station. I did not visit the

deposit, but the ore stacked at Chipurupalli Railway Station consisted

of pyrolusite and psilomelane.

7. Perapi.

There are a large number of shallow excavations arranged over

a distance of at least | a mile along a line stretching N. 20° W. to

S. 20"^ E. The most northern excavation is about 300 yards S. 40" E. of

Perapi village. These pits were, at the time of my visit, separated

into two groups, the northern and the southern, by about a ^ mile of

unopened ground. Dips, when seen, were usually fairly steep towards

the east side.

Ore is found both in detrital deposits overlying the rocks in situ^

and also in situ, either as replacement patches in the quartz-felspar- and

felspar-rocks, or as combined alteration and replacement products of

masses of spandite-felspar-rock and spanditc-pyroxene-rock. Thus

the most northern pit shows 3 to 7 feet of detritus composed of

fragments of ore with a small amount of interstitial gravel, while in

IV 2 H 2
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one of the southern pits the detiital accumulations are as much
as 10 feet thick in places. Of ore in situ the largest body seen was a

mass of very impure character (ochreous and cherty), 20 to 30 feet wide

but the thickest definite ore-band seen was in the most northern pit

where the section given in Fig. 83 was seen, the ore-band varying in

thickness from 1 to 3 feet. The felspar usually shows a pearly schiller

is a potash variety, and is^often kaolinized. The ore-band consist

w. s. w/

Fig. 83.—Section seen in a pit at Perapi.

of psilomelane associated with yellow ochre and studded with orange-red

manganese-garnets up to L inch diameter ; it has probably been

produced by the replacement of the felspar of a band of spandite-

^
felspar-rock, by manganese oxide introduced

Spandite.felspar roe
solution, the gamets being left unaltered-

Hence the rocks here were probably once banded quartz-felspar-

rocks of different degrees of coarseness, with a narrow band, say 2 feet

thick, of spandite-felspar-rock. In most of the pits similar quartz-

felspar-rock or felspar-rock is seen, usually much fresher than in the

Kodur group of mines. In one of the southern pits there is a large

quantity of ore formed by the replacement of

^

^Replaced niierocline-
otherwise fresh felspar-rock. Under the micro-

scope a section of the partly replaced felspar

shows fresh microcline traversed by a network of psilomelane vems,

joining together in places to form continuous patches of psilomelane.

Besides spandite-felspar-rock, usually partly converted into

manganese-ore, which is seen in two or three

(rhSie).'^^'°^'"'"'°'^ pW, several pits show m siYm tough com-

pact spandite-pyroxene-rock, the latter mineral
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usually predominating, and the rock having a dark greenish black colour

Under the microscope the pyroxene is seen to be composed partly of a

colourless variety, possibly rhodonite, and partly of the yellow-brown

variety found at Kodur.

This rock is usually more or less altered to manganese-ore.

In some of the pits, especially in the southern onas, chert is extreme-

ly abundant, being erey, brown, or black, in
Chert and flint.

' & & J' ' »

colour. In the latter case it looks exactly lika

flint, having also the white outer coating characteristic of that variety

of silica. Cavernous reticulated psilomelane, with the cavities filled

with yellow ochre, is usually associated with this chert.

The rocks on either side of the ore-belt here are probably, as at

Kodur, scapolitic gneisses ; for two outcrops of

this rock were noticed, one 200—300 yards

east of the line of pits, and one to the west of the north end of the line

of pits.

The character of the ores can be best judged from the constitution

of sample A.31, taken from some 185 tons of

thfor*eJ^
^""^ '^""""^^ stacked ore quarried from the northern group

of pits. The ore was mostly fairly compact

psilomelane, a large proportion of the pieces containing small scattered

crystals of manganese-garnet, while some pieces showed kaolinic specks.

The analysis carried out by Messrs. J. and H. S. Pattinson showed

the following :

—

Sample No.

Scapolitic gneisses.

4. 31.

Manganese peroxide

Manganese protoxide

Ferric oxide

Baryta
Silica (combined).

Silica (free)

Phosphoric oxide

Arsenic oxide

Water (combined)

Moisture at 100°C.

This is equivalent to :

—

Manganese .

Iron .

Silica (total)

Phosphorus

58-51

4 04
18-82

1-81

3-50

0-10

0-475

0-030
5-20

1-00

40-10

13-20

3-60

0-207
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The combined silica is in this case due, not to braunite, but to garnet,

kaolin, etc.

The ores seen in the mine are often cherty and limonitic.

The following figures supplied by Mr. Caplen show the quaUty of the

ores quarried by the Vizianagram Mining Co. at Perapi :

—

Range of analysis.
Average analysis

at present day.

Ferruginous

manganese-ore.

Manganese . 40 to 47 41-63 36 17

Iron 7 to 13 11-52 15-69

Silica 3 to 6 4-30 5-40

Phosphorus . 0-20 to 0-30 0-286 0-204

Insohible 6-50 8-20

The annual output from this deposit from 1900 to 1907 is shown

below :

—

Output.

Year.

1900

1901
,

1902

1903

1904

1905

1906

1907

Long tons.

3,800

3,100

4,563

1,779

Nil

4,715

19,226

9,160

For the years 1906 and 1907 the following amounts included in the

above have been ferruginous manganese-ores (manganiferous iron-

ores) :

—

Long tons.

1906 17,818

1907 8,466

8. Itakeplapilli.

Beyond the fact that the Vizianagram Mining Co. have located and

worked a httle manganese-ore somewhere within the limits of this

village about 2 miles south of Perapi, I have no information about this

deposit.
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Mr. Caplen has supplied the following figures as representing the

average analysis of the ore being mined here in 1906 :

—

Manganese . . . . . . . .43-00
Iron 8-74

Silica 5-70

9. Mulagam.

The only information about manganese-ore found within the limits

of this village, situated about a mile S. S. E. of Itakerlapilli and 6 to 7

miles S. E. of Garividi Railway Station as the crow flies, is that 120 tons

of ore were quarried here by the Vizianagram Mining Co. in 1900.

10. Govindapuram.

This locality is situated about 7 miles south of Sigram Railway Sta-

tion
;
manganese-ore was worked here by Messrs. Gordon, WoodrofTe

& Co., of Coconada, and Kovoori Basivireddy at some time during the

years 1898 to 1900. During 1906 and 1907 work has been carried on by

the Vizianagram Mining Co., with the following resultant output :

—

Manganese-ore.
Ferruginous

Manganese-ore.

Long tons. Long tons.

1906 1,269

1907 11 776

11, Garbham.
(Plates 51 to 54.

This deposit was mentioned by Mr. H. G. Turner in the correspond-

ence on Mr. J. Head's paper on ' The Manganese Ore Deposits of

Northern Spain,' Jour. Iron and Steel Inst., No. II, for 1896, pp. 157

—

160. Mr. Turner gives some analyses of Garbham ore (see page 1094)

and mentions the interesting fact that the ores of this district were

' known and worked by the native smelters, as vestiges of the furnaces

were still to be seen close to the Garbham Hill.' In a recent paper by

W. Venator in Stahl und Eisen^ there are hjur photographs of the

Garbham workings.

Work was commenced on this deposit, which is probably the largest

yet discovered in India, in February 1896, and since then an average

1 Vol. XXVI, pp. 142 to 145, (1906).
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of about 46,000 tons of manganese-ore per annum has been extracted

from this deposit, making a total of 553,140 tons to the end of 1907,

which is equivalent to over t of the total quantity of manganese-

ore extracted from the Indian deposits since the commencement of

the industry in 1892, and is about | of the total amount of

0 re extracted in this district. The accompanying rough sketch map

(Fig. 84) shews the situation of the Garbham deposit with respect to

GNEISSOSE GRANITE

N

A

xMULARAVALSA

garbhjOii

quarry'

xGarbhetm village

0 soo IDOO

l l M ll I

BDOO FEET.

Situation of the deposit.

Fig 84.—Sketch plan of Gaibhim.

surrounding hills. Most of the flat ground surrounding the deposit is soil

or alluvium, but on approaching the foot of the

hills A outcrops of gneissose granite are seen.

The hills A consist of three-dome-shaped masses of the typical gneissose

garnetiferous biotite-granite of the district. The granite is streaked in a

W. 15*^ to 20«' N. direction. The hill C is composed of quartz-rock, gamet-

quartz-rock and quartz-felspar-garnet-rock, these rocks being possibly

members of the khondalite series. Hill B is apparently a continuation

of the same. No true khondalites or scapolitic gneisses were, however,

found close to the Garbhain deposit.
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The deposit, before work was commenced, appeared at the surface as

a long low ridge reaching a height of 70 to 80 feet above the plains at the

part known as ' Hilltop.' The total length of
Length of the deposit.

workings, as measured by Mr. H. B. Geeson,

present manager of this deposit, is 1,600 feet in a S. of E. direction, while

outcrops continue for another 200 yards to the west, giving a total length

of 2,200 feet. Still farther west, aft«r a E.-W.-running mound of white

vein-quartz or very coarse-grained quartzite, some 200 yards long, is a

series of workings, some 250 yards long, stretching in a W.20°]Sr. direction.

They are known as the Palapgaddi workings, although they are within

Garbham village limits (see page 1095j ;
if the Garbham deposit be

assumed to be continuous below the surface right to their western end,

then the total length of the deposit is about 4,500 feet.

The width of the ore-body, judging from a section (Fig. 87 below)

across the middle of the deposit, is 260 feet measured horizontally
;

or,

taking an average dip of 40° to the south side, the actual thickness of the

ore-body is 167 feet, of which 100 feet consists of ore, the remainder

being lithomarges, wads, etc. In a section
Width of the deposit.

^^^^^^ ore-body to the west of the middle

the total horizontal width is about 350 feet, the greater width being

due to an anticlinal fold. The actual thickness of ore is 81 feet in this

section. In a section (Fig. 88 below) across the deposit to the east of

this the total thickness of ore is much smaller still.

The strike of the deposit is S. E. at the eastern end, changing to

W. 10° S. at the western end of the mine, and
Strike of the deposit. ^ ^0° N. in the Palapguddi workings.

Except for the last paragraph (page 1095), all that follows deals only

with the Garbham deposit proper as exposed by the Vizianagram

Mining Co.

The actual ' country ' of the ore-deposit, as exposed in the workings,

consists of various varieties of felspar and quartz- felspar-rock, sometimes

showing gneissose banding and usually ex-
• Country.'

, , ,. • n m, r i , r ,

tremely kaolmized. Ihe felspar, where fresh

enough to be tested, is found to be a potash variety.

A close examination of the many sections seen in the Garbham work-

ings shows that the rock from which the ore originated was partly span-

dite-rock (in some places spandite-quartz-rock), and partly a quartz-ortho-
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clase-rock containing abundance of spandite and
Origin of the deposit,

. , , ,

pale greenish or greenish blue apatite (quartz-

kodurite). These two rocks probably occurred as lenticular bands in the

' country' of felspar-or quartz-felspar-rock. The spandite-rock has, by

alteration in situ, accompanied by addition of manganese brought in solu-

tion, yielded a large portion of the ore-body, especially where it is most

massive. The apatite-spandite-quartz -felspar-rock (quartz-kodurite) has

also yielded a fair proportion of ore, in which the apatite, quartz and

felspar have been replaced by manganese oxide brought in solution, the

manganese-garnets remaining unaltered and scattered through the man-

ganese-ore (often compact psilomelane with scattered mangan-magnetite)

thus produced. This rock, as well as the spandite-rock, has at other

times given rise to manganiferous solutions, which have partly effected

the replacement mentioned above, and have partly impregnated and

replaced the bands of felspathic rock separating the original bands of

spandite-bearing rock. Either previously to, or simultaneously with,

this replacement by manganese, the felspar of the usually extremely

felspathic ' country ' has undergone extreme kaolinization.

If we imagine the ore-body to be divided longitudinally into two

halves we can say that the southern half of the ore-body consists more

or less of solid ore, and probably corresponds roughly to the main mass

of the original spandite-rock. The northern half of the deposit, on the

other hand, was probably once composed partly of spandite-bearing

rocks—the manganese of which partly collected

Constitution of the de-
• |. jj^nds of manganesc-ore during the subse-

posit.
.

°
, r

quent alteration of the rock—and partly of non-

manganiferous felspathic rocks, since converted into lithomarges, wad-,

etc. This half of the deposit now consists mainly of very soft litho-

margic rocks, composed of white or variegated pink, brown, or yellow,

lithomarge, spotted and streaked with black. In many places this

decomposed rock is quite black and then looks Uk? wad. The

colouration of these lithomarges and wads is due to impregnation

and often (in the latter case) partial replacement by oxides of iron

and manganese ; this impregnation has often taken place up to some

small crack in the rock (on either side of which it is slickensided),

so that there is a marked difference in the colour of the rock on the

two sides of the crack. This is well shown in Plate 51. At the same
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time there has frequently developed in this soft rock a number of

parallel bands of psilomelane, often of the shining compact lead-like va-

riety, found also at Avagudem (of which an analysis is given on page 100).

These bands follow the original dip of the rock. At other times the

manganese has segregated to form irregidar nodules and concretions of

hard psilomelane and soft black manganese oxide (often pyrolusite) ; and

these have been most certainly formed by replacement of the original

felspathic rock. Fig. 2, Plate 54, shows a very good example of this

replacement seen in an excavation at the western end of the deposit.

In this photograph the white is kaohnized felspar-rock containing a certain

amount of quartz. The dark part is partly wad and partly manganese-

ore and was evidently slowly advancing its boundaries at the expense of

the white. In the latter are isolated black patches of pyrolusite, one of

which is seen just to the left of the head of the hammer. Fig. 85 shows an

enlarged view of one of these masses of pyrolusite in process of formation.

The outer zone or border of the patch, about ^ to 1 inch thick, consists

of soft black ore, whilst in the interior of the patch the felspar grains

^ig- 85. - Quartz-felspar -rock undergoing replacement by manganese oxide.
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still remain,'\but are kaolinized and separated by a black network of

manganese oxide. Outside the black border the rock is quite unblack-

ened. With the advent of further supplies of manganiferous solutions to

this patch this outer border would gradually increase inwards in thickness,

leaving a smaller and smaller central core of kaolinized rock, imtil the whole

patch had been converted into ore (probably pyrolusite, but possibly psilo-

melane). On the opposite side of the same cutting as that illustrated in

Fig. 2, Plate 54. and only 10 paces further a^ong the strike {i.e., towards

the observer as one looks at the plate), the comparatively large area

of white rock illustrated in Plate 54 is reduced to that shewn in Figure 86,

in which kaoUnized felspar-rock, with the felspar grains in an ochreous

matrix, is surrounded on both sides by rock, composed of yellow ochre

containing streaks and spots of soft black ore, the whole maintaining

Fig. 86.—Felspar-rock undergoiag replacemeut by mangancscore and ochre.

the general southerly dip. The junction between the two rocks is as

before marked by a 1-inch zone of soft black manganese-ore.
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The kaolinized felspathic rocks intorbanded with the manganese-ore

and spandite-bearing rocks may be regarded as forming part of the ore'

body ; Uke these, the equally intensely kaoli-

Mauganeso-ore iu tho j^-^^j felspathic rocks lying to the north and
' country. ' ^ jo

south of the ore-body, and hence constituting

the 'country,' have often been partly converted into wad, often in well-

defined patches, as shown in Plate 51. In these black patches, as in

those in the similar rocks forming part of the ore-body, a little

manganese-ore has often developed, but rarely in sufficient quantity

to be worth the cost of extraction, except where this ' country ' has

to be quarried as part of the dead- work.

Of the various rocks mentioned in the preceding paragraphs, both

the apatite-quartz-spandite-felspar (quartz-
Localities of spandite-

kodurite) and the spandite-rock are to be found
bearing rooks. ' ^

nearest their original condition in the northern

parts of the deposit to the east of Hilltop.

Tn the middle section the ore-body seems to be dipping straight

, , down to the S.10°W. at 40° as shown in
Sections across the deposit.

Fig. 87. But the sections across the deposit

S.1D.W. N.IO

HILL
TOP

Scale :—1"=100 feci.

1. ' Country ' of kaolinized quartz-felspar-roek with wad.

2. Not exposed, but probably same as 1.

3. Wad and lithomargc with psilomelane.

4. Wad and lithomargc with bands of psilomelane, usually the lead-like variety.

5. Manganese-ore (psilomelane with mangan-magnetite) containing patches of brown chert.

6. Kaoliniz?d quartz-fel spar-rock containing lenticular nodules of psilomelane 1-4 inches long.

7. Psilomelane with included mangan-magnetite, and in many places irregular patches and layers
of yellow ochre, white lithomargic spots, and thin partings of kaoliuized felspathic rock.

Fig. 87.—Section across the middle of the Garbham mangauese-ore deposit.
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to the east (Fig. 88), and west (Fig. 89) of the middle section shew that the

1. 'Country' of kaolinized felspathic rocks with wad.

2. Wad and lithomarge with bands of lead-like psilomelane.

3. Manganese-Ore :—Psilomelane often with mangan-magnetite, and ochreous and lithomargic

patches.

4. Psilomelane, wad and lithomarge.

5. Decomposed granitic rock, exact relations to the manganese-ore being obscure.

Fig. 88.—Section across Garbbam manganese -ore deposit to east of middle.

ore-body is really stepped beneath the surface with a small anticlinal folds

as shown in fig. 89, (A), which is not strongly marked enough to appear

Fig. 89.—Diagram of anticlinal fold (A) affecting the Garbhara deposit west of the

middle.

ac the surface in the middle section, although it reaches the surface

both to the east and west, apparently increasing the width of the ore-

body. At the eastern end of the excavations the ore no longer forms a

definite band, but has broken up into 5 separate masses separated by
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Scale l"= 18 feet.

A.—Lithomarglc clay with crystals of vein-quartz, patches of kaolinized quartz-felspar-rock and
segregations of psilomelane.

Fig. 90.—Section seen at the eastern end of the Garbham manganese-ore quarry.

kaolinized, and often manganese-impregnated, quartz-felspar- or felspar-

rock, as shown in Fig. 90.

The mass of rocks forming the ore-body has been, especially at the

east end of the deposit, injected by pegmatite
Pegmatite and quartz ^ ^^^^ traverse it in all directions. This

crystals. '

pegmatite is often a medium- to coarse-grained

quartz-microcline-rock ; but it is much more frequently composed almost

entirely of crystalline quartz taking the form of hexagonal prisms

terminated by pyramid faces at one end, which usually points into the

centre of the vein, the other end being implanted. These crystals range

in size from very small dimensions up to a length, in one case, of 19

inches with a diameter of eight. These veins were formed, in all

probability, before the production by chemical action of the manga-

nese-ores ; for the manganese-bearing solutions have filled in any

cracks and spaces between the crystals with psilomelane and have often

gone further and partly replaced the quartz so as to produce a breccia of

residual quartz in a matrix of psilomelane. In some places this supposed

siliceous pegmatite apparently takes the form of a siU, as in Fig. 90 above.

It has been found continuously all the way from Hilltop to the extreme

east end of the mine.

There often occurs in the midst of the ore- bodies abundance of brown

^^^^^
chert, probably formed simultaneously with the

ore, and thus representing, as at Kodur, Perapi,
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and other places, some of the silica removed irom the felspar and

manganese- garnet when they suffered alteration to kaolin and manga-

nese-ore respectively. Some chert is also^associated with the vein quartz

and seems to have then resulted from the solution and re-deposition of

the latter during its replacement by manganese-ore, as described above.

The most common form of manganese-ore at Garbham is psilomelane,

of which almost every variety may be found,

thfore^
'"'^ °' ^^^^ stalactitic, mammillated, botryoidal, and

kidney-shaped masses, to irregular cavernous

ore, compact dull-grey ore, and the light shining lead-like variety found

also at Avagudem (which see for analysis). A complete analysis of a

picked specimen of dull grey-ore (? a variety of psilomelane) with a

few white specks (? kaohn) and numerous tiny octahedra (? mangan-

magnetite) was made by Messrs. J. & H. S. Pattinson with the following

result :

—

Specimen No. A. 228.

MUO2 65-73

MnO 2-66

FeA 17-29

AljOg 265
BaO 0-16

CaO 0-49

MgO 0-16

K.,0 1-62

Na.O 0-32

Sid, (combined) 2-60

SiO."(free) 0-40

Sulphur 0-014

p„0. . - 0-698

As.,6- 0047
CoO ' 0-15

NiO Nil

CuO . . . 0-005

PbO Nil

ZnO Nil

TiO. 0-03

Clilorine and fluorine ...... Nil

H„0 (combined) 4-40

Moisture at lOO'^C 0-70

CO., Nil

10'0-154

This is equivalent to :

—

Maneanese........ 43'61

Iron 12-10

Silica (total) 3-00

Phosphorus ....... 0305
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Thi8 analysis can be re-arranged in terms of the mineral composition

of the ore, as follows :

—

Specimen No. A. 228.

Kaolin 5-57

Psilomelane :

—

Fe,(MnOj3 12-74

Al,(MnO,), 1-13

Ba^MnOs 0-21

Ca.MnOj 0-94

Mg^MnOj 0-36

K.MnOj 2-50

NaMnO, 0-59

Co.^Mno] 0-25

H.MnO, 14-00

Mri.^Mn05 49-49

82-21 , 82-21

Magnetite (mangan-) . . . • . . . 10-45

Quartz 0-40

Sulphur 0014

P 0, 0-698

AsjO,, 0-047

Cub 0-005

TiOj 0-06

Moisture 070

100-154

The magnetite is no doubt mangan -magnetite
;
given the amount of

manganese in it, this could be taken from the psilomelane and an equiva-

lent amount of iron put in its place. I have not converted the P2O5

into apatite, because there is not enough lime. The phosphorus is

possibly present as oxide ; but if as phosphate, the withdrawal of the

requisite amoimt of bases would only have the effect of somewhat

decreasing the amount of magnetite shown above.

The ore is, however, usually of the dull grey variety of psilomelane,

in cavernous masses, the caverns of which may contain reddish clay, or

black wad. The ore also often contains whitish lithomargic spots up to

i inch diameter. A large proportion of the ore contains little specks

and patches of a hard black shining mineral, which was assumed in the

TV 2 I
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field to be braunite. In all the specimens except one, however, that I

collected, I find that this mineral is extremely magnetic—braunite being

only weakly so—and that it is an iron mineral giving a fairly strong

manganese reaction. Hence it may be provisionally designated

mangan- magnetite, as in the analysis above, and is probably similar to

the mangan -magnetite from Kodur described by Dr. Holland (see

page 38). This mineral also occurs abundantly in some places in the wad

attached to psilom.elane, and in pyrolusite. Its abundance probably

accounts in part for the fact that the Garbham ores contain on the average

a considerably higher percentage of iron than those of Kodur. It tends to

show octahedral outlines and ranges up to 5 inch in diameter. The

one exception mentioned above is a fine piece of braunite showing

a crystal face 3 inches across and given to me by Mr. Geeson, who was not

certain that the specimen came from this deposit. Pyrolusite is also

fairly common and takes the form of fine-grained bluish-grey ore,

although in places it occurs as tiny crystals in cavities. Various

forms of wad are also, of course, very abundant, but they are not of

much value as a rule. One form, looking like a dark brown mud, with

little shiny grey-black areas, was completely anah^sed by Messrs. J. &
H. S. Pattinson with the result given on page 119. It is there shown

that this wad is probably to be regarded as an indefinite mixture of

oxides of manganese, with oxide of iron and partly kaolinized felspar-

The constituents of commercial importance are shown below :

—

Specimen No. A. 221.

Manganese ..... . ,39-95
Iron ........ 5*45

Silica (total) 10-95

Phosphorus ....... 0'086

A fair proportion of the ore stacked on this mine contains patches

and crystals of residual manganese-garnet scattered through a psilome-

lanic matrix.

The ores from this mine are usually 3rd grade ; fair quantities of

second grade and small quantities of first grade ore have also been won
;

whilst in the last two years (1906-1907) ferruginous manganese -ores

(termed mauganiferous iron -ores) with less than 40% Mn have been sold.

The highly phosphoric character of the ores is due, probably, to the large

quantities cf apatite in the rocks from which they have been derived.
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I took 2 samples from the Garbham ore-stacks. They were as

follows :

—

Sample A. 21.—2nd grade ore from the stacks on the south side of

the mine. Some of the pieces were almost entirely psilomelane, of

tabular, shiny, and dull, botryoidal and cavernous varieties.' Others

wore almost entirely soft pyrolusite, and some a mixture of pyro usite

and psilonielant'. Some of the psilomelane contained mangan -magnetite.

Many of the pieces showed small patches of hthomargic or ochreous

matter.

Sample A. 22.—From stacks of 3rd grade ore on south side of mine

was similar in mineral constitution to A. 21, except that it contained

a larger proportion of the various impurities, such as hthomarge and

ochre. This could be best described as ferruginous manganese-ore.

The analyses carried out by Messrs. J. & H. S. Pattinson are

shown below :

—

Sample No. A.21. Sample No. A.22.

Manganese peroxide . . . .67-75 52-76

Manganese protoxide . . . . 5-12 6-88

Ferric oxide 13-57 ' 22-42

Baryta 0-53 0-36

Silica {combined,! .... 2 45 4-15

Silica (free) 1-65 2-15

Phosphoric oxide .... 0-76 0*845

Arsenic oxide ..... 0-021

Water (combined) .... 3-50 3-80

Moisture at 100° C. . . . • 0-50 0-50

These are equivalent to:

—

Manganese ..... 46-78 38-67

Iron 9-50 15-70

SiUca (total) 4-10 6-30

Phosphorus . ... . . 0-331 0-368

Sample A. 21 is therefore barely up to 2nd grade Mn), whilst

A. 22 is ferruginous manganese -ore.

In the following table, the first three analyses were given by

Mr. H. G. Turner in 1896 [Journ. Iron Steel /ns<. , No. 11 for 1896,

p. 160), while the figures in the fourth, fifth and sixth columns were

kindly suppUed by Mr. T. Caplen, manager of the Vizianagram^

Mining Co.
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Analyses of merchantable Garbhdm ores.

Manganese-
ore. 1896.

Manganese-
ore, 1896.

Manganese-
ore (cargo

test), 1896.

Range of

analysis of

manganese-
„ _„ 1 fineore, lyuu.

Avera ge
analysis of
manganese-
ore, [lyuo.

Ferruginous
manganese-

ore, 1906.

Manganese 50'35 45 08 47-00 40 to 49 45-39 35-43

Iron (v38 13-23 10-80 7 to 15 9-99 19-32

Silica 3-21 4-60 2-45 3 to 10 4 43 6-90

Phosphorus 0-24 0-27 0-26 0-35 to 0-55 0-450 0-423

Moisture . 1-65 1-80 1-48

Insoluble . . 608 845

The deposit is, as usual, worked by open-cast quarrying, carried out

almost entirely by manual labour. To break

poS^
working of tli8 de.

^^^^ ^^j;^ ^^^^^^ blasting has to be

resorted to. Fig. 1, Plate 54, shows coolies at

work drilling holes for blasting. The blasting is usually done during the

middle of the day at the time when the coolies stop work for their midday

meal. The ore and waste are carried out of the quarry on the heads of

women and children. The ore after cleaning is mostly stacked on the

south side of the mine, along which tram-lines have been laid. When the

stacks have been sampled and assayed the ore is sent to Garividi Railway

Station some 10 miles distant over a very poor road in country carts drawn

by buffaloes and bullocks. The lowest part of the mine is in the S. E.

corner, where there is a pit into which drains the comparatively small

amount of water entering the workings ; from this the water is pumped

to the surface and conducted to the rice-fields situated to the south of

the mine. The floor of the workings at the S. E. end of the mine was,

at the time of my visit, 120 feet below the top of the highest original

outcrop on Hilltop, while the bottom of a big square pit just to S. W. of

Hilltop was 101 feet (kindly measured by Mr. H. B. Geeson, by levelling)

below the highest part of Hilltop. This means that manganese-ore has

here been proved to exist at a depth of 100 feet below the surface.

Plates 52 and 53 are views of the Garbham workings. In Plate 52, A is

Hilltop, now capped with a dump. The quarried face of Hilltop seen

in the Plate is practically the north wall of the deposit. C is a mass of

manganese-ore with quartz-veins and chert. The hill seen in the dis-

tance behind the quarry is probably a khondalite ridge. In Plate 53,
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Fig. 1.-manganese-ore \H SITU AT GARBHAM.

Photographed by L. L. Fermor. Bemrose, Coilo., Dvrty.

Fig. 2.-MANGANESE-ORE (BLACK) FORMING BY REPLACEMENT OF

QUARTZ-FELSPAR-ROCK (WHITE) AT GARBHAM.
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the irregular mass of rock seen in the foreground is manganese-ore.

Further back are seen step-like excavations in the soft kaoliriized

quartz-fclspar-rock, while behind this are tram-lines and bungalows,

with flat alluvial country stretching away to some distant hills.

The output of manganese-ore from Garbham since the beginning

of work in 1896, up till 1907, is shown

Years. Long tons.

1896 30,000

1897 50,520

1898 34,691

1899 53,315

1900 56,195

1901 54,163

1902 47,544

1903 43,734

1904 41,487

1905 40,368

1906 44,861

1907 56,262

Total . 553,140

The output of 1906 and 1907 is divided as follows :

—

Manganese -ores. Ferruginous

manganese -ores. ^

1906 34,236 10,625

1907 ' • 41,296 14,966

Tlie Palapguddi excavations whicli (see fig. 84) extend for about 250

yards, in a W. 20° N. direction, were dug bv
The Palapguddi work-

j^ggsrs. Gordon, Woodroffe & Co., and Kovoori
ings.

Basivireddi. But they had to be abandoned

at the instance of the Vizianagram Mining Co., because they lay within

Garbham village limits. These excavations show abundance of wad

1 The Vizianagram Mining Co. terms these ' mauganiferous iron-ores' and includes

therein ores containing 35—43% Mn and not less than 15% Fe.
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with fairly good psilomelane in places and a large amount of very cherty

rock. At the western end there is a small mound showing a very

cellular rock composed of chert and ore. The ore exposed in these

workings is doubtless an extension of the Garbham deposit.

12. KotakaPFa.

There are two separate deposits within the limits of this village ;

they may be distinguished as T and II.

W. 25° S. from the village, say i mile (incorrectly indicated on map,

^ J
where deposit has been placed S. 25° W. of

village instead of W. 25° S.), were some aban-

doned shallow pits dug during 1898-1900 by Messrs. A. S. N. & Co., who

are said to have sent a little ore to Chipurupalli Railway Station. The

general strike of the pits is about east and west. One of them shows

beds of psilomelane containing spandite, and dipping at 30^ to about S.

Several other square pits showed psilomelane much mixed with

limonite and often, in addition, brown chert.

From some 65 tons of ore stacked here I took sample A. 20 consist-

ing of psilomelane, often very cavernous, stalactitic or botryoidal, and

containing limonite in some of the cavities. Some pieces showed

manganese-garnet included in the ore. The sample was analysed by

Messrs. J. and H. S. Pattinson with the following result :
—

Sample No A. 20.

Manganese peroxide . . . . . . 59-52

Manganese protoxide . . . . . . 3-89

Ferric oxide . . . u „ . • 19-57

Baryta ....>... 0-16

Silica (combined) . . . . . . 3-45

Silica (free) ........ 0-25

Phosphoric oxide ...... 0-31

Water (combined) . . o o . . 5*50

Moisture at 100°C. 1-85

This is equivalent to :

—

Manganese 40-64

Iron 13-70

SiHca (total) 3-70

Phosphorus . 0'134

The ore is therefore low grade manganese-ore.



Chap. XL. ] vizagapatam : kotakarra. 1097

There is a considerable quantity of detrital ore resting on that in situ.

These workings consist of a number of shallow excavations, not more

^ than 20 feet deep, made by the Vizianagram

Mining Co., and lie about 200 yards north of

the village at the east base of a small liill of quartzites containing little

black specks of an iron-ore altering to hematite. The dip of the quartz-

ite is pretty steep to E. 10° S. and the hill strikes S. 10° W.

In one pit there is a very interesting exposure. The strike of the

^ i j , J ., rocks is E. 25° S. with a fairly steep dip to the
Opalized kodunte or apii- •' r i

t'.te-spandite-felspar-rock. south side, curling over to vertical. The follow-

ing rocks are exposed in order from N. to S, ;

—

(1) dirty psilomelane banded with chert, and both containing abundant

scattered manganpse-garnets ;

(2) banded rock of spandite and greenish blue apatite in a white siliceous

matrix (probably opal). This rock was probably once apatite -spandite-

orthoclase-rock (kodurite), of which the felspar has subsequently been

replaced by opaline silica (see pages 256—261);

(3) psilomelane in layers 1 to 2 inches thick ;

(4) kaolinized quartz-felspar-rock with some green clay

;

(5) kaoHnized quartz-felspar.rock with clayey and limonitic bands ;

(6) soft manganese-ore with limonite and abundant residual patches of

manganese-garnet.

I neglected to measure the thicknesses of the above rocks, but the

total was probably not more than 5 feet. Eock 2 is, owing to the

siliceous cement, quite hard and not friable and powders like the

customary examples of apatite-spandite-felspar-rock, in which the felspar

is kaolinized, seen elsewhere in this district. It is intruded by a coarst3

pegmatite of quartz and felspar. Overlying this exposure is a mixture

of chert, altered pegmatite, and psilomelane with pyrolusite, all

together forming a fairly soHd rock, which was formed, possibly, by the

chemical alteration of the underlying rocks.

In another pit I found a loose rounded block of fine-grained

pyroxene (?diopside)-scapolite-quartz-rock con-

quarte-rock.'^*^°^'*^'
taining also sphene, apatite, and occasional

plagioclase. It is probably a variety of the

scapolitic or calcareous gneisses.

At the time of my visit work was said to have ceased for three years

at this locality, previous to which a few thousand tons of second-grade
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ore had been extracted and despatched. Very Uttle ore in situ could be

seen and this little was partly pyrolusite and partly psilomelane. No
analyses are available.

13. Gadasam.

This deposit, lying some 4 miles S. W. of Garbham. was worked at

some time between 1898 and 1900 by Messrs. Gordon, Woodroffe and

Co., of Coconada and Kovoori Basivireddi, and a considerable quantity

of ore was carted to Chipurupalli Railway Station, where I saw it still

lying in 1905. It was of very poor quality. The property has been

recently acquired by the Vizianagram Mining Co., and Mr. Caplen has

furnished me with the following analysis as typical of this locality :—
[

Manganese . ...... 46-87

Iron 4-20

Phosphorus 0-168

Silica ........ 4-55

The following is the output of manganese-ore in 1906 and 1907 :

—

Year. Long tons.

1906 1,535

1907 459

14—Avagudem.

This deposit is situated about 3 miles N. W.of ChipurupalU Railway

Station and was worked between 1898 and 1900 by Messrs. Gordon,

Woodroffe & Co. and Kovoori Basivireddi, by whom a large amount

of excavation was done and a considerable quantity of ore—perhaps

2,000 or 3,000 tons—extracted, a little being sent to Chipurupalli

Railway Station. It has recently been acquired by the Vizianagram

Mining Co., who are now working it for export.

As I saw it in January 1905, the deposit had been exposed for about

750 paces in a W. ] G° N. direction by a series of pits and trenches,

and ore in situ was visible at intervals over nearly the whole of this

length. The ore-band seemed to form a vertical reef, and ranged up

to 55 feet in width. The ' country ' where visible, consisted of

quartz-felspar-rock and vein-quartz ; but often it was not seen at all,

owing to the large amount of detrital manganese-ore. In one place

near the western end of the deposit some psilomelane containing abund-

ant small crystals of manganese-garnet was found, 'ndicating that the

ores here have probably been derived from rocks similar to those found

at Kodur and Garbham.
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These excavations are situated on the south side of a low ridge of

white quartz and white garnetiferous quartzites, which runs E.10°S.,

and continues to the east into a high hill of khondalite containing

abundance of bands and lenticles of white quartz, sometimes containing

garnets and probably of later age than the khondalite.

A large proportion of the ore contains patches of chert, yellow ochre,

and veinlets and cavities hned with quartz, and

thforer
""""^

is consequently of little value. Magnetite is also

found in several places scattered through the ore

in granules up to J inch across. These magnetite granules are usually

traversed by tiny veinlets of psilomelane, so that it is very difficult to

obtain chips of the pure mineral. A few tiny chips, apparently pure,

gave a distinct reaction for manganese, so that this mineral is

possibly a mangan-magnetite. There is also a fair quantity of ore

comparatively free from the above-mentioned substances. The com-

monest variety is psilomelane of every variety, with some pyrolusite.

Of the 2,000 or more tons of ore stacked by Messrs. Gordon,

Woodroffe & Co. a large quantity contained too much quartz or ochre,

but a considerable proportion was of fair quality.

Its quality could undoubtedly be considerably improved by careful

cleaning. A sample taken from 450 tons of ore stacked at the western

end of the deposit was analysed by Messrs. J. and H. S. Pattinson with

the following result :

—

Sample A. 32.

Manganese peroxide

Manganese protoxide
Ferric oxide

Baryta
Silica (combined)
Silica (free)

Phosphoric oxide

Water (combined)
Moisture at 100° C.

58-43

3-20
18-85

1-05

4-43
0-30
1-01

4-70

1-00

This is equivalent to :

—

Manganese . . . . . . .39-41
Iron 13-30

Silica (total) 4-73

Phosphorus ....... 0-440

and the ore can be classed as ' ferruginous manganese-ore
'
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Mr. Caplen has furnished me with the following figures :

—

Range of analysis.

1

Average analysis

at present day.

Ferruginous

manganesc-ore.

Manganese . 40 to 50 42-41 35-75
Iron .... 7 to 15 12-90 1689
Silica .... 4 to 6 3-85 5-95

Phosphorus . 0-3 to 0-5 0-375 0-439
Insoluble 4-48 6-90

Lead-like psilomelane.

Amongst the varieties of psilomelane is one that has the colour

and lustre of metallic lead. It is apparently

homogeneous and breaks with a conchoidal

fracture. It is similar to that found at Garbham (see page 1085). A
piece of this lead-like psilomelane was analysed by Messrs. J. & H. S.

Pattinson with the result given in full on page 100. The constituents

of commercial importance are shown below :

—

Specimen No. A. 372.

Manganese
Iron

Silica (total)

Phosphorus
Moisture .

The output from this deposit is given below :

49-18

4-00

0-45

0-346

2-05

1899
1906

1907

Ferruginous

manganese-orcs.
Total.

7,702

2,025

12,072

6,401 7,929

15. Aitemvalsa (Itamavalsa).

This deposit I did not visit, but from what I was told it must Ue

about 4 miles N. of Chipurupalli Railway Station. It was once opened

up by Messrs. Gordon, Woodroffe & Co., and Kovoori Basivireddi and a

considerable quantity of ore was sent to Chipurupalli Railway Station.,
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The deposit has since been acquired by the Vizianagram Mining

Co., Ld., and Mr. Caplen has furnished me with the following analysis

of ferruginous manganese -ore quarried in 1906 at this locality :

—

Per cent.

Manganese ......
Iron . ......
Insoluble ......
Pliosphorus ......

The output from this deposit is as follows

35-77

12-87

10-40

0-222

Manganese -ores. Ferruginous manganese-ores. Total.

1898 380 380
1906 1,230 735 1,956

1907 35 1,181 1,216

16. Gotnandi.

The only information I have relating to this deposit, which is held

by the Vizianagram Mining Co., Ld., is that 109 tons of ore were

extracted in 1898. I was informed that the deposit lies about a mile

north of Bondapilli village.

17. BondapUli.

la 1900, 200 tons of ore were extracted from this deposit, which is

held by the Vizianagram Mining Co., Ld. Owing to the high prices

prevailing in 1906 this deposit was re-opened and Mr. Caplen gives me
the following analysis of ferruginous manganese-ores obtained from this

deposit :

—

Manganese 38-48

Iron

Silica

Phosphoius
Insoluble

U-22
4-93
0-332
5-83

The output figures for this deposit for 1906 and 1907 are probably

included in those of Aitemvalsa.

18. GaPFaraju ChipuFupalli (Gapuja).

This deposit, usually known as Garuja, has been worked by the

Vizianagram Mining Co., Ld., from 1900 to 1903 and then from 1905
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onwards. From the table below it will be seen that 17,797 tons of

ore have been extracted from this deposit up to 1906, giving an

average of 2,542 tons per annum for the years during which it has

been worked.

I was unfortunately unable to visit Garuja : but Mr. Caplen informs

me that it is very similar to Perapi. He has furnished the following

analyses of Garuja ores :

—

Av<Trago analysis

at present day
(1906).

Ferruginous

manganese -ore

(1906).

Manganese
Iron

Silica

Phosphorus
Insoluble .

The output figures for Garuja are shown below

Year. Manganese- ores. Ferruginous manganese-ores. Total.

1900 3,500 3,500

1901 980 980

1902 1,176 1,176

1903 1,403 1,403

1904
1905 3,844 3,844

1906 3,630 388 4,018

1907 49 2,827 2,876

Total 14,582 .3.215 17,797

19, Perumall.

The Vizianagram Mining Co., Ld., extracted 30 tons of ore from

this deposit in 1900 and 10 tons in 1901. Work on this deposit

was re-started in 1906 and Mr. Caplen supplies the following analysis of

Perumali ore :

—

Manganese . . . . • • . 40 to 46

Iron ........ 8

Silica 5

Phosphorus ....... 0*30
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The output figures for this deposit are as follows :

—

Year. Manganesc-ores. Ferruginous: manganese-ores. Total.

1900 30 30

1901 10 10

1906 2,211 lei 2,372

1907 1,470 1.239 2,709

Total 3,721 1,400 5,121

20. RamabhadrapuFam.

The deposits grouped under this name are not actually within the

limits of this village. Tliere are three sets of excavations extended over

a length of § mile in an E. 10° N. direction, along a very slightly raised

grassy mound ;
they he within the hmits of the following villages :

—

a. Sonpuram, known as West Mound,

6. Mamidipilli, known as Middle Mound,

c. Bankuruvasla, known as East Mound,

and are worked by Mr. H. G. Turner.

The most westerly excavations, those of Sonpuram, are about

2 miles east of the main Salur-Vizianagram road where it passes

through Ramabhadrapuram village. Sonpuram and Mamidipilli are in

Salur taluk, while Bankuruvalsa is in Bobbili taluk.

It is not certain that the ore seen in the Sonpuram pits is the same
band as that seen in the other pits, so that there may be more than one

band of ore. The maximum width of ore-band was 30 feet, in the main
Bankuruvalsa pit, corresponding to an actual thickness of 15 feet, the

dip being 30° But the full width of the ore was not here exposed.

The dip usually varies from 30° to very steep to the south side of the

strike, which is usually E. 10°—25°S.

la the Sonpuram pits the main ore-band lies to the south of

laminated quartzites, as also in most of the Mamidipilli pits ; but in

Bankuruvalsa and the most easterly of the Mamidipilli pits, the ore-bands

exposed underlie {i.e., are to the north of) the laminated quartzite.

The examination of these pits indicates that the original ' country '

was quartzite, often felspathic or garnetiferous, along the bedding

planes of which masses of apatite-spandite-felspar-rock (kodurite), of the

s^kme rock with quartz (quartz-kodurite), and of quartz-felspar-rock
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^ . . . ,
(usually with apatite), have been intruded,

Origin of the ores. "

^and that as usual the ores were subsequently

formed at the expense of the manganese-garnet. Since the latter mineral

is often seen in quite -fresh grains scattered through psilomelane other-

wise of good quality, and since the kodurite is seen, when it undergoes

decomposition, frequently to have its spandite changed to ochre, it

seems that when the kodurite undergoes alteration the spandite of one

portion is decomposed and the manganese removed, leaving the iron

behind as ochreous spots, and that the manganiferous solutions so

produced percolate to another part of the rock (often close by, some-

times in the same hand-specimen—see page 1 109) and there replace

felspar without affecting the spandite, so as finally to produce psilome-

lane studded with the unaltered spandite.

The intruded mass of rock, including all the felspathic rocks except

the quartzite, must have been at least 60 feet wide, to judge from the

abundant kaolin, ochre and wad now visible in the Sonpuram pits (see

fig. 91, page 1107) ;
probably if properly exposed by cross-cuts traversing

the whole width of these rocks, the total width would be found to be at

least 100 feet including partings of the original quart zites. As regards

the age of these quartzites, they may be regarded as probably part of

the khondalite series.

In the Sonpuram workings I saw but little spandite, so that the ore

visible there was probably largely formed by replacement of rock that

originally contained no spandite. In the Mamidipilli pits spandite is

very abundant and the remarks in the preceding paragraphs apply

especiallv to these. I did not examine the Bankuruvalsa pits carefully

enough to state that spandite was absent there, but it was very notice-

able that the sample (No. 26) taken from the Bankuruvalsa ore-stacks

showed no spandite, whilst that (No. 25) from the Mtlraidipilli stacks

exhibited abundance of it.

The ores are psilomelane and pyrolusite, the latter being most abun-

dant at Bankumvalsa ; but in all three villages

thfores''
''"'^ psilomelane is the predominant mineral. The

character of the ores of each village can be

best judged from the following samples :
—

Sample A. 24. (Sonpuram) taken from some 350 tons of stacked

ore. Composed mainly of psilomelane, both compact and cavernous
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often showing lithoniargic impurities, and sometinies uU and soft black
;

with also a little deep bluish-black pyrolusite.

Sample A. 25. (Mamidipilli) taken from some 180 tons of stacked

ore, consisted of various sorts of psilomelane, more or less compact, a

good proportion of the pieces containing abundant orange-red spandite

crystals. Several pieces contained ochreous clay and other impurities

(lithomargic and quartzose).

Sample A. 26. (Bankuruvalsa) taken from some 70 tons of stacked

ore. More than half the sample was compact fine-grained pyrolusite,

often in concretionary forms and frequently streakily mixed with psilo-

melane. The remainder was psilomelane, both massive and concretion-

ary. A smaller amount of lithomargic impurities than in the two

preceding samples.

These three samples were analysed by Messrs. J. and H. S. Pattinson

with the following results :

—

Sonpuram. Mamidipilli. Bankuruvalsa.

Sample No. A. 24. Sample No. A. 25. Sample No. A. 26.

Manganese peroxide 60-84 47-71 71-64

Manganese protoxide 2-68 2-66 2-19

Ferric oxide 19-42 21-71 13-00

Baryta 1-72 1-22 0-56

Silica (combined) . 2-90 7-70 2-00

Silica (free) . 0-50 2-60 2-50

Phosphoric oxide . 0-46 1-105 1-06

Water (combined) . 610 6-20 3-90

Moisture at 100° C. 0-70 1-35 0-60

These are equivalent to :

—

Manganese . 40-54 32-21 46-98

Iron .... 1360 15-20 9-10

Silica (total)

.

3 '40 10-30 4-50

Phosphorus . 0-200 0-482 0-461

From this it is seen that the Sonpuram and Bankuruvalsa samples

just ccme within the limits for manganese-ores proper (see page 499),

whilst the Mamidipilli sample must be described as ferruginous mang-

anese-ore.
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Mr. Caplen informs me that ferruginous manganese-ores of the fol-

lowing analysis are now (1906) being quarried at Rainabhadrapuram :

—

Manganese
Iron.

Silica

Phosjhorus
Insoluble .

At the time of my

Boring operations.

3711
14-22

5-65

0-455

9-63

.'isit a series of bore-holes was being put down on

the unopened ground between the Mamidipilli

and Bankuruvalsa workings. The bore-holes

were 6 inches in diameter and were drilled by percussion boring with a

chisel on the end of IJ-inch square iron rods. The rock was therefore

brought up m the powdered form as a sort of mud, which was washed

and the larger chips kept. Any lithomarge or ochre would, of course,

have been lost in this process, but was saved by making small bricks

out of the slimes. The rods were actuated by means of the horizontal

trunk of a palm-tree, pivoted near the bore hole end and moved up and

down by 5 men at the farther end of the trunk, while 3 men rotated the

boring rods by means of a brace-head. The mud and sand were

recovered from the bore-hole by means of an iron sludger 2 inches in

diameter and 4 feet long, with a valve at the bottom.

In the S. E. corner of the most easterly Mamidipilli pit a thickness

of 12 feet of thin-bedded quartzites was exposed, dipping at about

SO*^ to S. 25^ E. and overlying the ore, lithomarge, etc., seen in this pit-

The bore-holes were located to the south of the line of strike of these

quartzites when produced to the east. Hence any ore encountered in

the bore-hole before reaching the quartzite must belong to a different

band of rocks overlying the quartzites. One such bore-hole passed

through the following rocks before reaching what was probably the

quartzite :

—

13 feet

36 feet . . . ore.

fragments of quartz and ore mixed,

ore.

ore and quartz,

quartz powder ( = ? quartzite).

10 feet

8 feet

1 foot

4 feet

72 feet

and hence indicates the existence of such a second band of ore-bearing

rocks, and also proves the existence of ore at a depth of 67 feet.
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A bore-hole had also been put down in Bankunivalsa and ore Was

found to continue at int( rvals to 100 feet, where good pyrolusite was found.

Subsequently the fir.st pit noticed on page 11 10 was sunk at this spct.

None of the pits were more than about 20 feet deep. Owing to the

irregular character of the ore-bodies and the

dojit.
°' rather poor quality of the ores, and the fact

that Ramabhadrapuram is .30 miles from the

nearest railway station ( Vizianagram), it seems doubtful if very much

work can be done at this locality until the railway from V izianagram to

Raipur, which will pass close to Ramabhadrapuram and Salur, is con-

structed, except at times of high prices.

The following are the outout figures for
Ouiput. ^

° . o

Ramabhadrapuram :—

Year. Manganese-ores.
Ferruginous

manganese -ores.
Total.

1901 1 10

1902 140 140
1903 173 173

1904 50 50
1905 110 110

1906 50 446 490
1907 1.733 1,733

Total. 533 2,179 2,712

20a. Sonpuram (West Mound).

In the largest of the ^-'onpuram pits at its west end, the rock

exposed iiidicated the section shown in fig. 91.

>}UARTZITES

0,L& Mn.) L & Ps. L,W,0^ A Mn.

, 0 5 10 80 FEET

IV

L= lithoniarge

;

Mn. -=manganese-ore

;

0 - ochre

;

P= psilomelaae

;

W = wad
;

Fig. 91.— Section acroBS one of the ISonpurftm pita.
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The quartzites seen on the north wall were in layers 1 to 2 inches thick

and varied in character from a coarse vitreous

quartz-rock to a fairly fine-grained quartzite,

one layer of which contained abundant tiny reddish garnets. The;3

quartzites, especially the finer-grained varieties, often contain abundant

scattered kaolinic patches, corresponding probably to original felspar.

Tnterbedded with the quartzites were layers of psilomelane h to 1 inch

thick formed obviously by the replacement of the quartzites. The

5-foot ore-band shown in the above section expands to 8 feet in the

middle of the pit. Further east in this pit the dip of the quartzites

becomes definite—namely 50° to S. side of strike (E.10''-25°N.). In

some of the ore there are patches of brown and black chert. One

specimen of felspathic rock undergoing replacement to ore is interesting.

It consists of a m'xtare of soft black manganese
Psilomelane concretion ^^j^^^ ^^^-^^ ^^^^-^ ^ ^^^^^^j ^^^^m litliomargic rock.

globule, Ij inches in diameter, composed almost

entirely of psilomelane and black oxide arranged concentrically.

On the unopened ground between the Sonpuram ard Mamidipilli

workings there is an outcrop of a banded rock
Banded pvroxenic quartz- _ j x •

j. -j. -i-V. r ,.^' ^ composed of a pyroxenic quartzite with lighter

quartzose bands. The dip is SO'' to S. 5°E.

The outcrop closely resembles some of the waved banded spessartite-

quartz-rock outcrops of the Central Provinces, but the microscope

shows the above to be the real composition of this rock.

20b. Mamidipilli (Middle Mound).

The Mamidipilli (also known as Itlamamidipilli) excavations are of

,^ J great interest, as they show a large amount
Kodunte. ^

.

'

i i •

of apatite-spandite orthoclase-rock (kodunte).

The two main pits showed a band of this rock partly converted to man-

ganese-ore. In one place the oie-band was 15 feet thick and consisted

of a fairly compact mass of psilomelane and pyrolusite containing abun-

dant remains of quartz and felspar. In this ore were some residual

patches of kodurite in which the felspar was fairly fresh,, forming a

granular aggregate, the granules averaging to J inch in diameter. On^
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hand-specimen of this shows at one end that the felspar is being con-

verted into manganese- ore by replacement, with the production of

pseudomorphs in manganese oxide after felspar showing the original

cleavage of the felspar. In this part the garnet remains unaltered. In

another part of the same specimen the felspar is fresh (giving a potas-

sium reaction), while the garnets are represented by ochreous spots, the

manganese having been removed in solution. By the completion of

these two processes, accompanied by kaolinization, tliis piece of rock

would at one end become psilomelane studded with garnets, and at the

other end kaolin or lithomarge with ochreous spots.

Another section showed psilomelane in large patches joining together

in the kodurite, the ore forming the major portion of the rock. The

kodurite was here largely kaolinized with a great abundance of apatite

weathering out. The apatites were mostly rounded stumpy prisms,

sometimes showing hexagonal faces, and up to J inch long.

In one place in this section the surface of the manganese-ore formed

by replacement and altera^^ion of the kodurite was coarsely botryoidal,

the spherules being nearly 2 inches in diameter. The outer layer of the

spherules, about ^ to
-I
inch thick, was composed of limonite.

In another pit I found an unique rock, namely an altered form of a

biotite-kodurite. This is practically the cnlv
Biotite-kodnrite.

. . .

"

example I have found of mica m the Vizaga

patam manganese-intrusives (see also page 252). The other example was

at Perapi, where in one pit was a coarse quartz-felspar-rock, the felspar

being predominant, with a fair amount of small scattered scales of an

altered biotite-mica The Perapi rock is not, however, certainly a part

of the kodurite series of intrusives. The Mamidipilli rock is largely

converted into chalcedony and ochre (often forming together a brown

chert), but still shows biotite scales (now no longer elastic) averaging

about ^ inch across, spandite, and apatite. There is no longer any fel-

spar left, but, judging from numercus examples I have found of chalce-

donized or opalized kodurite, in which the garnet remains fresh while the

felspar is changed to chalcedony or opal, it can fairly be deduced that at

least a portion of the chalcedonic ground-mass of this rock corresponds

to original felspar and that the original rock was a biotite-apatite-span-

dite-felepar-rock
;

i.e., a biotite-kodurite.

IV 2 K a
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Another interesting rock seen in one of these pits is a band of quartz-

microcline-rock 4 feet thick with a sort of
Aratitoqu irtn-micK) a -i i i x j.i i ^

oline-rock.
tliiiaal Structure, trie rock suggesting a pegma-

tite that has moved at the time of solidification.

Since a few grains of greenish blue apatite up to s inch long can be seen

n both the quartz and the felspar, while under the microscope many
smaller grains can be seen included in the quartz, it seems probable that

this rock is a part of the kodurite series.

20c. Bankuruvalsa (East Mound).

One pit, 20 feet deep, showed very disturbed laminated quartzites

forming a sort of anticline, in which the central portion was laminated

lithomarge, wad, and decomposed quartzite, with segregations of pyrolus-

ite forming pockets here and there.

In a larger pit to the east of this the ore-band is at least 15 feet thick,

^ ^ ^ . . the dip being 30° to the south. It is overlain
(Juaitzites containing

.

apatit?, garnet, and gra- by a fine-grained granular quartzite containing
^'^'^^^

an abundance of minute apatite prisms in the

quartz grains. Some bands of the rock contain an abimdance of minute

pink garnets, while a layer resembling vein-quartz contained graphite

scales up to nearly i inch across.

21. TdduFu.

{See Plate 55.)

My attention was first drawn to this locality by Mr. C. S. Middlemiss

of the Getlogical Survey of India, who had found numerous externally

blackened boulders, of rhodonite and other manganese-silicates, lying

in the valley down which a little stream flows from near Wodangi, past

the village of Taduru or Tadiyur (Tadur on map).

As the result of a careful search I was able to trace these pebbles

and boulders to their source, namely a band of manganese-silicates

situated on the hillsides at a point about 1| miles due south of Taduru.

The way to find this outcrop is to go up the valley from Taduru by a

path that constantly crosses the iittle winding stream. At the 9th ford

there is a 14-foot waterfall over a rounded surface of gneissose granite.

This fall, as seen at the end of December, was of very small volume.leav-

ing most of the granitic surface dry. Gradually ascending from here
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in a directioti W. 6^ S. up a long slope of gneissosc granite, and then up

a si )pe covered with loose blocks of manganese-silicate-rocks and some

of calcareous gneiss, the manganese-silicate band is finally reached on the

northern slope of a jungle-covered hill at a point some 150 or so feet

above the lower ground cut out by the stream to the north. The map

shown in Plate 55 is a very rough sketch-plan made during the course of

the one day that was spent in the examination of this occurrence. It does

not, therefore, pretend to show the geology in any but a very approxi-

mate manner.

The strikes and dips, for instance, are vShown in a generalized fashion

and are, of course, really much mere complicated and varied. The posi-

tion of the manganese-silicate band is shown only where it was seen.

It crops out at a fairly uniform level along the hill side above-mention-

ed and to the west it appears to die out. To the east it is not exposed

in the stream, and no attempt was made to ascertain if it reappeared on

the hills to the east of the valley.

The probable relation of the manganes >silicate band to the associat-

ed rocks is explained in the section shown in Fig. 2 along the line A B
in Plate 55.^

The manganese-silicate band measured 8 paces across the outcrop at

two different points
;
assuming a dip of about 30° to the south, i.e., into

the hill, the thickness of the band must be about 12 feet. It shows consi-

derable variations in composition, but is com-
The m.ngauese.py,.oxen-

^^^^^^ ^^^^j^^j^ ^ minCials. The chief of these

is a rich brown, sherry-coloured to orange-red,

manganese- [/yroiene
, usually forming a granular aggregate of granules

averaging ^ to inch iliameter ; and less abundant are pink rhodonite

,

usually assuming prismatic forms, in places up to an inch long, anda ricl<

green manganese-pyroxene occurring usually in small granules, say
^j.

inch

in diameter, often enclosed in the rhodonite. The fourth mineral is a

rich orange manganese-garnet , in some places forming a fair proportion

of the rock ; in others it is quite absent. Although the three

pyroxenes are so easily distinguished in hand-specimens by their different,

colours, yet in really thin sections they are very difficult to difxri-

1 This ie very similar to a section sketched for me by Mr. Middlemixs before luy
visit.
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minate under the microscope, as they all show extinctions up to 45*^

referred to prismatic cleavages. In somewhat thicker sections, how-

ever, the rhodonite remains colourless, whilst the brown pyroxene

assumes a pale yellowish or brownish tint and the green pyroxene a

pale yellowish green tint. As pyroxenes make up the main bulk of these

rocks they can be best designated manganese-fyroxenites. One variety

composed almost entirely of brownish green pyroxene contains little

prisms of pale greenish apatite up to \ inch long.

The loose blocks and pebbles of manganiferous rocks found on the

hill slopes and in the stream-bed were doubtless, at least partly, derived

from the band noticed above. But some cf them may have been derived

from another band of these rocks situated further up the valley and as

yet undiscovered. The majority of these boulders was composed of

the various varieties of manganese -pyroxenites like those mentioned

above. A few of them, however, showed other minerals in addition.

Thus one block showed a layer of quartz con-

ite^h^doalte^qu^t^^ taining scattered deep orange-coloured spandite

grains and a few scattered graphite scales.

This layer rested on one composed of a rather fine-grained aggregate of

quartz, spandite, and rhodonite. Under the microscope this rock was

seen to contain sphene also, and a few grains of a mineral suggesting

P3rrrhotite, besides fairly abundant apatite.

Another boulder was an ochreous very graphitic rock, seen under the

microscope to contain abundance of apatite and

lock'witttuanganL^i-'or?" P^^® yellowish garnet in a dark matrix com-

posed ajjparently of graphite, brown iron-ores,

and black manganese-ore, of which the last-named is evidently replac-

ing both garnet and apatite.

Another boulder was composed of the garnet in a matrix of manga-
nese-ore and probably represents original spandite-rock.

Where the ore-band crops out, exposures of both the overlying and

™i ,
underlying rocks can also be found. The under-iw calcareous gneisses,

.

lying rock is always some variety of the

calcareous gneisses. At one place this rock was a wcUastonite-gneiss,

containing subordmaie pyroxene, plagioclase, sphene; at another it

was a ecapolitic gneiss composed of seapolite and green pyroxene with
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some untwinned felspar, calcite, and sphene ; whilst at yet aiiotlier spot

it was composed of sphene, pyroxene, labradorite, and sea polite, all

present in abundance, with a little iron-ore (? ilmenite).

The overlying rock is also somewhat variable in composition. At

one place it is composed of biotite, rhombic

oiie-gneVssas ' pyroxene, labradorite and apatite, with a little

quartz, whilst at another it consists of pink

garnet, hypersthene, augite, black iron-ore, labradoiite, and apatite.

In each case the rock is fairly fine-grained and shows gneissosa .structures.

They are rather difficult to name but may be described as noritic

gneisses, or as biotite-pyroxene-gneiss and garnet-pyrox ne gneiss,

respectively.

Reference to Fig. 2 of Plate 55 shows that the noritic gneisses, manga-

nese-pyroxenites, and calcareous gneisses, occupy a position at the junction

of the khondalite and gneissose granite suggesting that they may be either

the basal beds of the khondalite series or contact products resulting from

the interaction of the gneissose granite and the khr ndalite. The latter

hypothesis is extremely improbable, considering the probable chemical

composition of the various rocks ; the former hypothesis may be true

as regards the calcareous greisses. but not for the other rocks. If the

manganese-pyroxenites have any connection with the kodurite series

of this district, then they must be regarded as in all probability intrusive.

Both here and at Chintelavalsa, however, they difTer from the manga-

nese-pyroxenites seen elsewhere in that they frequently contain

graphite. This constituent, may, however, not be an original one
;

but may have been obtained from the khondalite series, a formation

which is characterized by abundance of graphite.

This occurrence possesses no economic value ; for the rocks are

mostly very fresh and altered only at the outcrops.

22. Chintelavalsa.

Ab with Taduiu, my attention was firsu drawn to the occuirence

of manganese-ores near this village by Mr. Middlemiss, who found

pebbles and boulders of rhodonite and other manganese siUcates exter

nally altered to manganese oxides, scattered at intervals along the

road from Burjavalsa to Chintelavalsa. He did not. however, have time
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to find where they came from. Therefore I specially went over this
route ami found many pebbles of spandite-rock blackened outside, and
one of rhodonite-rock containing orange garnets. It was only after
several fruitless deviations from the path that I succeeded in finding
the rock in situ in a small conical hill 100 feet or more high, situated
to the south of the path 2 or 3 furlongs west of Chintelavalsa
village.

Kh = khoiidalite ; Sc = scu politic or calcareous gneisses.

Hjir=biotite-gneiss : Mn = inanganese-pyroxenite.

Fig.92—Section across hill near Chintelavalsa.

Owing to the debris the thickness of the rocks could not be deter-

mined, but Fig. 92 gives a rough idea of their succession.

Two specimens of the calcareous gneisses were collected. The typical

rock in bands Nos. 2 and 5 is a medium-grained
The scapolitic or calea- whitish rock composed essentia'ly of pale green

reous gneisses. ^
,i

• m.
pyroxene, scapolite, and wollastonite. Ihe

latter is very noticeable in the hand-specimen on account of its pearly

lustre. The rock also contains a small amount of calcite and quartz.

The upper band must be at least 50 feet thick. In it there is a layer 3

to 4 inches thick of a rather fine-grained pyroxene-scapolite-rock, these

two minerals be ng in about equal proportions The rock also contains

a little sphene and a trace of calcite.

This rock immediately underlies the manganese-silicate band.

rp. . . ^.^ Unfortunately I did not collect a specimen

of it, because it looked like an ordinary

rather fine-grained foliated gneiss of biotite
,
quartz, and felspar ; but
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it is probably the same rock, a biotite-pyroxene-gneiss, as that found

()vorlyin<^ the inaiiganiforous band at Tjiduru (see page 1 1 1.'}).

The band of manganese-silicate-rock is of great interest owing to its

variable mineral composition. It varies from
The graphite-bearing

f^^^.^^ coarse-grained and contains the follow-
iiianganese-silicate-rock. f

ing minerals :—manganese-garnet, green pyro-

xene, rhodonite, biotite, quartz, apatite, sphene and graphite. The

special feature of this rock is, of course, the graphite, which is iisually

most intimately associated with the more quartzoes layers and occuis in

scales up to ^ inch across.

24. Other Localities.

Just by the village of Sandapuram, on the path leading from Burja-

valsa Inspection Bungalow to Chintelavalsa
Sandapuram.

(page 1 1 13), I found, in addition to a pebble of

psilomelane, several pebbles of a dark manganiferous rock, of which

the one taken was showr by the microscope to be an apatite-spandite-

rock in which both apatite and garnet were partly replaced by man-
ganese-ore. The so\irce from which these pebbles were derived was not

apparent. About 200 yards east of Sandaupram there is a well-wooded

rounded ritlge. Where I crossed this at the northern end I saw only

khondalite (with spots of secondary manganese oxide)
; but a more

careful search might reveal the existence of a band of manganiferous

rock in this hill.

Sandapuram is not marked on the map (Plate 56), but is probably

about 1 a mile north of Sedaralavalsa (C'hedulavalsa on the map), situ-

ated some two miles E. by N. from Chintelavalsa.

Mr. Colville, prospecting on behalf of Mr. Blechynden, found an oc-

.,
ciirrence of manganese-ore and manganese-

Kaiitika])uli. -i- , i -rV . -i -n- -
silicate-rock near Kantikapilli village, 51 miles

N. N. E. of Kothavalsa railway station. The occurrence was described

as a ' solid lode about 20 yards wide ', but the specimens brought by
Mr. Blechynden consisted of a heavy, altered, coarsely crystalline

rock that the microscope shows to be composed of thodonite, a

brownish green pyroxene, and spandite, with a little apatite. This local-

ity is not shown on Plate 56 of this Memoir, as it is some 18 miles

S.W. of Vizianagram.



CHAPTER XLI.

DESCRIPTIONS OF DEPOSITS -continued.

Maldive Islands and Mysore.

Maldive Islands.

Mysore—History—Mode of occurrence and origin— Quality of ores—Outinit.
Bangalore distrirt.

Ghitaldrug dis/ru<—8adarhalli- Dod Kittadhalli—Madadkere— Nirgudda
Hills—Iplara Hills—Bodimaradi.

Hassan district.

Kadur district—Ubrani—KannikalmHtti (Hadikere).

Shimoga district—History— Physical character of the country—Geology and
origin—Nature of the ores- Quality—Communications and transport -- List of

deposits.

Shikirpur Group—Ayanur (Jroup—Tuppur—Short s Block—Kumsi- Bikon-

halli—Aladhalli—Shankargudda Group— Shankargudda —Tirandu:— Channagiri

Gioup—Sulekire—Gaddikalmatti— Buddaaiatti Peak—Hoslialli—Treasury Hill

—

Shiddarhalli Group— Bhadigund and Gangur—Kanjigauagutti (Shiddarhalli Main

deposit)—U.umanjanmatti—RagikalvadiVinakeri Bhaui Nagalagutti.

Tumkur district.—Sondenhalli (Solid Hill Mine)—Muskondli (Rowe's Mine)

—

Karekurchi (Camp Mine)—Hattyal (Ten pie Hill Mine)—Harenhalli (Government

Road Mine).

Maldive Islands-

It is interesting to note that during an expedition to these islands

conducted by Prof. A. Agassiz i small nodules of manganese-ore were

brought up ' in two of the soundings in the channels between the compo-

site atolls. ' They were ' much in the condition in which they were

dredged up by the '• Blake " in the Straits of Florida.' The figures

given for soundings in such channels, range between 100 and 7(39

fathoms, but it is not stated at what particular depths the manganese-

ore was found.

1 Amer. Jour. <Sc»., 4th Series, XIII, p 301, (1902).
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Mysore.

The earliest mention of manganese in India refers to this State. Dr.

W. Ainsliei in 1813 says that —
'(his metal, it is to be presumed, is not common in India, ('aptain Arthur, how-

ever, informs me that he found it in Mysore, massive, in an indurated ochre, com-

bined with oxide of iron.'

Newbold,2 also, refers to the occurrence of manganese-ores in Mysore.

Ores from this State were exhibited at the
History.

Madras Exhibitions of 1855 and 1857, but even

then no exact localities for the ores were stated. During the last eight

years the field work of the Mysore Geological Department, especially of

Mr. H. K. Slater, has led to the location of a considerable number of

manganese-ore deposits, noticed in the Records of the Department.

Several of these have proved to be of economic value, and various com-

panies hf^ve been formed to work them. The pioneer company was the

Mysore Manganese Company, Limited, now the New Mysore Manganese

Company, Limited. As the result of the success of this company and the

high prices of manganese, there has been a manganese boom in Mysore

during 190(5 and 1007, leading to the formation of the Peninsular

Minerals Company of Mysore, Limited, and the Shimoga Manganese

Company, Limited, and also of numerous small syndicates. Besides

these, many individuals have obtained concessions for manganese, but

it seems probable that in many cases the concessions obtained do not

contain manganese-ore. Further details as to the companies mentioned

above will be found in Part III of this Memoir, on pages 429 and 430.

1 am not able to give a full account of the deposits of this State,

because my personal examination was confined to an eleven days' visit.

In this time, however, I was able, through the courtesy of the officials

of the different companies, to see a considerable number of the more

important of the deposits.

Generally speaking it may be said that the manganese-ores occur

either in superficial mas of lateritoid rock, or
Mode of occi'irence and -j^ lithomarges and decomposed quartzites

^ underlying this lateritoid. The lateritoid is a

mixture of iron and manganese-ores, usually more or less cavernous in

1
' Materia Medica if Hindoostan,' p. 57.

2 Had. Jour. Lit. Set., XI, p. 45, (1840) ; Jour. Roy. At. Sac, VII, p. 214, (1843) ;

Op. tit., VIII, p. 155, (1846).
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character and showing a considerable resemblance to laterite. The out-

crops, especially, have the same rugged cavernous aspect, and are

usually lichen-covered. The manganese-ores in the lateritoid are usually

psilomelane, with often some wad and pyrolusite. The lateritoid often

shows remains of the underlying rocks, quartzite, lithomarge, or

jjhyllite, and the examination of a considerable number of sections has

led me to the conclusion that this lateritoid has been formed by the super-

ficial alteration and metasomatic replacement of the rocks corresponding

to the altered rocks now found beneath the lateritoid. These altered

rocks consist of interbanded lithomarges of various colours, ochres,

wads, and decomposed quartzites. The quartzites often contain a con-

siderable quantity of pyroluside in the form of nests and patches formed

by impregnation and replacement ; whilst in the lithomarges,

ochres, and wads, there are often considerable quantities of concretion-

ary psilomelane. The lithomarges probably correspond to original

phyllites and slates, and probably suffered alteration to their present

condition at the same time as the lateritoid was formed, and as a pait of

the same series of changes. The evidence for the statements given above

is scattered through the descriptive accounts of the deposits in the

following p)8ges, but attention may be directed to the accounts of the

Bikonhalli, Sadarhalli, and Tumkur deposits, as affording the best evid-

ence on these points. Since the Mysore deposits bear considerable re-

semblance, at least in mode of formation, to those of the Sandur Hills, it

is not necessary in this place to go further into their origin. Most of the

points considered in the account of the Sandur deposits apply here.

I have, however, treated the question more fully under the heading of

the Shimoga district.

As will be judged from the account given above of the way in which

the ores occur, they are as a rule distributed in a very pockety and un-

certain manner, the only exception that I saw being the Kumsi deposit.

They are also all superficial in character and will not be found to continue

to any considerable depths—rarely below 50 feet, and often to nuich

smaller depths only. The chief difference between these deposits and

those of Sandur is that, with the exception of Kumsi, none of the deposits

I saw seemed to be of any considerable size.

In addition to psilomelane, pyrolusite, and wad, the Mysore deposits

often yield the light grey crystalline mineral found in Sandur (in one

case—Bikonhalli—doubtfully identified as polianite), and occasior.ally

pseudo-manganite.
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111 (juality. as in inodc of origin, the Mysoro oros bear considerable

roseniblance to those of Sandnr. That is, they

are comparatively low in manganese, so as to

be classed as 2nd and :Jrd grade ores, correspondingly high in iron, and

low in silica and phosphorus. When the ores are not carefully picked,

however, the silica percentage may at some deposits easily rise to a

high figure.

During 1900 and 1907 the following amounts
Kx|JOlts.

P
•

1

OT ore were raised :
—

1906. 1907.

Tons. Tons.

Chitaldrug district ...... 712 3,125

Shimoga district ...... 40,773 9G591

Tumkur district ....... 4,827 13,091

But no ore was actually sent away from the Chitaldrug district in 1906.

During 1907 ore has also been despatched from the Chitaldrug and

Kadur districts. The port of shipment for all the manganese-producing

parts of Mysore is Mormugao in Portugese India, the ore being railed

over the Southern Mahratta Railway. In the future, however, a certain

proportion of the ore may possibly be railed eastwards to the port of

Madras.

Bangalore District.

Specimens of 'iron ore and manganese in alternate strata ' and ' brown

wad and brown fibrous manganese ' from Bangalore were shewn at the

Madras Exhibitions of 1855 ^ and 1857;2 and at that time black earthen-

ware was manufactured at Bangalore from a 'fine dense clay that contains

both manganese and iron '.3 Recent analyses4 of gneiss from Bangalore

show 2-69 to 2-71 per cent, of manganese protoxide (MnO). Columbite,

a niobate and tantalate of iron and manganese, has been found by Mr. B.

Jayaram^ in pegmatite about ^ a mile north of Masti.

1 Reports by the Juries, p. C, (1856).
2 Ibid., p. 2, (1857).

3 Ibid., p. 120, (18o6\
Rec. Mys. Gtol. Dept., II, pp. 30. 34. (1898-99).

5 Ibid., Ill, p. 182, (1900-01).
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Chitaldrug District.

The manganese-ore deposits found in tiiis district are, as far as I

know, all associated with the belt of Dharwar rocks designated the

Dambal-Chiknayakanhalli band by Foote. The eastern edge of this

band has been separated by the Mysore Geological Department under

the name of the Jadanhalli belt of schists, and the remainder named
the Chitaldrug belt. It is in the latter portion of this belt that all

the Chitaldrug manganese-ore deposits have been found. Mr. P. Sampat
Iyengar of the Mysore Geological Department has given an interesting

account of the geology of the part of the Chitaldrug belt of Dharwar

schists lying n the Chitaldrug districts. ^ Reclaims to have found con-

glomerate layers separating this series of rocks into three formations,

which he designates as follows in ascending order :

—

1. The Javanhalli fromation.

2. The Chitaldrug formation.

3. The Gudad-Rangavanhalli formation.

These three formations are characterized in the main by the following

rocks :

—

1. Hornblende-schists.

2. Chlorite-schists.

3. Clays.

He thinks that the last-named formation has affinities with the

Kadapahs. Even if the truth of the necessity of breaking up the.

schists of this area into three formations be established, I still do not

think it is necessary to regard the three formations as anything else than

three divisions of the Dharwsir series. The term Dhdrivdr is a

comprehensive one and can be applied to all the sedimentary schists

lying below the Eparchgean unconformity. It is extremely probable

that there are many breaks in this schistose formation in different parts

of India, but we can hardly hope to be able to correlate such breaks in

different parts of India with any degree of certainty, and hence must

make use of a general term to include the whole of this series of schists

without taking any notice of the breaks. The term ' Dharwar ' seems

to be the term to use thus. Further, from what I have seen of

Mr. Sampat Iyengar's Gudad-Rangavanhalli formation, or as he calls

1 Op. til., VI, Part II, pp, 67-03, with a geological map, (1904-05).
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it for short the G. R. formation, 1. am inclined to believe that the

clays were not deposited in their present condition, but merely re-

present altered phyllitic rocks forming an integral portion of the

Archaean schists, and hence are not to be correlated with the Kadapahs,

which are of Pui ana age. If my doubt be sustained in this respect, then

one must wonder if it really be a fact that there is a unconformity be-

tween the chlorite-schist formation and the clays, which might pos-

sibly have been formed in part by the alteration of chlorite-schists or

-phyllites.

Mr. Sampat Iyengar describes the G. R. formation as consisting

of conglomerates, red ?nd white mottled clays, ferruginous clays,

grits and sandstones, and jaspery and brecciated hematite- quartzites.

He mentions the occurrence of lateritic caps on top of the clays and

says that manganese occurs as nodular lumps in this laterite. He
further says that the hematitic quartzites are often found brecciated

and always occur associated with the red mottle clays, and that man-
ganese-ores, chiefly pyrolusite, are found in the cavities of the

quartzites. 1 The localities given for these hematitic-quartzites are

the hills N. and N. W. of Jammapur ; east of Basavankote (Jagalm

taluk) ; hills close to Bhimasamudram, and to the south of Chitaldrug.

Mr. lyengpr also mentions the occurrence of manganese-ores in the

clays.

I do not propose to discuss here the origin of the ores found in this

district, for I have seen only one deposit, namely that at Sadarhalli.

Here the evidence seems fairly clear that the manganese and iron-ores

have been formed by the superficial replacement and alteration of

original quartzites and argillaceous rocks, probably phyllites. For
details see the account of this deposit.

The following is a list of the deposits of which I have any informa-

tion :

—

1. Sadarhalli.

2. Dod Kit,tadhalli.

3. Madadkere.

4. Nirgudda Hills.

5. Iplara Hills.

6. lodimaradi.

1 Ibid., p. 84.
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According to the one-inch map, deposit No. 1 is in tlie Holalkore taluk,

and the remaiiuler in the Hosdurga taluk
;

wliilst, according to the

Atlas Sheets, Nos. 1 and 3 are in the Holalkere taluk and the remainder

in the Hiriyur taluk. The nearest deposit to the railway is Sadarhalli,

which is only i miles from Chik Jajur Station on the Southern Mahratta

Railway. The other deposits all lie some 16 to 20 miles to the east

of the railway as measured in a straight line.

Mr. W. W. Coen of Hubli is working at Sadarhalli, and Haji Ismail

Sait of Bangalore in the same area ; the Peninsular Minerals Company
of Mysore, Limited, is at work in the Dod Kittadhalli area ; whilst

Mr. C N. Surya Narayana Row of Bangalore has concessions in the

Nirgudda and Iplara Hills. There are probably others working in various

parts of the district, but concerning this I have no information. The

Peninsular Minerals Company reported an output of 712 tons of

manganese-ore in this district in 1906, but no ore was exported.

During 1907 some 3,12-5 tons of ore were raised by various prospectors.

As regards the quality of the ores I have little information
;
they are

probably similar to those of other parts of Mysore, namely compara-

tively low in manganese and high in iron, low in silica, and fairly low in

phosphorus, with a tendency for the silica to become high when the ore

is not carefully cleaned.

1. Sadarhalli.

The manganese-ore deposit being worked by Mr. W. W. Coen lies

about 1^ miles E.N.B. of Sadarhalli village on top of a hill rising to 200

to 2-50 feet above the neighbouring low ground. It is a little over

4 miles E. N. E. of Chik Jajur Station on the Southern Mahratta Railway.

As shown on Mr. Sampat Iyengar's map it is just near the western edge

of the Chitaldrug belt of schists. At the time of my visit a considerable

anount of preliminary work had been done on the deposit. The

numerous sections showed that the hill is covered with a thin skin of

lateritic rock or lat^ritoid, in some places very like some varieties of

true lateiite. In some places the thickness of this lateritoid is only 2

or 3 '^eet, whilst in others it must be as much as 20 feet or even more.

The rock underlying this is found to be a series of interbanded

lithomarges, ochres, and wads, sometimes with associated psilomelane.

In this series there are sometimes some bands of fine-grained quartzite

of white colour, but irregularly impregnated with limonite so as to
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produce the effect of a mixture of brown and white qaartzite. In

this quartzite nests of pyrolusite are often found, there being every

stage between the fresh quartzite, through quartzite blacken^^d by

the deposition of thin fihns of manganese oxide round each separate

quartz grain, to pyrolusite in which all the quartz has been replaced

by manganese oxide. The quartzite that is being replaced by manga-

nese oxide has often become affected so that the grains of quartz

have all become separate and the rock all tumbles into a fine white

quartz sand on being handled. The lithomarges are sometimes seen

to retain traces of slaty or shaly structure, and in places, instead

of lithomarges the rocks underlying the lateritoid are seen to be

laminated rocks suggesting altered slates or phyllitos. Although there

is some merchantable psilomelane associated with the lithomargic rocks,

and Some merchantable pyrolusite associated with the decomposed

quartzites, yet the main mass of the manganese-ore worth extracting is

in the lateritoid, where it occurs mainly in the form of psilomelane,

mixed in varying proportions with limonite. This lateritoid often

shows residual quartzite or slaty rock, so that it seems that it is the

final product of the process of alteration and replacement that has

evidently affected the whole of the mass of rocks situated near the

surface of this hill. From the mode of occurrence of the ores it will be

seen that they are only to be found near the surface, and that f s the

workings are deepened it will probably be found that the manganese-

ores decrease in quantity and finally disappear. They will probably be

found to extend deepest along the bands of quartzite, which seem to be

more susceptible of replacement than the argillaceous rocks. Although

the total quantity of ore in this hill cannot be large, yet I shall not be

surprised if as much as 10,000 tons be extracted. The strike of the

rocks revealed in the pits is generally N. N. W. to N. W., with the dips

sometimes to the east and sometimes to the west side of the strike.

In one place the lateritoid is very interesting. On the south slope,

extending to some 50 feet below the summit of the hill, is a big outcrop

of the lateritoid. At the base of this outcrop
Interesting forms of . , „ i • r,

lateritoid. there IS a shallow excavation showing a soft

rock composed of manganese-ore pisolites set

in a soft clayey matrix of dark brown colour. This gives way above to

ferruginous rock composed of red-ochre pisolites in a matrix of red ochre,

IV 2 L
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the outer shell of the pisolites being limonitic. In places this form of

the rock tends to give way to the manganiferons form again. Higher

up this rock gives place to cavernous limonitic rock, sometimes more

compact, and in places passing into psilomelane, the cavernous, psilo-

melanic, limonite rock extending right to the top of the hill. The

various varieties of rock described above would often, if seen in detached

pieces, be called ' laterite. ' And indeed it seems as if this lateritoid,

and consequently all the lateritoid containing manganese-ore that I

have seen in Mysore, is really a form of true laterite, formed by the

surface alteration and metasomatic replacement of quartzites, phyllites,

and other Dharwar rocks. I shall still call it lateritoid, however, to

distinguish it from the form of laterite that is found in horizontal

sheets.

Amongst the ochres and wads there is a dark brown rock of light

weight, cutting like soap, that dissolves entirely
Manganiferous oohre. •

i i i, • -i t i
•m hydrochloric acid, it must be a mangani-

ferous ochre intermediate in composition between ochre and wad.

The ores are partly psilomelane, often spoilt by limonite, or remains

, , of quartzite or argillaceous rock, and con-
Ntiturc of tnc ores

taining either botryoidal psilomelane or pyro-

lusite needles in cavities ; and partly pyrolusite, usually fine-grained,

with either quartz or pyrolusite crystals in cavities, and also showing

remains of quartzite. The ores hence tend to be high in silica.

2. Dod Kittadhalli.

Specimens of brown hematite from this place assayed 1-46 to 3-54
y!^

MnO,^ whilst some black iron sand showed M0% MnO.

3. Madadkere.

This jilace is some 4 miles to the south of Dod Kittadhalli. Ac-

cording to Mr. V. S. Sambasiva lyer^ a dark brownish black soft

earthy ore of manganese, soiling the fingers and yielding about 44^ of

MnO, corresponding to 34 % Mn, with less than 1 ^ of insoluble residue,

occurs intimately associated with hematitic quartzite and earthy and

ferruginous limestone in the long low hills east of Madadkere. The

lOp. II, pp. 42, 43, (1898-99).

2 Op, cit., IV, pp. 160, 101, (1902-03).
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specimen that gave the above assay was taken from a loii^ outcrop of

about fl feet broad on the east slope of the low hill called Dhupa-

damaradi, about J| miles east of Madadkere. A substance very similar

to the above, but less manganiferous and more ferruginous, occurs under

similar conditions along slopes of hills forming the north and south

continuation of the hill noted above. Thus a sample taken from

a band of the material 7-8 feet thick on the western slope of the most

easterly hill range, about \ mile south of the loth milestone on the

Hiriyur-Hosdurga road, showed only 14% MnO, corresponding to nearly

11% of Mn, and 37% of hematite. Material very similar to the above

was foimd also in bands on the western slope of the low hill range about

J mile east of Madadkere.

In all these cases hematitic quartzites or a quartz-hematite-breccia

cap the hills, while earthy ferruginous limestone alternating with the

earthy manganiferous material underlies the quartzite, and on the

other side is in contact with granite, gneiss, or grey crystalline lime-

stone.

Besides the bands of manganiferous material Mr. Sambasiva Iyer

says that extensive areas are covered to a depth of 2 to .3 feet, and

occasionally even more, by a dark manganiferous earth yielding on

analysis 9% MnO and 70% insoluble residue, and suggests that a close

prospecting of this earth might lead to the discovery of workable ores.

4. Nipgudda Hills.

The Nirgudda Hills lie about 4 miles E.N.B. of Dod Kittadhalli.

In one of them, called Munisinganagudda, workable ores of manganese-

ore are said to have been found, the concession being held by

Mr. C. N. Surya Narayana Row of Bangalore.

S. Iplapa Hills.

This name may be given to the range starting about 2 miles south

of Nirgudda and running for 4 miles south by a little west to the

Hiriyur-Hosdurga road near Madadkere. The highest point is Iplara,

3,078 feet. In 1899 Dr. W. F. Smeeth^ found some loose pieces of

manganese-ore on the Iplara Hills.

'A few of these are good manganese -ores, but the majority are iron-ores

eontaining variable proportions of manganese with some silica and small quantities

up to 1 dwt. or so) of gold.'

1 Op. ext., II. p. 167, (1898-00); IV, p. 24. (1902-0.3).

ly 2 L 2
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Mr. C. N. S. N. Row holds a concession in this area.

6. Bodimapadi.

Dr. Smeeth also mentions Bodimaradi Hill, which

'is one of a chain of small hills running north and south about three ciiles east

of Dod Kittadhalli. The hills are composed of ferruginous quartzites and schists,

in which are variable quantities of manganese-ore and a little limestone.' J-

It is evident from the above that Bodimaradi must be near Iplara

Hill, although it is not marked on the 1-inch map of this area.

Hassan District.

A crushed granite-porphyry from the Kempinkote mine showed

4-97% MnO^.

The Kadur District.

Only two occurrences of manganese-ore in this district have come to

my notice. These are near Ubrani and in the Hadikere forest, respec-

tively, both being in the Tarikere taluk.

1. Ubrani.

Mr. Slater mentions^ the occurrence of rounded lumps of manganese-

ore on the cart track leading from Gangur (in the Shimoga district) to

Ubrani. I do not know if any of this ore was actually found within the

limits of the Kadur district.

2. Kannikalmatti (Hadikere).

bout IJ mile E. S. E. of Shiddarhalli village in the Shimoga

district is a hill called Kannikalmatti. This is just over the border, in

the Kadur district and some 3^ miles N. 10° W. of Hadikere village. It

1 Op. cit., V, Part I, p. 17, (1903= 04).

2 Rec. Mys. Gf:ol. Dept., II, p. 50. (1 898-99).
3 Op. cit, VI, Piirt II, p. 2(>. (1904-05).
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is shown by Mr. Slater on his mop' of this area as having mangaucse-

and iron-ores on top. These are said to be of no value and similar

to the occurrences on the top of Urumanjanmatti. On the sloping

and level ground on the north-west base of Kannikalmatti, how-

ever, somewhat extensive deposits of detrital ores have been found.

Those portions of these deposits lying in the Kadur district are he'd by

the Shimoga Manganese Company, and those portions lying in the

Shimoga district by Messieurs Jambon and Cie. Most of the openings

show detrital nodules and boulders of manganese-ore in a matrix of

clayey soil. But in two places what is possibly ore in situ seems to

have been found. In one of these, isolated concretions of psilomelane

are seen in a matrix of yellow ochre. The other occurrence is in a

big trench running N.30°E. and as much as 25 feet deep in places. The

ore is mixed with clay and yellow ochre and seems to be more or less

massive in places, but I am not certain that this is not really a closely

packed detrital deposit. That some of the ore is probably in

situ is indicated by the presence of broken veins of quartz, partly

replaced by manganese-ore in places. The whole occurrence is, however,

obscure. In any case it is probable that a considerable proportion of

the detrital ores of this area has been derived from the top of Kannikal^

matti. The ore consists of both the dull grey and lead-like varieties of

psilomelane, with a tendency for the boulders to show a coating of

wad. The distance to Tarikere Railway Station, Southern Mahratta

Railway, is about 9 miles.

Shimoga District.

[See Plate 57.)

This is the district in Mysore in which manganese-ore deposits of eco-

nomic value were first found and also worked.
History.

j^^^ jggg , sesquioxide of manganese '

from this district was exhibited at the Madras Exhibition and was

then used at the Madras School of Arts for colouring glass and

pottery'-. In 1899, Mr. H. K. Slater of the Mysore Geological

Department^ discovered indications of the Kumsi deposit^ which he

1 Loc. cit. , Plate II.

2 Reports by the Juries, p. C, (1856).

3 Bee. Mys. Gecl. Dept., IV, pp. 19, 138, (1902-03); V, Paitl, p. 34, (1903 04).
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examined more closely in 190:5. During the field season of 190'l-05

Mr. Slater extended his surveys of the Shimoga district, and found

manganese -ores at or near Shiddarhalli, Hoshalli and Gangur.' No

attempt was made to open up any of the Mysore deposits till the end

of 1904, when Messrs. Hamilton Holmes, J. Short, and Eardley Norton

took out prospecting hcenses for some blocks near Kumsi. Theii"

work has culminated in the formation of the New Mysore Manganese

Company, Limited. For the history of this enterprise and the

development of the industry in the hands of other individuals and

companies, especially during 1906, when the manganese boom in

Mysore can fairly be said to have started, see pages 129—430 of Part

III of this Memoir. The first export of manga-
Olllpilt.

T , r r

nese-ore from this district, and therefore from

Mysore, was in 190G, when 40,773 tons of ore were exported by the

Mysore Manganese Company, Limited, since become the New Mysore

Manganese Company, Limited.

The output for 1907 was 96,591 tons divided as follows :

—

Long tons.

New Mysore Manganese Co. ..... 76,894

Shimoga Manganese Co.

Tata Sons & Co.

Jambon & Cie.

Various licensees

15,729

1,427

816

1,725

96,591

The general plains level of the country varies from about 1,900 to

2,200 feet. From this spring up ranges of

tl,rSmitr'v.
hills, mostly due to the Dharwar series of

rocks, the granites and gneisses tending to

occupy the low country in between.

The heights reached by these Dharwar ranges vary from a hundred

or two feet above the level of the plains to 2,SCO and sometimes over

3,000 feet above sea-level, one of the highest peaks in the manganese

area being Shankargudda, 3,393 feet above sea-level. The low-lying

gneissic and granitic country is usually given up to cultivation, except

where the rock crops out at the surface ; whilst the Dharwar ranges

tend to be covered with very thick jungle. Consequently a considerable

1 Op. cit., VI, Part II, pp. 24-26, (1904-05).
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proportion of the manganese- ore deposits lie in reserved forest, and to

work them it is necessary to clear the jungle first.

For our knowledge of the geology of this district we are indebted main-

, , . ly to Mr. Slater, who has produced unusually
Geology and origin. _

' f J

detailed maps for Archaean areas. In Vol. 4 of

the Records of the Mysore Geological Department there is a map (Plate

III), on the scale of 1"= 4 miles, of portions of the district north and N.

W. of Shimoga. In Vol. 5 there is a map (Plate II), on the same scale, of

the portions of the district to the west and S. W. of Shimoga town, and in

Vol. VI there is a map (Plate II), on the scale of V'= l mile, of parts of

the district east andN. E. of Benkipur station. On these maps are to

be found all the manganese-ore localities yet known. From them it wiil

be seen that the whole of the district is covered by two divisions of the

Archaean series—the Dharwdr Schists and the Granites and Gneisses.

The Dharwars are probably older than the granites ; but there are

some portions of the gneisses that are said to be of pre-Dharwar age.

As might be expected the manganese-ores occur only in association with

the Dharwars. The Dharwars of this district form, of course,^ a por-

tion of the Dharwar-Shimoga band of Dharwars of Foote. They

comprise a great variety of rocks, as described by Mr. Slater. The

most prominent of these to one visiting the manganese areas are the

phyllites, slates, and resultant clays ; the dolomites and limesI:ones

;

the quartzites and ferruginous quartzites. The manganese-ores occur

in cappings—often on the tops of hills—resting on these rocks, and

chiefly on the phyllites—or rather their decomposed equivalents—and

quartzites. They almost invariably crop out in the form of irregular

lateritoid—i.e., resembling laterite—masses of more or less horizontal

upper surface. When they are quarried into they nearly all show a

downward passage from the mixed manganese- and-iron-ores into

decomposed wads, lithomarges, and friable saccharoidal quartzites. Thus,

although many geologists would probably not be disposed to regard

these rocks as true laterite, like the laterite that forms horizontal sheets

of some considerable extension, there seems to me little doubt that they

are closely related to laterite, and are really one variety of it.

According to the evidence of the many deposits I examined, they are

formed by the superficial replacement of the phyllites and quartzites.
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The best proof that the Mysore deposits are, almost without excep-

tion, of this origin, is the evidence to be seen in almost every working

of a gradual impoverishment of the deposits in depth, with the appear-

ance of larger and larger quantities of lithomargic rocks and remains

of quartzite and quartz. The miscroscope shows that it is a case of

replacement. Even in the best deposit—namely Kumsi, where the

downward passage has not yet been exposed—there can be little

doubt that a similar explanation holds. For in one place I found

remains of quartzite partly replaced by pyrolusite ; at another,

residual patches of white quartzite filling in the meshes of a sort of

network of manganese-ore (psilomelane) ; and in a third place, a

phyllite, probably a talcose one, larg ly impregnated with manganese.

The first two instances were right in the ore-body, and the third on

the southern edge. Further evidence at Kumsi is the occurrence in a

considerable proportion of the ores now being quarried, even from the

best parts of the deposit, of occasional quartz grains and patches of

quartzite, which in some parts of the deposits become very important

in quantity.

The three chief ores are psilomelane, wad, and pyrolusite. The

, , ,
pyrolusite seems to form directly bv the replace-

Nature of the are.si.
_ ....

ment of quarfczites, with which it is associ-

ated in preference to lithomarges. The wads on the other hand seem to

form more readily in the Uthomargic rocks, by the gradual replace-

ment of which they grow. As in Sandur, the wad gradually passes

into psilomelane, good examples of the passage being common at many
of the deposits. The Kumsi deposit seems to be an aggregate of large

boulders. From the evidence of remains of replaced rocks T do not

think these boulders are of derivative origin, i.e., rolled to their present

position. I think rather that their shape is the result of their mode
of origin and that they have grown in situ. These boulders often

show an interior composed of psilomelane, sometimes with a few

tell-tale grains of quartz, and an outer zone, 1 to 2 inches thick, of wad,

with a zone of passage between the two. Sometimes the conversion

seems to have been complete, with the result that the boulder is

composed almost entirely of psilomelane. At other times it has not

advanced nearly as far, and the boulder shows a mottled mixture

of wad and psilomelane.
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A common variety of ore is one showing pisolitic or oolitic struc-

tures. In this variety of ore the spherulitic grains range from

to I or even ] inch in diameter
;
perhaps g inch is the most usual

size. These spherules frequently show a concentric structure, and are

composed of psilomelane. The matrix in which they are set is often

softer and then gives a brownish black streak and is to be called wad.

At other times the matrix itself is composed of psilomelane,. which in

both pisolites and matrix is of the lead-Uke variety. It seems as if

the ore first formed is wad in which the pisolites grow, and as if

at a later stage the wad matrix itself changes into psilomelane. Another

minernl that is fairly common in these deposits is a hard bright

crystalline one that occurs in irregular patches, streaks, spots, and

veinings, scattered throughout the psilomelane of the ores at the

various deposits. This mineral has not yet been closely examined
;

from its association with psilomelane and general appearance it

suggests hollandite, or possibly braunite. The one specimen I tested

gave a siliceous residue on solution in acid, but it did not seem to be

gelatinous. On the other hand the solution did not react for barium,

as it probably would if it were hollandite. Hence until a complete

quantitative analysis be made it will not be possible to assign it

a name. The bright crystalline mineral seen in different specimens,

however, may not always be the same. It seems almost certain that

a certain proportion of it must be hollandite, and not improbable that

some of it is braunite ; it is further possible that a portion of it may re-

present polianite (see page 11 19) or even a new species. The only mineral

I have seen in the Shimoga deposits showing definite crystalline

forms is pyrolusite, which is often found lining cavities, in the form of

beautifully developed crystals of small size, showing various prisms,

capped as a rule by the basal plane.

With regard to the quality of the ores I am not able to give figures

based on the analyses of samples taken by myself.
Quality of the ores.

,

But Mr. C. S. Fawcitt, chemist to the Mysore

Manganese Company, Limited, has kindly furnished me with the figures

shown in the first and second columns below ; and Miss A. E. Dawson,

of the Shimoga Manganese Company, with analyses from which the

figures shown in the third column are taken. Mr. Fawcitt 'a figures
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relate to the Kumsi deposits, and those of Miss Dawson to the deposits

round ShiddarhalU, Hoshalli, Shikarpur, and Hosiu.

New Mysore Manganese Company. 1

iShimoga Manga-
nese Company.

Higher grade. Lower grade.

Manganese
Iron ....
Silica

Phosphorus
Moisture .

44—uG
2—10
1—3

0015—OOO
About 1

30-44
10—20
2—6

0-01-0-06
About 1

34-51-55-94
4-01—17-25
0-22— 5-75

0-01— 0-14

The New Mysore Manganese Company has kindly supplied me with

the figures of manganese cQutents for all the cargoes shipped since the

beginning—1st February 1906—of work till the 28th .June 1907. They

represent 21 cargoes and a tonnage of 60,404 tons of manganese -ore.

The analysts are Pattinson & Stead, J. & H. S. Pattinson, W. H.

Pearson & Co., and E. Riley & Co. Excepting one cargo, they all

ranged between 45'06% and 50'90% manganese. The exception was a

cargo of over 4.000 tons, that gave 4r75% and 43'40% Mn according to

different analysts. The calculated average of all the cargoes, making

allowance for the different tonnages, is 47'67% Mn. The bulk analyses

of the ores from the deposits of the Shimoga Manganese Company are

said to range between 34% and 49% Mn according to the deposit, the 34

figure being unusual. From the foregoing figures it will be seen that the

characteristics of the Shimoga ores are manganese lower than in the

Central Provinces, with a proportionately higher amount of iron, and

very low silica and phosphorus. The Shimoga ores are in fact to

be classed as 2nd and 3rd grade, although a small quantity of first grade

ore might be selected.

As regards railway communications, some of the Shimoga deposits

are favourably situated, and some unfavourably. The favourably

situated ones are those round Shiddarhalli,

from which it is only about 6 miles to Masara-

halli station, and 9 miles to Tarikere. The

unfavourably situated ones are those round Hoshalli, at an average

distance of 14 to 15 miles from Benkipur station ; those near Kumsi, the

Communications
transport.

and
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Kumsi deposit itself being 20 miles by road from Shimoga station; and

those roimd .Shikarpur, this place being 31 miles from Shimoga. The

New Mysore Manganese Company is laying down a 2-foot gauge steam-

tramway from Kumsi to Shimoga by a route 29 miles long. At

present nearly all carriage of ore is done by means of bullock-carts,

the rate being about 4 to 4^ annas per ton mile, except from Kumsi

to Shimoga, where a rate of over 5 annas prevails.

^ ,
The following is a list of all the deposits in this

List of deposits. t • i i
• . r

district about which I have any information :

—

1. Itigehalii.

2. Vadderpur.
j

3. Hosur. ^-I.—Shikarpur Group.

i. Ballur. !

5. Kaginelli. J

6. Tuppur. ~1

7. Short's Block.
|

8. Kumsi (Holmes' Block). Kl.-Ayanur Group.
9. Bikonhalli (Norton's Block). '|

10. Aladhalli (Haji's Block). J

11. ShankargLidda. ) ttt cu i n
„ , \ ill.—bnankargudda Group.

12. Tirandur. ) ^ ^

13. Sulekere. ^

14. Gaddikalmatti.
j

15. Buddamatti Peak. ^iv.-Cliannagiri Group.
16. Hoshalli.

j

17. Treasury Hill. J

18. Bhadigund.

19. Gangur.

20. Kanjiganagutti.

21. Urumanjanmatti.

22. Ragikalvadikinakeri.

Bhaui Nagalagutti. j

V. — Shiddarhalli Group.

Of these deposits Nos. 1 to 5 are in the Shikarpur taluk, Nos. 6

to 11 and 18 to 22 in the Shimoga taluk, No. 12 in the Tirathalli

taluk, and Nos. 13 to 17 in the Channagiri taluk.

I.—The ShikarpuF Group.

1 have not visited any of the deposits of this group. They are all

situated to the east and south-east of Shikarpur in the northern part of
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the district, at distances of 5 to 12 miles. The nearest of these to the

railway is probably Itigehalli, which if? about 28 miles distant by road.

The first four are held by the Shimoga Manganese Company, Limited,

and the fifth by Mr. C. N. Surya Narayana Row of Bangalore. I have

no information about the mode of occurrence or extent cf these deposits.

II —The Ayanup Group.

All the deposits of this group given on page 1133 are held by the

New Mysore Manganese Company, Limited, which has been granted a

preferential right over all the deposits within a 13 miles' radius of

Ayanur, till the end of December 1909 (see page 429). The nearest of

these to the railway is Aladhalli—9 miles from Shimcga—and the

farthest is Tuppur—about 24 miles from shimoga station.

6. TuppuF.

I have not visited this deposit : but Mr. Fawcitt tells me it is situ-

ated on a hill just to the south-west of the village. A specimen cf dull

grey psilomelane from here analysed by Mr. Fawcitt showed :

—

Manganese 3210

Iron 2811

Silica 2-03

Phosphorus 0 06o

7. ShOPt's Block.

This also I did not visit. It is now worked out according to

Mr. Fawcitt and consisted of four occurrences of ore situated in the hills a

mile or so to the north-west of Kumsi, 2 on each side of the Shimoga-

Anantapur road. Analyses by Mr. Fawcitt, of two samples represent-

ing 1,500 and 1,000 tons of ore, respectively, are as follows :

—

No. 1. No. 4.

Manganese 42-32 39 16

Iron 12-04 9-91

Silica 5-53 10-46

Phosphorus 0008 0019
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Out of over 70,000 tons of ore shipped by the New Mysore Mangan-

ese Company up to the end of 10th August 1907, some 4,000 tons only

were mined from Short's Block.

8. Kums'.

{Plate 57.)

In 1899, Mr. H. K. Slater discovered an occurrence of manganese-

ore near Kumsi.' This he examined more closely in 1903. Owing

to the heavy jungle and covering of rich brown soil the dimensions of

the deposit could not be properly ascertained ; but Mr. Slater reported

that :

—

'it is undoubtedly of considerable extent and a very pure form of the oxide is

obtainable.'

' A large number of smooth rounded lumps of ore are to be found in the bed

of the Nulla at the north-eastern base of the hill If miles E. N. E.—N. E. of 2805

or 3 miles N. N. E. of Kumsi.

'

In 1904 prospecting licenses were taken out for various blocks in this

area by Messrs. Holmes, Short, and Norton. Prom these, the deposits

have passed successively to the Madras Mysore Mining Syndicate, the

Mysore Manganese Company, Limited, and the New Mysore Manganese

Company, Limited, the last named of which now holds them. The
ore has been located in situ on the northern slope of the hills north of

Kumsi, at a point 3^ miles N. by a few degrees W. of Kumsi, and H
miles N. by a little E. of hill 280.5. The geology of the country

immediately surrounding the deposits is much obscured by jungle; but
such cuttings as are available indicate that the rocks are phyllites and
fine-grained schists, vitreous quartzites, hematite- and magnetite- quart-

zites, and dolomites. The strike of these rocks as mapped by Mr. Slater

is on the average about north and south. This also agrees with

my observations. This strike is interesting to note, because the strike of

the manganese-ore deposit seems to be, as far as one can judge from the

obscure indications exposed in the workings, about west by a little

south. If this be the true strike of the deposit, and it has been formed

by replacement of the Dharwar rocks at the sxirface, then it means that

i Fee. Mys. Geol. Dept., IV, pages 19, 138, (1902-03); V, page 34, 1903-04.
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the replacement has taken place in a direction at right angles to the

strike of the rocks and independently of their nature. Since, however,

the remnant-s of Dharwar rocks exposed in the manganese -ore deposit

seem also to have this westerly strike of the ore deposit, the more prob-

able explanation of the strike of the deposit being roughly at right a ngles

to the prevailing strike of the rocks in the neighbourhood is that there is

a local twist in the strike of the rocks, and that it is this that is represent-

ed in the strike of the deposit. From the evidence of the remnants of

rocks seen in various places in the workings 1 should say that the rocks

that have been replaced here are vitreous quartzites, sericitic phyllites,

subordinate talcoid phyllites, and possibly some vein quartz.

At first sight the deposit seems to be composed almost entirely of

huge boulders of ore from 1 to o or jnore feet in diameter, with a com-

paratively small quantity of interstitial clay. In some places, however,

there seem to be distinct signs of bedding in the deposit. From the

transition shown by many of these boulders from wad into psilomelane

as noticed on page 1130, I am inclined to think that they are not xletrital

boulders, as might at first sight be thought ; but that they have grown

in situ by the gradual replacement of quartzites and phyllites, with the

formation first of wad and later of psilomelane, the residual quartz,

quartzitCj and lithomargic shale (representing original phyllite), being

evidence of this change.

As exposed in the workings, the length of the deposit in a west by

a little south direction is 352 paces, or say about 1,000 feet. The deposit

being on the slope of the hill near its bottom, the workings are not hori-

zontal, but at an angle of about 20°, this probably being about the ori-

ginal slope of the surface before work was begun. Measured along this

slope, the width across the middle of the deposit is about 340 feet, equi-

valent to about 320 feet on the horizontal. From these figures one can

easily make a rough estimate of the amount of ore in the deposit, if it

Q ^-^^ ^ J.

assumed that the deposit will continue to
'

' a depth of 50 feet withoiit serious deterioration.

[At the time of my visit the workings were nowhere deeper than 25 feet,

and at this depth the ore had not shown signs of any serious deteriora-

tion.] Taking as the effective length and width of the deposit 800 feet

and 180 feet respectively, the pmount of ore down to a depth of 20 feet

800X180X20X62-5X4
mav be estimated as roughly T^^r.

—^ = 10/,000 tons,
^ •' 2240x3
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on the assumption that only ono-thinl of tlic ore wouhl he found up to the

grade at present being shippech and that tlie average specific gravity of

the ore is 4. A depth of 50 feet woukl therefore give 250,000 tons of ore.

As about U)0,000 tons of ore had already been extracted by September

1907, 1 think that the foregoing figure may be too pessimistic, owing per-

haps to a larger proportion of the ore than one-third being despatched.

Perhaps 300,000 tons of ore may be given as the probable maximum

output of this deposit down to 50 feet, with a bare possibility of 500,000

tons. Of course, should the deposit be found to continue productive

to a greater depth, the foregoing figures would have to be increased.

This deposit is the only one in the whole of Mysore, of those I exa-

mined, that showed indications of any large quantity of ore.

The ores of this deposit, as noticed on page 1130, are largely psilo-

melane with wad. The ore as seen in the sun

th^oI-eT
^"^^'^y of

i^^g^ when composed largely or entirely of psilo-

melane, a beautiful light blue colour, which is

of course light grey in the shade. It often contains veinlets and patches

of the bright crystalline mineral noticed on page 1131. At the eastern

end of the deposit there is a considerable amount of soft pyrolusite,

associated with decomposed quartzite and yellow ochre. There is also

a considerable amount of yellow ochre associated with the psilomelanic

ores. On the northern side of the deposit tliere is a large quantity of

the oolitic ore noticed on page 1131.

As regards quality, the ores of this deposit are very variable, owing

to the replacement of manganese by iron. The best ore could possibly

be selected to run over 50 per cent., but the majority of the ore as shipped

runs between 45 and 50 per cent. Mn (see page 1132). The deposit

also yields a considerable quantity of ore of lower grade than this, prob-

ably ranging down to 35 per cent. Mn ; but such ore is not at present

made use of.

In addition to the analytical figures given on page 1132, 1 give below

11 analyses by Mr. Fawcitt of selected specimens of the Kumsi ores
;

their physical characters are given in the note to the analyses. The pho-

phorus w^as not determined, but according to Mr. Fawcitt can be taken

as averaging 0'05. The chief features of these analyses are the very

variable proportions of manganese and iron in specimens all of which

look like manganese-ore. The iron, it will be seen, tends to be lowest in

the pyrolusites, fairly high in the wads, and highest in the pisolitic or

oolitic psilomelanes, in which there is also an exceptionally large amount
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Analyses of hand-specimens of Kumsi manganese-ores.

1 2 3 4 5 6 7 8 9 10 14

MnOj .
82-97 87-82 69-76 83-33 75-51 65-41 70-29 76-55 52-19 40-06 33 08

MnO . 1-75 2-93 1-73 ? 67 4-58 3-40 4-29 1-74 1-99 118 NU
FejOs .

7-85 1-85 19-23 6-64 10-09 18-08 11-76 14-20 26-24 39-46 4416
AI2O3 .

2-50 1 -80 2-82 1-51 2-41 5-48 5-84 306 12-74 1212 13-04

CaO . 103 0-98 0-76 0-C8 0-59 1-34 2-28 1-01 1-94 1-72 1-91

MgO .
0-36 0-37 0-28 0-31 0-30 0-52 0 74 030 0-67 0-40 036

KjO & NajO 0-53 0-59 0-81 1-04 0-49 2-35 2-32 0-70 1-52 1-12

S1O2 .
0-95 0-90 1-05 0-60 2-80 1-22 1-36 0-54 1-24 2-72 2-90

Comb i u e d 2 06 2-76 3-56 2-22 3-23 2-17 1-02 1-85 1-62 1-36 402
water.*

P2O5 . 0-03

Total .
100-00 100-00 100-00 100-00 100 00 99-97 99-90 99-95 10015 100-14 100-00

Manganese .
53-82 57-81 45-44 65-52 51-29 43-98 47-74 49-75 34-54 26-87 21-23

Iron . 5-60 1-21 13-46 4-65 7 00 12-66 8-23 9-94 18-37 27-62 30-91

* Water determined by I'ifference in Nos. 1 to 5, and 14.

Notes:—
1. Cavernous mixture of crystalline pyrolusite with dull pyrolusite or wad.

2. Massive pyrolusite, with some of the bright grey crystalline mineral, and
possibly a little psilomelane, somewhat cavernous.

3. Black wad (dark brownish-black streak) with thin veinlets of psilomelane.

4. Dull grey psilomelane, with a fair quantity of the bright grey crystalline

mineral, and a little Mack wad.

5. Light grey psilomelane with hard bright specks.

6. Dull grey psilomelane with a few minute bright specks.

7. Lead-like psilomelane.

8. Compact firm black wad, passing into, not very hard, neaily black psilomelane

with light grey psilomelane veinlets.

9. Oolitic, almost lead-like |isilomel<ine; matrix and oolites tho same, former

more abundant, fracture passes through the oolites.

10. Oolitic, with black wad matrix ; and oolites of softish psilomelane, fracture

passes round the oolites.

14. Ooliti?, with brownish blaok matrix (chooolate streak) ; dolites tend to consist

of psilomelane.

of alumina. The manganese on the other hand tends to be highest in the

pyrolusites and lowest in the pisolitic or oolitic psilomelanes. It will

also be seen that in all the ores, practically the whole of the manganese

is present in the peroxide form, with very little in the protoxide form.

This of course points to the general absence of braunite, which is borne

out by the small amounts of silica, which, though it may be present in

the form of braunite in some cases, is probably nearly always present as

free quartz. The mean of the figures in this table is as follows :

—

Manganese . . . • . • . .46-68

Iron 10-86

Silica 1'34
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The deposit seems to have been opened up very badly at the outset

and was only beginning to recover from
The working of the initial bad treatment at the time of my visit.

deposit. .. . . 1 1 • r 1

it IS now being worked m a series of trenches

parallel to the length of the deposit and therefore horizontal. Lines

of rail are being run along these trenches for the removal of the ore

and waste. The waste, of which there is a considerable quantity, is

being run to the east and west of the deposit on the line of strike ; al-

though the waste is thus dumped on the line of strike of the deposit, I

am told that it was first ascertained that the deposit did not continue in

either of these directions. Plate 57 shows a portion of this deposit. All

the material heaped on the unopened ground left standing up between

the cuttings is manganese-ore, which had been quarried faster than it

could be removed. The steam tramway being constructed to join up

this mine with Shimoga Station, by a 29-miles' route via Choradi, leaves

the deposit at its western end. The gauge is 2-foot with 20 lb. rails, and

the gradient in favour of the load, with a maximum of 1 in 80, the maxi-

mum gradient against the load being 1 in 100. The trucks used are of

two sizes, the larger taking a maximum of .3 tons of ore and the smaller

of \\ tons. In September 1907 there were still some 10 miles of rail

to be laid down.

9. Bikonhalli.

Bikonhalli village is situated north of Shimoga near the 8th mile on

the road from Shimoga to Shikarpur. The deposit—usually referred to

by the New Mysore Manganese Company as Norton's Block-—lies 1^
miles W. S. W. of the 8th milestone, on top of a hill rising to some 400 or

500 feet above the level of the road at Bikonhalli. This hill is | mile

W. N. W. of A 2,766 feet. According to Mr. Slater's map, the

rocks in the hills immediately surrounding the hill in which the deposit

lies are quartzites, quartz-keratophyres, limestones, hematitic quartz-

ites, and schists.

The top of the hill has a N. N. W. strike, and is formed by two small

peaks separated by a neck not many feet lower, and some 40

paces long. The total length of the two peaks together with the neck

between is about 180 paces. The neck is comparatively free from ores,

IV 2 m



1140 MANGANESE DEPOSITS OF INDIA : DESCRIPTIVE. [ PaRT IV :

whilst the two peaks are due to lateritoid cappings of mixed manganese-

and iron-ores. The outcrops of these ores have the usual lichen-covered

laterite-like aspect. The numerous v/orkings in these two peaks indicate

that there is a small thickness, 5-10 feet, of the lateritoid mixture of

ores passing downwards into elates and quartzites, through a zone in

which these two rocks are parily replaced by the ores. The slates (or

phyllites) are now mostly represented by white soft clayey rocks retain-

ing signs of slaty structure ; but in some cases the slates are fresh, then

being grey to silvery grey in colour. The quartzites are white fine-

grained, saccharoidal rocks. The replacement of these rocks by
manganese- and iron-ores is very irregular ; in general a network of ores

isolates patches of partly replaced or comparatively fresh rock

;

but in places the ores expand into pockety masses of considerable

size.

The strike of the rocks as shown in these sections seems to be that of

the ridge, namely NN.W., with a variable dip, usually fairly steep,

to the east side. In two sections in the southern and more important

of the two peaks thicknesses of replaced beds of 13 and 12 paces,

respectively, are seen, and the thickness of the replaced rock does not

seem to be anywhere 'greater than this.

From the way in which the lateritoid outcrop passes downwards into

the mixture of slate, quarrzite, and ores, it does not seem likely to

me that this deposit will be found workable at a profit to a greater depth

than about 50 feet ; but it is probable that the replacement ex-

tends inwards for a greater distance than this, though in a very ir-

regular manner. In the cuttings in the path on the way down

the hill there are several sections showing bluish grey limestones and

dolomites. These are seen under the microscope to contain an

abundance of minute black specks that tend to show squarish though

blurred outlines. Chemical tests show the rock to be somewhat

manganiferous, so that it is probable that these specks are, at least

partly, manganese oxide. It is not possible to say if they are original

or secondary introductions. If the former be the case then they may
be the source from which the manganese oxides replacing the rocks

at the surface to form the manganese-ore deposit were derived. If

the second be the case, then the manganese may have been introduced

at the time ot formation of the manganese- and iron-ores on the top

of the hill above.
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A rough analysis of this dolomite by Mr. Fawcitt showed :

—

CaCOa 48-35

MgCOs. . .... . . . 34-70

Fe^O and AI3O3 5-10

Mn-iOi . . . 1-87

8ilioeou8 matter ....... 10-10

100-12

The chief manganese-ore is pyrolusite, whilst the chief iron-ore is

limonite, sometimes in the form of yellow ochre,

thf ^""^ °* but more often in the form of the dull hard

variety. This is often traversed by veinlets

of pyrolusite, which, La cavities, pass into very pretty aggregations of

pyrolusite crystals of considerable perfection, but small size. Along

cracks the limonite often forms mamniillated radiate layers, and in

places this limonite seems to be darker than usual and to be highly

manganiferous ; but it is not quite certain that the manganiferous

character of the limonite may not be due to some minute shining specks

that are sparingly scattered throughout it. Sometimes concretionary

psilomelane is also found along cracks. There is also a little of the

hard grey crystalline mineral (?polianite ; see below).

As might be expected from the mode of occurrence, the ores are very

siliceous, and it is doubtful if any system of cleaning, except

crushing and washing, could bring down the silica to a small figure, with-

out enormous loss of ore. The following three analyses by Mr. Fawcitt

give some idea of the chemical character of the ores :

—

No. 1. No. 2. No. 3.

MnOj 76-03 88-03

MnO 1-74 3-74

Fe^O, 13-60 2-96

Al,03 2-06 2-04

CaO 1-18 1-03

MgO 0-76 0-68

Alkalies ........ trace trace

SiO^ 3-62 1-24 9-66

Combined water....... 1-CO 0-37

90-99 10009

IV M 5i
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No. 1. No. 2. No. 3.

49-42 57-75 45-23

9-52 2-07 10-36

0-07 0-07 0053

No. 1 was a specimen of pyrolusite, mixed with some of the grey

crystalline mineral, and some wad.

No. 2 was a piece of light grey crystalline ore mixed with a little

psilomelane. An analysis of a purer piece of this crystalline mineral is

given on page 78 ; and judging from this analysis I suppose that the

mineral is probably polianite. If it be, then the specimen of which

the analysis is given here is simply a more impure piece. No. 3 is

an analysis of a sample of 933 tons of ore stacked on the mine in

August 1907. The phosphorus in Nos. 1 and 2 was not determined, and

the figures given are those that are taken as the average figures for

the deposit.

Besides the ore in situ there is a considerable quantity of detrital

ore exposed in quarries on the slopes. I am told that the best

portions of these detrital deposits lie on the N. and N. W. slopes of the

hill.

10. Aladhalli.

Aladhalli is about 2 miles E. N, E. of Bikonhalli village.

Mr. Fawcitt tells me that there are 2 outcrops of ore on the hillside

in the. hills south of Aladhalli village.

Ill—The Shankargudda Group.

Shankargudda is the name of a peak 3,393 feet high situated

at the northern end of a long range of Dharwar hills aligned almost

due north and sonth for many miles. This range can well be called

the Shankargudda Eange after this peak. Shankargudda peak is
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situated 10 miles due west of Shimoga town. I have not visited the

range, but according to Mr. Slater's map it consists of schists, hematitic

quartzites, conglomerates, with hornblende-schists, micaschists, and

cappings of laterite.

The discovery of manganese-ore at Kumsi lead Mr. Slater to in-

fer the probability of its existence on the Shankargudda range,

which is situated practically due south of Kumsi and on the line

of strike of the Kumsi rocks. His search in the field-season of

1903-04 on Shankargudda was successful, ore being found at several

localities.

11. Shankargudda.

According to Mr. Slater i the first indication of manganese-

ore :

—

' was found on the crest of the ridge ^ mile S. E. of A3393 (Shankargudda) .

Here the ore, which is of the pisolitic character appears to be of considerable

solidity, and entirely forms the small cone of the hill. Portions are decomposed

into the ochery state. The whole presents the appearance more or less of a

conglomerate.

' The quality appears to be decidedly good. Indications were also observed

at two other points, also along the crest of this ridge. The first lies about 1^- mile

S. S. E. of A 3393 and the second 17^-2 miles S. 10° E. of A 3393. In both

localities the manganese-ore is found in loose rounded blocks in a lateritic

matrix. On fracture they sometimes revealed the pisolitic structure, at others a

more compact, with splintery fracture.'

In another place^ Mr. Slater, writing of the Shankargudda Range,

says :

—

' Bands of laterite of peculiar interest are to be found in the northern portion

to the N. N. E. of Hanagere. Embedded in this laterite are blocks usually

roimded varying up to 2-3 feet in diameter of Manganese-ore, sometimes

pisolitic, at others more massive, giving a splintery fracture, sometimes binding

angular fragments of a darker mineral or enclosing portions of silver-like

appearance.'

Hanagere is a village 5 miles S. S. W. of Shankargudda peak.

Deposits are now being worked on the Shankargudda range by the

New Mysore Manganese Company, and I believe in some places by

other operators.

l/Jec. Mysore Oeol. Dept., V, (Part II), p. 54, (1903-04) ; also Part I, pp. 32, 34.

2Xoe. eit.. Part II, p. 45.
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In the following are given some analyses of the Shankargudda

ores by Mr. Fawcitt. No3. 1 to 4 are hand -specimens and No. 5

a sample of 1,5D0 tons of stacked ore, badly sorted, and not cleaned :

—

No. 1.

1

No. 2.
j

No. 3. No. 4.
[

1

No. 5.

MnO„ . • 85-42 78-64

1

58-81 56-89

1

MnO 2-06 5-06 5-03

1

6-07

Fe,,03 . 6-06
!

6-89
i

26-16 2403

AI3O3 . • 2-38 2-87 3-28 602

CaO • 0-50 0-72 0-56 0-56

MgO . . . • • 0-56 0-68 0-72 0-51

Alkalies . • 0-32 0-89 M5 0-93

SiO, 101 1-61 113 3-66 3-20

Combined water 1-65 2-57 3-05 1-42

99-96 99-93 99-89 100-09

Manganese . 55-6 53-69 40-92 40-67 38-06

Iron ... • • 4-24 4-68 18-31 16-82 18-48
1

Phosphorus 0-06
j

0-063

Notes :

—

1. Mainly hard bright crystalline mineral scratched by a knife with great difiBculty,

with some psilomelane and wad.
2. Dull grey psilomelane, with minute cavities or cells, and a very small proportion

of minute bright specks.

3. Very smooth dark grey psilomelane, tending to be load-like.

4. Pisolitic psilomelane, with lead-like pisolites up to i inch diameter, sot in a
matrix of dull grey psilomelane.

As far as I am aware no ore had been shipped from Shankargudda

up to September 1907.

12, Tirandup.

Mr. Slater also recordsi the find of a loose block of manganese-ore

3 furlongs east of Tirandur, a small village midway between Manda-

1 Loe. tit., p. 64.
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gadde and Malur and some 14 miles south of Shankargudda. I do

not know whether the deposit is on the Shankargudda band of

schists, or on the band immediately to the west of the Shankargudda

band.

IV.—The Channagiri Group.

With the exception of Sulekere, some 12 miles farther norths these

deposits are all situated within a radius of not much more than a mile

from the forest bungalow of Hoshalli, about 14 miles N. E. of Benkipur

Station by load. The deposits to be noticed here are all on the

southern side of the bungalow, and to the east of the road, which is a

good one. The occurrence of manganese-ores in this area was noticed

by Mr. Slater in 1904-05, i and Mr. Slater's map shows for this area

Schists, felspathic grit, limestone, quartz-porphyrj', iron-ore, and man-

g.=inese-ore. The deposits have been secured by the Shimcga Manganese

Company. The ore is at present carted to Benkipur, but in future it is

to be carried by a steam wagon constructed to carry 10 tons.

13. Sulekere.

A deposit of manganese- ore is said to exist on hill ^ 2673 feet at

the western end of Sulekere tank in the Channagiri taluk in the N. E.

corner of the Shimoga district. It is 18 miles W. by S. of Sasalu station

on the Southern Mahratta Eailway, and is held on prospecting license by

Mr. Subramania Moodaliar of Bangalore.

14. Gaddikalmatti.

This is a little peak about ]- mile S. E. of a point oa the road 46$

miles from Chitaldrug. The original outcrop on top of this hill was,

judging from a small portion of it left, composed of the usual lateritoid

mixture of iron- and manganese -ore. Its strike must have been about

N. 15° W., this strike being indicated by a series of irregular excava-

tions. These seem to have largely passed through the ore, the chief

rock seen in them being a very soft quartzite, much impregnated and

partly replaced by manganese oxide, and showing indications of a steep

dip to the east side of the strike. The ores of this deposits consi-t largely

of psilomelane, sometimes compact, and sometimes cavernous or cellular.

1 Of. cit., VI, Part II, p. 26, ( 1904-06).
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In the cavities or cells there may be either remains of quartzite or

radiate tufts of pyrolusite. Mixed with the psilomelane there is also

pyrolusite, and a fair quantity of the grey crystalline mineral and some

wad, besides limonite and yellow ochre, some of these constituents

appearing in one piece of ore and others in other pieces. It seemed to

me that the most important portion of the ore lay not in the cap on

top, but in the detrital deposits on the slopes ; and that from these a

considerable quantity of ore might be won.

15. Buddamatti Peak.

This deposit is on a hillock situated a little to the east of the

road to Chitaldrug at about 45 1 miles from Chitaldrug. There is here

a lichen-covered lateritoid outcrop, which seems to be composed almost

entirely of iron-ore—limonite, ochre, and hematite—and is probably

10-15 feet thick. By the side of this lateritoid outcrop there is a

large irregular excavation indicating doubtfully a strike of west by a

little north. The rock exposed is yellow ochre mixed with psUomelane,

and containing big patches of pyrolusite. There is also some whitish

lithomargic rock. The deposit was examined when it was getting dark,

and so I am not able to express an opinion as to the quantity of ore.

16. Koshalli.

This name is applied to three hills to the S. S. E. of the village of

Hoshalli. Of these I visited one (No. 1) lying about 1^ miles from

Hoshalli. I chose this one, because, although it was said to be the

least valuable of the three, a large trench had been dug. The ore here

crops out on the edge of a sort of shelf some 500 feet below the summit

of the hill, and some 150 feet above the forest lane at the base. The

outcrop has the usual lateritoid aspect, and, judging from the trench,

is some 15 to 20 feet thick. The lateritoid is a mixture of limonite,

hematite, manganese-ore (mainly psilomelane), and brown cherty quartz-

ite, the latter often predominating. The rocks exposed below this in

the trench, which runs in a southerly direction down the hill slope, are

many feet of wad, ochres, and lithomarges, often thinly banded, and

with a dip of 10 '-70° into the hill. They probably represent decom-

posed slates or phyliites with some qiiartzose layers. This deposit is

not regarded as having any value and has not been worked.
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17. Treasury Hill.

This is situated about ^ mile south of Hoshalli No. 1. This name

has been given to it on account of the find of some fine specimens of

radiate pyrolusite lining cavities. This pyrolusite is rather hard and

resembles closely the pseudo-manganite of the Sandur Hills. The

mode of occurrence of the ores at this deposit is diflferent to what I have

seen at any other deposit in India. The ore consists of ratlier lead-

like psiloiiielane, often intimately associated with a compact rather

horny iron-ore of red colour, giving a red streak with a tinge of orange

in it. This ore tends towards a limonite colour in places. I shall refer

to it here as hematite. The most interesting section is seen in a trench

cut in a N. N. E. direction at right angles to the strike of the rocks.

The section shown in this trench was as follows, starting from the

N. N. E. end :—

Black wad 12' +
Psilomelane and hematite . . . . .3'
Yellow ochre . . . . . . • 6*

Psilomelane with yellow ochre and some hematite . 2' 9"

Yellow ochre with indications of a band of the mixed

iron- and manganese-ore 7' 9''

Psilomelane with some hematite . . . .2'
Yellow ochre . . . . . . . 3' 7'

Psilomelane 0' 3"

Yellow ochre with signs of a psilomelane band . . 4' 2'

Manganese-ore (psilomelane and pyrolusite) . , 0' 4'

Yellow ochre . . . . . . . 1'
-f-

The psilomelane is greater in quantity than the hematite in most of

the bands. It also tends to occur in isolated concretions in the ochre,

and there are sometimes concretionary projections from the ore-beds

into the ochre. One of the bands of ore shown in the above trench is

further exposed by a strike trench some 9 paces long as a vertical surface

of ore showing slickensides grooving, and overturned sometimes to the

south side and sometimes to the north. In the ore-stacks the ore is all

in big lumps, and consists of mixtures of psilomelane with horny hema-

tite, and some horny Hmonite ; it often contains big yellow ochre

patches. Some pieces show some remains of quartzite ; these must

have been derived fi'om a different part of the deposit. There ia also

some of the pisoUtic ore.
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v.—Shiddaphalli Group.

Th"se deposits are situated in the south-east corner of the Shimoga

district. Those near Shiddarhalli seem to have been first found by

Mr. Slater, and to have been independently discovered by Mr. A. Ghose,

agent for Messieurs Jambon & Cie,, who hold the licenses for Nos. 20, 21,

and 22. The deposit known as Kanikalmatti in the Kadur district

really belongs to this group. The deposits near Shiddarhalli are only

some 6 to 7 miles from Masarahalli station, Southern Mahratta Railway,

whilst those near Gangur and Bhadigund are 4 to 7 miles further away,

according to their situation.

18 and 19. Bhadigund and Gangur.

Mr. Slater records i the occurrence of iron-and manganese-ores in

an area comprising some 2 to 3 square miles N. N. E. of Gangur. He
says :

—

' From A 2740 (app.) northwcards for a distance of two miles, extending

along the crest of the ridge are numerous old workings. The material is of a hsema-

titic, pisolitic, lateritic, manganiferous nature. Worked pits also extend along the

northern spur of the hill mile N.-E. of A 2740 and are still more extensive on

the VV, N.-W. spur of the hill i mile S.-E. of the deserted village of Bhadigund.

' The crest of this small hill carries the manganiferous jaspery quartzite, an

extension of which may be found cresting the small hill, 1 mile N. 30° W. of

BhadigunJ.

' Other workings are found on the south spur of A 29G4 where a botryoidal ore

occurs. Excavations in the haematitic manganiferous laterite were also observed

on the south slope of the knoll 9 furlongs E. N.-E. of A 2740 app.'

The hill A 2740 is about 1 mile N. E. of Gangur village and the

hill A 2964 about 1 mile east of Bhadigund on the boundary between

the Shimoga and Kadur districts. Mr. Slater also refers to the Gangur

manganese-ores on page 26 of the paper cited. By the word lateritic

used in the passages quoted above Mr. Slater probably refers to the same

rock as I have called lateritoid. Mr. C. N. Surya Narayana Row of

Bangalore holds a prospecting license over a deposit situated on the

slope of hill A 2740 on the Gangur side, and in September 1907 claimed

to have extracted about 1,000 tons of ore. Two specimens he shewed

me were :—(1) lead-like psilomelane, (2) light-grey psilomelane with

numerous patches and specks of the light-grey crystalline mineral.

lioe. pp. 24, 25.
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20. Kanjiganagutti (Shiddarhalli Main Deposit).

This deposit lies about | mile due north of Shiddarhalli village on

a little ridge situated on the eastern slope of a N. W. -running ridge of

hills. This little ridge is capped by a lateritoid rock composed of a

mixture of iron- and manganese-ores. The outcrop of this rock is about

95 paces long and rvms first N. by a little W. and then N. N. E. It

shows signs of a dip to the west side, this dip being doubtless that poss-

essed by the rock from which the lateritoid has been formed by replace-

ment. The deposit is held by Messieurs Jambon and Cie. and has been

opened up by means of a series of parallel trenches at right angles to

the strike of the ridge, and on its western slope. At the eastern end

the trenches are sometimes as much as 18 to 24 feet deep and then

show interesting sections. The following may be taken as typical and

as indicating that the lateritoid has been formed by the replacement of

some original argillaceous rocks such as slates or phyUites :

—

5 feet. Lateritoid, composed in some places of the corneous

hematite noticed at Treasury Hill ^seepage 1147,i, often with

pisohtic spots of wad and psilomelane ; and in some

places entirely of the pisohtic lead-like psilomelane.

9 feet. Of psilomelane becoming waddy and ferruginous with in

creasing depth, and with patches of clay.

10 feet. The foregoing passes downwards in the next 10 feet into

a mottled clay showing streaks and patches of red-brown

clay in a soap-like, finely mottled, cream and brown clay.

In this clay there are numerous veinlets and ring-shaped

concretions tending to be hmonitic and consequently harder

than the associated clay, so that it looks as if this rock

might turn into the overlying lateritoid by a continuation of

the process of introduction of iron. Occasional patches of

soapy wad are also still present. At the very bottom of the

cutting, cream-coloured lithomarge, still mottled and streaked

with the brown clay, begins to appear.

The cream-coloured clay or lithomarge seen at the bottom of the

cutting shows when broken signs of original slaty structure, and so

may be taken as representing an original slate or phyllite. The evidence

of the foregoing section is I think very strong in favour of the lateritoid
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having been formed by the alteration of the original slaty or phyllitic

rocks, with replacement by oxides of iron and manganese from the surface

downwards. Another cutting showed a concretion of psilomelane about

10 inches in diameter, situated in the clay at a depth of 17 feet below

the surface.

Some 200 tons of manganese-ore had been obtained from these ex-

cavations. The stacked ore seemed to be of fairly good quaUty, and

consisted mainly of psilomelane varying from the dull grey to the lead-

grey variety, and often showing signs of pisolitic character. There was

also a little wad in some pieces.

21. Urumanjanmatti.

This is the name of the higher ridge referred to above, on the eastern

slope of wliich the Kanjiganagutti deposit is situated. This ridge seems

to consist, as far as seen, of quartzite that has been partially impregnat-

ed and replaced at the surface by oxides of iron and manganese, so as

to produce the breccia-like mixtures of quartzite, iron-ore, and manganese-

ore, that are so common on the outcrops of Dharwar quartzites. The

replacement of the quartzite has taken place along a network of lines,

so as to isolate angular residual patches of the quartzite in the darkened

portions of the rock, which have been either impregnated with or replaced

by iron or manganese oxides. Nowhere did I see any manganese-ore

worth the extraction. In one place, however, there is an old iron-work-

ing from whicli the natives of ShiddarhaUi have obtained hematite for

their iron-furnaces. This is the excavation referred to by Mr. Slater, 1

who was the first to notice the occurrence of manganese-ores on this

hill. With regard to the origin of the iron- and manganese-ores of this

hill, Mr. Slater makes the following remarks, ^ with which I cannot

agree, however :

—

' With the exception of the presence of chalcedony, an identical mode of occur-

rence of such quartz has been noticed in almost pure manganese. Whatever may
be the mode of formation of the latter—and evidence points distinctly to its being

a molten intrusion—such an origin must be ascribed to much of the laterite in the

Shimoga District. The form of a mud lava is suggested on this hill and in the

stream running in an E. 15 ° S. direction, one mile S. E. of ShiddarhaUi, where we

find pebbles of quartz, ferruginous quartzite, and manganese, caught up and

bound together in a lateritic matrix.'

iXoc. cit., p. 23.

^ Loc. cit,, p. 24.
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In the first place I should not describe as laterite the brecciate rock

noticed above, and in the second place I see no need for any theory of

igneous origin to explain occurrences that are probably the rosult of the

superficial replacement of rocks by means of aqueous solutions. This

occurrence of manganese-ore is also held by Messieurs Jambon & Cie.

22. Ragikalvadikinakeri Bhaui Nagalagutti.

This deposit, also held by Jambon and Cie., is situated about ^ mile

S. E. of the Kanjiganagutti deposit, on nearly level ground at the east

base of Urumanjanmatti Hill. It is a detrital deposit formed of pebbles

and boulders of manganese-ore in a matrix o' soil, and probably derived

from the top of Urumanjanmatti by denudation. The existence of this

detrital deposit indicates that formerly there must have been a con.

siderable amount of marketable ore on the summit of Urumanjanmatti.

Some 125 tons of ore had been extracted from a comparatively small area

of this ground in the course of 2 weeks previous to my visit. The ore

consisted largely of good hard grey psilomelane. with a certain propor-

tion of lead -like psilomelane. Some of the ore contained minute crystal-

line specks, and some contained patches of the light grey crystalline

mineral. The ore was being won in a systematic way by means of a

series of parallel trenches (see page 565). I give the deposit the above

lengthy name—the meaning of which would in English fill up about two

lines of print—because there seems to be no other ; it might be shortened

to Nagalagutti.

Tumkur District.

The occurrence of manganese-ore in this district seems to have been

known as far back as 1857, for ' good samples ' of ore, similar to the

' silicated sequioxide' {i.e., the braun^te) of the Vizagapatam district,

were sent from Tumkur to the Madras Exhibition of this year.l

The exact locality, however, was not stated, and it was not till 1906,

when the boom in the manganese industry lead to active prospecting

for this mineral all over Mysore, that the actual position of any depo-

sits seems to have been ascertained. In this year the Peninsular

Minerals Company of Mysore, Limited, started work, and extracted

4,827 tons of ore during the year, 4,128 tons of which were railed.

In 1907 the same company extracted 13,091 tons of ore.

1 Reports by the Juries;, p. 2.
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The deposits all lie in the southern extension of the Chitaldrug or

Dambal-Chikniiyakanhalli belt of Dhslrwra rocks ; and all lie to the east

and S. E. of Chiknayakanhalli, within a radius of 12 miles. They

are also all situated to the north of the Southern Mahratta Railway

line from Birur to Bangalore. The stations to which the ore is

carted are Banasandra for most of the deposits, and Yelladbagi for a

few of them. The deposits can be divided into three groups :

—

The Chiknayakanhalli Group:

—

1. Honnebagi.

2. Hoshalli.

The Karekurchi Group:

—

3. Sondenhalli (Solid Hill mme).

4. Muskondli (Rowe's mine).

5. Karekurchi (Camp mine).

6. Hattyal (Temple Hill mine).

7. Haienhalli (Government Road mine).

The Kondli Group :

—

8. Mavinhalli.

9. Kondli (Donkey mine).

10. Kondh (Government Hill).

11. Shivasandra (Dodguni).

The names given in brackets are those by which the deposits are

known to the Peninsular Minerals Company. Of the deposits enum-

erated above, Nos. 1, 2, and 3, are in the Chiknayakanhalli taluk,

Nos. 5 and 6 in the Tiptur taluk, and the remainder in the Gubbi

taluk. My visit to this area being limited to one day, I was able to

visit the deposits of the Karekurchi group only and consequently

shall not refer further to the others.

It will be seen from the descriptions given below that the ores are

very irregularly scattered through the rocks in which they occur, and

that they are very much mixed with limonite, and residual patches

of quartzites and argillaceous rocks. In fact their average quality

cannot be high, probably not more than 42 to 45°/„ Mn as despatched.

They must also be fairly high in iron, but may, if well selected, be

fairly low in silica, though there must be a tendency for this constitu-

ent to run to very high figures when pyrolusite-impregnated quartzites

are mistaken by coolies for pyrolusite and mixed in with the other

ores.
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3. Sondenhalli (Solid Hill Mine).

This hill is situated about 1^ miles W. by a little N. of Msivinhalli

village. Several pits on the N. E. slope of the hill show yellow ochre

with patches of pyrolusite and hard hmonite. The dip seen in one

place was about 60° to W. S. W. On the top of the next hillock to

the N. W. of this one there is a lateritoid outcrop which, when broken

into, often shows remains of quartz or quartzite, and in one place

showed manganese-ore, this being impure psilomelane. In another

place an opening in this lateritoid showed a considerable quantity of

manganese- ore, consisting of a mixture of pyrolusite and psilomelane
;

frequently the ore contained patches of a soapy mineral, probably

representing some phyllites of talcoid appearance seen close to the

latentoid. The rocks seen between this deposit and the Temple Hill

mine some 2^ miles to the south are banded ferruginous (magnetite

and limonite) quartzites, often containing a fibrous amphibole, which is

colourless under the microscope ; and soft sericitoid phyllites. The

dips in these rocks are sometimes to the east and sometimes to the

west side of the strike, which is N. N. W.

4. Muskondli (Rowe's Mine).

This deposit is situated on low ground about a mile N. 15°E. of

Karekurchi village. A trench, deepened in places into small pits, shows

rubble for the first 2 or 3 feet, and then below this wad and ochre with

abundant residual patches of white quartzite. This quartzite is often

seen partly replaced by manganese oxide and limonite. The small

quantity of ore extracted consists mostly of cavernous pvrolusite, with

occasional pieces of harder ore. Close to this excavation is an outcrop

of quartz or quartzite partly replaced by limonite.

5. KarekuFchi (Camp Mine).

This about h mile E.1G°N. of the village of the same name and

is on very slightly elevated ground lying to the east of the range of

hills in which Nos. 3 and 6 lie. The outcrop takes the forms cf a lateri-

toid rock composed largely of limonite with patches of yellow ockre

and rarer patches of manganese-ore. From the excavations, which

have in one place reached a depth of 15 to 20 feet, it is seen that the

ores occur in irregular patches, partly in this lateritoid rock of Hmonite
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and yellow ochre, and partly in the variegated mixture of wad, litho-

marge, and ochre, that accompanies and underlies the harder lateritoid-

In neither case does the proportion of manganese-ore seem to be high,

but the mode of occurrence is such that at any moment pockets of good

manganese-ore of some size may be encountered. The ores are both

psilomelane and pyxolusite, and all the ores, both iron and manganese,

often show remains of quartzite and vein quartz. There is Httle doubt

that in this case also the ores have formed by the replacement of a

series of interbanded quartzites and argillaceous rocks, probably origi-

nally phyllites. Some of the ores show concretionary structures, such

aa botryoidal and stalactitic shapes. In some stalactites there are

concentric layers of limonite and psilomelane, the limonite coating the

psilomelane. The limonite in these stalactites is sometimes verv dark

in colour and is then found to react for manganese, so that it is evidently

a manganiferous limonite.

6. Hattyal (Temple Hill Mine).

This deposit is in a valley between two ridges about | mile S. S. W.

of Karekurchi village. In the workings here there is a good section of

white lithomarges and ' sandstones. ' The former are banded with

wad, whilst the latter are patched with pyrolusite. The ore won is

usually pyrolusite, often with some wad, and occm:s as patches in both

the lithomarges and sandstones. The rock I have referred to as ' sand-

stone ' breaks down into a white quartz sand on being handled. In all

probability it is really a decomposed quartzite, and has become friable

by the union between the separate grains of quartz being severed or

loosened during the changes that have ai5ected the whole of this series

of rocks. Here again it se-^ms probable that the ores have been formed

hf the impregnation and replacement of original quartzites and phyl-

lites or slates, the latter rocks having been altered to lithomarges at the

same time as the manganese-ores were deposited.

7. Harenhalli (Government Road Mine).

This is situated just to the north of the 71st milestone on the

Tumkur road. It is essentially similar to the Karekurchi deposit and

needs no separate description here.
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DESCRIPTIONS OF BEYO^ITS—concluded.

North-West Frontier Province, Punjab, Rajputana
and the United Provinces.

Norlh-West Frontier Province—Kohat district.

Punjab—Jhang district—Kangra district—Lahore district—Patiala State.

Rajputana—Ajmere—Alwar State —T?answara State—Bundi State—Jodhpur
State.

Untied Provinces—Mirzapur district.

North-West Frontier Province.

Kohat District.

In 1906 Amin Khan, one of the students at the Cawnpore Agricul-

tural College, collected some geological specimens in the Kohat district

amongst which Pandit Tej Shankar Kochak, instructor in geology at
this college, recognized manganese-ore.

The specimen sent to the Geological Survey Office is a small black
flattish concretion about 1|- inches in diameter, which under the micro-
scope is seen to be the result of the impregnation and partial replace-
ment of a limestone by oxide of manganese.

According to the information received, the locality from which the
specimen was obtained is Tajut Hill near Ibrahim Zai in the Hangu
tahsil of the Kohat district, and ' on the western side of this hill in the
middle zone, there is an outcrop of a bed, which contains innumerable
pieces of this ore\

The hill referred to is presumably the one shown on the Atlas sheet
as situated 2 miles to the south of Ibrahim Zai, and named ' Taghoot
Sir'. This, according to A. B. Wynne's geological map of this
area, consists of nummulitic hmestone.

It is not probable that the occurrence is of much, if any, economic
value.
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Punjab.

Jhang District.

In the Kirana Hills, which are composed largely of quartzites with

clay slates and are probably of Aravalli age, Dr. A. Fleming i found

pyrolusite ' filling small cracks in the sandstone of some small speci-

mens.'

K^ngra District.

Mr. Marcadieu 2 reports the find, during the construction of a canal

at a point 4 miles N. W. of Dharmsala, of crystals of a mineral that

' approaches by its composition and crystalline form to .... marcelline
'

(an impure form of braunite), the nidus being a ferruginous and

manganiferous siliceous limestone. Judging from the map of this

area by H. B. Medlicott ^, this limestone must be the Krol limestone.

Mr J. Calvert mentions pyrolusite in his list of minerals from Kulu.

It should also be noted that Newbold, as early as 1 840, mentioned the

occurrence of manganese associated with iron in the Himalayas 5 and

was possibly referring to this district.

Lahore District.

Mr. Baden H. Powell says that manganese is found in the Lahore

bazaar as a binoxide (peroxide), called ' jugni ' or ' niissi siya ' 6. In

another place he calls it ' nijm' ' or ' injani (or ingani')' 7. and says that

it is principally used at Lahore to remove the colour of glass containing

iron and is said to be imported from Kashmir and Kabul 8. Balfour 9

says that manganese occurs in the bazaars of the Punjab ' in the form

of a silicated sesquioxide and a peroxide '.

Patiala State.

Mr. P. N. Bose 1*> records the existence about Goela, Durga ka

Nangal, etc., in the Narnaul district of this State, of extensive deposits

1 Sd. Pub. Corr. Punjab, II, No. x, p. 362, (1854);

Jour. As. Soc. Beng.. XXIII, p. 94, (1854).

2 8el. Pub. Corr. Punjab, II, No. vii, p. 4, (18.54).

3 Mem. Gcol. Sun: hid. , III, Ft. 2.

4 Kulu: its beauties, etc., pp. 91 and 92, (187:)).

5 Mad. Jour. Lit. Sci., XI. p. 45.

0 Punjab Products, I. p. 25, (18()8).

7 Jbid., p. 100.

8 Ibid., p. 113.

9 CyclopiBdia of India, III, p. 128, (1873).

10 Rec, Geof. Surv., Ind., XXXIII, p. 5S, ( 1906).
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of limestone and shale impregnated with manganese oxide. Some

specimens brought to the Geological Survey Office consisted of limestone

largely replaced by soft black manganese oxide, and scattered through

the limestone were remains of a mineral that could not be with

certainty identified, but which was probably an amphibole, in which case

the original rock was an amphibolitic limestone. In none of the speci-

mens, however, had the replacement advanced far enough to give them

the commercial importance which Mr. Bose supposes them to possess,

except perhaps for local use as a colouring medium for glasses and

enamels.

Rajputana.

Ajmere.

In the Geological Survey Museum are specimens of stalactitic

psilomelane with limonite,! from Ajmere, while recently a specimen of

pyrolusite said to represent a deposit of this mineral has been sent to

the Geological Survey by Mr. R. D. Kanga. It was found near Kharwa.

Alwar State.

According to Mr. C. A. Hacket 2 large quantities of iron-ore exist

at two places near the base of the Aravalli series, one near Bhangarh

and the other near Rajgarh. Judging from the workings, which are

several hundred yards long and in places 20 to .30 wide, an immense

quantity of iron must have been produced from thes? mines. He then

says that an ore from Bhangarh that was a mixture of limonite,

magnetite, and oxide of manganese, contained 59' 67% of iron and

12'7 of manganese. If this ore be representative of the Bhangarh

ores then there must be at this place large deposits of manganiferous

iron-ore. In this case one would expect the iron made by the natives

to be of a superior quality like the hheri of Ghogra in the Jabalpur

district, Central Provinces ; but on this point there is no information.

Banswg,ra State.

Manganese-ores have been found in this State by Messrs. Kiddle,

Reeve and Co. of Bombay. The localities are Itala, Sagwa, Ghatia.

1 F. R. Mallet, Mineralogy, p. 61, (1887 ).

2 Rec. Geol. Surv. Ind., X, p. 91, (1877):
Ibid, XIII, p. 248, (1880).
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Khunda, Sivonia, and Garadia, good ore being found at Khiinda and

Sivonia ; but the amount is not known. A specimen sent by Mr. H. J.

Winch showed some prismatic crystals of pyrolusite on manganese-ore

composed of a fine-grained mixture, probably of braunite and psilomelane.

A complete analysis of picked crystals of the pyrolusite by

Mr. C. S. Fawcitt is given on page 82. This shows :

—

Manganese , . . . . 61-68

Iron ...... 0-02

Silica ...... 0-41

and is hence exceptionally pure pyrolusite, the percentage of Mn02
being 97 '04, the highest yet found in any Indian pyrolusite.

Bundi State.

Small veins of oxide of manganese occur in fault-rock near Datunda

;

according to Mr. Hacket these have not been worked, i

Jodhpur State.

A specimen sent to the Geological .Survey Office by Major F. C.

Hughes turned out to be partly-altered rhodonite. The locality was
given as near Haripur, Jodhpur State.

United Provinces-

Mirzapur District.

A specimen of rhodonite was obtained by Mr. F. R. Mallet ~ from

a lohari, who found a quantity of it a foot or two beneath the surface,

in the southern part of this district.

1 V. Ball, Economic Geology, p. 331, (1881).
2 Jlineralogy, p. 84, (1887).
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APPENDIX II.

GEOGRAPHICAL INDEX.

This index contains only the Indian localities. The foreign ones men-

tioned in the text are given in the general index. And of the Indian

localities this index contains as a rule only the smaller geographical

units, such as Villages, towns, nalas, rivers, and hills. Such larger

units—e.f/. districts, provinces, large rivers, and mountain ranges—as

are sufficiently well-known not to require specification by means of

geographical co-ordinates are given in the general index. In cases where

several page references are given to one locality the more important

ones are usually printed in heavy type. In particular, the description

of a deposit is usually indicated thus. In a few cases I have been

unable to locate the place mentioned, and so to give the geographical

co-ordinates.

Locality. Latitude. Longitude. Page.

Achcha Kolla

—

see Kanuevihal'.i

« o

1002.

Adjai Valley, Burdwan . 23 50 87 0 615.

Agargaon, Ndgpur . 21 f) 79 39 209.

Agaria, Jahalyur 23 z3 80 13 817.

Agasar Tattu

—

see Kamataru . 1003.

Ager Gundi

—

see Kamataru 1003.

Aite.uvalsa, Vizagapatam IS 23 83 39 434, 482, 509, 1047,

1100-

.Ajmere, Aime>-e-Merwara 26 28 42 1157.

.\kola, Akola.... 19 33 74 4 662.
i
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Locality. Latitude. LoDgttudo. Page.

Alada-niarada Ban'la, Sandur . 15 0 76 40 1002-3, 1013-4, 1028—
30, 1031.

Alada-marada Hiruvu

—

see 1003.

Kamdtaru.

Aladhalli, Shimotja . 14 o 75 41 1133-4, 1142.

AlesuT ,Chhi7i(Iwdra 21 43 57 141, 790, 792.

Allahabad, Allahabad Oft 26 Q 1 54 241, 397.

Alwar, Alwar 27 33 76 40 1157.

Ambagarh, Bhanddra 21 26 7f) 44 313, 733-4.

Amla. Chhindwdra . 46 04

Amlamal, Jhdbua . 23 0 74 27 679, 689.

Anantapur, Sbinioga 1 A14 5 lo lb 1134.

' Annapangree Nullah ' — see

Muggurkutta Nala.

698, 741-2.

Anne-marada Gadcla—sse Kama- 1003.

taru.

Anil. Javmsur, Dehra Dun oU 52 1*1
1

1

oz 122.

Ai jon'. Bdldghdt 21 46 79 57 426, 695, 706-8.

Asalpani I, Bhanddra 21 30 79 43 1.39, 141, 346. 734-6,

763-4. 933.

Asalpani II (Karli';, Bhanddra . 21 31 79 44 141, 346, 397. 42C, 437,

460, 735, 765-7.

Ava, Sagaing . • / • 21 51 96 1 671.

Avagudem, Vizagapalam . IS 21 S3 36 39, 40. 100-107, 115,

116,180,255,434, 462,

508 9, .523-4, 1044,

1047. 109 8-1101.

Aveda, North Kanara 15 18 74 36 649.
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Locality. latitmi . 1
Longitude.

1

Page.

Avodupalle, Goa

o 0

989.

Awkali, Sdtdra 17 57 73 45 662.

Ayanur, Shimoga U 1 75 30 429, 1133-4.

Badapatti J3anaa, iSanaur 15 1 76 40 lUOd, 1029.

Badgund, hortli Kanara 15 16 74 37 649.

Badial-marada Kativi

—

see

Kumaraswami.
1003.

Bagalkot, Bijapur . 10 12 75 4o 240, 640-1.

Bagewadi, Bijapur 16 31 76 640.

Baghwar, Rewah 24 20 81 26 690.

Baidapilli, Vizagapatam . 463, 108.

Baihar, Bdldghdt 22 4 80 37 477, 692-3, 731.

Bajuvalsa, Vizagapatam . 462, 1048.

Bakoda, Bdldghdt . 21 65 80 693, 695, 713.

Balaghat, Bdldghdt 21 48

I

80 15 9, 88, 90-96, 98, il2-
114, 200, 215, 310-4,
316—8,328,334,344,
34b, 413, 436, 447,

459, 466, 478-9, 481,
5U,-i, 52S -4, 526-7,

557, .569-72, 691-

697, 714-726, 732.

Balapur Hamesha, Bhanddra—
see Kurmura.

e a 752, 754.

Balekatte, Shimoga 13 50 75 52 565.

Ballarpur, Bdldghdt 21 54 80 6 695, 713.

Q
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Ballur, Shimoga

e

14 15

o

75

/

35 1133.

Balmi Creek, Andamans . 13 3 92 53 613.

Bainankux, Punch MaMls 22 27 73 40 428, 459, 651, 655.

Bd,mra, Bdmra State 22 3 84 21 615.

Banasandra, Tumkur 13 16 76 44 430, 476, 480, 1152.

Bandijadi Kativi

—

see Kuinara-
swami.

1003.

Bangalore, Bangalore 12 57 77 38 1119,1152.

Eanganapalle, Karnvl 15 19 78 17 1038.

Banjar River, Bdldghdt . 22 5 80 46 693.

Bankwravalsa, Vizagapatam 18 30 83 22 508,599, 1103-7, 1110.

Bansinghi, Ndgpur . . 21 22 79 12 842, 896-9.

Bansward, Banswdra 23 33 74 30 1157.

Barabhum, Mdnbhum 23 2 88 26 615.

Barakar, Bmdwan . 23 45 86 52 614.

Barel, Indore.... 22 23 76 13 676-7.

Basavankote, Chitaldrug . 14 40 76 11 1121.

Basi, Rewah .... 23 55 61 21 690.

Batuva, Vizagapatam 18 20 83 41 435, 462-3, 1048.

Behat, Owalior 26 10 78 36 366.

Beldongri, Ndgpur . 21 20 79 21 42-48, 50, 112, 114-

116, 141, 297, 316,

336, 345-6, 392, 422,

439,4 61,476-7, 505-6,

523, 527, 569, 737,

786, 837-8. 842, 844,

896, 904-911, 922.
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Bellary, Bellary

0

15 8

0

76 59 998.

Benkipur, Shimoga . 13 51 75 46 480, 1129, 1132, 1146.

Betul, Betul .... 21 51 77 59 773.

Bhadigund, Shimoga 13 53 76 55 1133, 1148.

Bhamar, Indore 22 21 76 43 676-7.

Bhamasur Hill, Bhandara . 21 33 79 48 734, 765-60.

Bhanadeo, Ndgpur—see Juna-
pani.

967, 976.

Bhandachur, Ndgpur—see Qugul-
dolio.

• • 461.

Bhandara, Bhanddra 21 10 79 43 734.

Bhandarbori, Ndgpur 21 24 79 31 424, 440, 461, 734, 838,

840, 842, 933, 953-

Bhangarh, Alwar . 27 6 76 21 1167.

Bharkum, Chhindtvdra 21 39 78 57 792.

Bharwcli, Bdldghdt 21 49 80 17 696, 717-9, 725.

Bhatadon, Jabalpur 23 27 80 12 507, 818, 829-30.

Bhawantbari River, Bhanddra • 21 35 79 50 734-5.

Bhekauli, Sdtdra 17 55 73 45 502, 662, 666.

Bhera Ghat, Jabalpur 23 8 79 51 835.

Bhimagandi, Sandur
1

6 76 39 996.

Bhimasamudram, Chitaldrug 14 12 18
1

j

1121,

Bhimgad, Belgaum 15 35 74 21
j

240, 633-5, 649.

Bhimlat, Bdldghdt . 22 8 80 46 732. •

Bhomitika, Pun 618.

0 2
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0 0 /

Bhopal, Bhopal 23 15 77 28 367.

BUui Hurki, Bdldghdt 21 5- "

a- SO 2 173, 425, 695, 713.

Bhumian, Bhanddra 21 40 79 42 460.

Bicholim, Goa 15 36 74 1 982, 985-7.

Bichua, Chhindwdra 21 42 78 55 141, 147, 148, 170,

172, 175-7, 297,

336, 345.

Bidar, Haidardbdd . 17 55 77 36 70, 373, 385-6,

989 90.

Bijapur, Bijapur 16 50 75 43 640,

Bikonhalli, Shimoga 1 A oZ 75 77, 84, 430, 567,

1118-9, 1133, 1139-
42.

Bilaspur, Bilaspur . 22 5 82 13 477, 731.

Bimlipatam. Vizajapatam 17 53 83 31 53, 1042-4.

B rur, Tumkur 13 36 76 2 1 152.

Bisra, Singhhhwn . 22 15 85 4 587.

Bistampiir, Ninglwlium 27 85 50 501, 522, 620, 623,

628 , 629-30.

Bobbili, Vizagapaiam 18 35 83 25 1044, 1047.

Boddam, Vizagapatam 18 24 83 42 462-3, 1048.

T-> J • T - /"t7 '.til 1Bodimaradi, Vhitaidrug '. 1122, 1126.

Bodraghat, Bdldghdt 21 8 SO 47 696, 732

Boirani, Ganjdm, 19 35 84 49 165, 167-8, 181-2

21-1, 251, 255-261

265, 526, 1032
6.

Boki Kolla

—

see Kumaraswami. 1003.
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Bokpyin, Mergui 11 14 08 50 209.

Bombay .... 18 57 72 54 455, 400, 479,

485-7, 4m, 491.

81-3,

Bon'Iapilli, Vizagaputam . 18 22 83 39 434-5, 508, 1047, 11I>1.

liora-mardda Punta—see Kanne-
\ ihalli.

. . 1002.

Bora-marada Dinae

—

see Kama-
taru.

1003.

Borda, Nagpur 21 27 79 20 42o, 50o, 838,

895-8, 944.

8U,

Bordongri, Bdldghat 21 42 79 49 700, 702.

Botajheri, Bdldghat 21 49 80 0 425, 695, 713.

Budana Gundu

—

see Kann«s'i-

halli.

. 1002.

Budana Guudu—sec Kamataru

Budbuda, Bdldghat 21 An47 80 2
Gar' T 1 o
695, ilo.

Buddamatti Peak, Shimoga 1 o 57 75 55 iloo, 1145.

Bunkuta, Nimdr 22 15 76 48 367, 977-8.

Burar Hill, Chhindwdra . 21 43 78 56 789.

Burgaona, Reivah . 2-4 19 81 25 690.

Burba

—

see BalaghAt

Burjavalsa, Vizagapatam 18 26 83 26 141, 1113, 1115.

Butharayavalsa, Vizagapatam . 18 24 83 30 463, 1048.

Calcutta .... 22 33 88 24 465, 466, 479,

534, 773.
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Cinnp Mine

—

ate Kaiekuichi

o 0 /

Castle Rock, North Kanara 15 24 74 22 634-5,

Chaganam (Shaganum), Nellore 14 13 79 45 204.

Chaibasa, Singhbum 22 33 85 52 80, 427, 442, 618-623,

628, 630.1.

Chakardharpur, tSinghbhum 22 41 85 41 476, 622-3, 628, 630.

Challapui-am, Vizaga})alam 18 20 83 31 435, 463, 1048.

Champanei, Panch Mahdls 22 29 73 38 281, 660.

Champaner Road, Panch 22 32 73 28 479, 651.

Mahals.
Chandadoh, Bdldghat 21 42 79 44 345, 693, 695, 698.

Chandgarh, Nimdr 22 16 76 40 677, 977.

Chandnota, Jahalpur 23 24 80 3 819, 831.

Chandpur, Bhanddra, . • 21 30 79 63 313, 734-5.

Changeli Hill, Jabalpur , , 23 24 80 4 834.

Channagiri, Shimoga 14 2 75 68 1133. 1146,

Chargaon, Ndgpur • 21 24 79 21 115, 116, 141, 144,

161, 165-168,

170-7, 207, 221, 206.

326, 339, 345-6,

351-2, 601, 703, 879,

883— 6.

Chaukhandi, Bdldghdt 21 43 79 50 328, 426, 486 695, 713.

Chedulavalsa

—

see fcsedaralavalsa

Chendo, Ooa.... 989.

Chennangi-marada KoUa

—

see 1003.

Kumaraswami.
Chhapra (Bara), Jabalpur 23 36 80 17 818-9.

Chhapra (Chota), Jabalpur 23 32 80 14 818, 822.
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Chhindwara, Chhindwdra

0

22 3

0

79 0 347, 424, 476-7, 479,

481, 773, 844.

Chicacole, Vizagapaiam . 18 20 83 57 1045.

Chicholi, Bhanddra 21 28 79 46 766-7.

Chikhla I, Bhanddra

Chikhla II, Bhanddra

21

21

33

41

79

79

49

58

200, 217, 345-6, 423,

436, 460, 466, 477,

503, 733-5, 755-
60.

503, 734-5, 750 1.

Chikhli, Sdidra 17 52 73 44 502, 662-3, 666.

Chik Jajur, Chitaldrug U 8 76 12 480, 1122.

Chikmara, Balaghat 21 44 79 51 141, "
147, 148, 328,

345, 426, 436, 695,

713.

Chiknayakanhalli, Tumkur 13 25 76 41 641,644, 1120, 1152.

Chik Vadvati (Chick Wodo'^rti),

Sangli.

15 10 75 47 10, 80, 412, 643-5.

Chindamani, Jabalpur 23 21 80 1 806, 819, 831.

Chinna Budana Bundu, Sandur 1003.

Chinna Palavalaa, Vizagapatam. 462, 1048.

Chinna Ranyam, Vizagapatam • 18 21 83 31 463, 1048.

Chintamon Banda

—

see Kam4-
taru.

• 1003.

Chintelavalsa, Vizagapatam IS 25 83 17 137, 141, 144, 180,

211, 245-9, 252,

255, 262, 1047,

1113-5.

Chipuxupalli, Vizagapatam 18 18 83 38 420, 435, 462-3, 1043,

1045, 1047, 1060.

Chitaldnig, Chitaldrug , 14 13 76 28 1120-1, 1145-6.
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Chitraclevara Gadda— see

Kamatai'u.

o

" "
"

1003.

Chitrasaui, Fdlanpur 24 15 72 36 650.

Chokkarapalem—see Sokara-

palem.

* • • • • •

Choradi, Shimoga , 14 4 75 25 1139.

Chorbaoli, Ndgpur , 21 2S 79 23 308, 346, 840-1, 906,

908, 974.

Chunni River, Bhanddra . 21 37 80 6 734.

Collem, Ooa .... 15 18 74 19 981, 985.

Copper Mountain, Bellary . lo 0 76 54 991-2, 995.

'Currabaguddy' Hill, Bellary . 14 45 75 51 992.

Dab Dabba, Goa 1 PC

74 1 986-8.

Dadiapura, Ndrukot 73 47 646.

Dambal, Dhdrwdr . lo If) 75 50 641, 644, 1120, 1152.

Danada Thurumandi Banda

—

see Kamataru.
1003.

Dannanapeta, Vizagafalam.
Approx. 18 11 83 35 462-3, 1048.

Daroli, Jabalpur 23 28 80 14 818, 829.

Darshani, Jabalpur . 23 30 80 8 815, 818, 821.

Dattu Mine, Monghyr. Approx. 2I 46 86 25 204.

Datunda, Bundi 25 27 75 30 405, 1158.

Deonagar, Jabalpur 23 22 80 4 833.
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Deori, Jabulpiii'

o

23

/

30

0

80 18 818, 829.

Deser Garh (Dcshargaih), Burd-
wan.

23 42 8G 54 614.

Devikla, Vizagapatam 18 15 83 38 ISO, 205, 251, 255,

421, 4;]5, 463, 508,

1047, 10 50-5, 1073-
5.

Devarapilli, Vizagayutam. ? 18 13 83 42 462, 1048.

Devi, Chhindudra . 21 42 78 57 123, 139, 141, 291,

303, 341, 345, 425,

438, 504, 770-2, 789,

790-2.

Dhangaon, Jabalpur 23 22 80 2 819, 831.

Dhanwdhi, Jabalpur 23 30 80 16 595, 804, 807, 818,
825-6.

Dbarampur, Bdldghdt 21 53 80 37 692, 694, 732.

Dhareimpura, Jabalpur 23 23 80 5 507, 094, 696, 807,
809, 819, 833-4.

Dbarmsala, Kdngra

.

32 13 76 23 53, 240, 367, 1156.

Dharpiwara, Bdldghdt 21 53 80 15 696, 732.

Dharwar, Dhdrwdr . 15 27 75 4 641.

Dholi Hill, Bhanddra 21 32 79 48 760—2.

Dindigul, Madura . 10 22 78 2 203.

Dodguni

—

see Shivasandra. ....

Dodkittadhalli, Chitaldrug 13 57 76 25 1122, 1124, 1125-6,

Done Banda,— see Kamataru 1003.

Done Kolla, Sandur 1003.

Dongri (Nipani), Bhanddra 21 34 79 48 736.
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Dongri Buzurg, Bhanddra

o

21

f

34

0

79 44 751-2.

Donimali, Sandur. Approx. . 16 5 76 41

i

1001.

Donkey Mine

—

see, Kondli

Dudhara (Doodala), Chhindwdra 21 30 78 57 212, 801.

Dudli Sagar, Gocl • • • 982.

Duggivalsa, Vizayapatam 1048.

Dumka Nir KoUa

—

see Kumara- • 1003.

swami.

Dumri Kalan, Ndgpur 21 20 79 18 316, 350, 842, 862,

896, 898.
Durbadi} Ndgpur ... 21 26 79 0 845.

Darga ka Nangal, Patidla 27 53 76 g 1166,

Durgamma Kolla, Sandur 15 0 76 40 648, 1003, 1012-4,

1030-1.
Duvvam, Vizagapatam 18 15 83 36 1047, 1050-5, 1073.

Emelia (Emeka), Jabalpur 23 47 80 26 818-9.

Erakan Male

—

see Kumara- 1003,

swami.

Etti Mar Kolla, Sandur . 1003.

FinuBwadi, Goa. Approx. . 15 36
'

74 2 984-6.

Faringhi Kotal

—

see Ramandrug 1002.

Feringesey Bat, Ooa 15 34 74 1 989.

Qadabavalsa, Vizagapatam 18 22 83 38 421, 346. 462-3. 1048.
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Gadag, Dhdrwdr ,

0

15 26

o

75 41 644.

Gadasam, Vizagapatam . 18 21 83 28 434, 462-3, 1047,

1098.

Gaddikalmatti, Shimoga . 13 57 75 54 1133, 1145.

Gadigal Tattu

—

see Kamataru . 1003.

Gaimukh, Chhindwdra 21 45 78 54 123, 141, 170-1, 291.

314, 319, 341, 345,

438, 460, 504, 528,

770, 772-3, 780-5.

Gajapatiaagaram, Vizagapatam. 18 17 83 25 1047.

Gajpur, Bdldghdi . 21 43 79 57 695, 71J.

Gale Banda—see Kamd.taiu • • 1003.

Gangai, Jabalpur , 23 5 79 52 819, 835.

Gangar, Gwalior 676.

Gangur, Shimoga 13 51 75 53 428, 430, 1126, 1128,

1133, 1148.

Ganigithi Kolla—see Kannevi-
halli.

1002.

Garadia, Banswdra . 23 20 74 IS 1158.

Giraghdt, Bdldghdt. 21 40 79 49 426, 436, 459, 696,

698, 700, 704, 706.

Garbhim, Vizagapatam . 18 22 83 31 9, 39, 40, 99, 119-

121, 163, 166-8, 179-

181, 246-7, 249-

266, 269, 262, 266,

268, 271-2, 420, 434
-5, 447, 462-3, 466,

476, 608-9, 625, 527,

669, 595, 1047-60,

1081-96.

Qariajhor, Oangpur. 22 3 84 12 427.
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Garividi, Vizagapatam 18 17 83 36

-

42-49, 50, 67-72,

180, 426, 435, 463,

50S-9, 527, 1047-8,

1050 9.

Gaiividi Railway Station, Viza-

gayaiam.

18 17 83 36 476, 479, 1045, 1050.

Garkar Bhunga, Bhandara 21 30 79 42 763.

Ganaraju Cnippuiupalli (tiaru-

ja), Vizagapatam.

18 24 S3 4o4, 4o2-o, u09. 104/,

11012.

GeJel Tattu—sec Kannevihalli . 1002.

Gehra Nala, Chhindwdra . 21 45 78 55 781.

Ghatia (Ghilin), Banswdra 23 19 74 21 81-2, 1157.

Ghatmara Deo

—

see Junapani . 976.

Ghatprabha River, Bijajmr IG 11 74 51 633.

Ghod-dungri, Ndrukot 22 23 73 48 646.

Ghogara (Gokula), Ndgpur 21 23 79 14 10, 90, 124, 188-9,

191, 196-8, 301, 304,

395, 505, 528, 842,

954, 961-5, 966.

Ghogra, Jabalpur . 23 29 80 15 412, 595-6, 804, 809,

Ghondee Nala, Chhindwdra 0 / 790.

Ghondi, Bdldghdt . 21 66 80 29 311, 328, 426, 692, C96,

IZI-O, 161,

Ghorap4char River, Dhdr 22 32 76 22 675.

Ghoti, Chhindwdra . 21 38 78 56 141, 221, 297, 336,

345-6, 504, 79 2-4.

Ghugri, Jabalpur . 23 25 80 7 806.

Gidhaur Stn., Monghyr . 24 52 88 22 817.
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0 / 0

Girenath Kolla—see Kamataru .
1 Ark<>lUUJ.

Gindih, Hazdribdgh 11 80 23 586,

Gitilpi, Singhbhum . 22 3! 85 52 45!), 476, 501, 622 3,

626-8.

Gna Islet, Mergui . 670.

Goela, Patidla 1 150.

Gohugaon, Nimdr . 22 15 76 4o 367.

Goilkora, Singhbhum 22 30 85 27 623, 630.

Gokak, Belgaum 10 10 74 53 633.

Gokula, Ndgpur—see Gliogara .

Gondia, Bhanddra . 21 27 80 10 481, 726, 773, 788.

' Goordao ' Nala, Bhanddra 21 37 79 43 736.

Gosalp "r, Jabalpur . 23 24 80 7 81, 381, 384, 412, 420,

607, 602-3, 803-7,

809, 811, 813-4,

816-9, 831-3.

Gotnandi, Vizagajjafam .

Government Hill

—

see Kondli .

18 23 83 39 434, 463, l(»47-8,

1101.

Government Road Mine

—

see

Harenballi.

Govindapuram, Vizagapatam . 18 15 S3 45 434, 462-3, 1047,
1081.

Gowari Warhona (Wadhona).
Chhindivdra.

21 32 7.S 53 8S, 90, 93-96, 121,

424, 438, 460, 504,

554, 560, 770, 772-3,

795-801.

Great Tenasserim River Mergui 12 24 98 47 670.

Gubbi, Tumkur 13 IS 77 0 1152.
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0 t o

Gudad-Rangavanhalli, Chital-

drug.

Gudhiari, Ganjdm .

14

19

18

34

76

84

27

51

1120-1.

241, 393, 1033, 1036.

Gudma, Bdldghdt . 21 58 80 31 311, 328, 425,436,460,

503, 696, 727-31.

Guguldoho, Ndgpur

.

21 26 79 29 yy-iub, 140-141,

212-3, 345-6, 424,

440,461, 505-6, 523,

626-7, 763, 838,

842-3, 933-4, 943,

847-53.

Gulgo, Hdzdribdgh • 24 24 8d Oftao 185.

GBmadam, Vizagapatam . 18 26 83 36 463, 1048.

Gumgaon, Ndgpur . 21 24 79 oo 345, 422, 439, 461,

505, 837-8, 841,
844-5, 852-4.

Gunda, Bellary 15 9 76 28 998.

Gunpam, Vizagapatam 18 5 83 39 463, 1048.

Gwalior, Gwalior 26 12 78 13 83, 676.

Gwethe, Taung-ngu . 671.

Gyaing (Gyne) River, Amherst . 16 38 98 0 669.

Hadikere, Kadur 13 45 75 54 564, 1126-7.

Haidarabad, Haidardbdd . 17 22 78 32 990.

Haji's Block—see Aladhalli

Hakigora Hill, Singhbhum 22 42 86 14 476, 621.

Haladgaon, Ndgpur 21 25 79 3 845.

Haltimara Doni—see Kamataru 1003.
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Hamigi, Sangli

0

15 3 75 54 646, 992.

Hanagcre, Shimoga . 13 51 75 28 1143.

Handigeniira, Bellary 15 1 75 54 992.

Hangu, Kohdt 33 32 71 7 1155.

Hanumanthana Kativi, Sandur. 14 59 70 39 1003, 1028.

Horda, Hoshangdbdd . . 22 20 77 9 802.

Hardua Khurd, Jabalpur 23 33 80 7 818-9.

Harenhalli, Tumkur 13 19 76 47 1152, 1154.

Hargarh, Jabalpur . 23 28 80 13 818, 829.

Harihar, Chitaldrug 14 31 75 52 480, 992.

Haripur, Jodhpur . 26 1 74 5 1158.

Harpanahalli, Bellary 14 48 76 3 992.

Harsud, Nimdr . . . 22 6 76 48 977.

Hatora, Bhanddra . 21 37 79 52 147, 148, 170, 173,

176-7, 216, 336,
345-6, 423, 437,

460, 735-6, 744-5.

Hatta, Bdldghdt 21 43 80 21 731.

Hatti Penta—see Kumaraewdmi 1003.

Hattiyal, Tumkur . 13 20 76 45 1152, 1154.

Hazaribagh, Hdzdribdgh . 23 59 85 26 616.

Heinze (Henzai), Tavoy . 14 33 98 672.

Hippargi, Bijapur . 16 49 76 8 640.

Hirai Qangadi, Sandur . 1001, 1003.

Hiran River, Jabalpur 23 23 80 10 829.
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o

Hirapur, Bnldghdt . 21 49 80 19 696, 717-720, 724-

5.

Hirapur, West Bdldghdt . 21 42 (9 46 701, 702.

Hirdenagar, Jabalpur 23 22 80 15 819, 833-4.

Hiregutti, Sandvr • 996.

Hiriyur, Chiialdrug 13 57 76 41 1122, 1125-6.

Holalkere, Chiialdrug 14 3 76 15 430, 480, 1 122.

Holmes' Block—.sre Kumsi ....

Honnebagi, Tumkur 13 24 76 43 1 152.

Hosdurga, CUtaldrug 13 47 76 20 1 1 oo 1 1 ri r r*
1 IZZ, I rZ5-b.

Hoshalli, Shimoga . 13 58 75 55 iZH, 4.i0, 57.5, 1128,

1132.3, 1145-7.

Hoshalli, Tumkur . 13 2G 76 42 430, 11.52.

Hosbanpur, Pdldnpur 24 16 72 33 6.50.

Hospet, Biliary 1.5 17 76 26 992, 996.

Hosur, Shimoga 14 15 75 32 1132-3.

Hughli River, Bengal 22 34 88 19 631.

Hulfergah (Hulburga), Haiddrd-

bdd.

18 0 77 23 990.

Hulisatta Bandi—sff Kumaras-

w ami.

1003.

Hunase-Marada Kativi, Sandur 14 59 76 39 10(1.'], 1(»M, 1031.

Huvinhadgalli, Bellary . 15 1 75 59 992.

Ibrahim Zai, Kohdt 33 33 71 13 1155.
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Locality. Latitude. Longitude I'» EC.

Ingleswdra, Bijapur

o

16

/

39 76 5

«

241, 385, 640.

Insein (Engsein), Amherst 1 £:In 96 0 669.

Iplara Hills, Chitaldrug . 13 55 7() 24 428, 430, 1122, 1126.

Iruku Kolla, Sandur 15 1 76 34 1003, 1026.

Itakerlapilli, Vizagapatam 18 15 83 40 509, 1047, 1080-1.

Ttala, Banstvdra 28 17 74 22 1157.

Itigehalli, Shimoga . 14 14 75 27 1133.

Itlamamidipilli

—

see. llamidipilli

Jabalpur, Jabalpur

.

23 10 SO (1 835, 843, 974, 976.

Jaban, Ndrukot 22 26 73 43 661.

Jada, Vizagapatam . 462, 1048.

Jagalur, Chitaldrug 14 32 76 24 1121.

Jairasi, Baldghdt 22 4 80 52 308, 693-4, 696, 731.

T 1J" "XT' It TT" ' J.

•Jaidi KoUa

—

see Karaataru • 1003.

Jam, Baldghdt 21 46 79 56 426, 503, 695, 706-
8.

Jambughoda, Ndrukot 22 22 73 48 646, 660.

Jamdah (Jamde), Burdwan 614.

Jamdihi Nala, Nimdr 22 16 76 46 977-8.

Jammapur, Chitaldrug . .
* • 14 2S 76 25 1121.

Jamna Valley, Jaunsar, Dehra
Dun.

30 33 78 1 122.
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Locality.

Jamrapaul, Bdldghdt

Jamui Station, Monghyr

Janal Haruvu
^
Sandvr

Janekal Haruvu, Sandur

Jarha Mohugaon, Bdldghdt

Jatni, Puri .

Jauli, Jabalpur

Javanhalli (Javangondanhalli),

Chitaldrug.

Jhajha, Monghyr 24 47 86 26

Jodhpur, Jodhpur • 26 18 73 5

Joga, Sandur 15 11 76 37

Jogannaditha Kolla, Sandur 15 0 76 40

Jothvad, Ndruhot . 22 23 73 47

Junapani, Ndgpur

Junawani, Ndgpur

Latitude. Longitude. Page.

21 29

21 29

0 0

21 40 79 47 216, 4.^0,459.503, 69^

-3, 695, 697, 69 8-

706.

24 59 86 18 617.

14 59 76 42 1C03, 102S.

1003.

695, 713.

20 9 85 45 242, 618.

23 23 80 17 507, 59fi, 810, 817.

13 50 76 49 1120.

79 22

79 20

617.

1001.

1003, 1028.

128,130,1.35, 136, 138,

130, 141, 14.3, 169,

170, 174, 177, 188-

191, 196-9, 201-2,

211, 297, 820, 324,

330, 333, 335-6, 341

-3, 357, 646-9.

90, 188 9, 215, 425,

440, 461, 842-3, 954,

965-8, 972, 974-
6.

10, 90, 93-96, 131-

2, 141, 188-9, 196

7, 346, 420, 425, 440,

461, 476 505-6 523,

526-7, 836, 838, 840

-3, 954, 965-8,
970-3.
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LociUlty.

Kabat (ThatekanT), Myingyan .

Kabbangoi Tattu

—

see Kamd-
taru.

Kachnrwahi, Ndgpnr

Latitude.

21

21 20

Kachi Dbana, Chhindwdra

Kadlekan Haruvu—see Kama
taru

Kaginelli, Shimoga . U 17 75 34

Kailwas, Jabalpur . 23 21 80 2

Kaiti Valley, Nilgiri Hills 11 20 76 47

KajlidoDgri, Jhdbua 22 57 74 31

21 43

Kajri, Goa

Kaladgi, Bijapur

Kalavahal, North Kanara

Kalay, Ooa

Kaldi Gundu

—

see Kamataru

Longitude.

95 20 670.

1003.

Page.

79 27

78 51

9, 51-63, 67-72, 125

-1.30, 158, 159,

196-8, 297, 316, 324,

833, 3.?6, 346, 423,

439, 461, 4"'), 505-

6, 522-3, 526, 569,

837-8, 842-3, 896, 922
-9.

136, 172, 195, 215, 297,

308, 345-6, 424, 438,

460, 476-7, 504, 522-

3, 770, 772-9.

1003.

430, 1133.

819, 831.

1039.

9, 37- 55-57, 61, 67-

72. 87-91, 97, 127,

128, 13.0, 136, 141,

147, 149-15«, 169,

174, 177-8, 188-9,

191, 192, 196-9,

215, 219, 221, 292,

206, 319, 323, 330,

.332-6, 342, 426 442,

447, 459, 460, 478,

5^^2,523 6, 559, 569,
678-87, 716, 786.

8.5, 689.

16 13 75 33 240, 633, 640-1

15 17 74 35 649.

15 17 74 14 985.

1003.

D 2
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Locality. Latitude. Longitude. Page.

Kalenda, Singhbhum 22 29 85 52 459, 622-3, 628.

Kalhalligudd v, Bellary approx. 15 13 76 28 992.

Kalhatti-marada Tattu, Beilary 1031.

Kaligiri, Nellore 14 51 79 45 1040.

KaJikot, Oanjdm . . . 19 36 85 9 241-2, 1033,1036 7.

Kalimati, Singhbhum , 22 46 86 17 476, 621.

Kalyana, Haidardbdd 17 53 77 1 990.

Kamarhatu Singhbhum .
ooZZ oZ 85 C 1 623.

Kamataru (Kammalharuvu |,

Sandur.

15 1 76 40 9, 84, 386, 478, 993-5,

1020, 1027-31.

Kammatarnou

—

see Karaitaru .

Kamthi, Ndgpur 79 16 424. 476, 479, 843-4.

Kamthi Lady Pit

—

see Chargaon 171, 703, 883, 886.

Kanakeri Wade

—

see Kainataru 1003.

Kanar (Hill 925 feet), Dhdr 22 28 76 12 673.

Kanar River, Dhdr and Indore . 22 26 76 13 673-4, 676-7.

Kanaridha, Bdldghdt 21 58 80 39 692-4, 696, 731.

Kandiapar, Ooa 15 26 74 6 988.

Kandri, Ndgpur 21 25 79 20 9, 41, 112, 114, 141,

147, 148, 212, 214,

292, 294, 314, 318,

330, 336, 344-6, 355,

391, 422, 439-40,

447, 461, 466, 476-7,

5('5 6, 522, 524, 548,

560-573, 578, 837-

8. 8tl, 843. 861-

78.



GEOGRAPHICAL IN1>EX. 1197

Locality.

Kanhan River, Chhindwdra and
Ndgpur.

Kaniga-marada KoHa

—

see Ku-
maraswilmi.

Kanjamalai Hill, Salem .

Kanjiganagutti, ahimoga

Kannevihalli, Sandur

Kannikalmatti, Kadur

Kantikapilli, Vizngapaiam

Kanugaon, Bhopal .

Kappat Gudda Hills, Sangli

Karaclii, Karachi

Latitude. LoDKltude.

21 19

11 37

13 49

15 3

13 48

17 57

23 15

15 10

2i 52

Karada Badxsdla Kativi, Sandur 15 0

Karadi Kolla—sec Kumaraswa-
mi and Kamataru.

Karapur, Goa

Kaieekasa N41a, Bdldghdt

Karekurcbi, Tumkur

Kare-marada Banda—see Kama-
taru.

Karenni State, Burma

Karli, Bhanddra . • .
,

I

Karparia, Bdldghdt

Karutapallaiyam, Coimbatore .

21 43

13 21

19 30

21 30

21 41

11 3

79 10

78 77

75 51

76 34

75 53

83 17

77 26

75 17

67 5

76 41

79—47

76 46

97 0

79 45

79 45

77 35

P»ge.

309, 477, 770-2, 791,

841, 841, 855-6.

1003.

202.

1133, 1148-9, 1151.

442, 462, 47'";, 993,

1001-2, 1004-5. 1026-
7.

1126, 114S.

137, 141, 180, 255,

1115.

367, 672.

10, 412, 642-3.

613.

1013, 1031.

1003.

989.

702.

430,476, 569, il52 4.

1003, 1029.

209.

397, 426, 765.

700, 702.

37.
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Locality. Litltude. Longitude. Page.

Kas, Sdtdra ....
o

17 43

0

73 52 662.

ivasai (ivashi) Hill, Jaoalpur 23 31 80 8 507, 814-6, 818,

-1,827.

820

Kaskur;—see Junapani . . 967, 974-6.

Kastur Nala, Bdldghdt 21 58 80 30 728.

Kataiigi, Bdldghdt . 21 46 79 52 316, 478, 693, 690-7,

736.

Katangjheri I, Bdldghdt . 21 51 80 0 216, 425, 503,
710-1.

695,

Katangjheri 11, Bdldghdt 21 50 80 1 425, 503, 695,

2.

711-

Katkamsandi, Hdzdribdgh 24 7 86 16 182, 616.

IvatKUt, Inaore 22 25 76 10 674, 676-7.

K.atui, J ubuJpur . . . 23 50 80 27 819.

Katnowa Hills, Monghyr • 24 57 86 20 617.

xS.atjtia, Dhar 22 24 76 22 673-5.

Kattedar Boilo

—

see Kamataru 1003.

Kelil Ghat, Belgaum 15 34 74 21 635.

Kelod, Ndgpur ^. 21 26 78 56 770, 840.

Kelur, Sangli 15 9 75 50 644-5.

Kempinkote Mine, Hassan 12 56 76 33 1126.

Kenchamman Dona

—

see Kama-
taru.

1003.

Kenkere, Chitaldrug 13 55 76 26 430.

Keolari, Jabalpur . 23 29 80 15 819, 834.

Kerdi, Ndgpur 21 18 79 18 899.
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Locality. Latitude. Loigitude.

1

Page.

Khairi, Chhindwdra

0

21 32

0

1
78 53 212, 770, 795.

Khiiri. Ndgpur 01 879.

Khanapur, Belgaum ID o odo
1 74 34 639.

Khanapur, Satara . . . 17 15 74 47 662, 668.

Khandala, Ndgpur OAIS) 79 29 141,316,356 461,838,
S42, 890, 932-
3.

Khapa, Ndgpur 91 o.t Iv 3 845, 854.

Kharagdiha, Hdzdribdgh .

n 424 25 80 14 18.5, 616.

Kharwa, Ajmere-Merwara 26 1 o12 74 30 1157.

Khatola, Jabalpur • . • 23 28 80 10 804, 818, 828.

Kheria Kund, Dhdr 22 29 1 0
0022 673, 675.

Khijerimudia, Pari 242, 618.

Khorawal, Jabalpur 2o 22 «r> 02 806.

Khozdar, Jhdlawdn 27 48 Ob 39 613.

Khunda, Banswdra 11) /4 OA2U 1158.

Khurda Eoad, Puri 20 n9 0 T00 4b
,

242.

King Island, Mergui 12 29 AO 25 670.

Kinhi, Bdldghdt 21 37 80 30 693.

Kirana, Jfiang 31 58 72 46 1150.

Kit.tadhalli, Ghitaldrug • 13 57 76 26 430.

Koohawahi, Bdldghdt 21 48 30 0 425, 695, 713.

Kodalgaon, North Kaiuira 15 23
1

74 37 6 9.

Kodarma, Hdzdribdgh 24 28

I

85 39 2C4-5.
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Locality. Latitude. Longitude. Page.

Kodegaon, Ndgpur

0

21 26
'

0

79 1 55, 60-62, 112, 114,

177, 212, 214-5, 323,

336, 343, 345, 422,

424, 439, 461, 470,

605, 522, 524-5,

627, 569, 717, 837-

8, 840-1, 844-
852.

Kodur, Vizagapatam 18 16 83 37 9, 39, 40, 79, 119-

121, 137, 179, 180,

205, 212, 214, 244-

255, 262, 264, 266,

269-271, 277, 420.

434, 447, 462, 466,

475, 508-9, 522-3,

627, 548-9, 561-2,

667, 569, 573, 599,

1047, 1049-55,
1059-73.

Kohat, Kohdt 33 35 71 30 1155.

Koilkuntla, Coimbaiore . 15 14 78 23 1038.

Kolambi, Ooa 15 34 74 3 984, 986, 989.

x\.oiar laoiu rieiu (iviysore 12 54 78 19 601.
Mine), Koldr.

Konada, North Kanara . 15 16 74 34 640.

Konada, North Kanani 15 18 74 37 649.

Koudapalem (Konda Koduru), 18 16 83 37 463, 1048.

Vim^/apatam.

Kondli, T^mkur 13 22 76 48 1152.

Konugaon, Bhopal—see Kanu-
gaon.

Korqui (Kudkee), Goa 15 31 74 12 989.

KoSumbah, Bhanddra 21 38 79 42 136,195, 324, 336, 423,

437, 460, 477, 503,

693, 735-9.
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Locality.

1

Latitude.

1

Longitude.

_ 1

Pago.

0
1

'
1

t

o

-

Kotakarra, Vizagapatam . 18 22
'

83

1

33 163, 167-8, 180, 214,

246, 250, 255-262,

264-5, 271-2, 508,

526, 1047.

Kothavalsa, Vizagapatam 17 54 u oo3 15 463, 1048, 1115.

Kotkhera, Dhdr 22 33 76 16 675.

Kottapetti, Vizar/apatam 462, 1048.

Kottur, Bellary 1 A14 ov to 17 994.

Ka&n, Jabalpur 23 36 OA
1

1

818-9.

Kudligi, Bellary 14 54 76 27 992, 096, 1027.

Kudsuri, Bdldghdt 21 53 80 5 172, 174.

Kulan (Culon), Qoa 15 36 74 2 984, 989.

Kulianft, Morbhanj • 617.

Kulu (sultanpur), Kangra 31 57 77 10 169-171, 173, 1156.

'Kamaraswami Pagoda, Sandur 15 0 76 37 993-4, 996, 1001-3,

1005, 1027.

Knmari, Ooa 15, 989.

Kumari (Khumari), Ndgpur 21 27 79 22 420, 428, 836, 966.

Kumbharde, Dhdrwdr 15 25 74 39 641.

Kumong, Mergui 670.

Kumsi, Shimoga 1 A oo
1

9, 84, 386-7, 404,
428-30, 442, 447,
466, 474, 476, 478.
486, 522, 548, 569,

571, 6.'.6, 787, 1127-

8, 1130, 1132-3,
1135-9.

Kund Nal4, Ndgpur—see Mand-
vi Bir.

967, 976.
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Kundi Nala, Indore 7o 677.

Kurado, Goa 99 /4 989.

Kurai Ghat, Seoni . 21 49 79 34 308, 978.

Kuimura, Bhanddra 21 32 79 44 79, 141, 390-1, 393

423, 437, 460, 503,

735, 751-5.

Kurro (Kuro), Jabalpur . 23 28 80 12 818, 826.

Kurthi-tola, Bdldghdt 21 57 80 18 692-4, 696, 731-

Kiirubara Matti—see Raman-

drug.

1002.

Kustaur (Kustore), Mdnbhum . 23 24 86 30 615.

Kuthola—see Khatola

Kuthulaa, Ndgpur •>1 9f; 7Q a0 844-5, 855-6.

Kutowa Hills—see Ivatnowa

Hills.

•

Lagia, Singhbhum
99 09 oO 623, 630.

Lahore, Lahore ^
• ^1o 1

OKu9 74. 990.

Lakhauwara, Chhindwdra 91 In 504, 770, 772, 780-1.

Lakshmipura,m, Vizagapatam . 19 16 83 40 421, 435, 463, 1048.

Laugur, Bdldghdt .
21 56 80 25 460, 694-5, 726, 731.

Leda Hill, Singhbhum 22 28 85 26 427, 618, 623, 630-1.

Lilameta, Bdldghdt 22 1 80 28 693.

Limodra, Rdjpipla 21 44 73 13 661.

Lingalavalsa, Vizagwpatam 18 17 83 45 434-5, 462-3, 1048.
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Locality. Latitude,
j

Longitude. Page.

0 0

Lingmala, Sdtdra • 17 65 73 45 502, 662, 665.

Lobi, Bhanddra 21 34 79 46 751.

Lohdongri, Ndgpur 21 20 79 25 55, 60-62, 112, 114,

172, 316, 422, 439,

447, 461, 466, 477,

505-6, 522-3, 837-

8, 842-3, 896, 914
-922.

Londa, Belgaum 15 2Q 74 34 985.

Loia Hill, Jabalpur 23 29 80 13 818, 825-6.

Lusia River, Bdldghdt 21 45 79 53 693.

HIT -I Jl /~1 1 'a IJMadadkere, Chitaldrug 13 53 76 26 428, 430, 1122, 1125.

Madura, Madura . ' 9 55 78 1

1

139, 182, 192-3, 205.

Mahabaleshwar, Sdtdra . 17 56 73 43 369, 376, 381, 411-3,

595, 681-6.

Maharkund, Ndgpur 21 31 79 3 188-190, 859.

Majligaon, Jabalpur 23 24 80 16 822.

Hit '1 TT" 1 1 T» t "XT' '

Mala KoUa Banda—see Kama-
taru.

1003.

Malagarh Hill, Yeolmdl {Wun) . 19 56 6 367, 979,

Malam Jhiri—see Mandvi Bir 969.

HA lion f-Ly^ftjxiajaii, ixoa • • . • 988-9.

Malchaiti, Burdwan 614.

Maleva Gadda

—

see Kamataru . 1003.

Maliwun, Mergui . 10 14 98 39 209, 670.
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Locality

.

Latitude. Longitudo. Page.

o 0

Malpona (Mai pi in), Goa . 15 27 74 14 989.

Malur, Shimnga \:i 44
1

75
[

24 1145.

Malusar, Sdtdra 17 52 73 44 662.

Maivan, Ratnagiri . 16 3 73 31 240, 661.

Mamidipilli, Vizagapatan) 18 30 83 22 179, 180, 261, 508,

1047, 1I03-G.

1108-10.

Manal Haruvu

—

see Kamataru . • • 1003.

Manapara, Madura- 139.

Mandagadde, Shimoga 13 45 75 31 1144.

Mandla, Mandia 22 36 80 26 477, 731.

Mandli, Jhdbua 679, 689-90.

Mandri, Ndgpur 21 25 79 28 141, 173, 345, 423,

439, 461, 477, 505,

525-6, 837-8, 842-3,

933-41.

M4ndvi Bir, Ndgpur 21 29 79 17 88, 90, 141, 215, 426,

440, 461, 505, 526,

836, 838, 841-3,

954, 965-70, 972.

Manegaon, Bdldghdt

i

21 51 80 19 696, 717-8, 7^0-1,
724-5.

Mdnegaon, Ndgpur. 21 26 79 28 139-141, 144, 328,

344-6, 356, 423,

439, -461, 477, 505,

569, 571, 604, 837-8,

842-3, 933-4, 943-7,
948.

Mangela, Jabalpur . 23 31
,

80 17 507, 810, 818, 824.

Mangeli, Jabalpur • 23 30 80 17
1

507, 811, 813-4, 818,

829.
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0 o /

Manikehri (Munnikerry), Bflgcmm 10 III 75 is 240, 633.

Mankulam (Mauncolum
Madura.

?), "' 12 78 ]8 139.

Mansakra, Jabal.pnr 23 30 80 10 81, 461, 507, 813-8,

822-4, 827.

Mansar, Ndgpur 21 24 79 20 9, 41, 112, 114, 140,

141, 215, 292, 328,

334, 344-6, 353.
355-6 392, 397,
422-3, 432, 439,
447,461, 466, 476-7,

.505-6, 558, 669-

572, 837-8, 841,

843, 87 8-891.

Mansar Extension, Ndgpur

Marble Rocks

—

see Bhera Ghat

21 24 79

*

20 215, 336, 346,439,466,

505, 837, 841,
891-3.

Ma,Tha.ea,n, Jabalpur

.

23 21 80 3 806, 819, 833-4.

Mariyamanhalli, Bellary . 15 10 76 25 478, 994, 1023.

Masarahalli, Shimoqa 13 49 75 48 1132, 1148.

Masti, Bangalore 12 52 78 3 204, 1120.

Matagota

—

see Bistampur 629.

Mathura, Oanjdm . 19 36 85 6 10S2-3, 1037.

Matkamhatu, Sivghhlmyn . 22 32 85 52 50], 623-5.

Mat Kolla— see Kamataru 1003.

Maulaiain, Amherst. 16 29 97 39 671.

Mavinhalli, Tumkur 13 22 76 47 1152-3.

Meghnagar, Jhdbua 22 54 74 36 478-9, 678-9 685.

Mellavalavii, Madura 182.
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Merkcara (Muddukayray i), Coorg

0

12 26

o

75 48 980.

Mergui, Mergui 12 24 98 39 670.

Metgotar, Sdtdia 17 55 73 46 662.

Miasal Haruvu

—

see Kamataxu . 1003.

Min Kolla—see Kamataru • • 1003.

Miragpur, Bhanddra 21 38 79 54 423, 437, 460, 503,

735-6, 745-9.

Mirzapur, Mirzapur 25 9 82 37 814, 829, 1158.

Mogok, Ruby Mines 22 55 96 33 671.

Mohugaon, Ndgpur . 21 27 79 5 90, 188-9, 191, 842,

954-7.

Mobugaon Ghat, Bhanddra 21 37 79 54 735, 750.

Momeit, Momeit 23 0 96 38 671.

Morlen, Goa 15 35 74 7 984, 989.

Mormugao, Goa

Morsi, Amrdoti

15

21

24

20

73

7«

51

5

427, 429, 455, 466,
480, 483-4, 486-7,

638.

691, 980-2.

Mottu Kolla—see Kamataru 1003.

Mottu Kolla—see Kannevihalli . • 1002.

Mottu Kolla—see Kumaraswami 1003.

Muddukayray ( ? =M e r c a r a,

which see).

••

Mudiki Thaggu—see Kannevi-

halli.

1002.

Mud Point, 2i Parganas 21 56 88 10 631-2.

Muggurkutta Nala, Bdldghdt 21 41 79 45 698.
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Mukknnara Sannapeta, Vizaga-

pafani.

o o

463, 1048.

Mulagam, Vizagapalatn 18 14 83 41 434, 1047, 1081.

Munnikerri

—

see Manikchri

Muret (Mooraith), Jabnlpur 2.3 25 80 1 818, 830.

Musknndli, Tumkur 13 21 76 47 1152-3.

Nagankhc ri-Mandli, Jhdbua 22 45 74 32 679, 690.

Nagappana Banda— see Kama-
taru.

1003.

Nagardhan, Ndgpur 21 20 79 23 842, 896, 911.

Nagargali, Dhdrwdr 15 24 74 41 241, 641-2.

Nagireddipalli, Karnul 15 9 78 35 1038.

Nagpur, Ndgpur 21 9 79 10 424. 476-7, 479, 773.
844-5.

Nahara River, Bdldghdt . 22 4 80 25 693.

Naiduvalsa, Vizagapatam ? 18 40 83 19 462, 1048.

Naigain, Jahnlpur . 23 26 80 7 805, 819, 830.

Nainpur, B.N.R., Mandla 22 25 80 9 733, 788.

Nandapuri, Ndgpur 21 20 79 23 147, 316, 345, 461,

505, 698, 842, 896,
912-3-

Nandavaram (Koilkuntla Taluk),

Karnui.
15 22 78 20 1038.

Nandgaon, Bdldghdt 21 49 79 58 695, 708.

Nandgondi, Ndgpvr 21 30 79 7 838, 341, 859, 861.
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Nandhi, Bdldghdi .

o

21 41 79 53 695, 713.

Nandod, Bdjpiph . 21 52 73 34 661.

Narayan Devar Kerra, Bellnry . 15 11 76 22 1007, 1020.

Nargion, Jabalpur 23 18 80 6 819, 834.

Narihalla, Sandur 15 3 76 35 995, 1001, 1026.

Narnaul, Patidla 28 3 76 11 1156.

Nautan-Barampur, Ganjdm 19 36 85 6 141, Isz, ly'6\i-6,

1036-7.

Nawadih—see Jhajha 204.

Nawalswami Kativi, Sandur 1003.

Nayakund, Ndgpur 21 22 79 ID 961.

Nellitnarla, Vizagapatam 1 i oo
a.i 134, 462, 1048.

Mellore, Nellore 14 27 80 3 442, 1040.

Nersa, Belgaum 15 74 oU 633-4, 639.

Nimach, Gwalior 24 28 74 57 676.

Nimawar, Indore . 22 30 77 3 676-7.

Nimmalavalsa^ Vizagapatam ? 18 is 83 45 4o4, 1U4».

Xirgudda Hills, Chitaldmg 13 58 76 29 430, 1122, 1125.

Nonsar, Jabalpur . 23 14 79 51 819, 835.

North Andaman Island, Anda- 13 0 93 0 613.

fillins*

Norton's Block—see Bikonhalli.

Oblagandi, Sandur 15 3 76 35 995, 1001.
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Locality. Latitude.

1

Loiif^itude.

1

Page.

Oiatura, Kdlahandi

0

20 20

0

I

83 35 525, 616.

Ootacamund, Nilgiri Hills 11 24 76 47 1039-40.

Pab Hills, Las Beta 25 18 67 1 613.

Pachara, Bhanddra . . 21 27 79 50 328, 424, 437, 603, 734-

6, 767-9.

Padau Bay, Mergui 670.

Padiyur, Coimbatore 11 4 77 33 37.

Faharewa, Jabalpur 23 28 80 9 507, 813-4, 818, 828-
9.

Pakchan River, Mergui . 10 18 98 47 209.

Palapgaddi, Vizagapatam. 18 23 83 31 1083, 1095.

Palasi, Dhdr .... 22 33 76 30

Palavalsa, Vizagapatam . • 1048.

Pali, Nagpur.... 21 26 79 15 79,82,90,124, 147,148,

188-190, 196, 301,

303, 423, 505-6, 523,

528, 600, 837, 842,

954, 957-61.

Palkonda, Vizagapatam . 18 36 83 49 1044-5, 1047.

Palni, Madura 10 27 77 34 205.

Palni Hills (Kodaikanal), Madura 10 8 77 33 371.

Pam-kollathaTattu, .Sanrfi/r 15 1 76 39 1003, 1028

Pandgarh, Jabalpur 23 17 80 3 835.

Pananoa, Monghyr Approx. 24 i6 S6 25 204.

E
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Panchala, Nagpur . 21 24

0

79 28 141, 328, 345-6, 430,

461, 477, 838, 842-3,

933-4, 941-2.

Panchgani. Sdtdra . . 17 55 73 51 665.

Pandarwani, Bhanddra 21 37 79 54 735, 750.

Pandipahari Hills

—

see Jhajha. 617.

Pangri, Chhindwdra 21 44 78 56 781, 785.

Pan KuaR, Dhdr 22 32 76 22 81, 241, 396, 673, 675-

6.

Panna, Parma 24 43 80 15 397.

Paolta Kanowa, Burdwan 614.

Parana (Pandaria), Jabalpur . 23 16 80 4 819, 834.

Paraswara Ghat, Bhanddra 21 40 79 52 437.

Parsatola, Bdldghdt 22 2 SO 50 696.

Parsioni, Ndgpur 21 22 79 13 124, 141, 147, 148,

291, 301, 345-6,
aOg Aid A£i} 0*01
4i2D, ilu, 4d1, OOO,

838, 842, 896-9,
961.

Parsoda, Ndgpur ^ .

Patansaongi, Ndgpur

21

21

23

20

79

79

22

5

112, 114, 6iO, 4zo, 4oy,

506, 837, 841, 879,

893-5.
852.

Pathargani Mule, Sandvr 1003.

Patro Nadi, Hdzdribdgh . 24 17 86 46 185.

Peepul Cottah, Amrdoti • 21 16 78 1 690.

Penoh River, Ndgpur 21 21 79 15 241, 301, 304, 346, 395-

6, 420, 528, 836,

841, 954, 957, 961-

5.
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Locality. Latitude, i Longitude. rage.

1

o 0

Perapi, Vizagapatam 18 16 83 41 137, 142, 180, 246, 255

262, 434, 462, 464
508-9, 569, 1047,

1050, 1077-80
1109.

Peritem, Ooa.... 989.

Perumali, Vizagapntam . 18 26 83 38 434, 462, 464, 1047,

1102.

Peshawar, Peshaimr 34 0 71 38 602.

Piligaon, Goa 15 33 74 1 985-7.

Pilal-marada Gundu, Sandur 15 0 76 40 993, 1003, 1030-1.

Piparia, Bdldghdt . 21 41 79 51 704.

Piploda, Jhdbua 22 66 74 31 688.

Pipriatola, BdldgMt 21 53 80 21 731.

Pitol, Jhdbua 22 47 74 31 679, 689-90.

Pola Khal, Dhdr . 22 28 76 20 525, 673-5.

Ponda, Goa .... 15 24 74 4 988.

Ponia, Bdldghdt 21 43 79 49 426, 436, 459, 5 03,

698-706.

Ponra (Ponda) Hill, Jabalpur . 23 30 SO 6 818, 821-2.

Ponri, Jabalpur 23 30 80 6 821.

Ponwar Dongri

—

see Kurmura .

Pratapgad, Sdtdra . 17 5(3 73 38 663.

Puda-kudi, Madura 192-3, 1039.

Purana Chaibasa, Singhbhum . 22 32 85 51 618-9.

Puseli, North Kanara 15 19 74 36 85, 649-50.

E 2
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Ragikalviidikinakeri Bhaui Naga-
lagutti, Shimoga.

13 48 75 50 llO'j, Ilol.

Raipur, Raipvr . . . 21 15 81 42 1050, 1107.

Rajgarh, Alwar 27 14 76 41 1157.

Rajkota, Ndgpur . , 21 29 79 24
loon o 4 a nr: iJ»»-y, 942, 954, 976
7.

Ramabhadrapuram, VizMjapatnm 18 30 83 20 J7y, 24b, 248-50,

252, 255, 262, 265,

268, 434, 462, 508-9,

1044, 1047, 1050,
1103-10.

Ramakona, Chhimlwdra . . 21 43 78 55 773, 779.

Ramanamallai

—

aee Ramandrug. 1021, 1024.

Ramandrug, Sandur 15 7 76 32 41, 80,83-84, 117-18,

386, 388, 422, 442
462, 478.80, 486,

507, 570-J, 993
1019 passim, 1020-
6.

Rambha^ Oayijdm . 19 31 85 9 241, .396, 1033, 1037-
8.

AVdUi IJULcipUl, fj liilOU'.l • « 22 55 74 32 o4/, 45y, 4bD, 50z
678-9, 687-9.

Ramdongri, Nagpur 21 25 79 5 75, 127, 130, 141, 196

216, 297, 309-10

324, 328, 336, 344
6, 355, 422, 439, 461

505, 837, 841, 844

5, 8 55-9-

Ramjitola, Bhanddra . , 21 38 79 48 460.

Ram KoUa, Sandur

.

1003.

Rampaili, Bhanddra 21 40 80 4 734-5.



GEOOEAPHICAL INDEX. 1213

Locility. ,' Latitude. Loii)2itu(U', I'ago.

Ramrami, Bdldghdt , ,

0

21 51

0

79 59 liiK OAt'* A^yKlyo, oo4, rf40, 4Za,

436, 459, 503, 692'

o, oyo, PVJ7, 708-
10, 713.

Ramtek, Nagpur . . ,

1
ij 140, 477, 843,862,944,

Rnngoon .... 10 46 96 12 660.

Ratagarh, Dhdr 22 25 76 17 673-4.

Ravivalsa, Vizagapalam . 18 15 83 39 135, 464, 1U48.

Kea Mills, Lnengalput 13 9 80 10 Oil 1 ^ » •">o<i41, lUdZ-

Regati, Vizagapatam 464, 1048.

Risara (Reschara), Ndgpur 21 28 79 3 141, 144,346, 838,841
859-60.

Rohu, Pdldnpur 24 24 72 42 650.

Roodrar (Ramallakota Taluk),

Karnul.

15 33 78 10 iUoo.

Rowe's Mine —see Muskondli .

Rupjhar, Bdldghdt . 21 57 80 29 731.

Sabe KoUa—see Kumaraswami

.

lUUo.

badarnalu, Lhitaldrwj 14 s 76 15 430, 1118, 1121 1122
4.

Sagwa, Banswdra . 23 18 74 21 1157.

Saing Chaung River, Taung-ngu 19 15 90 13 671.

Sairi, Dehra Dun 30 33 77 53 122.

Sakri, Jabalpur 23 28 80 11 1 507, 809, 814-5, 818
826-8.
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o 0

Salebaddi, Bhanddra 21 40 79 56 736, 750.

Salem, Salem.... 11 39 76 13 202.

Salur, Vizagapatatn, 18 31 83 16 1044, 1047, 1050, 1103.

1107.

Salwa, Ndgpur 21 14 79 21 476, 479, 844, 897.

Salwin River.... 671.

Samnapur, Bdldghdt 21 58 80 33 311, .328, 425,436, 503,

694, 096, 727-31.

Sandanandapuram, Vizagapatatn 18 14 83 37 212-3, 247, 508-9,

599, 1047, 1049-
55, 1075-7.

Sandapuram, VizagapataTu . 18 20 83 20 136, 180, 242, 255,

1115.

Sandur, Sandur 15 5 76 37 996.

Sankulli, Goa 15 34 74 4 985,

SannasilHaruvu, i'anfZwr. 15 9 76 29 1002, 1012-3, 1021-

2.

Sanquelim—see Sankulli .

Sanvordem, Qoa 15 16 74 10 85, 981, 985, 989,

Saonri, Bdldghdt 21 42 79 62 436, 460, 695, 713,

S arda, Ja&oZp«r 23 28 80 12 826.

Sarveswarapuram, Vizagapatatn 435, 464, 1048.

Sasalu, Chitaldriig . , , 14 13 76 11 1145.

Satak, Ndgpur 21 20 79 20 141, 170-1, 176, 196,

217, 297, 316, 324,

.336, 345-6, 422-3,

439, 461, 505, 837-

8, 840, 842-4, 896,

899-904.
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Locality. Latitudo. Longitude. fage.

Satara, Sdtdra . . . 17 41

0

74 3 662, 666.

Sausar, Chhindwdra. 21 39 78 51 770-1.

Saya Hurki

—

see Asalpani 11 .

Sedaralavalsa, Vizagaiyxtam 18 25 83 20 1115.

Seiktein (?=Sattein), Myingyan 21 3 95 19 670.

Sconi, Seoni .... 22 5 79 37 347, 978.

Sei'vona, Goa.... 15 34 74 2 984, 989.

oesnagii'i

—

see Kaniievihalli 1002.

Shankargudda, Shimoga . 13 55 75 28 428, 430, 1128,

1142-5.
1133,

81iekhi-an, Jhdlawdn 2.1 53 66 28 613, 368.

Sherpur (Sirpur), Bdldghdt 21 47 79 57 695, 708, 713.

Shiddarhalli, Shimoga 13 48 75 50 428, 430. 564-5, 1126,

1128, 1132-3, 1148-
51.

Shikara Ghats, Seoni Approx. 22 50 79 54 213.

Shikarpur, Shimoga. 14 17 75 25 428, 430, 1132-4.

Sbimoga, Shimoga . 13 55 75 8 429, 476, 478,

486, 571, 1129
480,

1133.

Shingargaon, North Kanara 15 20 74 37 649-50.

Shirhatti, Dhdrwdr . 15 14 75 37 046.

Shivasandra, Tumkur 13 21 76 49 1152.

Shodan Hurki—aee Katang-
jlieri I.

Shorts' s Block

—

see Kumsi

Sigram, Vizagapatam 18 22 83 1050.
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Locality. Latitude.

Sihora, Jabalpur . . . 23 29

Silewada, Nagpur . . . 21 17

Sillu Kolla

—

see Kumaraswami .
|

Silondi, Jabalpur . . . 23 30

Silver TreeG. T.S., 24 Parga- 21 58
nas.

Longitude.

Sindia Hill, Blianddra 21 33 79 60 755.

Sindola, Sdtdra • • 17 55 73 44 662.

Singar, Gdya . 24 34 85 34 206.

Sini, Bengal Nagpur Railway, 22 47 86 0 587.

Singhbhum.

Sirpur, Yeotmdl ( Wun) 21 67 79 4 979.

Sirsia, Hdzdribdgh .

Sirvel, Karnul

Sitagondi, Nagpur .

Sitapar, Chhindwdra

Sitapathdr, Bhanddra

Sitasaongi, Bhanddra ,

Sit-taung River, Taung-ngu

80 10

79 11

80 12

88 12

Page.

603, 803, 805-G, 814,

816-9, 82 4, 828.

241, 367.

1003.

822-3.

631-2.

24 22 86 17 185, 606.
i

i

16 19
I

78 36
I

1038.

21 29 79 8
i

140-1, 345-6, 841,

859, 861.

21 44 78 56 9, 49-52, 55, 76, 87,

90, 97, 169, 195, 218,

296, 342, 424, 438

460, 504, 523-4, 770,

772-3, 78 5-9.

21 42 79 44 135, 136, 196-9, 216,

297, 334, 336, 346,

437, 460, 503, 693,

697, 734-5, 739-
42.

21 31 79 48 200, 313, .334, 346, 503,

i
! 760-3.

19 13 ' 96 23 ^ 671.
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Looaltty, Latitude.

T

Longitude. I'ttge.

Sivaniallai Hill, Coimbatore . 11 3 77 36 37.

Sivandhoiavalsa, Vizagapaiam . 18 O i24 83 30 404, 1048.

Sivarajpur (Shivrajpui), Punch
Mahals.

OK \i\4U 80, 287, 343, 427, 442,

459, 501, 525, 6 57-
681.

Sivaram, Vizagapaiam 1 alb 83 jy 421, 1047, 1077.

Sivonia (Bivnia), Banswdra 74 1158.

Sleemauabad, Jabalpur . 38 80 19 818.

Sokarapalem, Vizagapaiam 18 19 83 45 463, 1048.

Solid Hill—see Sondeuhalli .

Somahalli, Bellary . 14 58 76 40 994.

Son Valley, Balaghai 21 4 O 80 44 162.

Sondenhalli, Tumkur 1 Qio / D 44 1152-3.

Sonegaon, Bdldghdt 21 41 79 80 141, 345, 695, 706.

Sonegaon, Ndgpur . 21 55 79 28 949.

Sonpuram, Vizagapaiam . 18 30 83 22 508, 1047, 1103-5,
1107-8.

Sonpuri, BSdghdt . 21 57 80 32 694.

Sontulaij Hoshangdbdd 22 21 7G 56 112, 114, lis, 336,
525-7, 802-3.

Sovalavandan, Madura . 182.

Stewart Sound, Andamans 1.3 0 92 56 613.

Subrayanhalli Nir KoUa—aee

Kumaraswami.
1003.

Sugundra, Ndgpur . 21 29 79

i

6 859.
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0 0

Sukli, Bhanddra 21 40 44 136, 195, .345-6, 423,

437, 460, 477, 503,

693, 735-6, /39, 742-
3.

Sulekere, Shimoga . 14 H 75 66 430, 1133, 1145.

Supa, North Kanara 10 lb i\ Q 104: 649.

Sur River, Ndgpur 21 21 79 27 841, 922, 932.

Swamihalli, Sandur 15 0 76 34 994, 1001.

Tadiyur

—

see Tadmu

Tadurii (Tadur), Vizagapatam . 18 25 83 13 10-7 1>I1 1<1 IDA Oil
IJ/, 141, 144, 18U, 211-

2, 244-9, 252-3,

255, 262, 1017, 1110-

13.

Taghoot Sir—see Tajut Hill

Tajut Hill (Taghoot Sir), Kohdt 33 31 71 12 1155.

Talai, Jhdbua 1 IX
1 679.

Talevadi, Belgaum . 15 33 74 24 217, 241, 371, 374,

osl, oMci-o, 42/,

442, 459, 633-4, 635-
9, 649.

Tambalnaikana Paddi, Sandur . 1003.

Tapal Paddi,—see Kumara-
swami.

1003.

Tareard-marada Kolla

—

see

Kumaraswami.

1003.

Tarikere, Kadur 13 43 75 52 480, 1126-7, 1132.

Tatekasa, Bdldghdt 21 43 79 57 695, 713.
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Locality. Latitude. Longitude. I'age.

TawargaHi, Dhdrwdr

0

15 24

o

74 44 80, 240, 641-2.

Tekowli, Sdtdra 17 53 73 46 662.

Tekrasai, Singkbhum 23 31 85 52 100-105, 107, 108,

501, 523, 526-7, 620,

623, 625-6.

Teli Deo, Ndgpur—see Junapani 976.

Teligi Hill, Bellary . U 39 75 57 992.

Temple Hill Mine

—

see Hatty al

.

Thabaleik Stream, Mergui 12 2 09 17

Tharsa Railway Station, Ndgpur 21 15 79 28 477, 479, 843, 897, 944.

Thaungyin River, Amherst 17 33 98 0 669.

Thirora, Bhanddra . 21 24 79 59 734.

Thirori, Bdldghdt . 21 41 79 47 141, 318, 328, 336, 345,
436, 459, 503, 692,

695-7, 698-706.

Tbonaum, Vizagapatcim . 18 39 83 11 141, 1047.

Tiki, Eewah .... 24 56 81 26 690.

Tinai Ghat, Southern Mahratta
Railway, North Kanara ( ?)

15 28 74 29 639.

Tipagarh Hill, Bdldghdt . 22 1 80 33 693-4, 728.

Tiptur, Tumkur 13 15 76 32 1152.

Tirandur, Shimoga . 1133, 1144.

Tirathalli, Shimoga 13 42 75 18 1133.

Tonar River, Bdldghdt 22 8 80 37 693.

Tons River, Jaunsar, Dehra Dun 30 43 77 49 122,

Tonashagiri, Bellary 14 59 76 42 992-4, 1027, 1030-1.
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Locality. Latitude. LongituJe.

I

Page.

!

Tornag illu, Bellary

0

15 12

!

O

76 43 476, 480.

Treasury Hill, Shim<Mja 13 56 10 56 1 1133, 1145.

Tumangburu

—

see Bistampur 629.

Tumdia, Jhdbua 22 45 74 32 679, 689.

Tumkhera Khurd, Bhanddra 21 25 80 17 398.

Tumkur, Tumkur 13 20 77 9 1151.

Tumraguddi, Bellary 992, 102/.

Tumsar Road Station, Bengal

Nagpur Railway, Bhanddra.
21 20 79 48 477-9, 697, 736.

Tumsur, Bdldghdt . 21 43 79 56 695, 713.

Tungabhadra River 15 20 76 30 646, 995.

Tanglui, Singhbhum—see Kalenda 628.

Tuppur, Shimoga 14 5 75 22 1133-4.

Turamdih, Singhbhum 22 43 86 15 476.

Tutugutu, Singhbhum 22 29 85 51 459, 476, 618, 620,

622-3, 628.

Ubrani, Kadur 13 51 75 59 1126.

Ukua, Bdldghdt 21 5S 80 32 98, 200 , 308, 310-4,
or»r> Oil Adr: /lO/?
328, 344, 42.5, 4.36,

460,477, 503, 692-7,

727-31, 732.

Ullu Basappena Maradi

—

see

Kumaraswami.
1003.

Urumanjanmatti, Shimoga 13 49 75 51 1127, 1133, 1150.

Uskal River, Bdldghdt 22 3 80 20 693, 731.
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Locality. Latitude. Longitude. I'age.

0 0

Utakamand

—

see Ootacamund .

Vadderpur, Shimoga 14 15 75 29 1133.

Vaotim, Goa .... 15 36 74 4 988.

Vasco-da-Gama, Goa 15 32 73 56 985.

Vedullavalsa, Vizagapatam IS 21 83 35 462, 464, 1048

Villian, Goa .... 85, 988-9.

Virapandi (= ? Virapaneli),

Coimhatore.
11 11 77 2 1032.

Virkhol, North Kanara 15 17 74 33 G49—50.

Viswanadhapuram, Vizagapa-
tarn .... 18 31 83 13 435, 464,1048.

Vizagapatam, Vizagapatam 17 42 83 21 455, 466, 479,
4, 486-7, 489.

482.

Viziaiiagram, Vizagapatam 18 7 83 28 53, 1042-4, 1047.

Viziarampuram, Vizagapatam ? 18 12 83 31 435, 464, 1048.

Wagora, Chhinduuira 21 36 78 52 141, 147, 164,

8, 328, 345-6,

53, 504, 526,

5

167-

348-

794-

Wai, Sdtdra .... 17 57 73 57 662.

Wainganga River . 21 50 30 13 310, 313, 693,

734, 841.
694,

Waraseoni, Bdldghdi 21 45 80 7 693-4, 732.

Wardha River, Wun 20 7 79 5 979.
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o / 0

Waregaon, Ndgpur . 21 20 79 28 141, 170-4, 316.

344-6, 423, 439.

461, 505, 569, 837.
842-3, 896, 929-
32.

Warpani, Ndgpnr . 21 36 79 2 842.

Wodangi, Vizagapafam . 18 22 83 11 1110.

Yayuay River, Taung-ngu • • • 671.

Yerlarbuchi, Bkanddra 21 32 79 47 755, 761.

Yelakala Gadda, Sandur . 15 1 76 39 1002-3, 1029.

Yelladbagi, Tumkur 1.3 16 76 49 1152.

Yelusuttina Kote

—

see Kumara-
swami.

1003.

Yenangyaung, Mngwe 21 94 54 669.

Yenna Falls, Sdfdra 17 55 73 45 663, 665.

Yeruli, Sdtdm 18 2 73 54 99, 374-81,
662-3 , 667-8.

502,

Yetagon, Salwin Hill Tracts . 671.

Yinbaing (Yembaiag), Salwin

Hill Tracts.

17 23 97 47 671.

Yerindari

—

see Kamataru

L

1003.
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1 aMiiiiiiiiuiii" »••••• 165.

J
grossular* 165.

, IDtingtlUOOU" . • • • • 163.

, spessart

Ankerite ......... 25At/.

J
in iiLuifi .S4 121-99

Anthochroite

AntiDQonates of mangaiiese . , • . » .

Apatite, blue ........
distinction from arsenates and barytos

J
ILliylUolUU!} Ill o^CDOrtl 1 1 • • > » , 178.

1 n impm
f

111 VJ rtUJOdli . 182.

J in goiidite series • « * • ,

, in India . * - . . . . 04/ •'JO, *7<1)0.

f in koduvite series 2ii1 i(^4, lO'^fi lO.lfi-

1115 p(tSSlM»

,
replacement of ..... .

Apjohnite......... QQ
oi>.

Aplome ......... 07

m India ....... o^j Ibo, lo^, lUoyMU,

AppalacliisLD rc^^^ion, tJ. S. A. .....
A ' 11*
Aravallis . . . .

347, 678, 1156.

Arbutlinot & Co.

Archaean ....... . . 240, 243,278, 280, 284

298, 308, 319, 321

362-63, Part IV pas

sim.

alteration 293, 355, 357, 363.
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Sdbjeot.

Arcbffion manganese deposits

' ores

, use of term .

Ardeniiite

Ai'fvedsonite .

Argillites .

Ariege, France .

Arizona, U. S. A.

Arkansas, U. S. A,

Arsenates .

, distinction of, from apatite and barytas

, Ktfjlidongri

, Sitapar

of manganese

Arsenic in mangauese-oies

Arseniopleite

Arthur, Captain

Arrali — see Aravalli

Aryan manganese occurrences

Asbeferrite ,

Asbestos

Asboiite

Asia, manganese in

Asiatic Society of Bengal

A. S. N. & Co. - see Naidn

Asteroite .

Astocbite .

in Sweden

Astrophyllite

Atomic weigbts

Atopite

Aubert, C.

Augite-diorite .

Australasia, manganese in

Austria, manganese in

.

Page.

239.

293, 35^.

235, 238.

28.

146, 1039.

995-97, 1026.

579.

96.

64, 73, 239.

35, 87, 218, 323, 330,

336, ?42.

220.

219, 687.

218, 772, 786-87.

SO-32.

524, 787.

31.

428, 1117.

283.

241.

146.

398.

116.

14.

185.

25.

26, 146. 152, 157, 158

146.

30.

605.

32.

8, 83, 84, 389, 427, 442,

484, 510-11, 621-2?,

637, 641,1019-20.

998.

14.

14, 450.
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Available oxygen ....... 497-98, 597-98.

Axinite 28.

A.vtoun, A. 366, 640.

Babingtonite 26.

Baihar gneiss 694.

Balagh&t district ...... 240, 280, 282-83, 286,

287, 305, 422, 425-

26, 436 , 443, 446-47,

459-60, 465, 691-

732.

—f alia 13 s"B or 0168 .... 503, 510, 512, 514.

— , dannemorito in , . , , 147, 148.

— , descriptive ..... 691-732.

-, gondite series in , 307-08, 310-19, 324-

47.

— , hollandite in ....
. 88, 90-97.

-, limonite in • . . . ,
215.

-, magnetite in ....
_

216.

, manganchlorite in ... . 195.

-, manganese in laterite . . . . 19.

- , martite in . 216.

, ottrelite in

.

200.

-, psilomelane in . 98, 112-14.

rhodonite in .... , 141.

-, spessavtite in . . . 169, 172-74, 177.

Balfour, E. 139, 182, 192-93, 205,

412, 1038-3d, 1043,

1156.

Ball, L. C. 14.

.V. . 10, 427, 617-19, 623,

630, 837-38.

Baluchistan 241, 368, 459, 613.

Baicankna Manganese Co., Ltd. ..... 428, 459, 651, 653, 655.

Bangalore district ....... 240, 374, 1119.

, columbite in .... . 204,
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425.

It i£3 n ai*- tm KJl,tX\JV • • • • a 240, 307, 847, 1157-o8.

- T*VT*nl ti n 1 A in
y PVIIJIUOIVO Mil • • 81.

B&i'kcvikitd 26, 146.

Barrv T W Onlli*? 510.

* • • 26.

Bftryta in roan^aiiesO'OrGs . , 273, 522, 684-85.

XJalVLQS •,.•>* 35, 207, 220-21, 323, 329,

336, 339-40, 346, 687,

883.

DwoiaWjoj auaiyocS ui • • • * 377.

JJaDULlllc •••••• 33.

.L>aiU.trllllriI)
J i1 , . , • I 094.

o n oV ilrt Q "vXJaLLcl) iXioiX . • • • • • • • 66.

373, 375-/9, 694, 731.

B&VEriri •••••• ' •
* 62, 212.

62.

• • 422.

Bp&iig6y, • • . . • 14
T^On 11 tvt /Ml At I 'f\X>CaUU](>nL Cii \J\J* • « . • 613.

"RoPnPr T?. A 580, 982.

XJcCUli • • • • • 64.

X^CO Iv L. U( iLd* \T( . a • • • 695.

12, 13, io.

• • • 18.

BGinn- Ledi Grits • • i • • •
* 312.

BGldoiigritG • • • • « 25, 229.

in India .... 34, 36, lln-ie, a23, 342,

883, 908.

Belgautn district ^ . , . 240-1, 281, 287, 305, 366,

369, 371, 374, 381, 383-

85 , 389, 427, 441,

443, 446, 459, 632-

39.

, analyses of ores 510, 512.

, gibbsite in 217.

, psilonaelane in , 98.,

F 2
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SUBJiOT. Page.

Belganm district, values of ores

Be'gium, miin^nnese imports

, manganiferous iron-ores in

Bellary district ....
granite ....

Bellinger, J. . . . .

Bementite ....
Bengal

Becga! gneiss ....
Benza, P. M. , .

Bergeat, A. . . , .

Bergmann, T. . . . ,

Berthelot . . . .

Bertliieij P. . . . ,

Beitrand, G. . ... ,.

Berzeliite . • , . ,

Berzelius, J. J.

Bes.-emer, process .,

Beudant, F. S

Eband&ra district . . .

, alurgito in

, analyses of ores

, dannemorlte in

, descriptive

, gondite series in

, magnetite in

, nianganolilorite in

, manganophyliite in

, martite in

, ottrelite in

. 535.

. 456.

. 453.

. 210. 281, 286, 385, 991-

93.

. 999.

. 15.

. 29.

. 427, 442-43, 446, 465,

535-36, 614-32.

. 238,999.

. 1039.

. 12, 15, 16.

. 17.

. 22,213.

. 64.

. 12, 16, 17, 19, 20, 373,

395, 741.

. 30.

. 20.

. 583,588.

. 65, '202.

. 240-41, 280, 282-83, 305,

390, 397-98, 422-26,

437, 443, 446, 460, 465,

733-69.

. 197-99.

. 503,510,512,514.

. 147,148.

. 733-69.

. 307-08, 313-15, 319,

324-47.

. 216.

. 195.

. 196-97.

. 216.

. 200.
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Subject-

Bhandara district, pyrolusite in

, pyroxenes in

— , rhodonite in—
, sapphirine in

—
,
spessartite in

, urbanite in

— , values of ores

Bh&nrer aandstoue, maiiganeBe iu

Bhils

Bbitri group

Bhopal State

Bliopawar Agency

Bidar district

Bijapur district

Bijawar

, manganese m
Biotite

Birkinbine, J.

BischofE, G.

Biibyite .

Blake, G. S.

, W. P.

Blanfordite

-, colour of

-, crystallographic characters

-, in India . . . .

Kacharwahi occurrence

Kajlidongri occairence

-, Narukot occurrence .

-, Eamdongri octuvieuce

type of pleoohroism .

Page.

79.

132. 136.

139-41.

217.

169, 170, 173, 177.

135, 136.

534.

367, 672.

467.

805.

240, 367, 672.

307, 678.

241.

240-41, 366, 385, 640-

41.

238, 281, 368, 672-77,

805.

240, 366, 977.

37, 252. 324-25, 647,

1109, 1113-15.

12-15, 496, 520-21.

275.

23.

8.

584.

25.

21.

126.

34, 36, 125-30, 150,

158, 159, 185, 223, 297,

323-24, 333-34, 336-

43.

12.5, 158, 159, 928-24.

1:^7, ]£0. 320, 686.

128. 320, 648.

127, 857.

127, 185.
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SuBJEOT* Page.

-

xJianiord, w. i. . . . . . . ISO, loy, ^ol, OO/,

'7Q QQnoii-16, ooU, D'iD,

Doi-oa, obO, ail, oW,

845, 847.

Bleaching powder ...... 601.

xSlechynden, A. C . . . . . 1115.

JDJOomneju, Lioi. K)a£i, / la, 11.1, loo.

iiiytD, 1. i\. . . ... . .
Q M RQ 'TR Q1 1 Kfto, OU, 0/, ''o, / D, 571, luOy

IDD, .^VJw, .ii^"10, 010,

C^tl P;9Q '7'7Cl flnQool, ozo, //y, BUo.

ijODDiu iuining \jQ,f ijtu.

Bodenuiais, Bavaria v1 9

rJog'ttanganese ..... 116.

Liohemia, carpholite 5n ...... 192.

, polianite in ...... 7/

•

jjouara, vv.. • • . . . . loo, U 1 u

.

Bombay Company, Ltd. ..... /, 044-40.

Presidency ....... 4Z/-5io, 4424-40, 4do,

4/U-71i Ooo-OD, boo-

OO.

Borates of mang'iiiese . 32.

Boring operations ....... 1 1 (\RiiUD.

Borneo, manganese in ......
BoBe, r, .

8 11 9S9 4.90 /19..T SQ'?

fi17 RRfl fiQ9 fiQd. 714,Ol/y DOU, \Jr^, Vv^, 4 1*,

797 7^9, 804,-^.'!
1 / ul , / P^, 0\/^ OO

1 /v^ /V a Oil AM 1 1 n _ n7
JptJtSStTil', LLOV'OI <

Bosnia, manganese in ......
jDOSWeli, d . A. Vy. ...... •

1 040

Botnedalen, Norway ....... / o.

Boulder ore ........ 563, 876, 890-91.

Boussingault, J. B. . 400.

Boyce, U. P. . 427, 422, 459, 635, 639,

980.

Brackebushite . . ...... 31.

Brackett, R. N 64.

Braddock, J. - . ^ . . . . . 643.



SUBJECT INDEX. 1 0 Q I

Subject. Page,

Ajranohcvilip, Connecticut 9r»K on*? OQQ^UO, tfU/, £,6^*

UlaUULlbc • •*•••••
i-'i lauijci } lit \j, • 13.

Ttran f fi \Y a?fa Th* TJJl tkli uU a I LiC J I;* o» • • « . . • • 671.

JBrAun ••• • 64.

T<i*a 11 n iraXJlamilW , ••(•>• 4
24. 99,ft 99n

T\r\tii f-tj-\«
f tum pi'Si uiuii • ••*•
J crystallographic charaotcrs ....
1 formation of 579 900 Q^ll QK7 QflO

J fundatuental a.ngl6 • 55. •

, in Gangpur ...... 615

———— ) ID Q6rni(\iiy • • • . .
62-fifi 73

, in gondite series ..... ^P^.P^i QQ/l ICftool, od4, OOO,

, in India . • • . ... 34 «\0.77 Poi.f TV

, in Italy . • . . . • . U*«, tlU, U^-Dvj t Of f 'ii

, in Karnnl ....... 1038.

, in Mysore

~, in Norway 73.

, in Sandur • • . , , .
1018.

f in Sweden 56 62 66 7'^

T rt Wmi 4- n 11 H
J

1 U kJW 1 l/£cl ic&IlU. ••>••. 62.

"
f III XlllUKUI 1151.

, in TJiiitpd States of America .... 64, 73.

, Ka^^liarwahi crystals , » . . .
57.

•

9 xvci)i]u.oiigri 57.

, Kodegaon «..••.« 60.

}
length of vertical axis . . • •

— jlist of forms ...... 61-62.

XiOiiuongn .... . • 60.

, magn6tic characters • . • . . 62.

. y now luiiiio 69-61.

, occTUTence ....... 53-55, 305.

phy^i'^pl f*h*»rn<*t'*rf 62.

, psilomelane ores ...... 98, 108-10, 656-57,

682-978 passim.

5 Sitap^r 62.
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SVBJBOT.

Hr&uniitvy stridtions . • •
fil

J twius • • • .

Sfazil. EnsljBCS of oros • • 010-J.o, 02U.

f UJ (til^ t* U UCL/u^lUO 'Ji' *

, manganese in

, polianite in .

, pyioplianite in

—
,
spessartite in , • 22, 170.

, working uianganese-ores in 574-75, 578-79.

Briquetting manganese-ores . 574.75, 578.

Brittany, France 187.

Brown H. C. .
• 13.

Brown, J. Coggin . . •
• • 9, 166, 217, 263, 265,

1060.

Brusb, 0. J. . . . • 207.

J_lUU 11 aUu_J 1 1. ' • * * 04 ^1

Buchanan, J. Y« . • • « 400.

Bullion melting . . . . 601.

Bundelkhand granite . . . .
9*^7.^8 '^90 fiQil QQQ£JOt*tJOj 0£iKJj Uwyi, i7t7t7.

Bui.di State • •

Burdwan district . , • • 241, 367, 614-15.

^.qUAvite in 182-85.

Burma • • 669-72.

Barney, Major • 671.

Burn & Co. • • • 425, 4?6, 602-03, 695-96,

699, 706-12, 726-27,

731.

Bushnianite . . . • • 33.

Bnstamite . . . .
• 26.

CaernarvonBhire, Wales • • 579.

Caillard, Sir Vincent . . . . • 422.

Calcipbyre » v • • • 335, 771, 790, 839, 956,

962, 977.
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SODJKOT.

Calcite . . , . .

Calcium spessartite

Calderite .....
California, U. S. A. .

Calvert, J

Canada, manganese in

Cape Colony, manganese in . .

Caplen, T. ....
Carbonates of manganese

in India

Carbon dioxide a» reagent in fornaation o

ores

Carbon dioxide as reagent in kaolinizatioi

in uianganese-ores ,

.
, sources of • .

Caribbean Manganese Co.

Carmichael, D. E.

Carnegie Bros. & Co., Ltd. .

Carnegie Steel Co.

Carniola, Austria

Carpholite ....
in Eobemia . . .

in India . . •

Caryinite .....
Carvopilite > . . .

Castle Kock band of Dharwrfrs .

Caswellite ....
in New Jersey

Caucasus ....
Cementation, belt of .

Central India . .

manganese

Page.

323, 325, 341,647, 775,

1046, 1064.

164.

34, 166, 616.

159.

1156.

13, 459. 600-01.

12.

8, 421, 434, 561, 1050-

1 102 passim.

25.

34, 121-24.

359, 362, 391-92.

274-79.

528, 784.

279.

578.

412, 1044.

414.

425, 460-61, 495-96, 695,

727-31.

239.

28.

192.

34, 192-93, 324, 336,

687, 1039.

30.

29.

634, 649.

29, 193-94.

194.

239.

276.

282, 426, 44 2-46,

465, 467-68, 470, 478-

79, 487, 490, 535-36,

672-90.
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Subject. Pago.

Central India, braunite in

Central India Mining Company, Ltd.

Central Provinces

-, brannite in

composition of ores

hausmannite in

psilomelane in ,

-, p\ rolusite in

pyi ophanite in .

-, wad in

Central Provinces Prospecting Syndicate, Ltd.

Ceylon, barytes nodules

Obakrata limestone

___ , ankerite in .

Chakrita series

—

see Jaunsar series

Chalcedony

Chalcophanite ....
Chalcopyrite ....
Ch^mpaner series

Chanderdip group

Cbarnockite series

Chaudry, T.

53, 54

7, 423, 437, 439, 460-61,

477-78, 514, 571. 697,

733-49 passim,

838-957 passim.

10, 280-365, 422-26,

441, 443 , 445,

44G, 465, 467-81,

485-87, 490-92, 530,

534-36, 555-60,

691-971.

53, 54.

75.

42.

98

79.

37.

118.

7, 422-23, 432, 436-37,

439, 459-61, 481.

514, 570-71, 695-760

passim, 837-914

passim.

340.

122.

122.

35, 213, 323, 873.

24.

35, 211, 325, 647.

80, 237,281, 283-84, 347,

652.

805.

287, 238, 241, 244, 248,

306, 371, 1039-40,

1046.

1032, 1084, 1036.
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J B CTi 1 agp.

Chauria gneiss . .

Cheijgalpat district < • . ... ^41, 000, LVii^

^ucri/ •••• ••».
voi, yoo, xuou, iu/0,

1MO 1 nao

V/U6Sl6r) A. rl • • • < • * • t . «38.

PUatfTT "NT n^neityj ii . . . • ... lUoo.

I n n 1 n /rnra ft\ n t ar i*t AT-wOIlIDUWara UlSliLIvb • • . • c • •
fiAf\ 90.1 oo oni^4U, ^oO, Joa-od, zyi,

*oOj 440, 44o, 'IDl',

40-, / /U'oUl.
r/^ i CIA CIO0U4, OiU, Ol2s.

1 allKcritc 111 . , . , .
1 91

) ars6Dftt6 in • . • •
91 S

—
, barytes in • • . . .

90 1ail.

— —
-J braunit© in ... , •

C " /!0 rt^
OO, bJ, 76, 77.

—~~
) Cllciu IIX>•.••

. (ianD6 QQorit6 in • . 1 /t7

—
) UcoLriUtlVC • • • • i 770-801.

f
gonditd SGi'itiB in • . . • 307-08, 315, 324-47,

^ AQo4o.

Q7 QQ nr\ A'3 At0/ , 00, yu, yo-y7.

rmimoti t n in 91 ".

f
XUall^all<-'U iui 1 «c 111 * • , (

—
, pyroxenes in , • 132, 136.

, rhodoohiosite ..... 123.

, rhodonite iu • • , 139, 141.

, rose quartz ia . . . 212.

) DildiUdiliUO 111 o • . • . 4y-o.i.

1 spessartite in . . . 164,168-73, 175, 176.

, values of ores ..... 534.

Chibas, E. J 13.

Chief Inspector of Mines . . . . = . 431, 470-71.

Childrenite .... • . . 32.

Chile, analysis of ores....... 515-18, 520.

, manganese in ...... . 13, 450.



1236 MANGANESE DEPOSITS OF INDIA.

Subject.

Cliilpi Gbat series

-, ottr elite in

Chitaldrng, belt of schists

, district

-, descriptive

-, wad in

Chitaldrug, formatinn

Chita-ii'&la fattliar ,

Chlorarsenian

Chlorides of manganesj

Chlorite

Chloiitoid .

Chondarsenite

Chondiostibian .

Christie, W. A. K
Chromite .

Chrysoberyl

Chutia Magpur .

Cipollioo .

Clark, F. W. .

,W.H. .

Clays , . . .

Clintonite . . . .

Cobalt in manpanese-ores

Cobalt, physical constants of

Coocolite .

Coen, W.W.
Coggan, H. D. .

Page.

237, 282-83, 287,

310-19, 346-47, 69 4-

96, 714, 727. 732.

199, bl3.

1120. 1122, 1152.

240-41, 281, 385, 404,

428, 4eo, 443,464.

1120-26.

118.

1120.

853.

33.

23.

325.

1£9.

31.

33.

8.

225-26.

37.

281.

298.

18, 21.

8, 60, 422, 505, 699, 705,

710, 722, 751, 758, 763,

8S7, 851, 859, 871,

888, 919, 1066.

i

1120.

I

194, 199.

525, 616, 672.

16.

185, 1065.

8, 430, 1122.

8, 85, 423, 437, 439, 604,

739, 743, 745, 749,

837—989 'passim.

8, 442.
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SnBJsOT. Page.

Coimbatore district ....... 240-41, 404, 1032.

— , dysluite ...... 37, 38.

Colcj Grpnvillo A. J. . . • • . . . o77.

Colombo, C'jyloii . ...... 340.

Columbia —spe Panaiina.

Coliimbite .... ..... 30.

- in India ....... 00, 203-5.

Colville H S 1 1 1 R

Comoy) A.M*a . , • • • , ZOO.

Conc0i truting mangan6s6*ores • • • • * 574-07B.

ConcBptioii} Pdnam^ • 0/0.

WlllCoOlU U gldUu Ui JU / liLilts • • • •

—— Portuguese India . . •

Congo river . . . . i • • • oyo.

L'OUDcCtltUl') yJ • O* At ••••••• an.') 207 s^o

Conuell, K. U. »
O O COQ *7TH tTKO ^700
0, y, / Jo, /o4, 7&0, 7oo,

OR/I O^O QOf\ nifioo4, 87s, oov, yiy.

Coomaraswamj, A, K. Qo.

Coors; ......... woU.

Cooverjee iSnoja . ...... O ylOK OOO OOC?
O, 4i0, 000, 000.

Copper ... ...... ioo.

in manganese-ores ...... 020.

(Jornwall .... .... AT A.

Coromandel Coast .......
Coronadite ... r ... .

9/( OR

Corundum ........ o7.

Cory Bros. & Co. ....... 428, 651.

Costs ot mining . ...... 4/ i-4/6.

transport .... ... 4/ 0-40/

.

Covadanga, bpain 1 ACIU6.

Cowasji, K. C. ....... 8, 661, 668.

Crawshaw, S. ....... . 421, 476.

Crednerite . . ...... 24.

Crenothrix Kuhniana . . .... 373.

manganifera . ..... 373.

ochracea ...... 373.

folyspora ...... 373.
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.

Crebaceous, manganese in the . . .

911 PRS.ftQ

Crimora Manganese Co. ......
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Metamorphic and crystalline complex .... 280, 283, 320, 694,

771, 839.

Metamorphisnt of Dbarw^r sedinients .... 280, 286-93.

Mexico, roatiganese in ...... 13.

Mg. Sbein . . . . . . , « 671.

Microcliue 35, 217 323-2,'i 0.19

1078.

Middle Gila, New Mexico ...... 158.

Miadlemiss, L. o. . . , . , , 8, 37, 38, 141 1/1J.

1110-11, 1113.

Micropei'tlute •..>.... 324.

i*IJgUcl JJUllllcX, IJllxXll 1 . • I • . 578.

20.

Mines Geraes State, Bi'azil ...... 273, 578.

Mine, definition of « 568.

724, 766.

, general principles » « ,
545-66.

, metbods used abroad • « 574-80.

J 111 XllUIa k • 567-74.

Mu'zapur district ...*>.. 1158.

^i[/ssi st fjuh .«.....* 412-13, 990, 1156.

Moisture in manganese-ores ..... 497, 510-13.

Mongbyr district ....... 24", 617.

, coluiubite in . 204.

Moodaliar, Subramania ...... 430, 1145.

Moplabs ......... 467.
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SOBJiCT. Page.

IVlorDnaTi] otata ........ ail, oHO, Oil.

inoieing, v^. A. . . . . . . . .

Morris, K . . . ..... AMI410.

Mono dii .M ina, Brazil .... Ola,

Morveau, Guyton de . . • • • •
1

7

Xl m

IVloser, Li. 11. ... • . •
1 A

Till 11 I\T T\TMuUiia, M. M, . ....... Di'O.

Multiore Syndicate Q01Oji,

Miilwi DOO.

Tiff rpMunro, i, . . . • . DOi-£S.i.

iYIUriaYj Oir cJCUUl . . •
•

Muscovite . . • • • . o7.

TXT I T~\nrri/1iUusuet, UaviQ . ......
— jiAODeic . . . • . ... cooOOO.

Muzzy, v_. r. . • •

on'; in^q£i\JOt JVO.'.

Myiii^jan district o/U.

MysorB . • • • .... iU. OU, VO, ii/; 410, ZOi,

283, 286-87, 305, 374,

381, 385-88, 428-

30, 442-44, 44b,

465, 467-90 passim,

535-36, 563-65^

1116-54.

Mysore Geological Deiiaitraent ..... 428. 997, 999, 1117,1120,

1127, 1129.

.Mysore Manganese Co., Ltd. ..... 42 9 , 442, 540, 1117,

1128, 1131, 1135.

Nagpnr-Balaghat areii ...
district ... . . . .

240-41, 280, 282-83, 292,

294, 296, 300-05, 367,

391-92, 395-97, 422-

26, 4 3 9-41, 443.

446-47, 461, 465-t:G,

600, 836-977.

, alurgite in 197-98.
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Subject. Pag

Nagpiir distiii t, auiethysti!\e-rose quartz in

, autilyses of oios

-
, barytes in

, bianfordite in

braunite in

— , cLert iu

— dannemorite in

descriptive

-
,
gondite series i ii

, lialite in .

, hausmannite in

, hematite in

, hoUandite in

, juddite in

, magnetite iu

—
, uianganesian phosphate

, manganhedeubergite in

, manganmagnetite in

, maiiganciphyllite in

, microcline in

; opal in

, pieduiontite iu

, psilomelane in

, pyrite in

.

, pyrolusite in

, rliodochrosite in

, rhodonite in

, spessartite iu

—
, values of ores

, vredenbiugite in

, wolfram in

Naidu & Co., Messrs. A. Subha (A. S. N. & Co.)

Narbada river , . . .

Navke, G. G

212-J3.

505-06, 511-13; 514.

221.

125-30.

54-63, 67-72, 76.

214.

147, 148.

836-977.

3"7-IO, 315-16, 318,

326-47.

212.

41.

215.

88, 90, 93-96.

158, 159.

215.

207.

131-32.

41.

196-97.

217.

214.

188-91.

98, 100-06, 112-14.

212.

79, 82.

123, 124.

139-41, 144.

161, 165-77.

534.

42-49.

209.

421, 1044, 1077, 1096.

404, 693.

8, 136, 209.
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SoBJECT,

Nirukot State .

Nason, F. L.

Natropliilite

Nellore district

Nelson, J. H.

amphiboles in

-J blanfordite in

-, brauuite in .

-, chHlcopyrite in

greenovite in

-, manganophjUite

piedmontite in

pink mica in

, psilomelane in

, pyroxenes in

, rhodonite in

-, spessartite in

, columbile in

Nootocite ....
Neptunite . . .

Ness, W. .

New Biunswick, pyrolusite in

New Jersey, U. S. A. .

New Mexico, U. S. A.

New Mysore Manganese Co., Ltd.

New Zealand, manganese in

, manganmagnetite in

Page.

240, 280, 293, 297, 305,

307, 320-22, 323-24.

826, S30, 333, 335-36,

341-43. 347, 646-

49.

145.

128-30.

53, 54.

211.

201-02.

196.

188-91.

197.

98.

133, 136; 138.

139-41, ]43.

165-66, 168-70, 173.

13.

30, 207-08.

240, 404, 1040.

204.

138, 182, 192-93, 203.

205, 1039.

29.

29.

837, 878.

600.

138, 163, 194, 547.

158.

8, 77, 429, 464-65, 478,

511, 513, 571, 1117,

112S, 1132-35, 1139,

1143.

14, 451.

3?.
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SciiJBor, Page.

Newbold, T. J.

Nicholson, F. A.

Nickel in manganese-ores

, physical constants of

Nijni . . .

Nile river

Nilgiri Hills

Nimanpnr— see Dhar Poresfc

Nimar district .

N iobatea of manganese

in India

Nogara, B.

Nombre de Dioe, Panama

North Kanaia district

Norton. Eardley

Norway . . .

, braunite in

Nova Scotia, pyrolusite in

Noyes, W. A.

Nummulitic

—

see limestone.

N.-W. Frontier Province

Oakes, R. E.

Ochre

, manganiferoiis

, red

, yellow

Ogilvy, Qillanders & Co.

Oidtmann ,

Oldham, R. D. .

manganite in

10, 366, 373, 412, 422

428, (333, 640, 643, 691,

989-90, 998-99, 1117.

1032.

525.

16.

412, 91^0, 1156.

395.

241, .371-72, 381, 1038-

40.

240-41, 367-69, 404,

977-78.

30.

35, 203-05.

16.

578.

240-41, 281, 287, 385,

649-50.

85.

429, 1128, 1135.

73.

600.

64.

1155.

S37, 878.

1061— 1151 passim,

1124.

8*5.

1029, 1( 61.

764, 859-60.

20.

122.
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Subject.

Olignola^e ....
Oligonite

—

see mangansiderite.

Olpherts, W. G.

Oolitic maiif^anese-ores

Opal

Ore-binds ,

Ore-liorizons, number of

Ore-leiitieles

O'Rile.v, E.

Orinoco river

Orissa, Bengal

Ormsby, H. M. .

Ornamental applicsitioiis

Ortliociase

Ottrelite

India

Onro Preto, Brazil

Owen, D. D. .

Oxidation .

Oxides of manganese .

^ in India

Oxvgen in manganese-oves .

Pabb Syndicate, Ltd. .

Packard, E. L

Page, J. J. A. .

Pajsber^, Sweden

Pdkar .....
PalEBolitbio implement of manganeee-oie

Palaeozoic inanpanese deposits

Palanjiur State ....
Panama, analyses of ores . .

. -, manganese in

323-24.

804, 831.

3S8, 1031, 1131, 1138.

35, 214, 256.60. 263-64.

3-J3, 775, 847, 873-

1034, 1097.

317.

316.18.

316, 318.

669.

395.

241-42.

617.

604.

323-21, 617, 867, 1034,

105-.'.

29, 223.

35, 199-200, 313, 325,

334, 715, 728, 763.

578.

6).

276

23, 24, 37-30.

34.

497-98, 597-98, 610.

459, 613.

158.

209

134, 147, 193, 195.

76'?.

713.

239.

240, 650.

520.

13, 450.
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CI U O J VjXj I . Page.

Piinttitia, mining maingaiiese in . oi !• to

, psilomelane in . . . . . tJO.

ranch Mahals district . ...... 240, 281, 286-87, S05,

343, 427-28, 443,

446, 450, 651-61.

, analyses or ores. 01. 510,512,614.

, psilotnelane m , 98, I't8-10. 11J14.
-—

, pyiolusite in . . , . 80.

, values 01 ores ... 535.

Panna State 397.

Parii:Hnand, B. . . . . . . , 695.

Partschinite ..... 27.

rascoe, r;. H, . 670.

riitiala otnte . . ...... c\Ar\ Tier/*
240, 1156-07.

rattiiison and otead ..... . . 9, 527, 851, 1132.

T T T O
, J. & H. b. . 8, 9,43, 68, 82, 99, 118,

218. 256, 273. 349,

3/8, 501-04, 507 -08,

522-28, 596. Part

IV j^assim, iioJ.

r enisoii, vv . xn. <k i^O, « ..... y, OiU. DO/, Hay), y4o.

lino 11 00

Pegmatite •.•*,. QQR 771 780 TS^i^ooD, D/o, tti-. iO^J. t OD"^

SA '/QO 7Q7 S^'l S'lR

biaumte' . . . , . • .

7 aft/oD. —
, kodnrite series ...... 1 1 1 niiiU.

, muscovite- ffe?1 fTOl fr/^fil
/42, 751, 781, /92.

, niiisco\ ite-quartz- . ... 700, /O.i, 74/

.

.
, uiuscovitc tourmaline- ..... 915.

.

,
pyroxene- ....... 3:^6, 740, 786.

, spessartite- . , .... 336, 740, 789, 792, 9n5.

-, tourmaline- . . .... 933, 957, 967.

Penfield, S. L. 68, 106, 127, 194.

Peninsular Minerals Co. of Mysore, Ltd. 8, 430, 442, 464, 1117,

1151-54.

Penner-Haggari band of Dharwars . . . . 991.
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Subject. Page.

Pennsylvania, U. S. A. . , . . . 18/

.

Penrose, R. A. P. , . , , . . . J J, l.-i, lb, bl; Ob, 104,

0^0, 4UU 01, 581 Hi,

584, 589, 590, 594.

Irevoy, J*. . . « • • , , .

i. CI IIJ allgct ll(t UL poipsll • • • > 1 t

Peroxide ores, use t»nd valuation of , • # .

iTDaroan cs^o. 1 n 1 /I

Philipstadite J-lb.

PhilliTiR J A 584

PhospbSitos of nja.iigQin6S6
^ • • • • .

* 111 V^illJ IICl>l/H/U U • • * 207.

in Tndia . • . .
oo, ^\JD \JOy o^\/, o^yJi

346, 883.

rhospliorjs in ruanganpsG'OVcs . • • *
495-97.

489-90..

f tabl6s » • * 1 • t
609.

694, 982, 996, 1118-54

fJVvO •3 1 fit-*

1_ • i. ' J. -
, biotite* ....... 996.

, cblori te-calc- ......
•

, cnloritic ...... 678, 1130.

, bornblende- 694.

, mica-
714-16 728.

—
,
pieamontite-....... 334.

•, sericite- ....... 335, 678, 988, 996,

1136.

.
, seiicitoid 000, f)o\!, 1100.

, talcold

, talcose .......
ir icuenug, • i-i.

568, 580.

Piddington, H 182-85, 614, 616, 670.

Piedmont 53, 5B, 62-63, 65. 73-74,

127, 187, 194, 198-£9,

201; 414, 1043.

Piedmontite 28.

onavactei's ...... 187, 190-91.
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Subject.

Piedmontite, colour of .

; formatioa of

-gneiss —see gneiss,

in Brittany

in England

in India .

in Japan .

in Maryland, U. S. A
— in Pennsylvania

in Piedmont ,

limestones

Pinakiolite . .

Piquiry, Brazil .

Pisolites of manganese-ore .

Pisolitic gravel . . .

manganese-ores

Pitchblende . .

Plagioclase

Flatten, Bohemia

Pleistocene, manganese in the

Pliny ...
Pliocene, manganese in the .

Polianite

in an igneons rock

in Bohemia

in Brazil

. in India

Polyadelphite

Ponnpo, Cuba

Poods

Pope, T. A.

Porons breccia

Page.

22.

302.

187.

187.

34, 187-91, 223, 300-

05, 330, 341, 647,

840-41.

187.

187.

187.

187.

300-3.

32.

37.

390-93, 631-32, 755,

877, 884, 1036-

391.

388, 631, 1124, 1131,

1144. 1147.

207, 225-26.

324-25,

77.

397.

17.

241, 394.

24,228, 606.

22.

77.

22.

34, 77-78, 305, 388,

1119,1131, 1142.

27, 163,194.

579.

610.

281.

368, 673.
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Sddject.

PorpViyry, quartz-

Portugal, manganese in

Posfpny, P.

Potash in manganese-ores

Pott, J. H.

P>.tterv, manganese for

Powell, Baden H.

Prasad, Rai Sahib Mathura

Pre-cambrian . .

Prices of manganese-ores

Prichard, G. M.

Prieger, Dr.

Primary ores

Prinsep, J. ,

Proctor, tl. E. E.

Prodnotioii figures for India

the world

Prospecting for manganese-ores

Prussia . . i .

Pseudo-Iai elite .

Pseudomaiiganite, cliaracters

in India .

Psilomeiane

braunite ores .

calculation of analyses

-, composition

form

-, formation of . •

- in France

- in India .

Page.

1145.

15, 451.

7.

C.23.

17.

602-03, 1119, 1127.

412, 990, 1156.

426, 438, 695, 708, 7 1 3,

770, 781, 7aO.

238.

414-19, 494-98, 599.

8, 9, 722, 871.

583-84.

286, 289, 305.

671.

8.

431-66.

450-54.

319. 346, 551-53.

66.

999.

86.

84, 85, 305, 388, 1016-

17, 1021-28, 1119,

1147.

25, 228-30.

y8, 108-10, 656-57,

682—978 passim.

108-14.

99, 606-08.

98.

272, 357, 809-11, 817,

1016.

105.

34, 97—114, 323, 325,

387-88, Part IV

passim.
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Subject, Page.

X OXlUllicittUo lU ^ cLiiaUlUi •••••• XtlO.

in Sp&iu • • • , 105.

99, 106, 712, 1017, 11.00.

108-10.

t UOCUllcUuo • • • • • • q7 98 "^O."; 10^6-17

f UUVo'vcli OUUIitUlvlo • • • • •

> specific gravity . . • •
QQ

—
1 UbO as UAlUlooI 1 • • a

5H8.

JtrUClUKOoiBl OCS'tc 104.1

PuBja-b «••••»••
irurauilo* • « » • , ,

1121.

—
)
IlicllJ^alJcDu IMillc* , ^ , ^

240 366.67

J us© of tovxn •••«••, 235, 238

n I'l 1 afri p'fX till UlDliiiV^b •••• 618.

PuTpurite••••• 32.

IT yri(j" •^R 212 323 84.7 9Q8

T-^ TT 1* / ^ /* n 1*A1 4*A 24.

Pyrolusite

-f
AD&lysis • • • » » , OL, O^', OXO 1^.

^^^^^^^^
y UUdl CtULdo , • • • » • • 78.

f Composition « . • • . • uuo.

1 T 1 1 /I 1 Q
y 111 lllUldl *•••• •^1 36 78-82 303

Povf TV /M/TOO^TM

7Q ^^nf\ 7*^9 'TV*; 7QA

OU, iUl/, iU/U, llOo*

J USB OX 597'01.

Pviope • • • • , lot.

Pyropl^aijiitQ ijj Brazil • • •

, 1 1A T n /1 1 a

in Sweden ...... 37.

Pyrosinalite 27.

Pyroxene ........ 647.

, brown and yellow ..... 34, 132-36, 224, 738,

971.

I 2
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ISCBJKCT.

Pyroxenes-felspar-rock

— •microcline-rock

Pyrrhotite

Quantities o£ ore

Quarrying

—

see miniug

Quartz

crystals .

, rose

—
, vein-

Quartz-felspar-rock

Quartzite ,

-, black

-. blanfordite- . . . .

felspathic

, ferruginous

- , garnetiferous . . . ,

-
, Gosalpnr

—

see Gosalpur quartzites.

g'ey

-, Leiaatite- ....
— , hornblendic

— jaspery

— jlimonite-

— , maffiietite-

mavtite-

,
micaceous

Page.

774, 857.

737.

35, 47, 212.

680, 796. 1014-15, 1136

251, 263,

108S.

22, 35, 212, 1062.

1062.

1062, 1076, 1078.

678, 694, 734,771, 839,

845, 862, 934, 982,

1U26, 1106, 1108,

1118-54 passim.

332, 343, 716, 766, 847,

930.

333-34, 923.

740, 944, ilo3.

997, 1126, 1129.

1033, 1082, 1099 1103

1110.

332, 716,729.

335, 702, 806-33

passim, 982, 992,

995, 997, 1121, 1139.

934.

335, 71G, 1121, 1135.

982,992,997, 1153.

807, 820-21, 982, 987,

997, 1135, 1153.

335, 774.

332, 335, 756, 765, 905,

934, 943.
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Subject. Page.

Quai-tzite, pink 38i!.

—
, purplish sai, 7z',}.

, pyroxeDic ...... 332-333, 905, 1108.

, red 332-33, 344, 716, 729.

J
sapphirine-enstatitc- . . .

• 335, 757.

, schistose 335, 765.

, sericitic 970.

, spessartite-bearing . . .
• 332, 334.

, tourmalinic . » . .
ftA^ OSS

, white ....... 332.

tni*i«h»ifQ. . . . 334.

v^lAcC 118 1 ctU'-l
J
illctU^aiUCiBDlll • • * * 14, 451.

On p1 n 7 R T.iz 1 1 . • . • • • 170. 273, 579.

llno1n7itA . a • • • * 274, 326.

Rabenstein, Bavaria 212

llaipur district 282, 308.

Rajpipla State 661.

Rajputana ........ 282-83, 307, 319-20

347, 1157-58.

Uammelsberg, C. F. . 64, 65, 69, 73, 104, 1043

Ratnagiri State 241, 369, 661.

Recent manganesa deposits...... 394-404.

Reddingite ........ 32, 207.

Renarl, A. P
1

400.

Rennie, R. S. . . . .... 8.

Retyian 33.

Rewa Kantha Agency . . .... 307, 320, 347.

Rewah State . • 240-11, S67, 595, 690.

Rhiw, North Wales 579.

Rhodarstnian ... . •
^s

Rhodonite . . . . • • • .
|

26.

, alterntioh .... . . 1 143.

, alteration of . • . . . .

'

293, 355, 358, 362. 365.

, characters....... 139.

, composition ......
1

606-07.
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Subject. Page,

_

Rhodonite, formation of ... . • 290-93.

—
-, identification . . . ,

140.

323, 329-31. 339-41-

io India 34, 36, 139-45, 223,

Part IV passim.

in kodnrite series , 252, 1110-12.

in the Ural Mountains . . 144.

, Hxicroscopio aspect 139.

, occurrence ....
686 1-

-rock . . . . .

4>)/> OOA OAK
326, 329, 045.

, use as ornamental stone 144, t)U4.

Rhodochrosite . . . •.

, characters . . . .

1 09

, composition . . , , DUD-U/ .

in India . . . .

OA TOO OA^ OOA 9Q1

•JOQ Q9Q Q/il 7fi/?-OW'J, VU^y o41, ' Oil

o4, o9o.

in the French Pyrenees .

1 90

, occurrence . . . .

Rhus succedanea, manganese in . 19.

Richardson, E. H. . 7 00, /OU.

, T 19.

Riche, A. . . • . . . • aO.

Richterite . . ... Ofl ^ AK l/iA 1/17
60, 140, 140, 14/, J-Oo,

1 K710/

.

in Sweden .... 146-4/.

Riley, E • 9, Dl4, /d4, 004-00,

860, 1132.

Roberts-Austen, Sir William C. . Id, oyo.

Roberts, E. L. G 586.

Roepperite...... 27.

RoUo, Captain ..... P88.

Boraaneche, France .... 96, 579.

Romanis, R. . . . • . 669, H71.

Ropeways (aerial) .... 570, 873-74, 889, 1023.

Koscoelite . , . , . 29.
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BUBJKOT.

Kos-oe. Sir H. E.

Rose, G. .

Kosenbusch, H.

Rose quartz—see quartz.

Ross A. D.

Rotlioffite . . . .

Row, C. JS. Surya Narayana

Royalties

Ruby Mines district .

Russia, analyses of ores

, costs 0* production

, mangauese deposits

, manganese in

, prices of ores

, rhodonite in .

, tscheffuinite in

of

Rutile

6-aalburg. Germany >

Sat;aiiig dis' net

Saba, Haidvanath

Salem diatr ct

, barytes in

, tscheffkinite in

Salem gneiss

Salmite ,

Salwin Hill Tracts

Sampling

Sanders, A. D. • .

Sands, manganiferous

Sandur-Copper Mountain band ofjDhai wars

Page.

17.

6-1 65, 69, 74.

199, 200.

594.

27.

430, 1122, 1125-26, 1134,

1148.

489-9.3.

240, 670.

515 18, 521.

487-89.

239.

15, 448-49, 451-52

497.

144.

20 -03.

200, 313, 32?. 325; 715;

728, 757, 763.

600.

171.

017, 650.

240.

221.

2()2-03.

999.

29.

671.

571, 726, 937-39.

8,436-37,439 711, 723

241,404, 990, 1032,1040,

1124.

991-93.



1280 MANGANESE DEPOSITS OP TNDlA.

Subject. Page,

^anflnr Sfntp~£«liUU.I k3liaut? • • • a * 9, 5i, 240, 281, 287-88,

305, 381, 385-89,

422, 443, 446, 462,

467-68, 931-1031.

nriftl'U'Cpc* CiT At*f»C 511, 513-14.

y d6scriptiv6 . • • 991-1031.

— l}RUsmtinnit6 in • 41.

, liinonitB in . , 215.

mati^anite in i 83-84.

, pseudomatiganite in 84.

pailnmplano in 98.

nwrtmRir.p in 80.

rrolii/iC' AT f\r*Cia 533.

J W clU, 1 U , - • 117, 118.

240, 642.46.

3,nD,lyEcs of orGs 510.

San Pietro, Sardinia , • ^ • 579.

Saone et Loire, France • • • 96, 579.

Sinrn li 11*1 Ti A M
JrP • • • • • 85, 217, 325, 757.

Sardinia, manganese in • . . 15, 579.

Sarkinite ...... 31.

241, 369, 661-68.

502, 510, 51-:^.

. iinn smpliin^ in 595.

psilotnolfinpi •*
, • 98.

oauDoiie, n. • ' ' •
• 618, 630.

Savon dc vavvG » • • • • 17.

Scacohite 23.

Scapolifcfl •••••• 243, 323, 325, 647, 1046,

1051-53, 1065, 1076,

1112-14.

Scheele, U. "W 18, 19.

SchefEeiite 25.

in India .... 34, 132-36, 342.

— in Sweden .... 134.

Schist 771, 1135, 1139.

, biotite- . . . • • 335, 742, 801, 861.



SUBJECT INDEX. 1281

bUB J EOT, Page.

Schist, biotlte-felspar- ....... TQO, 861.

, biotite-garnft- ....... 794.

. biotite-qu'^rtz- ....... one

, chloritic ........ c^o linn

, relspathic ...... 335, 796.

, ferreous .......
, hc'inatite- ....... 808, 8i7.

, hornblende- ....... 839, 934, 1120, 1U3.

, magnetite-bearinof ...... 660.

,
manganiferoas micaceous ..... 032-64,, 923.

, mica- .... .... 31.^, 332, 335, 694, 707,

1 lo, 7^8, 734, 763.

8o9, 845, 862, 934,

1143.

, Eoica-qnartz- .......
'

, muscovite- .... ... 662, 74,i, 933, 94:^.

, ottielite-muscovite- ......
, pyroxenic .......

'

,
quartz- ........ 661, 694, 765, 944.

, sericite- ........ OOF t>fjc\
335, 678.

, talcose ... .... 678.

, witichite-........ 334.

Schlackenwald, Bobemia ... ... 192.

Scborlomite ... ..... 161.

Schmidt» C

Scborlemmer, C. ...... c 17.

Schroder, Smidt & Co. - 430.

Sduilten.C. , 730, 984.

Schwarz, C. it. Von . ol5, 676.

Sohwarzenbourg ....... 66.

Schwenk, F. L 8, 615.

Scotland, metamorphism in . . . 312.

, withamite in .... . 188.

Scott, A. J. ....... . 10, 53, 97, 1042-43.

Scott, H. Kilburn 8, 13, 421, 574, 578, 772

—2^ passim, 838,850.

Secondary ores . ....... 287, 305.



128-2 MANGANESE DEPOSITS OF INDIA.

Sdbject. Page.

Selkirk, W.

Seiiaile

Sengupta, Kiran K.

Seoni district

, amethyst

Sericite

Sericitoid .

Sethu Rama Rau, S.

S'vbertite .

• Slian States

Shastree, B. G. .

ShaY, Wallace! & Co.

Shiuioga district

, analyses of ores .

, descriptive

, mangiinite in

, polianite in

, pseudonianganite in

, values of ores

, wad in

Shimoga Manganese Co., Ltd.

Shivrajpur Syndicate, Ltd.

Short, J. .

Shrager Bros.

,1.

Siam

Sihnra beds

Silfbergite

—

see dannemorite

Silica in manganese-ores

Silicates of manganese

in India

Silicon in spiegeleisen and ferro-manganese

Silicon-spiegel .....
Sillimanite .....

772-800joassr/«, 851.

24,

8, 171.

S08, 346, 9 7 8.

213.

32.5.

?35, 680.

132, 376.

194.

209.

661.

8,6'0 655,8:ty, t^65, 980.

240, 281, 385, 389, 404-

428-30, 433,464.

4y6, 511, 513-14.

1127-51.

85.

77.

85.

53j.

118.

8, 430, 464, 511, 513,

H80, 987-88, 1117.

1127-28, 1181-32.

427, 442, 459 514, 6.'1.

429, 1128, 1135.

424, 838.

8, 442.

20j.

805-1 i, 814

26, 146.

495-97.

25-29.

34, 125-200.

589-yO.

5.44.

1046.



SUBJECT INDEX. 1288

Subject. Page,

Sinim6rsbflcli, 0» • , • . . . .

.—.

SiTitrnnliiiiti ell Qfri cf. 9in 9Q1 *?Qc Qf? onz

A A AO AO 4Rf\

—— , analysBs of ores .... OV/lj 014.

,linionitein . . . . . 215.

, psilomelane in .... CO, iUU-t>, 4U/,lUO.
, pyrolusite in . . . an

, values of ores . 300.

Singh, liala Kishen .......
Sitapavite ..... ... OA OOQ

in India ....... 34. 36 49-52 S05

772 77fi 786-S7 Q7S

Siwallks, manganese in the

Sjogren, Hj 133 134.

Sjogrnfvite ... ....
Slays 661, 980.

Slater, H. Kelsall

113o, 1143-4o, 1148,

i lou.

660-61, 678, 996, 1118-

Slaty cleavage in manganese-ore . . . . . 720.

Slickensiding ........ 867, 875, 895, 934-3o,

1147.

Smeeth, Dr. W. F
8, 428, 442, 1126.

Smelting of manganese-ores iu India
4111, 05^0.

Smith, A. M. Gow
8, 55, 204, 424, 641-42,

64b, 649, 770, 79o, 838,

849, 956.

Soda-berzeliite ........ 30.

Soda in manganese-ores 524.

Soils, uianganit'erous ....... 241, 404, 1125.

Sokolov, N. .......
_ 15.

Soledad, Panama . . . . 106, 578.

Souder, H. 579.

South Indian Mining Syndicate ..... 992.



1284. MANGANESE DEPOSITS OF INDIA.

Subject. Pago.

Spain, analyses of ores ...... 515—518, 521.

, manganese in ...... . 16.

, manganeae-ore production 414, 449, 451-52.

•

, manganiferous iron-ores .... 4.i)3.

—
,
psilomelaue ...... 1)6, 105.

Spandite ... ..... 27.

; alteration of ...... 265.

, characters
ion £^ 1

.composition ... • . . . 179.

in India ....... 04, 179-81, 1046-1115

, occurrence ...... 1 f7a Off!

, origin of name ..... loo, iOl, iDD-DO.

, replacement of .

Spandite-rock ^^v, ZOU, iUoo.

Speckled ore ........ .
tHiii 'TAI ^f\A Q/f9 GAQ

ou.

Speira, V. G 9, 616, iuiy.

bpencer, A. 0. . . .
1 'iXo.

Spessart-andradifce . ......
Spessartite . .

; alteration of • . • • • £lOO, iSO'Ji-Di, OOO, dZO"

, anomalous double refraction 178.

, cleavage 174.

, colour ....... 175-77.

, colour zoning ..... 177.

-', composition . .... 161, 351, 606-07.

, crystallographic characters .
172-74.

, economic importance of . . . 169.

.
, formation of . . • • •

900-09

, fracture 174.

in Brazil ....... 22, 170.

, inclusions 177.

in Gang pur ...... 615.

in gondite series...... 323, 325-65 passim.



SUBJECT INDEX.

Subject. Page.

opGssartitc in Indiii 1R9.RQ IflQa, iO^-Do) loo-

79 181 Part IV

111 iN luiAr • « • • • •

in Tcxiis Lt\J,

170-72.

, microscopic aspect . . • • • X/ o.

} occn 11*6006 ••••« Ififi ftftftADO) OU'J, OoO.

rock Q9fi OOQ q^ff
O^Of Oa\7f O^O,

f bpociiiu graviiy • « • • « •

} olLletLlUllo

f SulUOlUlo ZiUUlIlg • • • • t

604

J U.9U ill Icilll ••••••
opvoDaiUiuc lu^n • • • • • ) «

Km noii p £t\JL^ a^Of D^O'^Oj

HAT OQQ 1 HKO 1 Ai? ^

XiiO, illO.

SniPCfPi pi cpn onm n/\Qi f iah at

— > nianu.fftctur6 of • « , ,

, use of 1 .... •
cooOOO.

StOindairo, Alcing3.nese Co. CkOCiVoU.

^fAlrnpi* A W 1^, io, io.

Stfivons, P. . »••»,., lo.

Sto ]\Iarcel

—

see Piedmont.

8.

SfviirAi7i fpOljIlJ^UVlLC . , , , , ^ ^

St i*Ann n mat". S i*O ti UlQU) KJt vx* • ••••••
Stutzer, 0. .... . 97f?

fill nn f" n 1 1 TAi*m q^" i rtfi tyi omCT'it^ooq Jr* ^-1-iaOiLUclLUU XUlLUauLULl) LUdilJ g dllCOC lU 1(116 • • * •

Sallivan W S woU.

Sulphates ol niMnganese ...... 33=

Sulphides of manganese ... , . 23.

Sulphur in manganese-ores ...... 525.

Sulphuric aoid as re-agent in formation of manganese-ores 360-62.

as re-agent in kaolin ization . . , 274-76.



1286 MANGANESE DEPOSITS OV INDIA

SUBJ EOT. Page.

ouaati . . 412-13, 1044.

Suvmd 411-13, 691, 1043.

Sus&6Xlt6 32.

Sweden, arsenates and antimonates in . . . .

f brskunitt? in • • • • , t , .'ifi fi"^ Rfi 73

daiinemorite in . . . , 146.

, miingdnchlorite in . . , . . 1 QS.QfiXi?*-J-£70.

, mangan-epidote lu , • 187.

, inangfineso in ...... 16, 451.

, tnanganmag'ietite in .... . oo.

, inaugano \ hy llitc in ..... 193-94.

. pvrophanite in ...... 61

.

, richLerite in ...... . 14/,

• , schefferite in , . , . . . , lo4.

, urbaniteiu ..... \ , . 134.

Switzerland, brauuite in ..... . 62.

Synadelphite ...... . .

Szmikite ......... 33.

laic ......... 323 , 325

.

Talus-ore deposits . . .... 391 SeS-fiR 758

854 87fi-78 890

903 910

Tanlalates of manganese 30.

-— —-in India ..... 35, 2O3-0.'5.

Teuasseriui division ....... 209.

Tantalite 30, 203-05.

lata Sons & oo. ....... 425, 460, 464, 695. 708,

980, 1128.

Taung-ngu district ... .... 241. 394. 671.

Tavistock, Devon 414

Tavoj district ........ 240,671.

—; wolfram in . . .... 209.

Telemarken, Norway ....... 73.

Telugus ......... 467.

Tepbioite ......... 27.



SUBJECT INDEX. 1287

Subject,

Terre Noire Co. ,

Tertiary, manganese in the

Tt-sas, U. S. A. .

Theobald, W.

Tliomas-Gilohrist process

Thouipst n, H.

Thorpe, T. E, .

Ihulite

Thuringia

Tiles, manganese for

Tin-stone

Tipper, G. H. .

'I'ipu Sultan

Titaninm iu laterite

— in maganese-ores

in mica-schists

Titano-i-ilicates of manganese

in I

Tons

Tonsag.-r .

Torbernite

Tourmaline

Tramwavs

.

Transition series

Travers, Morris W.

Treadwell and Hall

Tremenbeere, Capt.

Treniolite .

Triassic manganese deposits

Trimeiite .

Triinnl ow

Triphylite

.

Trip'.ite

in Connecticut

dia

Page.

583-83.

241, 394, 669-71.

1155.

170, 325.

671-72.

590.

669.

400.

188.

62-65, 73, 96, 182.

602.

670.

6!3.

643.

370, 376-81.

527.

313.

29, 30.

25, 201-03.

610.

73.

207.

324-25, 647, 650, 715,

728, 84-5, 91.5, 933,

943, 967.

571.

281, 805.

90.

74.

669.

323.

239.

27.

642.

3", 207.

31.

207.



1288 MANGANESE BEPOSITS OF INDIA.

Subject. Page.

Triplit^^ in India . , do, 20 9-07.

Triploiditc . . . . • • • . • 01, <liU, iAji

,

Troostitd . • • • • • . « • £ii

.

1 rotter iviind, iN.ti.* , • , , . .
1 CiAiy4.

TscbpfEkiQitB Id Indis • • • < • •

111 lllo L'ltkl . » , , ,

Too nflnrlzTTl i ^ c f fQf*noiTl7'i Tiifa

XU.lIliiU.1 U.I0LI 9!4.r> 981 QQI? /IQrt AfVk^4faU, Jol; ooO, 4oU} 400,

464.

1-1 Qn *» 1 v\t- -1 »r i\
'
} UCOV^Il^tlVO - a • • • •

values of ores ^ 535.

J 10.

Tungstntes of manganese •...«• ^^00.

-in India • . » • • 30, ^uo-uy.

Turkey, manganese in . . , v . iO, 'JjOi.

, price of ores

Turkey-iu"Asia, manganese in . • . . .
14,

Turner, ej. ........ fi4oyi.

, H. G 420-22, 595, 837, 1044

'\f\A<\ iri^o in'71 lAQi1U4'J, iUoy, JU7i, lUol

1093, 1103.

, T 585, 591.

Tween, A. - • • • ..... 184, 616, 634, 671, 979.

Twenty-four Parganas ...... 241, P31-32.

Twinned crystals, braunite 58-59.

TJkicinci hcillu ..... . , 412-1^

United Kingdom , . • . .
41 A.

. J
njall^oIHSH lUipuiLft • . ( • 41)00.

^

,
manganese markets in . . . 41o- 19; 4yo.

J
rriiiTifrnn(Jsr>-ori'S in ... . 414.

manganese production . . . . 451.

United Provinces 1158.

United States of America, analyses of ores 521.

J
liliifi pyrnypnp in . 158.

, brannite In . 64, 7?.



SUBJECT INDEX. 1289

tCBJEOT.

United States of America, caswellite in .

, coronadite in .

, cvossite in .

, franK Unite deposits

., jeffersonite in

, man^janapatite in .

, manganese deposits

, maQganess imports

, mani;anesd in

, manginiferous iron-ores

, manganese'ore markets

-, manganese production

- ^

,
manga nesian phosphates

Ural Mountains

.

Uraninite

—

see pitchblende.

Uranium-oclire .

Urbanite .

in India

in Sweden

Uri, Switzerland

Uses of manganese

Usina Wigg

Uvarovite .

Valuation of manganese-ores .

Value of mangaiiese-ore production

Van Hise, C. K. . . .

Vauquelin, L. N.

Vein quartz . . . .

Veins, manganese minerals in

,
mining manganese-ores in

-, piedmoitite in

-, polyadelphite in

prices of ferro-manganese

rhodonite in

-, spessartite in

Paf^e.

194.

96.

159.

547.

138.

205.

239.

456.

13, 14, 450.

453.

414, 495-97.

451.

207. 239.

575-577.

187.

163, 194.

539-40.

194.

170, 3"?5, 604.

144, 202.

207.

26.

34, 132-36.

134.

62.

581-604.

574.

161.

494-500.

529-43.

276-79,317.

20.

1062.

296.



1290 MANGANESE DEPOSITS OF INDIA.

Subject. Page.

Velnaya, C. , 695.

Venator, W.
, 488, 519, 589, 1081.

Vester Silfberg, Sweden ...... 38.

Viezzena Thai . 159.

Vindhyan formation . . . . , 238.

Q«7 B70 QTft

" T>\'Tolii sife in OX*

Vindhfaiis 238.

Violan ......... 25, 127.

Virginia, U. S. A. 575.

Vi/.agapatam district ....... 240-79, 286, 309,

393, 420-22, 434-

35, 443, 446-47, 4,S2-

64, 467-68, 470, 1042-

1115.

, analyses of ores .... 496-97, 508-09, 511,

513, 514.

y UloUUiLt! Ill • . . , ,
K/i '7000, 0% 0/, / J.

f ILl 0
j
'DoOdl Ul 111 . .

y
oDdiiOcuoiiy in • • . . J 14.

J CUClL jU • • . ,
91 A

— —J ^XaUIiiLC 111 • « . . , 1

91

1

'- ~ "
' —— -

.

J HdtJllU 111 • • , • •
91 T

1 1 f fl r\ rvi ny* rra t n
J 11 111* Filial ^0 111 • • » .

9T7

—
J matiganapatitB in . « ,

90*;.OR

f niBngaiiese'aiidradite in « . J.UO.

m 1*^rmT^I^t•l-^ r»o ft4- 1

«

LUollgctllCoC J^tiril" li 111 ... 163-64.

, Hjangan magnetite in . .
38-40.

, psilomelane in . . . 97-106.

, pyrolusite in ... ,
79-82.

—
, pyroxenes in ... . 132, 133, 137, 138.

, pyrrhotite in ...
.

212.

, rhodonite in ... . 141-44.

rose quartz in . . 212-13.



SUBJECT INDEX. 1291

Subject.

Vizagapatam district, spandite in

, smelting in

, values of ores

, vredenburgite in

, w«d in

, yell >w ochre in

Viziana;;ram Mining Co., Ltd.

Vogel

Vogt, J. H. L. .

Volhard's test for manganese

Vom Eath, G. ,

Voysey, H. W. .

Vredenbuig, E. W.

Vredenburgite .

, characters

, composition

in India

-, occnrrence

163-64, 166-68, 179-81.

595.

533.

42-99.

117-21.

215.

420-22, 4:^4-.35, 462,

509, 511, 513-14, 1044

-11 GO passim.

520.21.

275.

225.

56, 62.

10, 836, 961.

H,4>'\ 281, 284, 368, 405,

673-75, 965-76 passim.

24.

42.

43-49.

?4, 36, 42-40, 62/^28,

323. 709, 7^37, 740, 781.

842, 1049, 1058.

42, 30/5, 908.09, 950.

Wad
-, characters

-, composition

-, formation of

- in India

-, occurrence

Waddas

Wales, manganese in

25, 229.

116, 117.

118-21, 830.

lOK'.

S4, 116-21, 388, Part

lY pass'tn.

117. 118, 305, 830, 1061
—1154 passim.

467.

579.



1292 MANGANESE DEPOSITS OF INDIA.

Subject. Pape.

Walker, H. .... 4, 679. 689-90.

, T. L. . 204, 241-42, 244-45, 248,

525, 61d-17, 1046.

662, 6C8.

WallrntTi K A 16.

Walsh C W 438-39.

Walter, B. .... 14.

Waral ..... 411-13, 595, 665.

War^sGoni"Bliimlat band of Cbllpis 732.

"Washing rnanganeee^orcs • ' 574-79.

W^astage of ores . . . 571-73, 759.

Water in manganGse'Ores • . 527.

vVatson T L 13.

Watt, Sir 06org6 • « • 603.

AVGathsring, belt of • • . 276.

Weed, W. H 12, 13, 16.

Weeks. J. D. . 12, 13, 14, 15, 16, 415,

520-21.

38.

980-81, 985, 988.

Western Ghats .... 411, 662-63.

Westraoreland, J. W. . 520.

WptVipvAll v. W 374, 379.

WViittlo A HTTIlXLtlr, A. n. .... 8.

8, 173, 603.

w 8, 879, 886, 890.

Williams K G 13, 106, 577.

Wilson . . , 837, 878.

. Rev. Tf. 642.

Winch, H.J 8, 9, 55, 57, 81, 87, 89,

91, 149, 426, 523, 682"

83, 1158.

Windgallen, Switzerland 62.

Winch ite ..... 26.

-bearing rccks 334.

—
, coloui' of . 21.

, composition . . • 156-58.



SUBJECT INDEX. 1293

SPBJHOT. Page.

Winchite ,
crystallographic characters

, double refraction ,

, extinction angles

__ , formation of

. in India

, occurrence of

,
pleoohroism

, specific gravity

Withamite

in India

in Scotland

Wolff, J. E.

Wolframite

in India

Wollastonite

Workington Iron and Steel Co.

Wraigbt, E. A. .

Wrigbt, C. M. P.

Wun (Teotinal) district

Wunsiedel, Bavaria

Wynne, A. B. .

, F. H. .

Xenolithi

Yenite —see ilvaite.

Yeotmal —see Wun.

Young, G. Gordon

, E. L. .

, L. C. H.

150-52.

153.

152.

292.

34, 36, 145,127, 128.

147,149-58 , 224.

149, 320, 323, 686.

152.

155.

28, 188..

34, 671.

188.

13.

33.

35. 20 8-09, 670.

243. 323, 325, 330, 341,

647. 1046, 1051-53,

1065, 1076, 1112-14.

429.

586.

8, 148, 661-62.

241, 367, 979.

62.

394.

823.

1065.

169.

8. 60, 172, 917, 922.

377.

L



1294 MANGANESE DEPOSITS OF INDIA.

Subject,

Zaiti-ul-Abadin .

Zinc in mauojanese-oios

Zinc-spinel

Zircon . .

Zoisite

Page.

723.

527.

37.

32J,-25. 647.

188.

CALCUTTA : FEINTED BY SUPDT. GOVT. PRINTING, INDIA, 8, HASTINGS STREET.



MEMOIRS

OF

THE GEOLOGICAL SURVEY OF INDIA.

VOLUME XXXVII.

The Manganese-Ore Deposits of India, by L. Leigh

Fermor, A.R.S.M., B.Sc. (London), F.G.S., Assistant

Superintendeni, Geological Survey of India.

PARI IV: Description of Deposits.

Published\by order of the Government of India.

CALCUTTA

:

SOLD A* THE OFFICE OF THE GEOLOGICAL SURVEY,

27, CHOWRINGHEE ROAD.

LONDON : lESSRS. KEGAN PAUL, TRENCH, TRUBNER & CO.

BELIN : MESSRS. FRIEDLANDER UND SOHN.

1909.

Of aR». 8 -pet volume o| 4 pa«td.



MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot I. Pt. 1, 1856 (out of print) : Coal and Iron of Talchir.—Talchir Coal-field.—
Gold-yielding deposits of Upper Assam.—Gold from Shue-gween. Pt. 2,
1858 {out of print) : Geological structure of a portion of Khasi Hills.

—

Geological structure of Nilgiri Hills (Madras). Pt. 3, 1859 {out of print) :

Geological structure and physical features of districts of Bankura, Mid-
napore, and Orissa.—Laterite of Orissa.—Fossil fish-teeth of genus
Ceratodus, from Maledi, south of Nagpur.

Vol. II. Pt. 1, 1850 (out of print) : Vindhyan rocks, and their associates in Bundel-
kand. Pt. 2, 1860 {out of print) : Geological structure of central portion
of Nerbudda District.—Tertiary and alluvial deposits of central portion
of Nerbudda Valley.—Geological relations and probable age of systems
of rocks in Central India and Bengal.

Vot. III. Pt. 1, 1863 {out of print) : Eaniganj Coal-field.—Addit^nal remarks on
systems of rocks in Central India and Bengal.—Indiin Mineral Statis-
tics, I. Coal. Pt. 2, 1864 (out of print) : SubHimalayan Ranges
between Ganges and Ravi. /

Vol. IV. Pt. 1, 1863 (out of print) : Cretaceous Rocks of jCrichinopoly District,
Madras. Pt. 2, 1864 (out of print) : Districts d Trichinopoly, Salem,
etc. Pt. 3, 1865 (out of print) : Coal of AssaW etc.

Vol. V. Pt. 1, 1865 (out of print) : Sections across N.-W. Himalaya, from Sutlej to
Indus.—Gypsum of Spiti. Pt. 2, 1866 (out oj print) : Geology of Bom-
bay. Pt. 3, 1866 (out of print) : Jheria CoaUeld.—Geological Observa-
tions on Western Tibet. /

Vol. VI. Pt. 1, 1867 (out of print) -. Neighbourhood of Lynyan, etc., in Sind.

—

Geology of portion of Cutch. Pt. 2, 1867,' Rep. 1908 (prirc 2 Rs.) :

Bokaro Coal-field.—Ramgarh Coal-field.—Trips of Western and Central
India. Pt._ 3, 1869 (price 2 Rs. 8 As.) : Tajti anc Nerbudda Valleys.—
Frog-beds in Bombay.

—

Oxyglossus pusillus;
Vol. VII. Pt. 1, 1869 (price 3 Rs.) : Vindhyan series.—Min'ral Statistics.—Coal.—

Shillong Plateau. Pt. 2, 1870 (price 1 Re.) : tarharbari Coal-field.—
Deoghar Coal-field. Pt. 3, 1871 (out of print): Aden water-supply.-
Karanpura Coal-fields.

Vol. VIII. Pt. 1, 1872 (price 4 Rs.) : Kadapah and Karnr- Formations in Madras
Presidency. Pt. 2, 1872 (price 1 Re.) : Itkhrf Coal-field.—Daltonganj
Coal-field.—Chope Coal-field.

Vol. IX. Pt. 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1372 (price 1 Re.) :

Geology of Nagpur.—Geology of Sirban Hill.—Cvrboniferous Am-
monites.

Vol. X. Pt. 1 (price 3 Rs.) : Geology of Madras.—Satjura Coal-hsin. Pt. 2, 1874
(price 2 Rs.) : Geology of Pegu.

Vol. XI. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjilin; and West-n Duars. Pt. 2,

1875 (price 3 Rs.) : Salt-region of Kohat, Trans-Indu
Vol. XII. Pt. 1, 1877 (price 3 Rs.) : South Mahratta Country, t. 2, 1876 (price

2 Rs.) : Coal-fields of Naga Hills.

Vol. XIII. Pt. 1, 1877 (price 2 Rs. 8 As.) : Wardha Talley Coal-^ld. Pt. 2, 1877
(price 2 Rs. 8 As.) : Geology of Rajmaha! Hills.

Vol. XIV. 1878 (price 5 Rs.) : Geology of" Salt-range in Punjab.
Vol. XV. Pt. 1, 1878 (price 2 Rs. 8 As.) : Aurunga and Hutar Codfields (Palamow).

Pt. 2, 1880 (price 2 Rs. 6 As.) : Ramkola and Tpapani Coal-fielda

(Sirguja).

Vol. XVI. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern
to Masulip.-itam. Pt. 2, 1880 (price 1 Re. 8 As.)

Carnatic. Pt. 3, 1880 {price 2 Rs.) : Coastal
District.

Vol. XVII. Pt. 1, 1897 (price 3 Rs.) : Geology of Western Sind

2 Rs.) : Trans-Indus extension of Punjab Salt-rang

ist from Lat. 15°

fellore Portion of
iion of Godavari

H. 2. 1880 (pricti



Vol. XVIII. Pt. 1, 1081 {price 2 Rs.) : Southern AfKhanistan. Pt. 2, 1881 {out of
print) : iMaiiblmni and Sin^hbhum. Pt. 3, 1881 (price 2 Rs.) : Pranhita-

Godavari Valley.
\'oL. XIX. Pt. 1, 1882 {price 2 Rs.) : Cachar Earthquake of 1869. Pi,. 2, 1882 {price

1 Re.) : Thermal Springs of India. Pt. 3, 1883 (price 1 Re.) : Catalogue
of Indian Earthquakes. Pt. 4, 1883 (out of print) : Geology of parts of

Manipur and Naga Hills.

Vol. XX. Pt. 1, 1883 (out of print) : Geology of Madura and Tinnevelly. Pt. 2, 1883
(out of print) : Geology notes on Hills in neighbourhood of Sind and
Punjab Frontier between Quetta and Dera Ghazi Khan.

Vol. XXI. Pt. 1, 1884 {out of print) : Geology of Lower Narbada Valley. Pt, 2, 1884
(out of print) : Geolof y of Kathiawar. Pt. 3, 1885 (out of print) : Coal-

field oi South Rewah Pt. 4, 1885 (out of print) : Barren Island.

Vol. XXII. 1883 (price 5 Rs.) : Geo. ,y of Kashmir, Chamba, and Khagan.
Vol. XXIII. 1891 (price 5 Rs.) : Geology of Central Himalayas.
Vol. XXIV. Pt. 1, IB87 (out of print) : Southern Coal-fields of Satpura Gondwana basin.

Pt. 2, 1890 (out of print) : Geology of Sub-Himalaya of Garhwal and
Kumaun. Pt. 3, 1890 (out of print) : Geology of South Malabar, be-

tween Beypore and Ponnani Rivers.
Vol. XXV. 1896 (out of print) : Geology of Bellary District, Madras Presidency.
Vol. XXVI. 1896 (out of print) : Geology of Hazara.
Vol. XXVII. Pt. 1, 1895 (out of print.) : Marine Fossil from Miocene of Upper

Burma. Pt. 2, 1897 (out of print) : Petroleum in Burma and its techni-
cal exploitation.

Vol. XXVIII. Pt. 1, 1898 (price 2 Rs.) : Geological Structure of Chitichun region.

—

Allahabad in north-west of Rann of Kuchh.—Geology of parts of Myin-
gyan, Magwe and Pakokku Districts, Burma.—Geology of Mikir Hills

in Assam.—Geology of Tirah and Bazar valley. Pt. 2, 1900 (out of
print) : Charnockite Series, group of Archaean Hypersthenic Rocks in

Peninsular India.

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

Vol. XXX. Pt. 1, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of 12th June
1897. Pt. 2, 1900 (price 1 Re.) : Geology of neighbourhood of Salem,
Madras Presidency. Pt. 3, 1901 (price 1 Re.) : Sivamalai Series of

Elaeolite-Syenites and Corundum Syenites. Pt. 4, 1901 (price 1 Re^] :

Geological Congress of Paris.

Vol. XXXI. Pt. 1, 1901 (price 2 Rs.) : Geology of Son Valley in Rewah State and of
Parts of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.) : Baluctiis-

tan Desert and part of Eastern Persia, Pt. 3, 1901 (price 1 Re.) S

Peridotites, Serpentines, etc., from Ladakh.
Vol. XXXII. Pt. 1, 1901 (price 1 Re.) : Recent Artesian Experiments in India. Pt. 2,

1901 (price 2 Rs.) : Rampur Coal-field. Pt. 3, 1902 (price 3 Rs.) s

"Exotic Blocks" of Malla Johar in Bhot Mahals of Kumaon. Pt. 4,

1904 (price 3 Rs.) : Jammu Coal-fields.

Vol. XXXIII. Pt. 1, 1901 (price 8 Rs.) : Kolar Gold-field. P(. 2, 1901 (price 2 Rs.) :

Art. 1 : Gold-fields of Wainad. Art. 2 : Auriferous Quartzites of
Parhadiah, Chota Nagpur. Art. 3 : Auriferous localities in North
Coimbatore. Pt. 3, 1902 (price 1 Re.) : Gsology cf Kalahandi State,
Central Provinces.

Vol. XXXIV. Pt. 1, 1901 (price 1 Re.) : Peculiar form of altered Peridotite in Mysore
_ State. Pt. 2, 1902 (price 3 Rs.) : Mica deposits of India. Pt. 3, 1903

(price 1 Re.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 (price

4 Rs.) : Geology of Persian Gulf and adjoining portions of Persia and
Arabia.

Vol XXXV. Pt. 1, 1902 (price 2 Rs.) : Geology of Western Rajputana. Pt. 2, 1903
(price 1 Ke.) : Aftershocks of Great Earthquake of 12th June 1897.

Pt. 3, 1904 (price 1 Re.) : Seismic phenomena in British India and their
connection with its Geology. Pt. 4 (in the Press) : Geology of Andamas
Islands, with references to Nicobars.

Vol. XXXVI. Pt. 1, 1904 (price 4 Rs.) : Geology of Spiti. Pt. 2, 1907 (price 3 Rs.) :

Geology of Provinces of Tsang and U in Central Tibet.

Vol. XXXVII. Manganese-Ore Deposits of India. Pt. 1 (price 3 Rs.) : Introduction and
Mineralogy. Pt. 2 (price 3 Rs.) : Geology. Pt. 3 (price 3 Rs.) : Economica
and IMining. Pt. 4 (price 5 Rs.) : Description of Deposits.

Vol. XXXVIII. (In the Press) : Kangra Earthquake of 4th April 1905.



PAL^ONTOLOGIA INDICA.

(Beb. I, III, V, VI, VIII.)—CRETACEOUS FAUNA OP SOUTHERN INDIA, by
¥. STOLICZKA, exct'pt Vol. I, Pt. 1, by H. F. BLANFORD.

See. I & III.—Vol. I. The Cephalopoda (1861-65), pp. 216, pis. 94 (6 double),
v.—Vol. 11. The Gastropoda (1867-68), pp. xiii, 500, pis. 28.
VI.—Vol. III. The Pelecypoda (1870-71), pp. xxii, 537, pis. 50.

VIII.

—

Vol. IV. The Branchiopoda, Ciliopoda, Echinodermata, Corals, etc. (1872-

73), pp. V, 202, pis. 2y.

(See. II, XI, XII.)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM, hy
0. FEISTMANTEL, except Vol. I, Pt. 1, by T. OLDHAM and J. MORRIS.

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

;

The same (continued). Pt. 3; Plants from Golapili. Pt. 4; Outliers on
the Madras Coast.

Vol. II, pp. xli, 115, pis. 26. 1876-78. Pt. 1 ; Jurassic Flora of Each. Pt. 2 ; Flora of
the Jabalpur Group.

Vol. hi, pp. xi, 64+149, pis. 80 (9 double) (I—XXXI-flA—XLVIIA). 1879-81. Pt. 1;
The Flora of the Talchir-Karharbari beds. Pt. 2; The Flora of the
Damuda and Panchet Divisions. Pt. 3 ; The same (concluded).

Vol. IV, pp. xxvi, 25-f66, pis. 35 (2 double) (I—XX+IA—XLVA). Pt. 2 (1886
Fossil Flora of the South Rewah Gondwana basin. Pt. 2 (1886) j

Fossil Flora of some of the coal-fields in Western Bengal.

(Ser. IX.)^URASSIC FAUNA OF KACH.

Vol. I (1873-76). Tl^e Cephalopoda, by W. Waagen, pp. i, 244, pis. 60 (6 double).
Vol. II, pt. 1 (1893). The Echinoidea of Kach, by J. W. Gregory, pp. 12, pis. 2.

Vol. II, pt. 2 (i900). The Corals, by J. W. Gregory, pp. 196, I—IX, pk. 26.

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

Vol. Ill, pt. 2 (1903). Lamellibranchiata Genus Trigonia, by F. L. Kitchin, pp. 122,
pis. 10.

(Sbb. IV.)—INDIAN PRE-TERTIARY VERTEBRATA.

Vol. I, pp. vi, 137, pis. 26. 1865-85 Pt. 1 (1865); The Vertebrate Fossils from the
Panchet rocks, by T. H. Huxley. Pt. 2 (1878) ; The Vertebrate Fossils

of the Kota-Maleri Group, by Sir P. de M. Grey Egerton, L. C. Miall,
and W. T. Blanford. Pt. 3 (1879) ; Reptilia and Batrachia, by R.
Lydekkeh. Pt. 4 (1885) ; The Labyrinthodont from the Bijori group,
by R. Lydekker. Pt. 5 (1885) ; The Reptilia and Amphibia of the
Maleri and Denwa groups, by K. Lydekker.

(See. X.) -INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by
R. LYDEKKER, except Vol. I, Pt. 1, by R. B. FOOTE.

Vol. I, pp. XXX, 300, pis. 50. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt. 2; Molar
teeth and other remains of Mammalia. Pt. 3 ; Crania of Ruminants,
pt. 4 ;

Supplement to Pt. 3. Pt. 5 ; Siwalik and Narbada Proboscidia.
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Vot. II. pp. XV, 363, pis. 45. 1881-84. Pt. 1 ; Siwalik Rhinocerotidae. Pt. 2 : Supple-

ment to Siwalik and Narbada Proboscidia. Pt. 3; Siwalik and Narbada
Equidop. Pt. 4; Siwalik Camelopardalida;. Pt. 5; Siwalik Selenodont

Suina, etc. Pt. 6; Siwalik and Narbada Carnivora.

Vol. Ill, pp. xxiv, 264, pis. 38. 1884-86. Pt. 1; Additional Siwalik Perissodactyla and
Proboscindia. Pt. 2; Siwalik and Narbada Bunodont Suina. Pt. J;

Rodents and new Ruminants from the Siwaliks. Pt. 4; Siwalik Birds.

Pt. 5; Mastodon Teeth from Perim Island. Pt. 6; Siwalik and Nar-
bada Chelonia. Pt. 7; Siwalik Crocodilia, Lacertilia and Ophidia,

Pt. 8; Tertiary Fishes.

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

Vol. IV, Pt. 2 (1886). The Fauna of the Karnul oaves : and addendum to pt. 1; pp. 40

(19—58), pis. 5 (vii—xi).
Vol. IV, pt. 3, 1887. Eocene Chenolia from the Salt-range; pp. 7 (59—65), pis. 2 (xii-

xiii).

(Seb. vii, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN
India, by martin DUNCAN and W. PERCY SLADEN, except Pt. 1, by
F. STOLICZKA.

Vol. I, pp. 16+110+ 382-f91 = 599, pis. 5+28+58-f 13 = 104. 1871—85. Pfc. 1: Tertiary
Crabs from Sind and Kach. Pt. 1 (new 2) : Sind Fossil Corals and
Alcyonaria; by P. Martin Duncan. Pt. 3 : The Fossil Echinoidea of

Sind : Fas 1, The Cardita beauvionti I eds ; Fas. S, The Ranikot Series

in Western Sind ; Fas. S, The Khirthar Series ; Fas. If, The Nari
(Oligocene) Series ; Fas 5, The Gaj (Miocene) Series ; Fas. 6, The
Makran (Pliocene) Series ; by Duncan and Sladen. Pt. 4 : The Fossil

Echinoidea of Kach and Kattywar ; by Duncan, Sladen and Blanford.

(See. XIII.)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

ProdTictus-Limestone Group : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pjs. 6.

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

pp. Ill (73—183), pis. 10 (1 double), (vii—
xvi).

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

„ „ „ „ 4 (1882—85). Brachiopoda, pp. 442 (329—770),
pis. 62 (xxv—Ixxxvi).

„ „ „ 5 (1885). Bryozoa—Annelidas—Echinodermata,
pp. 64 (771—834), pis. 10 (Ixxxvii—xcvi).

„ „ „ „ 6 (1886). Coelenterata, pp. 90 (835-924), pis. 20
(xcvii—cxvi).

„ „ „ „ 7 (1887). Coelenterata, Protozoa, pp. 74 (926—
998), pis. 12 (cxvii—cxxviii).

Fossils from the Ceratite Formation : Vol. II, pt. 1 (1885). Piscus—Ammonoidea, pp. 324,
pis. 40.

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

„ „ „ 2 (1891), pp. 89-242, pis. 8.

(See. XV.)—HIMALAYAN FOSSILS.

Upper-triassic and liassic faunae of the exotic blocks of Malla Johar in the Bhot Mahals of
Kumaon : Vol. I, pt. (1908), by Dr. C. Diener, pp. 100, pis. 16 (1 double).

Anthracolithic Fossils of Kashmir and Spiti : Vol. I, pt. 2 (1899), by Dr. C. Diener pp. 96
pis. 8.

'

The Permocarboniferous Fauna of Chitichun No. I : Vol. I, pt. 3 (1897), by Dr. C. Diener
pp. 105, pis. 13.

•
•
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The Permian Fossils of the Productus Shales of Kiimaon and Garhwal : Vol. I, pt. 4 11897),

by Dr. C. Diener, pp. 54, pis. 5.

The Permian Fossils of the Central Himalayas : Vol. I, pt. 5 (1903), by Dr. C. Diener,

pp. 204, pis. 10.

The Cephalopoda of the Lower Trias : Vol. II, pt. 1 (1897), by Dr. C. Dienner, pp. 182,

pis. 23.

The Cephalopoda of the Muschellcalk : Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 118,

pis. 31.

Upper Triassic Cephalopoda Faunae of the Himalaya : Vol. Ill, pt. 1 (1899), by Dr. E.

von Mojsisovics, pp. 157, pis. 22.

Trias Brachiopoda and Lamellibranchiata : Vol. Ill, pt. 2 (1899), by Alexander Bittner,

pp. 76, pis. 12 (2 double).
The Fauna of the Spiti Shales : Vol. IV, pt. 1 (1903), by Dr. V. Uhlig, pp. 132, pis. 18.

The Fauna of the Tropites-Limestone of Byans : Vol. V, Memoir No. 1 (1906), by Dr. C.

Diener, pp. 201, pis. 17 (1 double).
The Fauna of the Himalayan iNhischelkalk : Vol. V, Memoir No. 2 (1907), by Dr. C.

Diener, pp. 140, pis. 17 (2 double).
Ladinic, Carnic and Noric faun;e of Spiti : Vol. V, Memoir No. 3 (1908). by Dr. C. Diener,

pp. 157, pis. 24 (3 double).
The Cambrian Fossils of Spiti : Vol. V, ]\Iemoir No. 4 {in the Press), by F. R. C. Reed.
Lower Triassic Cephalopoda fromiSpiti, Malla Johar and Byans : Vol. VI, Memoir N'o. 1,

by Drs. A. von Krafft and C. Diener.

The Fauna of the Traumatocrinus Limestone of Painkhanda : Vol. VI, Memoir No. 2

by Dr. C. Diener.

ISer. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.S.
The Fauna of the Kellaways of Mazar Drik Vol. I, pt. 1 (1895), pp. 22, pis. 13.

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

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

(1897), pp. 79, pis. 23.

(NEW SERIES.)

The Cambrian Fauna of the Eastern Salt-range : Vol. I, Memoir 1 (1899), K. Eedlich,

pp. 14, pi. 1.

Notes on the Morphology of the Peleeypoda : Vol. I, Memoir 2 (1899), Fritz Noetling,

pp. 58, pis. 4.

Fauna of the Miocene Beds of Burma : Vol. I, Memoir 3 (1901), Fritz Noetling, pp. 378,
pis. 25.

Observations sur quelques Plantes Fossiles des Lower Gondwanas : Vol. II, Memoir 1

(1902), R. Zeiller, pp. 39, pis. 7.

Permo-Carboniferous (Lower Gondwana) Plants and Vertebrates from Kashmir : (1)
Plants, by A. C. Seward ; (2) Fishes and Labyrinthodonts, by A. Smith Woodward :

Vol. II, Memoir No. 2 (1905), pp. 13, pis. 3.

The Lovrer Palaeozoic Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir
No. 3 (1906), by F. R. C. Reed, pp. 154, pis. 8.

The Fauna of the Napeng Beds or the Rhaetic Beds of Upper Burma : Vol. II, Memoir
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9.

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

The MoUusca of the Ranikot Series : Vol. Ill, ]\Iemoir No. 1 {in the Press), by M.
Cossmann and G. Pissarro.

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

The price fixed for these publications is four annas (4 pence) per single plate with a
minimum charge of Re. 1.
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RFXORDS OF THi: GEOLOGICAL SURVEY OF INDIA.

Vol. I, 1868.

Part 1 {out of pn'nO.—Annual report for 1867. Coal-seams of Tawa valley. Coal in

Garrow Hills. Copper in Uundelkhand. Meteorites.

Part S (out of prinO-—Coal-seams of neiglibourhood of Chanda. Coal near Nagpur. Oeo-

louical notes on Surnt coUectoralc. Cephalopodous fauna of South Indian cretaceous

deposits. Lead in Raipur district. Coal in Eastern Hemisphere. Meteorites.

PartJ {out of priJii).—Gastropodous fauna of South Indian cretaceous deposits. Notes on

"Kute from Poona to Nagpur via Ahmednuggur, Jahia, Loonar, Yeotmahal, Mangali
,

and Hingunghat. Agate-ilake in pliocene {'{) deposits of Upper Godavery. Boundary

of Vindhyan series in Hajputana. Meteorites.

Vol. II, 1869.

Part 1 {out of 2J''n<)-—Valley of Poorna river, West Berar, Kuddapah and Kurnool

formations. Geological sketch of Shillong plateau. Gold in Singhboom, etc. Wells

at Hazareebagh. Meteorites.

Part 2.—Annual report for 1868. Pangshura tccta and other species of Chelonia from

newer tertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal.

P;irt 5.—Geology of Kuch, Western India. Geology and physical geography of Nicobar

Islands.

Part
!f.
—Beds containing silicified wood in Eastern Prome, British Burma. Mineralogical

statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur district.

Meteorites.
Vol. Ill, 1870.

Part 1.—Annual report for 1869. Geology of neighbourhood of Madras. Alluvial deposits

of Irrawadi, contrasted with those ot Ganges.
Part 2 {out of print).—Geology of Gwalior and vicinity. Slates at Chiteli, Kumaon.

Lead vein near Chicholi, Kaipur district. Wardha river coal-fields, Berar and Cen
tral Provinces. Coal a't-Karba in Bilaspur district.

Part 3 {out of print).—Mohpani coal-field. I-jead-ore at Slimanabad, Jabalpur district.

Coal east of Chhatisgarh between Bilaspur and Kanchi. Petroleum in Burma. Petro-
leum locality of Sudkal, near Euttijung, west of Rawalpindi. Argentiferous galena
and copper in Manbhum. Assays of iron ores.

Part If {out of print).—Geology of Mount Tilla, Punjab. Copper deposits of Dalbhum
and Singbhum : 1.—Copper mines of Singbhum : 2.—Copper of Dalbhum and Sing- •

bhum. Meteorites.
Vol. IV, 1871.

Part 1.—Annual report for 1879' Alleged discovery of coal near Gooty, and of indications
of coal in Cuddapah district. Mineral statistics of Kumaon division.

Part S.—Axial group in Western Prome. Geological structure of Southern Konkar.
Supposed occurrence of native antimony in the Straits Settlements. Deposit in boilers
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on south-
ern extensions of Kamthi group to neighbourhood of Ellore and Rajamandri, and on
possible occurrence of coal in same direction.

Part 3.—Borings for
_
coal in Godavari valley near Dumagudem and Bhadrachalam.

Narbada coal-basin. Geology of Central Provinces. Plant-bearing sandstones of
Godavari valley.

Part ^.—Ammonite fauna of Kutch. Raigur and Hengir (Gangpur) Coal-field. Sandstones
in neighbourhood of first barrier on Godavari, and in country between Godavari and
Ellore.

Vol. V, 1872.

Part 7.—Annual report for 1871. Relations of rocks near Murree (Msri), Punjab. Mineral-
ogical notes on gneiss of South Mirzapur and adjoining country. Sandstones in
neighbourhood of first barrier on Godavari, and in country between Godavari and
Ellore.
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Part t.—Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, and
some of Gulf Islands. Parts of Kummummet and Hanamconda districts in Nizam's
Dominions. Geology of Orissa. New ccal-field in south-eastern Hyderabad (Deccan)
territory.

Part 5.—Maskat and Massandim on east coast of Arabia. Example of local jointing.
Axial group of Western Prome. Geology of Bombay Presidency.

Part Jf.—Coal in northern region of Satpura basin. Evidence afforded by raised oyster
banks on coasts of India, in estimating amount of elevation indicated thereby.
Possible filed of coal-measures in Godavari district, Madras Presidency, Lameta or
intra-trappean formation of Central India. Petroleum localities in Pegu. Supposed
eozoonal limestone of Yellam Bile.

Vol. VI, 1873.

Part 1.—Annual report for 1872. Geology of North-West Provinces.
Part 2.—Bisrampur coal-field. Mineralogical notes on gneiss of South Mirzapur and ad-

joining country.
Part 3.—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of

deposits, and on associated shells. Barakars (coal-measures) in Beddadanole fielu,

Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs
of Pegu. _

Part If.-—Iron deposits of Chanda (Central Provinces). Barren Islands and Narkondam.
Metalliferous resources of British Burma.

Vol. VII, 1874.

Part 1 [out of print).—Annual report for 187 j. Hill ranges between Indus valley in Ladak
and Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Raw
materials for iron-smelting in Raniganj field. Elastic sandstone, or so-called Itaco-

lumyte. Geological notes on part of Northern Hazaribagh.
Part 2 {out of print).—Geological notes on route traversed by Yarkand Embassy from

Shah-i-Dula to Yarkand and Kashgar. Jade in Karakas valley, Turkistan. Notes
from Eastern Himalaya. Petroleum in Assam. Coal in Garo Hills. Copper in

Narbada valley. Potash-salt from East India. Geology of neighbourhood of Mari
hill station in Punjab.

Part 3.—Geological observations made on a visit to Chaderkul, Thian Shan range.
Former extension of glaciers within Kangra district. Building and ornamental stones

of India. Materials for iron manufacture in Eaniganj coal-field. Manganese-ore in

Wardha coal-field.

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

Vol. VIII, 1875.

Part 1.—Annual report for 1874. The Altum-Artush considered from geological point of

view. Evidences of ' ground-ice ' in tropical India, during Talchir period. Trials of

Raniganj fire-bricks.

Part 2 {out of print).—Gold-fields ot south-east Wynaad, Madras Presidency. Geological

notes on Khareean hills in Upper Punjab. Water-bearing strata of Surat district.

Geology of Scindia's territories.

Part 3 {out of print).—Shahpur coal-field, with notice of coal explorations in Narbada
region. Coal recently found near Mofiong, Khasia Hills.

Part 4 {out of print).—Geology of Nepal. Raigarh and Hingir coal-fields.

Vol. IX, 1876.

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

Part 2.—Retirement of Dr. Oldham. Age of some fossil floras in India. Cranium of
Stegodon Ganesa, with notes on sub-genus and alUed forms. Sub-Himalayan series in

Jamu (Jammoo) Hills.

Part 3.—Fossil floras in India. Geological age of certain groups comprised in Gondwana
series of India, and on evidence they afford of distinct zoological and botanical terres-

trial regions in ancient epochs. Relations of fossiliferous strata at Maleri and Kota,
near Sironcha, C. P. Fossil mammalian faunse of India and Bnrma.

Part 4-—Fossil floras in India. Osteology of Merycopotamus dissimilis. Addenda and
Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Pir
Panjal and neighbouring districts.
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Vot. X, 1877.

Part /.—Annual report for 1876. Geological notes on Great Indian Desert between Sind

and Raiputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about li> milea

north of Lhassa. Estheria in Gondwana formation. Vertebrata from Indian tertiary

and secondary rocks. New Emydine from the upper tertianes of Northern Punjab.

Observations on under-ground temperature.
, -r. -t a

Pa»< Rocks of the Lower Godavari. ' Atgarh Sandstones near Cuttack. iossil Horas

in India. New or rare mammals from the Siwaliks. Arvali series m North-eastern

Rajputana. Borings for coal in India. Geology of India.
. t j-

Part 5.-=Tertiary zone and underlying rocks in North-west Punjab. Fossil floras in India.

Erratics in Potwar. Goal axplorations in Darjiling district. Limestones in neighbour-

hood of Barakar. Forms of blowing-machine used by smiths of Upper Assam.

Analyses of Raniganj coals.

Part .^.—Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead ores of

Sambalpur district. ' Eryon Comp. Barrovensis,' McCoy, from Sripermatur_ group

near Madras. Fossil floras in India. The Blaini group and ' Central Gneiss ' in

Simla Himalayas. Tertiaries of North-West Punjab. Genera Choeromeryx and

Bhagatherium.

Vol. XI, 1878.

Part i.—Annual report for 1877. Geology of Upper Godavari basin, between river

Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi.

Siwalik mammals. Palaeontological relations of Gondwana system. ' Erratics in

Punjab.'
Part S.—Geology of Sind (second notice). Origin of Kumaun lakes. Trip over Milam

Pass, Kumaun. Mud volcanoes of llamrj and Cheduba. Mineral resources of Ramri,

Cheduba and adjacent islands.

Part 5.—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and NeUore-

Kistna districts. Senarmontite from Sarawak.

Part 1^.—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). Siwalik mammalia.
Siwalik birds. Tour through Hangrang and Spiti. Mud eruption in Ramri Island

(Arakan). Braimite, with Rhodonite, from Nagpur, Central Provinces. Palaeontologi-

cal notes from Satpura coal-basin. Coal importations into India.

Part 2.—Mohpani coal-field. Pyrolnsite with Psilomelane at Gosalpur, Jabalpur district.

Geological reconnaissance from Indus at Kushalgarh to Kurram at Thai on Afghan
frontier. Geology of Upper Punjab.

Part 3.—Geological features of northern Madura, Pudukota State, and southern parts of

Tanjore and Trichinopoly districts included within limits of sheet 80 of Indian Atlas.

Cretaceous fossils from Trichinopoly district, collected in 1877-78. Sphenophyllum and
other Equisetaceae with reference to Indian form Trizygia Speciosa, Royle (Spheno-
phyllum Trizygia, Ung.). Mysorin and Atacamite from Nellore district. Corundum
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda.

Part Jf.
—

' Attock Slates ' and their probable geological position. Marginal bone of unde-
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of

North Arcot district. Road section from Murree to Abbottabad.

Vol. XIII, 1880.

Part 1.—Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of
Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes from
Ramri Island and Punjab. Fossil genera Noggerathia, Stbg., Noggerathiopsiu, Fstm.,
and Rhiptozamites, Schmalh., in palaeozoic and secondary rocks of Europe, Asia, and
Australia. Fossil plants from Kattywar, Shekh Budin, and Sirgujah. Volanic foci
of eruption in Konkan.

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

Part 3.—Kumaun lakes. Celt of palaeolithic type in Punjab. Palaeontological notes from
Karharbari and South Rewa coal-fields. Correlation of Gondwana flora with other
floras. Artesian wells at Pondicherry. Salt in Rajputana. Gas and mud eruptions
on Arakan coast on 12th March 1879 and in June 1843.
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Part i.—Pleistocene deposits of Northern Punjab, and evidence they afford of extreme
climate daring portion of that period. Useful minerals of Arvali region. Correlation

of Gondwana flora with that of Australia coal-bearing system. Reh or alkali soils

and saline well waters. Reh soils of Upper India. Naini Tal landslip, 18th Septem-
ber 1880.

Vol. XIV, 1881.

Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbour-
ing districts. Siwalik carnivora. Siwalik group of Sub-Himalayan region. South
Rewah Gondwana basin. Ferruginous beds associated with basaltic rocks of north-
eastern Ulster, in relation to Indian laterite. Rajmahal plants. Travelled blocks of
the Punjab. Appendix to ' Palaeontological notes on lower trias of Himalayas.' Mam-
malian fossils from Perim Island.

Part 2.—Nahan-Siwalik unconformity in North-Western Himalaya. Gondwana verte-
brates. Ossiferous ueds of Hundes in Tibet. ]\Iining records and mining record office

of Great Britain ; and Coal and Metalliferous Mines Act of 1872 (England). Cobaltite
and danaite from Khetri mines, Rajputana ; with remarks on Jaipurite (Syepoorite).
Zinc-ore (Smithsonite and Blende) with barytes in Karnul district, Madras. Mud
eruption in island of Cheduba.

Part Artesian borings in India, Oligoclase granite at Wangtu on Sutlej, North-West
Himalayas. Fish-palate from Siwaliks. Palaeontological notes from Hazaribagh and
Lohardagga districts. Fossil carnivora from Siwalik hills.

Part ]f.—Unification of geological nomenclature and cartography. Geology of Arvali region,

central and eastern. Native antimony obtained at Pulo Obin, near Singapore. Tur-
gite from Juggiapett, Kistnah district, and zinc . carbonate from Karnul, Madras.
Section from Dalhousie to Pangi, via Sach Pass. South Rewah Gondwana basin.

Submerged forest on Bombay Island.

Vol. XV, 1882.

Part 7.—Annual report for 1881. Geology of North-West Kashmir and Khagan. Gond-
wana labyrinthodonts. Siwalik and Jamna mammals. Geology of Dalhousie, North-
West Himalaya. Palm leaves from (tertiary) Murree and Kasauli beds in India.
Iridosmine from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur.
On (1) copper mine near Yongri hill, Darjiling district; (2) arsenical pyrites in same
neighbourhood ; (3) kaolin at Darjiling. Analyses of coal and fire-clay from Makum
coal-field. Upper Assam. Experiments on coal of Pind Dadun Khan, Salt-range, with
reference to production of gas, made April 29th, 1881. Proceedings of International
Congress of Bologna.

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

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

Garo Hills, Assam. Coal in Tilyanoung division, Henzada district.

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

Vol. XVI, 1883.

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

Part 2.—Synopsis of fossil vertebrata of India. Bijori Labyrinthodont. SkuJi of Hippo-
therium antilopinura. Iron ores, and subsidiary materials for manufacture of iron, In
north-eastern p_art of Jabalpur district. Laterite and other manganese-ore occurring
at Gosulpore, Jabalpur district. Umaria coal-fie'id.

Part 3.—Microscopic structure of some Dalhousie rocks. Lavas of Aden. Probable occur-
rence of Siwalik strata in China and Japan. IMastodon angustidens in India. Traverse
between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasia Hills,
near Laour, in Sylhet.
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Part 4.—Paljeontological notes from Daltonganj and Hutar coal-fields in Chota Nagp.ur.
Altered basalts of Dalhousie region in North-WcBtern Himalayas. Microscopic struo-
ture of some Sub- Himalayan rocks of tertiary age. Geology of Jaunsar and Lower
Himalayas. Traverse through E.-istern Khasia, Jaintia, and North Cachar HilU.
Native lead from Maulmain and chromite from the Andaman Islands. Fiery eruption
from one of mud volanoe.s of Cheduba Island, Arakan. Irrigation from wells in

North-Western Provinces and Oudh.

Vol. XVII, 1884.

Part 1.—Annual report for 1883. Smooth-water anchorages or mud-banks of Narrakal and
Alleppy on Travancore coast. Billa Surgam and other caves in Kurnool district.
Geology of Chuari and Sihunta parganis of Chamba. Lyttonia, Waagen, in Kuling
series of Kashmir.

Part 2.—Earthquake of 31st December 1881 Microscopic structure of some Himalayan
granites and gneissose granites. Choi coal exploration. Re-discovery of fossils in
Siwalik beds. Mineral resources of the Andaman Islands in neighbourhood of Port
Blair. Intortrappean beds in Deccan and Laramie group in Western North America.

Part 3 (out of print).—Microscopic structure of some Arvali rocks. Section along Indus
from Peshawar Valley to Salt-range. Sites for boring in Kaigarh-Hingir coal-field

(first notice). Lignite near Eaipore, Central Provinces. Turquoise mines of Nishapur,
Khqrassan. Fiery eruption from Minbyin mud volcano of Cheduba Island, Arakan.
Langrin coal-field. South-Western Khasia Hills. Umaria coal-field.

Part If.—Geology of part of Gangasulan pargana of British Garhwal. Slates and schists

imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Sulei-
man. Smooth-water anchorages of Travancore coast. Auriferous sands of the Suban-
siri river. Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam caves.

Vol. XVIII, 1885.

Part 1.—Annual report for 1884. Country between Singareni coal-field and Kistna river.

Geological sketch of country between Singareni coal-field and Hyderabad. Coal and
limestone In Doigrung river near Golaghat, Assam. Homotaxis, as illustrated from
Indian formations. Afghan field notes.

Part S.—Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandhali series in

Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Fale. and Caut. MS.).
Geology of Chamba. Probability of obtaining water by means of artesian wells in
plains of Upper India. Artesian sources in plains of Upper India. Geology of Aka
Hills. Alleged tendency of Arakan mud volcanoes to burst into eruption most
frequently during rains. Analyses of phosphatic nodules and rock from Mussooree.

Part 3.—Geology of Andaman Islands. Third species of Merycopotamus. Percolation as

affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in

Thayetmyo district, British Burma. Antimony deposits in Maulman district. Kash-
mir earthquake of 30th May 1885. Bengal earthquake of 14th July 1885.

Part If.—Geological work in Chhattisgarh division of Central Provinces. Bengal earth-

quake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations in

Billa Suigam caves. Nepaulite. Sabetmahet meteorite.

Vol. XIX, 1886.

Part 1.—Annual report for 1885. International Geological Congress of Berlin. Palaeozoic

Fossils in Olive group of Salt-r;-nge. Correlation of Indian and Australian coal-

bearing beds. Afghan and Persian Field-notes. Section from Simla to Wangtu, and
petrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part 2.—Geology of parts of Bellary and Anantapur districts. Geology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Hima-
layas. Mammalia of Karnul Caves. Prospects of finding coal in Western Rajputana.
Olive group of Salt-range. Boulder-beds of Salt-range. Gondwana Homotaxis.

Part S.—Geological sketch of Vizagapatam district, Madras. Geology of Northern Jesal-

mer. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi copper-

ore in Balaghat district, CP.
Part If.—Petroleum in India. Petroleum exploration at Khatan. Boring in Chhattisgarh

coal-fields. Field-notes from Afghanistan : No. 3, Turkistan. Fiery eruption from
one of mud volcanoes of Cheduba Island, Arakan. Nammianthal aerolite. Analysis
of gold dust from Meza valley, Upper Burma.
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Vol. XX, 1887.

Part /.—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 traversed

through Jaunsar-Bawar arid Tiri-Garhwal. Geology of Garo Hills. Indian image-
stones. Soundings recently taken off Barren Island and Narcondam. Talcbir boulder-

beds. Analysis of thosphatic Nodules from Salt-range, Punjab.
Part 2.—Fossil vertebrata of India. Echinoidea of cretaceous series of Lower Narbada

Valley. Field-notes : No. 5—to accompany geological sketch map of Afghanistan and
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps.

Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of

Salt-range in Punjab.
Part 5.—Retirement of Mr. Medlicott. J. B. Mnshketoff's Geology of Russian Turkistan.

Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec-

tion I. Geology of Simla and Jutogh. ' Lalitpur ' meteorite.
Part If.—Points in Himalayan geology. CrystalUne and metamorphic rocks of Lower

Himalaya, Garhwal, and Kumaun, Section II. Iron industry of western portion of

Raipur. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-fields.

(Second notice). Pressure Metamorphism, with reference to foliation of Himalayan
Gneissose Granite. Papers on Himalayan Geology and Microscopic Petrology.

Vol. XXI, 1888.

Part 1.—A,nnual report for 1887. Crystalline and metamorphic rocks of Lower Himalaya,
Garhwal, and Kumaun, Section III. Birds'-nest of Elephant Island, Mergui Archi-
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble
from boulder bed ('speckled sandstone') of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo.

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

Part 3.—Manganese Iron and Manganese Ores of Jabalpur. ' The Carboniferous Glacial

Period.' Pre-tertiary sedimentary formations of Simla region of Lower Himalayas.
Part

]f.
—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock

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

Vol. XXII, 1889.

Part 1.—Annual report for 1888. Dharwar System in South India. Wajra Karur
diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite. Generic posi-

tion of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumite, its nature,
mode of occurrence in India, and cause of its flexibility. Siwalik and Narbada
Chelonia.

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

Part 5.—Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolus beds of
Salt-range. Geological notes. Cherra Poonjee coal-field, in Khasia Hills. Cobalti-
ferous Matt from Nepal. President of Geological Society of London on International
Geological Congress of 1888. Tin-mining in Mergui district.

Part U-—Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. Assays from
Sambhar Salt-Lake in Rajputana. Manganiferous iron and Manganese Ores of Jabal-
pur. Palagonite-bearing traps of Rajmahal hills and Deccan. Tin-smelting in Malay
Peninsula. Provinsional Index of Local Distribution of Important Minerals, Miscel-
laneous Minerals, Gem Stones and Quarry Stones in Indian Empire. Part 1. .

Vol. XXIII, 1890.

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion

girdles and skull of Indian Dicynodonts. Vertebrate remains from Nagpur district

(with description of fish-skull). Crystalline and metamorphic rocks of Lower Hima-
layas, Garhwal and Kumaun, Section IV. Vivalves of Olive-group, Salt-range.

Mud-banks of Travancore coasts.

Part 2.—Petroleum explorations in Harnai district, Baluchistan. Sapphire Mines of
Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold-
field. Field notes from Shan Bills (Ueer Burma). New species of Syringosphaeridse.

12



Part ^.-Geology and Economic Resources of Country adjoining Sind-Pishin Railway

between Shaiigh ani Spintangi, and of country between it and Khattan. Journey

through India in 1888-89, by Dr. Johannes Walther. Coal-fields of Lairungao, Mao-

sandram, and Mao-belar-kar, in the Khasi Hills. Indian Steatite. Provisional Index

of Local Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and

Quarry Stones in Indian Empire.
Part .{.—Geological sketch of Naini Tal ; with remarks on natural conditions governing

mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lisu and

Ramthi rivers. Basic Eruptive Rocks of Kadapah Area. Deep Boring at Lucknow.

Coal Seam of Dore Ravine, Hazara.
Vol. XXIV, 1891.

Part 2.—Annual report for 1890. Geology of Salt-range of Punjab, with re-considered

theory of Origin and Age of Salt-Mart. Graphite in decomposed Gneiss (Liaterite) m
Ceylon. Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and
' Reh ' from Aligarh in North-Western Provinces. Analysis of Dolomite from Salt-

range, Punjab.
Part S.—Oil near Moghal Kot, in Sherani country, Suleiman Hills. Mineral Oil from

Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States.

Reported Namseka Ruby-mine in Mainglon State. Tourmaline (Schorl) Mines in

Mainglon State. Salt-spring near Bawgyo, Thibaw State.

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

Pyroxenic varieties of Gneiss and Scapolite-bearing Rocks.
Part 4.—Mammalian Bones from Mongolia. Darjiling Coal Exploration. Geology and

Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab.

Vol. XXV, 1892.

Part /.—Annual report for 1891. Geology of Thai Chotiali and part of Marl country.

Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent
Deposits of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat ; with appendices on
Chamans of Quetta ; and Artesian water-supply of Quetta and Pishin.

Part 2 (out of 'print).—Geology of Safed Koh. Jherria Coal-field.

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

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

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

Vol. XXVI, 1893.

Part 1.—Annual report for 1892. Central Himalayas. Jadeite in Upper Burma. Bur-
mite, new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District,

1891-92.

. Part S.—Earthquake in Baluchistan on- 20th December 1892. Burmite, new amber-lik3
fossil resin from Upper Burma. Alluvial deposits and Subterranean water-supply of

Rangoon.
Part S.—Geology of Sherani Hills. Carboniferous Fossijs from Tenasserim. Boring at

Chandernagore. Granite in Tavoy and Mergui.
Part If.—Geology of country between Chappar Rift and Harnai in Baluchistan. Geology

of part of Tenasserim Valley with special reference to Tendau-Kamapying Coal-field.

•Magnetite containing Manganese and Alumina. Hislopite.

Vol. XXVII, 1894.

Part 1.—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab.
Part S.—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna

Landslip, Garhwal.
Part S.—Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields.

Chipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis, Sow.' sp., in Tertiary Formation of India and Burma.

Part 4-—Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System
of Baluchistan. Highly Phosphatic Mica Peridotites intrusive in Lower Gondwana
Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Port 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Early alluaiou
to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1894.

Part 2.—Cretaceous Rocks of Southern India and geographical conditions during later
cretaceous times. Experimental Boring for Petroleum at Sunkur from October 1893
to March 1895. Tertiary system in Burma.
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Part S.—njadeite and other rocks, from Tammaw in Upper Burma. Geology of I'ochi
Valley. Lower Gondwanas in Argentina.

Part 4-—Igneous Rocks of Giridili (Kurhurbaree) Coal-field and their Contact Effects.

Vindhyan system south of Sone and their relation to so-called Lower Vindhyana.
Lower Vindhyan area of Sone Valley. Tertiary system in Burma.

Vol. XXIX, 1896.

Part 1.—Annual report for 1895. Acicular inclusions in Indian Garnets. Origin and
Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxenic rocks.

Part 2.—Ultra-basic rocks and derived minerals of Chalk (Magnesite) hills, and other
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts,

Madras. Corundum and Kyanite in Manbhimi district, Bengal. Ancient Geography
of " Gondwanaland." Notes.

Part S.—Igneous Rocks from the Tochi Valley. Notes.
Part If.—Steatite mines, Minbu district, Burma. Lower Vindhyg,n ^Sub-Kaimur) area of

Sone Valley, Rewah. Notes.
Vol. XXX, 1897.

Part 1.—Annual report for 1896. Norite and associated Basic Dykes and Lava-flows in

Southern India. Genus Vertebraria. On Glossopteris and Vertebraria.
Part S.—Cretaceous Deposits of Pondicherri. Notes.
Part 5.—Flow structure in igneous dyke. Olivine-norite dykes at Coonoor. Excavations

for corundum near Palakod, Salem District. Occurrence of coal at Palana in Bikanir.
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896.

Part J/..—Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc, from Lower
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. . Percussion Figures on
micas. Notes.

Vol. XXXI, 1904.

Part 1 (out of 'print).—Prefatory Notice. Copper-ore near Komai, Darjeeling district.

Zewan beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mianwali district,

Punjab. Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district. Miscellaneous Notes. Assays.

Part S (out of print).—Lt.-Genl. C. A. McMahon. Cyclobus Haydeni Diener. Auriferous
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
methods of Coke-making at East Indian Railway Collieries, with supplementary note
by Director, Geological Survey of India. Miscellaneous Notes.

Part S (out of print).—Upper Palaeozoic formations of Eurasia. Glaciation and History
of Sind Valley. Halorites in Trias of Baluchistan. Geology and Mineral Resources
of Mayurbhanj. Miscellaneous Notes.

Part If (out of print).—Geology of Upper Assam. Auriferous Occurrences of Assam.
Curious occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index.

Vol. XXXII, 1905.

Part 1 (out of print).—Review of Mineral Production of India during 1898—1903.

Part Z (out of print).—General report, April 1903 to December 1904. Geology of Pro-
vinces of Tsang and t) in Tibet. Bauxite in India. Miscellaneous Notes.

Part S (out of print).—Anthracolithic Fauna from Subansri Gorge, Assam. Elephas
Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone

of Byans. Amblygonite in Kashmir. Miscellaneous Notes.

Part Jf.—Obituary notices of H. B. Medlicott and W. T. Blanford. Kangra Earthquake
of 4th April 1905. Index to Volume XXXII.

Vol. XXXIII, 1906.

Part 1 (out of print).—Mineral Pmduction of India during 1904. Pleistocene Movement in

Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern Shan States.

Natural Bridge in Gokteik Gorge. Geology and ^Mineral Resources of Narnaul Dis-
trict (Patiala State). Miscellaneous Notes.

Part 2 (out of print).—General report for 1905. Lashio Coal-field, Northern Shan States.

Namma, Mansang and Man-se-le Coal-fields, Northern Shan States, Burma Mis-
cellaneous Notes.

Part S.—Petrology and Manganese-Ore Deposits of Sausar Tahsil, Chhindwara district.

Central Provinces. Geology of parts of valley of Kanhan River in Nagpur and
Chhindwara districts, Central Provinces. Manganite from Sandur Hills. Miscella-

neous Notes.







Part 4-—PalsBontological notes from Daltonganj and Hutar coal-fields in Chota Nagpur.
Altered basalts of Dalhousio region in North-Western Himalayas. Microscopic etruo-
ture of some Sub- Himalayan rocks of tertiary age. Geology of Jaunsar and Lower
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar HillB,

Native lead from Maulmain and chromite from the Andaman Islands. Fiery eruption
from one of mud volanoes of Cheduba Island, Arakan. Irrigation from wells in

North-Western Provinces and Oudh.

Vol. XVII, 1884.

Part 1.—Annual report for'1883. Smooth-water anchorages or mud-banks of Narrakal and
AUeppy on Travancore coast. Billa Surgam and other caves in Kurnool district.
Geology of Chuari and Sihunta parganis of Chamba. Lyttonia, Waagen, in Kuling
series of Kashmir.

Part 2.—Earthquake of 31st December 1581 Microscopic structure of some Himalayan
granites and gneissose granites. Choi coal exploration. Re-discovery of fossils in
Siwalik beds. Mineral resources of the Andaman Islands in neighbourhood of Port
Blair. Intertrappean beds in Deccan and Laramie group in Western North America.

Part S {out of print).—Microscopic structure of some Arvali rocks. Section along Indus
from Peshawar Valley to Salt-range. Sites for boring in Kaigarh-Hingir coal-field

(first notice). Lignite near Eaipore, Central Provinces. Turquoise mines of Nishapur,
Khorassan. Fiery eruption from Minbyin mud volcano of Cheduba Island, Arakan.
Langrin coal-field, South-Western Khasia Hills. Umaria coal-field.

Part 4-—Geology of part of Gangasulan pargana of British Garhwal. Slates and schists

imbedded in gneissose granite of North-West Himalayas. Geology of Takht-i-Sulei-
man. Smooth-water anchorages of Travancore coast. Auriferous sands of the Suban-
siri river. Pondicherry lignite, and phosphatic rocks at Musuri. Billa Surgam caves.

Vol. XVIII, 1885.

Part 1.—Annual reporf for 1884. Country between Singareni coal-field and Kistna river.

Geological sketch of country between Singareni coal-field and Hyderabad. Coal and
limestone in Doigrung river near Golaghat, Assam. Homotaxis, as illustrated from
Indian formations. Afghan field notes.

Part S.—Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandhali series in

Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Caut. MS.).
Geology of Chamba. Probability of obtaining water by means of artesian wells in
plains of Upper India. Artesian sources in plains of Upper India. Geology of Aka
Hills. Alleged tendency of Arakan mud volcanoes to burst into eruption most
frequently during rains. Analyses of phosphatic nodules and rock from Mussooree.

Part 3.—Geology of Andaman Islands. Third species of Merycopotamus. Percolation as

affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in

Thayetmyo district, British Burma. Antimony deposits in Maulman district. Kash-
mir earthquake of 30th May 1885. Bengal earthquake of 14th July 1885.

Part 4-—Geological work in Chhattisgarh division of Central Provinces. Bengal earth-

quake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations in

Billa Surgam caves. NepauUte. Sabetmahet meteorite.

Vol. XIX, 1885.

Part 1.—Annual report for 1885. International Geological Congress of Berlin. Palaeozoic
Fossils in Olive group of Salt-r;«age. Correlation of Indian and Australian coal-

bearing beds. Afghan and Persian Field-notes. Section from Simla to Wangtu, and
petrological character of Amphibolites and Quartz Diorites of Sutlej valley.

Part S.—Geology of parts of Bellary and Anantapur districts. Geology of Upper Dehing
basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Hima-
layas. Mammalia of Karnul Caves. Prospects of finding coal in Western Eajputana.
Olive group of Salt-range. Boulder-beds of Salt-range. Gondwana Homotaxis.

Part 5.—Geological sketch of Vizagapatam district, Madras. Geology of Northern Jesal-

mer. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi copper-
ore in Balaghat district, C. P.

Part 4-—Petroleum in India. Petroleimi exploration at Khatan. Boring in Chhattisgarh
coal-fields. Field-notes from Afghanistan : No. 3, Turkistan. Fiery eruption from
one of mud volcanoes of Cheduba Island, Arakan. Nammianthal aerolite. Analysis
of gold dust from Meza valley, Upper Burma.
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Vol. 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 traversed

through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garo Hills. Indian image-
stones. Soundings recently taken off Barren Island and Narcondam. Talcbir boulder-

beds. Analysis of Phosphatic Nodules from Salt-range, Punjab.
Part ^.—Fossil vert«brata of India. Echinoidea of cretaceous series of Lower Narbada

Valley. Field-notes : No. 5—to accompany geological sketch map of Afghanistan and
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps.

Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of

Salt-range in Punjab.
Part 5.—Retirement of Mr. Medlicott. J. B. Mushketofi'e Geology of Russian Turkistan.

Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec-

tion I. Geology of Simla and Jutogh. ' Lalitpur ' meteorite.
Part 4-—Points in Himalayan geology. Crystalline and metamorphic rocks of Lower

Himalaya, Garhwal, and Kumaun, Section II. Iron industry of western portion of

Raipur. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-fields.

(Second notice). Pressure Metamorphism, with reference to foliation of Himalayan
Gueissose Granite. Papers on Himalayan Geology and Microscopic Petrology.

Vol. XXI, 1888.

Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of Lower Himalaya,
Garhwal, and Kumaun, Section III. Birds'-nest of Elephant Island, Mergui Archi-
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble
from boulder bed (' speckled sandstone ') of Mount Chel in Salt-range, Punjab.
Nodular stones obtained off Colombo.

Part S.—Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar .

System in South India. Igneous rocks of Raipur and Balaghat, Central Provinces.
Sangar Marg and Mehowgale coal-fields, Kashmir.

Part 3.—Manganese Iron and Manganese Ores of Jabalpur. ' The Carboniferous Glacial

Period.' Pre-tertiary sedimentary formations of Simla region of Lower Himalayas.
Part If..—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock

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

Vol. XXII, 1889.

9art 1.—Annual report for 1888. Dharwar System in South India. Wajra Karur
diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite. Generic posi-

tion of so-called Plesiosaurus Indicus. Flexible sandstone or Itacolumite, its nature,
mod-e of occurrence in India, and cause of its flexibility. Siwalik and Narbada
Chelonia.

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

Part 3.—Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolus beds of
Salt-range. Geological notes. Cherra Poonjee coal-field, in Khasia Hills. Cobalti-
ferous Matt from Nepal. President of Geological Society of London on International
Geological Congress of 1888. Tin-mining in Mergui district.

Part It.—Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. Assays from
Sambhar Salt-Lake in Rajputana. Manganiferous iron and Manganese Ores of Jabal-
pur. Palagonite-bearing traps of Rajmahal hills and Deccan. Tin-smelting in Malay
Peninsula. Provinsional Index of Local Distribution of Important Minerals, Miscel-
laneous Minerals, Gem Stones and Quarry Stones in Indian Empire. Part 1.

Vol. XXIII, 1890.

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion

girdles and skiill of Indian Dicynodonts. Vertebrate remains from Nagpur district

(with description of fish-skull). Crystalline and metamorphic rocks of Lower Hima-
layas, Garhwal and Kumaun, Section IV. Vivalves of Olive-group, Salt-range.

Mud-banks of Travancore coasts.

Part 2.—Petroleum explorations in Harnai district, Baluchistan. Sapphire Mines of

Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold-
field. Field notes from Shan Hills (Ueer Burma). New species of Syringosphseridse.



Part 5.— Geology and Economic Resources of Country adjoining Sind-Pishin Railway

between Sharigh anJ Spintangi, and of country between it and Khattan. Journey

through India in 1888-89, by Dr. Johannes VValther. Coal-fields of Lairungao, Mao-

sandram, and Mao-belar-kar, in the Khasi Hills. Indian Steatite. Provisional Index

of Local Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and

Quarry Stones in Indian Empire.
Part 4.—Geological sketch of Naini Tal ; with remarks on natural conditions governing

mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lisu and

Ramthi rivers. Basic Eruptive Rocks of Kadapah Area. Deep Boring at Lucknow.

Coal Seam of Dore Ravine, Hazara.
Vol. XXIV, 1891.

Part ;.—Annual report for 1890. Geology of Salt-range of Punjab, with re-considered

theory of Origin and Age of Salt-Mart. Graphite in decomposed Gneiss (Laterite) in

Ceylon. Glaciers of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and
' Reh ' from Aligarh in North-Western Provinces. Analysis of Dolomite from Salt-

range, Punjab.
Part S.—Oil near Moghal Kot, in Sherani country, Suleiman Hills. Mineral Oil from

Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States.

Reported Namseka Ruby-mine in Mainglon State. Tourmaline (Schorl) Mines in

Mainglon State. Salt-spring near Bawgyo, Thibaw State.

Part S.—Boring in Daltongunj Coal-field, Palamow. Death of Dr. P. Martin Duncan.
Pyroxenic varieties of Gneiss and Scapolite-bearing Rocks.

Part \.—Mammalian Bones from Mongolia. Darjiling Coal Exploration. Geology and
Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab.

Vol. XXV, 1892.

Part 1.—Annual report for 1891. Geology of Thai Chotiali and part of Mari country.
Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent
Deposits of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat ; with appendices on
Chamans of Quetta ; and Artesian water-supply of Quetta and Pishin.

Part 2 (out of print).—Geology of Safed Koh. Jherria Coal-field.

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

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

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

Vol. XXVI, 1893.

Part 1.—Annual report for 1892. Central Himalayas. Jadeite in Upper Burma. Bur-
mite, new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District,
1891-92.

Part 2.—Earthquake in Baluchistan on 20th December 1892. Burmite, new amber-liks
fossil resin from Upper Burma. Alluvial deposits and Subterranean water-supply of
Rangoon.

Part 3.—Geology of Sherani Hills. Carboniferous Fossils from Tenasserim. Boring at
Chandernagore. Granite in Tavoy and Mergui.

Part ^.—Geology of country between Chappar Rift and Harnai in Baluchistan. Geology
of part of Tenasserim Valley with special reference to Tendau-Kamapying Coal-field.
Magnetite containing Manganese and Alumina. Hislopite.

Vol. XXVII, 1894.

Fart 1.—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab.
Part 2.—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna

Landslip, Garhwal.
Part S.—Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields.

Chipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and
Provelates grandis, Sow. sp., in Tertiary Formation of India and Burma.

Part 4.—Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous System
of Baluchistan. Highly Phosphatic Mica Peridotites intrusive in Lower Gondwana
Rocks of Bengal. Mica-Hypersthene-Hornblende-Peridotite in Bengal.

Vol. XXVIII, 1895.

Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusAou
to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1894.

Part 2.—Cretaceous Rocks of Southern India and geographical conditions during later
cretaceous times. Experimental Boring for Petroleum at Sunkur from October 1893
to March 1895. Tertiary system in Burma.
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Part S.—Jadeite and other rocks, from Tammaw in Upper Burma. Geology of I'ochi
Valley. Lower Gondwanas in Argentina.

Part —Igneous Rocks of Giridih (Kurhurbaree) Coal-field and their Contact Effects.
Vindhyan system south of Sone and their relation to so-called Lower Vindhyans.
Lower Vindhyan area of Sone Valley. Tertiary systeni in Burma.

Vol. XXIX, 1896.

Part 1.—Annual report for 1895. Acicular inclusions in Indian Garnets. Origin and
Growth of Garnet.? and of their Micropegmatitic intergrowths in Pyroxenic rocks.

Part f.—Ultra-basic rocks and derived minerals of Chalk (Magnesite) hills, and other
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts,
Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography
of " Gondwanaland." Notes.

Part 3.—Igneous RoJks from the Tochi Valley. Notes.
Part 1^.—Steatite mines, ]\Iinbu district, Burma. Lower Vindhyan (Sub-Kaimur) area of

Sone Valley, Rewah. Notes.
Vol. XXX, 1897.

Part 1.—Annual report for 1895. Norite and associated Basic Dykes and Lava-flows in
Southern India. Genus Vertebraria. On Glossopteris and Vertebraria.

Part 2.—Cretaceous Deposit^ of Pondicherri. Notes.
Part 3.—Flow structure in igneous dyke. Olivine-norite dykes at Coonoor. Excavations

for corundum near Palakod, Salem District. Occurrence of coal at Palana in Bikanir.
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896.

Part 4-—Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc, from Lower
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on
micas. Notes.

Vol. XXXI, 1904.

Part 1 (out of print).—Prefatory Notice. Copper-ore near Komai, Darjeeling district.

Zewan beds in Vihi district, Kashmir. Coal deposits of Isa Khel, Mianwali district,

Punjab. Um-Rileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam
district. Miscellaneous Notes. Assays.

Part S {out of print).—Lt.-Genl. C. A. McMahon. Cyclobus Haydeni Diener. Auriferous
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern
methods of Coke-making at East Indian Railway Collieries, with supplementary note
by Director, Geological Survey of India. Miscellaneous Notes.

Part 3 (out of print).—Upper Palseozoic formations of Eurasia. Glaciation and History
of Sind Valley. Halorites in Trias of Baluchistan. Geology and Mineral Resources
of Mayurbhanj. Miscellaneous Notes.

Part Jf (out of print).—Geology of Upper Assam. Auriferous Occurrences of Assam.
Curious occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index.

Vol. XXXII, 1905.

Part 1 (out of print).—Review of Mineral Production of India during 1898—1903.

Part S (out of print).—General report, April 1903 to December 1904. Geology of Pro-
vinces of Tsang and U in Tibet. Bauxite in India. Miscellaneous Notes.

Part 3 (out of print).—Anthracolithic Fauna from Subansri Gorge, Assam. Elephas
Antiquus (Namadicus) in Godavari Alluvium. Triassic Faima of Tropites-Limestone
of Byans. Amblygonite in Kashmir. Miscellaneous Notes.

Part Jf.—Obituary notices of H. B. Medlicott and W. T. Blanford. Kangra Earthquake
of 4th April 1905. Index to Volume XXXII.

Vol. XXXIII, 1906.

Part 1 (out of print).—Mineral Pnduction of India during 1904. Pleistocene Movement in

Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern Shan Staies.

Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Narnaul Dis-
trict (Patiala State). Miscellaneous Notes.

Part 2 (out of print).—General report for 1905. Lashio Coal-field, Northern Shan States.

NanMoa, Mansang and Man-se-le Coal-fields, Northern Shan States, Burma Mis-
cellaneous Notes.

Part 3.—Petrology and Manganese-Ore Deposits of Sausar Tahsil, Chhindwara district.

Central Provinces. Geology of parts of valley of Kanhan River in Nagpur and
Chhindwara distracts, Central Provinces. Manganite from Sandur Hills. Miscella-
neous NotgB.
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Part 4 (out of pnn<).—Composition and Quality of Indian Coals. Classification of the

Vindhyan System. Geology of State of Panna with reference to the Diamond

bearing Deposits. Index to Volume XXXlll.

Vol. XXXIV, 1906.

Part ;.—Fossils from Halorites Limestone of Bambanag Clifl, Kumaon. Upper-Triassio

Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan. Coal Occur-

rences in Foot-hills of Bhutan. Dandli Coal-field : Coal outcrops in Kotli Tehsil of

Jammu State. Miscellaneous Notes.
Part f.—Mineral Production of India during 1905. Nummulites Douvillei, with remarks

on Zonal Distribution of Indian Nummulites. Auriferous Tracts in Southern India.

Abandonment of Collieries at Warora, Central Provinces. Miscellaneous Notes.

Part 3.—Explosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill.

Gibbsite with Manganese-ore from Talevadi, Belgaum district, and Gibbsite from

Bhekowli, Satara District. Classification of Tertiary System in Sind with reference

to Zonal dfstribution of Eocene Echinoidea.
Part i (out vf print).—Jaipur and Nazira Coal-fields, Upper Assam. Makum Coal-field

between Tirap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan
district. Upper Burma. Asymmetry of Yenangyat-Singu Anticline, Upper Burma.
Northern part of Gwegyo Anticline, Myingyan District, Upper Burma. Breynia

Multituberculata, from Nari of Baluchistan and Sind. Index to Volume XXXIV.

Vol. XXXV, 1907.

Part 1.—General report for 1906. Orthophragmina and Lepidocyclina in Nummulitis
Series. Meteoric Shower of 22nd October 1903 at Dokachi and neighbourhood, Dacca

District.

Part 2.—Indian Aerolites. Brine-wells at Bawgyo, Northern Shan States. Gold-bearinp;

Deposits of Loi Twang, Shan States. Physa Prinsepii in Maestrichtian strata of

Baluchistan. Miscellaneous Notes.
Part 3.—Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on

certain Glaciers in North-West Kashmir.
Part If.—Preliminary survey of certain Glaciers in North-West Himalaya. B.—Notes on

certain Glaciers in Lahaul. C.—Notes on certain Glaciers in Kumaon. Index to

Volume XXXV.
Vol. XXXVI, 1907-08.

Part 1.—Petrological Study of Rocks from hill tracts, Vizagapatam district, Madras
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presi-

dency. Stratigraphical Position of Gangamopteris Beds of Kashmir. Volcanic out-

burst of Late Tertiary Age in South Hsenwi, N. Shan States. New suidse from
Bugti Hills, Baluchistan. Permo-Carboniferous Plants from Kashmir.

Part 2.—Mineral Production of India during 1906. Ammonites of Bagh Beds. Mis-
cellaneous Notes.

Part 3.—Marine fossils in Yenangyaung oil-field. Upper Burma. Fresh-water shells of

genus Batissa in Yenangyaung oil-field, Upper Burma. New Species of Dendrophyllia
from Upper Miocene of Burma. Structure and age of Taungtha hills, Myingyan dis-

trict. Upper Burma. Fossils from Sedimentary rocks of Oman (Arabia). Rubies in

Kachin hills, Upper Burma. Cretaceous Orbitoides of India. Two Calcutta Earth-
quakes of 1905. Miscellaneous Notes.

Part If.—Pseudo-Fucoids from Pab sandstones at Fort Munro, and from Vindhyan series.

Jadeite in Kachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop. Magwe dis-

trict. Upper Burma. Group of manganates, comprising Hollandite, Psilomelane and
Coronadite. Occurrence of Wolfram in Nagpur district, Central Provinces. Mis-
cellaneous Notes. Index to Volume XXXVl.

Vol. XXXVII, 1908-09.

Part 1.—General report for 1907. Mineral Production of India during 1907. Striated
boulders in the Blaini formation.

Part 2.—Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind. Geo-
logy and Minerals of Rajpipla. Suitability of Rajmahal sands for glass-making.
Vredenburgite, Sitaparite and Juddite. Laterites from the Central Provinces. Mis-
cellaneous notes.

Part S.—Southern Gwegyo Hills. Silver-lead mines of Bawdwin. Arakan mu^ volcanoes.

The price fixed for these publications is 1 rupee (Is. 4rf.) each part or 2 rupees (2«. 8d
each volume of four parts.
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PUBLICATIONS.

The publications of the Department include

—

Pal^kontologu Indica, arranged in series, and sold in parts which are priced at

4 annas (4 pence) per plate.

Memoies, Vols. I—XXXVI, including the larger papers on geological subjects.

Rkcobds, Vols. I—XXXVl, including the shorter papers and Annual Reports from

1858 to 1908, sold in parts, price one rupee each.

Mantjals, 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 lo

the Genera and Species described in the Palseontologia Indica up to 1891, to the Memoirs,

Volfl. I—XX, and to the Records, Vols. I—XXX, have been printed for sale.
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